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Preface

This two-volume set is designed to prepare scientists, engineers and translators to read Japanese
technical documents. The reader is presumed to have already studied Japanese for at least one year.
These volumes were prepared for use in a two-semester sequence of technical Japanese courses at
the intermediate level, but they are also well suited for use as self-study materials. The primary
objectives are to help the reader build a technical vocabulary in Japanese, to reinforce the reader's
understanding of important grammatical constructions, to improve the reader's reading
comprehension ability, and to provide practice in translating technical passages from Japanese into
English. Authentic materials have been incorporated, so that the reader will gain exposure to
realistic examples that include frequently used grammatical patterns and essential vocabulary items.
The disciplines covered in these volumes are mathematics, computer science, physics, mechanical
engineering, electrical and computer engineering, and advanced materials.

Volume 1 contains a review of verb forms and forty field-specific lessons, which have been
grouped into fourteen units. Each of the forty lessons features fifteen KANn that are important in
the field that is the focus of that lesson. In addition to ON and KUN readings and the various
meanings for the KANn, each entry includes two important terms that contain the KANn in .
question. Experience has shown that memorizing KANn in the context of specific terms (rather
than attempting to memorize the KANn in isolation) increases the likelihood that the learner will
remember both the KANTI and the terms. All of the readings listed in the current Japanese
government document, 1itmi~~l{· mf~1li1j~v~ (1987) (ISBN 4-17-214500-0), are
included for each of the six hundred KANn featured in this volume. A complete KANn index
(with entries arranged in d!> v~ 5 ;t:.t:3 order) may be found at the end of this volume.

Each of the first nine field-specific lessons also introduces a number of grammatical patterns that
the reader should master in order to understand Japanese technical documents. At least three
example sentences accompany each grammatical pattern, so that the reader can understand the
us~ge of the grammatical pattern in context. To ensure that the reader will gain the maximum
amount of reinforcement in vocabulary building, each example sentence has been taken from an
essay that is included in one of the lessons. A complete listing (in a combination of alphabetical
order and d!> v~ 5 ;t:.t:3 order) of the one hundred grammatical patterns appears after Lesson 40.

The major portion of each lesson is devoted to reading selections on topics related to the theme of
the lesson. The essays within a lesson have been arranged so that the reader may apply knowledge
and vocabulary from earlier essays when reading subsequent essays. More fundamental topics are
presented early in the lesson; applications and more specialized topics appear later. A list of the
sources from which the reading selections were taken is included in the Explanatory Notes.
Volume 1 contains seven hundred twenty-one technical essays of various lengths. Lesson 0 and
the first nine field-specific lessons should be studied by all readers. The reader may then select
topics of interest from the remaining thirty-one lessons to produce a customized course of study.
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Volume 2 contains a complete glossary for the example sentences and the essays that appear in
Volume 1. Each individual vocabulary list is keyed by number to a specific grammatical pattern or
essay. Each word that appears for the first time in an example sentence is listed in the glossary
under the number of that grammatical pattern. Each word that appears for the first time in an essay
is listed in the glossary under the number of that reading selection. Since all example sentences
have been taken from essays, some items appear in the glossary twice.

Japanese is a fascinating language, but it is a language that requires many hours of study in order
for a native speaker of English (or any other Indo-European language) to read comfortably about
topics in hislher field of interest. It is my hope that these volumes will ease the reader along the
path to enhanced reading ability and a clearer understanding of Japanese texts.

Numerous individuals have patiently answered questions and graciously reviewed drafts of these
volumes. In particular, I wish to thank R. Byron Bird, Professor Emeritus at the University of
Wisconsin-Madison, Edward E. Daub, Professor Emeritus at the University of Wisconsin
Madison, David O. Mills, Associate Professor at the University of Pittsburgh, Michio Tsutsui,
Associate Professor at the University of Washington, Junko Mori, Associate Professor at the
University of Wisconsin-Madison, Dr. Ken Lunde of Adobe Systems and Mr. Mitsuo Fujita of
Daicel Chemical Industries for their assistance. Any errors that remain are entirely my own.
Financial support from the Department of Engineering Professional Development at the University
of Wisco~sin-Madisonfor the preparation and publication of these volumes is gratefully
acknowledged.

The reader who has questions or comments about anything that appears in either volume, or who
wishes to be advised of any revisions, is encouraged to contact me at the email address that appears
below. These volumes are dedicated to my wife, Zhen, and to our daughter, Ruth, without whose
support I could not have completed this project.

James L. Davis
Madison, Wisconsin

-viii-
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Explanatory Notes

1. AllaN readings are written in KATAKANA; all KUN readings are written in HIRAGANA.

2. When introducing new KANn at the start of a lesson, OKURIGANA are enclosed within
parentheses.

3. When more than one verb can be created from a single KANn, an intransitive verb is identified
as {vi} and a transitive verb is identified as {vt}.

4. In the presentation of new KANn multiple ON readings or multiple KUN readings for a single
KANn are separated by semicolons. Multiple meanings associated with a single ON or KUN
reading are separated by commas. Throughout both volumes multiple meanings associated with a
single Japanese word or phrase are separated by commas.

5. The readings for KANn that appear in grammatical patterns are enclosed within brackets.

6. Grammatical patterns are numbered by lesson as follows:
Lesson 0 0.1, 0.2, , 0.10
Lesson 1 1.1, 1.2, , 1.15

7. Reading selections are numbered by lesson as follows:
Lesson 1 1-1, 1-2, 1-8
Lesson 2 2-1, 2-2, 2-9

8. In the glossary (Volume 2) each vocabulary list is identified by the number and name of the
grammatical pattern or by the number and title of the reading selection to which the list
corresponds. The vocabulary lists for example sentences that illustrate a single grammatical pattern
are separated by blank lines.

9. When an item in a vocabulary list is used in one specific field, or when there exists a special
restriction on usage of the term, the field or the restriction is enclosed within braces. Special notes
to the reader also appear within braces.

10. The appearance of a hyphen before or after a specific KANn (or KANn compound) indicates
that the KANn (or KANn compound) in question is used primarily as a suffix or a prefix,
respectively.
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11. The source for each reading selection that appears in Volume 1 is identified by the abbreviation
and page number(s) that follow the title of the essay. The abbreviation and complete information
for each source follow:

~ ~~H$:Am 31ti; EtJt; ISBN 4-00-080016-7; 1985
~~ ~~~H$:A; mM!g; ISBN 4-563-02093-1; 1994
.~ '~~f-l~!$:A;EtJt; ISBN 4-00-080074-4; 1990
{~~ {~~!$:A; *JR{~~[RJA; ISBN 4-8079-0411-6; 1994
-e '7 -e '7 ~ 'Y !7 A !$:A; A§; ISBN 4-621-03041-8; 1986
~{~ ~{~~!$:Am41ti; EtJt; ISBN 4-00-080015-9; 1987
9Gilffij 9Gilffij.Tlt~.:A; ~- I14 ~-; 1991

12. Information for the glossary was gathered from many sources, including the books listed
above and the following:

Kenkyusha's New Japanese-English Dictionary (Fourth Edition);
Kenkyusha; ISBN 4-7674-2025-3; 1974

The Modem Reader's Japanese-English Character Dictionary (Second Revised Edition);
Tuttle; ISBN 0-8048-0408-7; 1974

~~~-~~~1ti:~~~.35~.*H$:A(~~~) ;
IPC; ISBN 4-87198-224-6; 1990

I~7 ~O=7~m••:A;
~-14tt; ISBN 4-274-03324-4; 1991

~f;f\rm.~ :{~~~ (m~T 21ti) ;
B*{~~~; ISBN 4-524-40821-5; 1986

~.m.~:~MI~~(mnlti) ;
B*~M~~; ISBN 4-88898-030-6; 1985

~.m.~:~.I~~(mn21ti) ;
~.~~; ISBN 4-339-00581-9; 1991

~f;f\Jm.~ : !fo/.J~~f~ (m~TIti) ;
B*~~~~; ISBN 4-563-02195-4; 1990

§ JJJ.m.fJl~!$:A;

§ JJJ.~f,f~~; ISBN 4-915219-07-0; 1997
~.iW~fU~!$:A;

~-btt; ISBN 4-274-03369-4; 1991
~.~Tm••:A;

~---btt; ISBN 4-274-03287-6; 1991
.~{~~m.!$:A;

A~; ISBN 4-621-03546-0; 1991
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Lesson 0: Review of Verbs and Verb Forms

In this lesson we review the major verbs and verb forms that are frequently encountered in
Japanese technical documents. Since this lesson is intended to serve as a review, the explanation
provided for each verb or verb form is brief. The reader who would like more information is
encouraged to consult the following reference books:

Basic Technical Japanese
E. E. Daub, R. B. Bird and N. Inoue
The University of Wisconsin Press; 1990
ISBN 0-299-12730-3

Dictionary ofBasic Japanese Grammar
S. Makino and M. Tsutsui
The Japan Times; 1986
ISBN 4-7890-0299-3

Dictionary of Intermediate Japanese Grammar
S. Makino and M. Tsutsui
The Japan Times; 1995
ISBN 4-7890-0775-8

Note 1: In principle, there are three ways to end a clause or a sentence in Japanese: with an v)
-adjective (for which the present/future affirmative form ends in v)), with a verb (for which the
present/future affirmative form ends either with Q-denoted as "ru"- or with some other syllable
that contains the vowel "u"-denoted as "xu"), or with the copula (which is usually expressed in
technical Japanese as some variation of -c'~ Q [in the affirmative] or -c' (~J:) tJ: v) [in the
negative]). In this book the term "predicate" will be used collectively to include all three options.

Note 2: All Japanese verbs can be thought to belong to either the "ru" category (also known as
"-ru" verbs) or the "xu" category (also known as "-u" verbs). However, some verbs in each
category are irregular in certain forms. Thus, ~~ and fT <can be considered "xu" verbs that are
irregular in some forms. Similarly, <Q and 9 Q can be considered "ru" verbs that are irregular
in some forms. In the discussions of verb forms in this book, only the specific forms of these four
verbs that are irregular will be mentioned. Thus, unless it is indicated otherwise, the reader may
assume that all other forms of these four verbs are conjugated as might be expected based on the
category to which each verb belongs.
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GraDlDlatical Patterns

0.1) connective form of a verb
The connective affirmative form (also known as the gerund) is created by replacing the final t~

or t~ of the past affirmative form with L or -r:, respectively. The connective negative form is
made by replacing the final t~v~ of the present negative form with t~<L. This verb form can be
used to link clauses, and it appears in other special patterns that are discussed later. By way of
analogy, the connective affirmative form of -r:~.Q is expressed as either -r:~~ L or simply -r:;
the connective negative form of -r:~.Q becomes -r: (~d:) t~ <L.

2. a =a + ib =(a + iO) + (b + iO) (0 + il) -r:~.QtJ)G, a + ib ~d:.t~.Q~2i%-r:t~<L, Jf7*
C:~L J:: v~.

3. ~~ A O)7CiJ~ a, b, c, ... -r:~.Q C:~, A ={a, b, c, ... } C:.V~L, ~~ A ~d:

7C a, b, c, ... tJ) Gt~.Q C: v~ :> .

0.2) conjunctive form of a verb
The conjunctive affirmative form (also known as the infinitive) is created by dropping the final

.Q from the present/future affirmative form of an ru-verb (J!.Q ~ J!) or by replacing the xu with
xi for an xu-verb (~9 ~ ~G). Irregular verbs are treated as follows: <.Q ~ ~; 9.Q ~ G.
The conjunctive negative form is made by replacing the finalt~v~ of the present negative form
with t~ <.This verb form can be used to link clauses, and it appears in other special patterns that
are discussed later. By way of analogy, the conjunctive affirmative form of -r:~.Q is expressed as
-r:~ lJ ; the conjunctive negative form of -r:~~ becomes -r:t~ <.(Note: When linking clauses,
the conjunctive form often indicates a greater degree of independence between the clauses than
would be the case if the connective form were to be used.)

1. x, y E R ~=~tGL, ~nl3O)fl1 x +Y C:~9Q~WE R iJ~t~t~ 1 -:JJE* lJ, x +Y =y

+ x (PJ~7*j{Ij), (x + y) + z =x + (y + z) (~~7*j{Ij) tJ~~ lJ 1L.-:J.

2. ~~=~~7C--fiJt1O)~JE-r:~JftJ~~~-r:~ lJ, flf~!L~O)j{}~~f!ij G7J)~=9~ ~O)

7J!~*nQ.

3.1JOt*C:*7*~=-:JV~LPJ~7*JlIj, ~~7*j{rj, 7}~27*j{IJ7J!~lJ1L.~, O=O+iO ~1JOt*O)

~7C, 1 = 1 + iO ~*7*O)llifft7C C: GLPJ~{*~fp~.

0.3) passive verb
The present/future affirmative form of a passive verb is created by replacing the final ~ with G

tl.Q for an ru-verb (1~~ ~ 1~ Gn.Q) or by replacing the xu with xa + n.Q for an xu-verb (JJJ
<~ JJJtJ\n~). Irregular verbs are treated as follows: <Q ~ ~ GnQ; 9 Q --7 ~nQ. All
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passive verbs are classified as ru-verbs, so the present negative form of any passive verb is made
by replacing the final Q of the present/future affirmative form (of the passive verb) with t~v~. A
passive verb in Japanese is most commonly used to express passive voice, but it can also be used
(generally in conversation) to raise the level of politeness.

2. *~J~A~~:~d:~.-Titif, t&M~t~ cO)~~m~~:£'":5 <!LIc7J~-r?J{tl::f~t~!L~~J C:
GLflJm ~ tlQ.

0.4) potential verb
The present/future affirmative form of a potential verb is created by replacing the final Q with

GtlQ for an ru-verb (f~Q ~ f~ GtlQ) or by replacing the xu with xe + Q for an xu-verb (t)]
<.~ tJJ ~tQ). Irregular verbs are treated as follows: <Q ~ :. GtlQ; 9 Q ~ -c:~Q. All
potential verbs are classified as ru-verbs, so the present negative form of any potential verb is made
by replacing the final Q of the present/future affirmative form (of the potential verb) with t~v~. A
potential verb indicates that a certain action is (or is not) possible. (Note: For an ru-verb the
potential verb and the passive verb are identical.)

3.•-@J A, B ~:-t3v~L, A 0)7C7J~9«L B ~:~9Q C: ~, A ~d: B O)$it.-@J-C:~Q C:
V~XQ.

0.5) connective form + v~ Q

A verb in the connective affirmative form followed by v~ Q usually indicates a continuing
action or a continuing state. Examples that describe a continuing state that has resulted from a
change include 1T'":J LV~Q, which means "has gone (somewhere) and is still there," ~LV~Q,
which means "has come (from somewhere else) and is still here," and ~ '":J L v~.Q, which means
"has become." (Note: In written Japanese the connective form of a passive verb is frequently
combined with v~.Q. Such a combination is usually translated "is + verb [past participle]." For
example, the verb ~7JltlLV ~.Q means "is written" and JJ.¥ ~ttlL v~.Q means "is called" or ~is
known as.") (Note: The combination of a verb in the connective form and -t3 tJ is described in
pattern 4.6.)

1. z:tl~J:, ~~t=¥t!0)~/7°'J /~ C: '7 /~~ft:, il$~~im~O)~ ~:I. V--~ 3 /,

~mmit~~~~~~O)~Jlf~O)~tJJ,~tJJmtJJ7~0)~jj$?J{U)£t~C~:mV~GtlLV~.Q.

2. !L~ ~mv~, il$~~~~~uilifg{~tJJ~J:-~~= t /7 • :JJ jyDt! C: et ~ttlLV~.Q.
-3-



3. -~,:, 65~~.g. XO)7I:~~A9~=cn)Wf~tl-Ct/~~X:~x ~~ltct)~·), x~~
O)~JEtc~) 5.

0.6) provisional form of a verb
The provisional affirmative form is created by replacing the final ~ from the present/future

affinnative form of an ru-verb with tl~i (Ji~ ---7 J!tltt) or by replacing the xu with xe + ~t

ior an xu-verb (~9 ---7 ~it~t). The provisional negative fonn is made by replacing the final
~ It) of the present negative form with t~ ~ttltf. This verb fonn is used to express an "if~

statement \vhen the desired goal is clearly un~erstood and \vill be realized ·'provided that" a
certain state is attaineJ or a certain action occurs. It also appears in other special patterns that are
discussed later. By \vay of analogy, the provisional affinnative fonn of <: 65~ is expressed as
-r 65tt~i; the provisional negative fonn of <:~~ becomes C:tet.. ~ttl~i.

3. K n~JiJ~-r AB = C -r~tl~i, 'SA = Ie -r:~ ~.

0.7) causative verb
The present/future affirmative form of a causative verb is created by replacing the final Q

with ~ it~ for an ru-verb (~.Q ~ f~~ itQ) or by replacing the xu with xa + it~ for an
xu-verb (111 <~ 111n\it~ ). Irregular verbs are treated as follows: <~ ~ ~ ~ it~; 9 ~ ---7

~it~. All causative verbs are classified as ru-verbs, so the present negative form of any
causative vt;rb is made by replacing the final Q of the present/future affirmative form (of the
causative verb) with tJ v). A causative verb indicates that someone (or something) is causing
someone (or something) else to carry out a certain action or is allowing someone to carry out a
certain action.

1.~~ a ~:~tG -C, ~*~ a +iO ~~t~~i!tt~t, ~~(})JJt!c:~*lkO)-=t!C:~d:-fk

9~.

2. -~~:, ~~fl~EJ<J~t~o)~~':t3~)L, {-O)~JC':fl.~tJ: :t>(7)~~t~~itL~9

f±m~~. =0)~.g.J:(J)~~*cv)5.

3. x (!)~~: y (J)~~~t,r,t~it~~f*~tJ:1Jitn~~~ tl-Cv)~ c~ ':~d:, 'y ~j: x 0)~m1

~-c'~ ~' c::t> v) '3 .

0.8) representative form of a verb
The representative fonn (also known as the frequentative) is created by adding t) to the past

affirmative fonn. This form most frequently appears in the pattern \\/hereby two different verbs
are used in succession, followed by 9 .Q: VI t::. fJ V2t::.. fJ 9 ~ or \'1t::.. t) V2t::. tJ Gt::... On
occasion, only one verb or three different verbs may be used in this \\'ay. This form serves to
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express representative actions or states~ which are selected from a potentially longer list of

actions or states. The two examples given above could be translated u(I> (will) do such things as
VI or V2,~' or ~'(I) did such things as VI or V2," respectively.

1. ~ 0):: c'i, lJl~O) t>0)(.:-.J lt~L~.9~o)l:, ~*O).m~~lt)~ra,n~tr~n\Jt~ t>,
IYJE~tl § ~t1~m.-r~ J t::.. tJ, ~t~ ~d:~f4:~ft(J)~.:6~lt*-c' ~ J t~ fJ 9 ~ t~ CO)~

miJ\ t;, ~tl;6~:lFiiJ~*t::,,~d:m.-r~Q1iit':m It) ~tt-Clt)~.

2. t:: C ;t~i, 7J~EJ(J~JJJO)rtJ'~~~t1c:~1Dfit~C~@lm-rt&-:J t::.. t), ~~~O)rtJ'~~7J

~*-r:S~tJ~;tt::..fJ 9~.

3. t::.. C: X tf, iti{tJt~j:ftJml·:m It) Q ;O\~lm ~:ffl ~)?J tr~ -c:~'iE ~:t~ J t::. fJ /F~'iE ,:t~ J t~

~J9~.

0.9) tentative form of a verb

The tentative form (also known as the volitional) is created by replacing the final ~ with J:
:> for an ru-verb (Jt~ ~ JtJ:: -j) or by replacing the xu with xo + -5 for an xu-verb (JJ'9 ~
~~ '5 ). Irregular verbs are treated as follows: <~ ~ ~ J:: 5 ;9 ¢ ~ L, J:: :>. When used at
the end of a sentence that involves human action, this verb form can be used to express the
writer's volition or will, thus saying, "Let's ..." or "We shall ..." In all other instances, this fonn

indicates the writer's hesitation or uncertainty regarding the content of the sentence. In these
instances, a word such as ~'probably," "perhaps" or "may(be)" can be added to the content of the
sentence to convey the tentative nature of the statement. The combination of the tentative form of
a verb and C9 ~ indicates either that an attempt is being made to carry out the action indicated
by the verb, often with the suggestion that this attempt is not successful, or that the action
indicated by.the verb is about to occur. In each instance, the reader must determine from the
context which meaning is intended.

1. z: O)d1.~tt~~~ft L,d:::> ~9~ c: ~, Ara'(1)g~l:J:: ~ L~1Dfi~.n¢ :t>(1)*C'~

u.

2. M1fit~1iitc GL, It)*~-C:~JE~tl~~ftl:O)r-c'.lJ~Gfihnt::..ll3!JJt~~)L,~

.~:J: J l, It) <-:In\O)llitJ~fl<<;6~~~ 6 tlt~ ~ 0) C L,J:: '5.

3. bnbnX1~T-5' ~c ~O)'d:, .:cn;O\ GfilJ Gn\O)t1i¥ll~~~Q z: cn~EJ t.¥JC'~~jj\ G,
t>nbtl~d:v~*~tt~filJ 6n\0)*~(J). (J '=Jtt)-c*,JfJf~r9 ~ ct:~~ c:!l!~ Get
5.

0.10) desiderative form of a verb
The desiderative affirmative fonn of a verb is created by adding t:::.. v\ to the conjunctive

affirmative fonn. This form is used to express the writer's (or speaker's) wish to carry out a
certain action, and could be translated as t.'(l/we) wish to ..." or "(Jlwe) would like to ..." The
desiderative affirmative fonn can be converted into many other forms. In such conversions the
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desiderative is conjugated as an V~-adjective. Thus, the desiderative negative form is made by
replacing the final v~ of the desiderative affirmative form with <t~v~. This form indicates that the
writer (or speaker) does not wish to carry out a certain action.

1. ~*A1J1J~~J:, A1JL-t~v~r~*~m:~flJ~T~1J~c:, n)t~~~*t~c*fjO):-P

t~v~)t*~1rL--rA1JT~1J~O) 2 J~:7}~tGtt~.

2. *.z*~~ 0 t~ vlJmf~)tTtJ:b~SJZ)t~d:. K1 ~mv~-Cnf~f~~ tt, nf~)tc:t~~.

3. ~ G~:ArJ3,-m~* ~:~v~-r, ~1&13"J~:~d:7°D 7"7 A ~tJlUf~ t) ~: EI~ ~m-c'mff~~

f~/F Gt~ v~ c: vl 5 5iV~~~7J~d!> ~.
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Lesson 1: Mathematics I
(numbers and sets)

jJ!J learning, scholarship
~t~(vS~) to learn, to study

~~

jU~~

jJ'Y combine; ::Jry fit, suit
~('5) to fit, to suit {vi}; ~(bit.Q) to join together {vt}

_ft ~::Lry:1ry

tift ~i~v~

mathematics
logic

set, collection
instance, case

l:I / limit, restriction
iJ) ~'( .Q ) to limit, to restrict

1R€~R.ft

~~R_ft

bl:l/~::Lry:1ry

::Lryl:l/~::Lry:1ry

infinite set
finite set

Iili
J=l ~T hostage, pawn; ~'Y matter, substance

JI1Jt t'1 ~'Y

~Jt l::/~'Y

~ :,/ 'Y substance, truth
~ fruit; ~(J)(.Q) to bear fruit

~. :;':;7/
~~ :'/':;Ary

property, characteristic
quality

experiment, trial
real number

~ ~ =z. ry£ollection, gathering
~-::>(~ Q) to assemble, to meet {vi}; ~ J (~Q ) to collect, to gather {vt}

~_ft !J ry ~ ::L ry :1ry empty set_iii ~ ::L ry.y / group, collection

~ 3 ry disposition, nature; t'1 attribute, gender, nature
~JEII1 7/T'1t'1
~lt1 l' !Jt'1
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~ A; '/ simple, uncovered; element, principle

*T '/~
~*~ 7?'/Ar)

Il A r) number, several
7J)-r count, number; 7J).7C(;t~ ) to count

~~ Y,/Ar)
~t~ ~'1Ar)

element, device
complex number

real number
logarithm'* ~ '1 grand, great, huge, large; -!1+'1 grand, great, huge, large

.:t3.:t3(~v~) grand, great, large; .:t3.:t3(~ ~) size; .:t3.:t3(~ tel:) grand, great, large
fJtje tJ ? .y'1 enlargement, magnification
jljefii ~'1 .y'1 T maximum value

M ~ '1 opposite, versus; 'Y '1 pair
~~tfii ~'/~'1T

~t~ ~'1~3 r)
absolute value
subject, object, target

;! '* r) law, principle, rule
$j{fj

15$

It. 1) principle, reason
JE~

~EB

71 1)

I) ::L r)

law (of science), rule
method, manner, technique

theorem
reason

..l-

II J) 'Y standing
t::.('J) to stand {vi}; t::.(-C .Q) to build, to set up {vt}

~tft ~'11) 'Y
UftR~ ~?U'Y~~Ar)

confrontation, opposition
independent variable

~
aRB 0 ~ argument, discourse

J:m~
~iiRU

~J:m
iiRUJ:::::t::.

I)D~

0/ 1)
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1.1)

GraDlDlatical Patterns

l-l.~ ~ II kc.. v ~ to name , to ca , to now as
C II¥ [J::] ~~ to name , to call , to know as
cf#J\ [Y 3 '.7] T Q to name , to call •.., to know as

(Note: The phrase "noun C v) 5" is often used simply to focus the reader's attention
on a particular concept or technical tenn. In such cases C v)~ is not translated.)

2. fT~Ij~.~T Q7C aik ~~O) (i, k) ~7.tclP¥~S~.

3. x, y E R ~:~;f G-C, ~tl GO)~ xy cffJ\T:Q~W E R tJ!t::.ti. 1 'JJE*:Q.

1.2) X [*t~] and X [*t~] ~1

The word ~ t::.. is frequently used at the beginning of a sentence to introduce additional
information, which may support or reinforce a previous statement. It is often translated as
"furthennore," "moreover" or "in addition." The expression *t::.. ~j: occurs between two
nouns (or noun phrases) and corresponds very closely to a logical "or" operator. It may be
translated as "and" or as "or," depending upon the context.

1.3) ~:'M [?7~] T Q with respect to , with regard to , for ...
~:'M [?7~] ~ -c with respect to , with regard to , for ..•
~:'M [?7~] ~ with respect to , with regard to , for ...

(Note: The phrase ... ~=~tg-:Q modifies a noun that appears later in the sentence; the phrases
... ~:~t GLand ... ~:~t G modify a verb that appears later in the sentence.)

1. *t::. x ~ 0 ~=~t GL~j: Ixl =x, x < 0 ~:.~t GL~j: Ixl =-x c~G, ~I ~ x O)~~tf~c v) 5.

2. f:f::to) IE0) 2 ~ a, b ~:~t G-C, ~\9~:Q EJ~~ n tJ!fi1£ GL a < nb C t~:Q.

1.4) ~ [tJ:] tJ li [t~] J and ~li [-e~ 1)~] To
These verbs exemplify a situation in which·two different verbs can be made using the same two

kanji. As might be expected, the verb that carries the ON readings and g- .Q is more formal in tone,
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while the verb that is expressed with the KUN readings tends to be more colloquial. Both of these
verbs can be applied to four general situations. The first meaning is associated with organization; it
can be translated variously as "to be formed," "to be organized" or "to be composed." The second
meaning is associated with an abstract concept taking on definite form; translations include "to be
realized," "to materialize" and "to come into being." The third meaning is associated with the action
of concluding or signing an agreement. The final meaning, "to be valid" or "to hold true," was
formerly associated only with ~ t] tLJ, but these days it can be associated with both verbs. This
meaning is particularly common in technical Japanese.

2. ~~~:~v~-c~d:, AVB ~d:A ~J:.tJB O)~tJ:< c~-jjiO~~tLTQC:v~'5Z:c:~~,*

T~.

1.5) I:: J:. Q depending upon •.., due to ..., by means of .
1~J:. ~ L depending upon ..., due to •••, by means of .
l~ J:. fJ depending upon .•., due to ••., by means of ••.

(Note: The phrase ... ~:J:. ~ modifies a noun that appears later in the sentence; the phrases ...
~: J:. J -c and ... ~: J:. tJ modify a verb that appears later in the sentence.)

1. fT~tlO)fD A + B ~d:jitij~iO~1RJ C~O)tJj~~:t2'~t A + B =(a,K + bik) ~:J:. J -C~~~ tlQ.

2. ~tlG ~£~O)R~c: G-C1J{UQ ~ c~:J:: tJ, E 2 O)15-}~O)~e;¢~~~Q.

3. 4x Gtlt~.~c ~=~tG, c ~f@~c: G~~ t ~3!RtL~~c:TQm1~~, CO) t ~:J::

Q WJ~~£{~ c: v~ '5 z: c: iO~ d!> Q.

1.6) ... l::~~tQ in •.., for , regarding ...
... 1~.av~L in ..., for , regarding •..

(Note: The phrase ... ~:~~t ~ modifies a noun; the phrase ... ~:~v~-c modifies a verb.
The expression ~:~ v~ L~d: in written Japanese is essentially equivalent in meaning to the double
particle l:~d:, but carries a more formal tone.)

2.•~ A, B ~:~v~-C, A ~:~TQ7C~d:T~-C B ~:~G, B ~:~TQ7C~d:T~-c A~:

~TQ c ~~:, A =B cTQ.
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1.7) !t [~Q] ~:\~j:

The expression ~~ v)~d: occurs between two nouns (or noun phrases) and indicates that the
two nouns (or noun phrases) may be treated as alternatives. No emphasis or preference is placed
on either alternative. This expression is almost always translated as "or."

1. a iO~.ft A O)7C~~Q ~ c~, a iO~A ~:~*tlQ, ~Q v)~d:A iO~ a ~~U (§~9Q)

cv)5.

3. ~2f}fnBJl~~d:, ~~O)~G~Q7tIf~:~Jm~:m v) GtlQfnBJlS"JtJ:ftfnB~~~9 Q~
~~G v)~d:fnBJl~O) 1 $r~-c'~G.

1.8) T~-C and T~-Co)

The word 9 ~L can be used as a noun, meaning "all," "everything" or "the whole." Thus,
when 9 ~L is followed by 0) and then by a noun, the expression 9 ~L 0) can be reliably
thought to mean "all (ot)," "every" or "the entire," as this expression modifies the noun that
follows 9~LO). However, the word9~L can also be used as an adverb, meaning "entirely,"
"wholly" or "completely." Thus, when the word 9 ~L appears by itself, the reader is cautioned
to ascertain from the context whether 9 «L is intended to function as a noun or as an adverb.

1.9) t~t~ and t~t~1J

The word t::.. ti can appear as part of the expression t::.. ti (J), which means "ordinary" or
"hardly worthy of mention," or it can be used alone. In some easily recognizable situations t::.. ti
means "free" or "without charge," but in most instances t~ti is used as an adverb to convey
meanings such as "only," "solely," "but," "however," "merely," or "simply." The word t~tiG
can mean "however" or "provided that," but in many instances a translation such as "here" or "in
this case" is more appropriate. These instances tend to be situations in which the writer is
providing supplementary information that is pertinent to the situation under consideration or is
providing information that is contrary to the reader's expectation.

2. t~ti., ~O)~)]mO)tI~ft~~~~d:§~~mO)~.~, i§mft~O).G~ ~i&1/J\~fiffi

G-c:t30, 1b< O)m.~:filrmGt~.

3. t~tiG Ex ~d: x iO~ p(x) ':~J -c7tm9G ~O) C 1Jt~ C~0)3flf$){ii~~9.
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is composed of ••., consists of ...

1.f9iJjt~t{a} ~d:7Cat~til In)~tJ:Q~ft~d!>lJ, a*bO)e:~ {a, b} ~J:2JO)7Ca,

b n) GtJ:Q~ft-r:d!>Q.

2. ~ftA iO~~~HmO)7Cn)~tJ:Qc~ A ~~~H~ftct;)t;), A iO~~~HmO)7C~~UC~

A ~~~H~ft e: t;) '5.

3. *~:t~ti 1 fiiO) GtJ:Qfi~J (at ... an) ~ K 1:0) ntJ{O)fi~~ 1')v~t~~J:.~~ 1'Jvc
t;) '5.

1.11) tel: S ~t

The word tJ: ~ ~t is a shortened form of the provisional form of 0) t: d!> Q. When it follows a
predicate, it simply means "if." When it follows a noun, it means "if it is" or "if they are."

1. A c B t3J:lJ B c ctJ: ~ ~t A c c~d!>Q.

2. K iO~liJ~tJ: G~t, fi~J A iO~IEJ{ljfi~U~d!>Qt~~O)~flI:~d:fi~UJ:t fAl n~ K 0)1iJi2!7C-c:'d!>
Q ~ e:t:d!>Q.

3. ~t~~~O)JmFf~f*~f*J~~, -g-tJ:b~ t l < t2 tJ: G~tf(tl) ~f(t2) -c:'l>Q~~~d:.WiV

tm1JD~~ e: J:: ~ttlQ.

1.12) ~'[i1\tel:6l -r and ~, [i1\tel:6l -rL,~

The word n)tJ: ~~ is used with an affirmative predicate to mean "always" or "necessarily."
The expression n)tJ: ~~G~ is used with a negative predicate to mean "not always" or "not
necessarily."

1. R O)l:~:~~ (~t~~J:~~=~~) tJ:$7}.ft A ~=~tGL, ~\~l:~H a =sup A (~t~~d:

~~H b =infA) lO~ff1£-g-Q.

3. 1J~J:t (~\~G ~ 'f~~1JfiJ:t' C ~d:iJ)~' GtJ: t;)f(x) =0 O)m a ~~{il!~JJ-c:'3i<~Q

1J~~d:, *BIJ-g- Q e:tJ{O) 2 fj~~=tJ:Q.

1.13) 1J)~

The word iJ)--:J is comparable in meaning to ~t~, but it always occurs between two nouns (or
noun phrases). iJ)--:J corresponds very closely to a logical "and" operator, and is often translated as
"furthermore," "moreover" or "in addition."
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3. f3lJJftJfJ.O)ilAJ]!fRB~d:, ~~~lvcO)t.I~lliAfJiO):Jllil:HfJo).~7,( - ~l,y 7ftJfJ
.~ATl\~l& tJ1Jk:>.

1.14) l]{ [-13J:] rJ
The word "&rJ. links two nouns or two symbols, either of which may be modified by an

adjective or a modifying clause. Although & rJ carries the meaning "and," its usage is quite
limited. & rJ. cannot be used as a conjunction to link two clauses.

1. A c B 8 J:: rJ B c A t~ G~tA = B -r:~~ .

2. (m, n)~fi~JA O)~f-T*t~~d:~~JO)~~ mMO)f-T""71')v8J::rJnMO)~J""71')v

~ A O)f-T~7 l' )v8 J:: rJ.~J"" 7 l')v Cv) :> .

3. ~:> 9 ~ C Xi O)7tm~d:, e8J:: rJ~M:~Il?l(JO)*JI1~~9-B}fA:11 ~:J:: -:> -C~ * Q-r:
~0:>.

no mattter what/which, any

1. fA:~1j {an} ~::.t3V)L, v)n)t~QIEO)fA: c ~I&~ L~, ~~lJ{7J) G9cO)T.AtLO)lJ{ an'

am ~:~t G'L Ian - ami < c iO~~ t) li:J C: ~, {an} ~£*fA:~J*t~~d: Cauchy fA:~J ~ v):>.

2. 7C~ 1 :J'b~*t~v).~ (TtJ:b!>, v)iO)tJ:Q~t~a ~:~tGL'b a f£ A ctJ:~.~ A)
~~.~C:v)v), ~2i% 0 -r:~T.

3. G;O) G, 7:r.. y l' O)mttl8J::rJP1~pqO)if7 :A'1 :z..O)i5tttl-r:~d:.~J]!fRBO)$BIm-r:v)

iJ)tJ:~ Re ~:Jv)L 'b~~Cv):> ~*iJ~1~ Gtl'Lv) Q.
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Reading Selections

1-1:

~~~-f*(1).~~R -e~Tc~, R ~j:~~:~~.Qaltt.~t>'J.

I)4j{1j~~~:~T~jt1•. i)x, ye R ~:M~L, ~nGO)fllx+y c~T~lcwE R
tJ~t~ti. 1 'J)E* tJ, x + Y =Y + x ("ilJ~~J{Ij), (x + y) + Z =x + (y + z) (*6~~j{lJ) tJ~~ tJ lL
:J. *t~*fZIJO)Ic0 tJ~fil£GL, f£~O)~x ~:~tGL x + 0 = x it~~ tJ ll'J (oO)fil£).
J!~:: x E R ~::MGL x + (-x) =0 ctel:~ -x E R tJ~t~t!. 1 'Jfil£T~. ii) x, Y E R ~:MG
L, ~nG(1)fI xy cflJ\T~Ic W E R tJ~t~ti. 1 -:J)E*tJ, xy = yx ("ilJ~~j{Ij), (xy) z = x
(yz) (~~~Jtlj), (x + y) z =xz + yz (?tfi2~J{Ij) tJ~~ tJ tL 'J. * t~*fEIJ0)1c 1 tJ~fil£ GL ,
g-~LO) x E R ~::~t GL Ix = x tJ~~ t] lL'J (1 O)fil£). c! G~:, x *0 (x E R) ~:~t~-c

x·x- l =1 ctJ:Q X-I E R tJ~t~ti.l '":Jfil£TQ. ~l:tJ\G, 0 ~:J::QI*~~I*V~L, 110,
~, *, ~O) 4 J{1j~~tJ~fTbn~.

n)JmFf~:~T.Qjt1•. i)x, ye R ~:~tGL, x<y, x=y, x>y (J)P'JO) 1 'Jti.~ttJ~&,

--r~ tJ tL'J (~JIliFftt). x < y *t~ ~j: x =y 0) c ~ x ~ y c.<. lim" ~ ~::'J v~ L~j:, x ~

y tJ\:J y ~ z tel: G~t x ~ z (fi~~J{fj) iO~~ tJ ll'J. ii) JmFfc~~. x ~y tel: G~t x +z ~ y +
z -r: d!> ~. * t~ x ~ y, 0 ~ z tJ: G~t xz ~ y z -r: d!> .Q •

*f~:x>O (J)c.~ x ~iEo)lc, x <0 O)c~ x ~jtO)~cv~5. *t~x~O ~:~tG-C~d:

~J =x, x < 0 ~:~tGL~d: Ixl =-x c~ G, ~I ~ x O)~it{lc v~ '5.

1-2: ~ftO)1!. (1c417-418)

1) '1£1\0) iE0) 2~ a, b ~:~tGL, ~,--r~~ EJ~~ n iO~fil£ GL a < nb C tel: Q
(Archimedes O)~~).

2) a < b C tel:~tf~O) 2~ a, b ~::M ~L, a <x < b c t~~ ~JJI!Ic x tJ~fi1£TQ (1fJJl!
1c00.~jt1).

3)R O)l:~:~~(*t~~d:r~:~~)tJ:$?t.~A ~:~tGL,~,--rl:15H a = sup A (*t~

~d:r~R b = infA) l¢~fi1£TQ.

4) 2 mO)Ic~J {an}' {bn} ~:SV~L, at ~ a2 ~ ••• ~ an ~ ••• ~ bn~ ••• ~ b2 ~ b
l
I¢\'J lim (bn

- an) =0 -r:d!>n~t, lim an =lim bn=C ctel:Q C E R iO~ (tc.ti. 1 J) fi1£T~ (grp'./J\~o)

mtJll!).
5) Ic~J {an} ~:.t3v~L, v~iO\tel:~iEo)~ C ~~~ -C~, ~QlJ{I¢\ G;tO)T~LO)lJ{

an' am ~:'MGL lan-aml<cl¢!~tJtL:Jc~, {an} ~~*Ic~J*t~~J:Cauchy~~Jcv~5.

~IcO)~*Ic~J~j:~,--rtl~R~ t> J (~IcO)5G«Ujt1).

1-3: ~Lft (~1255)

~tL-r:IRJ-?t~~:~5il*~Ic(1)~~~~i2.~t~~m~~J, c v~:> (1)iO~!LIc~Jd!>Q

v~~j:!L~~(1)~*~tJ:)E.-r:d!>~. ~n~j:, ~M=F~0)'!T/71J /7·c '7/~bft, il*
~d~.0)~~~V-~3/,~m~?t~~~~~~O).~~O)~.,M~.~~(1)~

.m~)EtJ:c ~::.m lt~ GnLlt~~. !LIc~.mV~, il*~~~~~U)l!ft{M~~1-~l::-t /7 ·
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7J)vD~ Ce:t ~1tt-Cv~Q. ~~~~*~fJJ~~)ta9~~J:: fJ tt>~tJ: v~=Frl3'~~~Qi1i$

a9JJ~O) JJJtmJ~iOt~~ ~ tt-cv~ Q. ~m1: G~tG~1, !L~ c ~J:~O).~!L~~mT.

1-4:

IJ\mtltJ:~L~~~d:)v-v 'Y ~ O)e:t 5 tJ:if$a9tJ:tI.~:e:t -:J -CfFttQ. *mtl~:~d:~.

-Tft1i, t&MfI~tJ: CO)~Jl~a~::t!vj'<!L~n~7?lIJ:If'fl~tJ:!L~~jc G-cflJm ~ tt~. G
tJ~ G~.flfljmO)t~~~:~d:, tt~~.~tJ:lj{.-c'~~~tt~}ajWl~j~, M!mTQ~~::tt

At-C}a]Wlnt+7t~::~<, 1}ajWll:~tt>$7t~~: tt>~ G7J\tJ:mJ{ljtt7J~tJ: <, 7t~~JtIjc~!R

liJ~~::OOT~~~~afi~~~::~mT~~{~~L~nt1fm~~Q.•~!Lf{~J {Uk} ~d: to, 1,
... , N-l} (t::.t!. GN =nS ::> 1, n ~d:fI~m 1mO)*~~) l:0).1I-~7t~~::~v~, vk =
uklN ~d:ilIf~a9~:: (0, 1) l:0)i!!~-~7t~~::~5. fmO)if$aiil~d:TAt-C, ~tt7J\Gii~

tJ:~.~:e:t J L~~~~~••waJtJ:i!!rt7t~~f{F( • )~tt>:J!Lf{~d: F-1(Vk ) ~~)fTtt

~1e:t V~7Jt, -f?iJ3t~1f*jR.W~tJ: cO)if$~tJ:ttJ5~::J:: fJ atJJ~jj$~~~ GttQ ~ C7J~

1950 ~{-t~: J. von Neumann ~::J:: fJ 7J'~ tl, ~O)f~1b<o)I=Jc7J~tJ: ~ ttLV~Q.

1-5:

~Lf{O)~~~~M~~:WlJAtQ~::~J: 1.*~~c~1Ltt~~ce:t~1tt~~at~ai~~~

iimT~. 0<vk<I~1l5]j\wk=[mvk]E{0,1,···,m-l}~1l57J\, {uk}O)1f~~j~l

~f{.*cJJ-tJ:T7J\1b~f{.*cJJ-tJ:T]j\,d!>~ v~~J:*~jO)**1l5 7J\~:e:t t) 7t.~ tt
~1b< 0)~~7Jtd!>Q. *f~:1b~7C-fiJ~o)~~-c'~)f7Jt~~-c'~tJ, .f~~Lf{O)j{J~~

~G7J\~:T~ tt>O)7Jt~*tt~.

1-6:

f£jtO)~~a, b eWf{¥{)[:i ~mv~t::.a+ib ev~?~~~fl~f{cv~5. TtJ:O!>
a = a +ib, J3 =c + id ~::~V~L, a =f3 ¢=} a =e 7J\-:J ,b =d cTQ. fl~f{O))f$~d:, a +
f3 = (a + c) + i(b + d), a - f3 = (a - e) + i(b - d), af3 = (ac - bd) + i(ad + be), alp =(ac +
bd)l(c2 + tf) + i«be - ad)l(c + tf» (t~ti.G c2 + tf ~ 0) ~:e:t -:J l)t~~. 1JD$c*~~::JV~

-CJJJ~$JtIJ, *S~$JtIj, 7t~$JtljiOt~ t) 1L!>, 0 = 0 + iO ~1JO$O)~7G, 1 = 1 + iO ~*
$O).&7GcG-CJJJ~~~fF~. fl~~o)~~~~~C~~T.

~f{ a ~:~tGL, fl~~ a + iO ~~;fJjt~ittt~1, ~f{O).~cfl~f{O).~C~d:-3t

T:Q. TtJ:tJ~~~~~O)fF:Q~R ~d:, fl~~~f*O)~ C O)q:r~:fPJ~~:~.~tt~.

~~~J: a C a + iO c ~fPJ-mG, R ~J: c O)$7tm~ ($7.t~) cJJ-tJ:T. fPJ~~::~f~~j: 0
+ il ~¥~:: i c~T. J:O))£.~::J:: fJ i 2 =-1 -C:~~. *t::. a= a + ib =(a + iO) + (b + iO)
(0 + il) -c'~Q7J\ G, a + ib ~d:.lf!tJ:G~2~-c:tJ:<l, C ~:~ ~t~~~CJJ-l e:t v~. a = a +
ib ~:~V~l, a ~ a O)~$, b ~ a O)m!$c v~v~, a =Re a, b= 1m a -c'~T. ~f{~

tJ:v~fl~~~w~c: v~v~, *f~: Re a =0 '"e~~W~ ex ~~~~e v~? fl~f{ a = a +
ib ~:~tGl, a - ib ~ a O)3t~~fl~f{Cv~ 5 .
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1-7: .~ (f(428-429)

wrifl*tc.~J:m~O)~t~O) 5 ~ ~-)EfBrm~::d!>Q ~O)~ 1 :JO)~f*c GL~;tt~ c ~,

~tl~ (~tll3 O)~t~O).~ C: v) v), ~O)fBrmpqO)mJ<O)~t~~~O).~O)7C*t~~J:

~* C: v) 5. a 7J~.~ A O)7C~d!>Q:: C: ~, a 7J~ A ~::~*tlQ, d!>Q v)~J: A 7J~ a ~~U
(§~g-.Q) C:v)v), ~2~aE A ~~g-. ~O)~)E~ae A ~~g-. 7C~ 1 J~~*tJ:v)
.~ (g-tJ:b~, v)7J)tJ:Q~t~ a ~::~tGL~ a ~ A ctJ:Q.~ A) ~~.~C:v)v), ~2~

~ ~~g-.•~ A, B ~:::t3V)L, A ~::~g- Q7C~J:g-~L B ~::~ G, B ~::~g-Q7C~J:g-~

L A ~::~g-Q C~ ~::, A =B cg-Q.•~ A 0)7C7J~ a, b, c, ... ~d!>.o c ~, A ={a,
b, c, ... } C.V)L, .~ A ~j:7C a, b, c, ... 7J) l3 tJ:Q C: v) 5. ttft ax) ~~:J~t~x
0)~f*7J) GtJ:.o.~~ {xlax)} d!>.o v) ~j: {x;ax)} c:~g-. .g;J;t~~ {a} ~d:7C a t~t!. 1 :J7J)
GtJ:.o.~-c'd!>fJ, a:/;bO)c~ {a, b} ~d:2:J0)7Ca, b7J)l3tJ:.o.~~d!>.o.•~A
n~~~RmO)7Cn)l3tJ:Qc~A ~~~R.~cv)v), A n~~~mO)7C~-2iuc~ A ~~~R

.~cv)5 .
• ~ A, B ~:::t3v)-C, A O)7C7J~g-~L B ~::~g-.o C~, A ~J: B O)$?t.~-ed!>Q C: v)

v), *tc.A ~d:B ~::-2i*tl.o, d!>Qv)~d:B ~J:A ~-2iUcv)5. ~O)c~~2~AcB~m

v)G. ~O)~)E~A<ZB c~g-. {:EJito).~ A ~::~tGL ~cA ~d!>.Q. A cB :t3J:rtB
cC~G~AcC-ed!>Q.AcB:t3J:rtBcA~G~A=B-ed!>Q.AcB~A:/;BO)

c ~, A ~d: B O)~$?t.~~d!>G c v) 5.

1-8: i2~~~(f(188-189)

~2~~~~~J:, f(~0)d!>G~.Q?tlf~::~im~::m v) Gtl~~~a9tJ:~~~f(~a9~2~i!
~mv)-Cif~g- Qf(~d!>~ v)~J:~~~O) 1 $r~-c'd!>J L, f(~~~~(f(~a9~J.m~)

*tc.~J:J.m~a9~~~c~J:~~tlQ. Z:Z:-c'if~~tlQ '~J.ma9' tJ:~~~::, :t30):t30)0)
J.m~~::~~0)~J.m~~~~:J~t1JD;tQ z: c ~::J: J -C, MJ< 0)f(~a9J.m~iO~1~ GtlQ O)-c'
d!>G.

'A *tc.~J:B' 'A 7J):JB' 'A tJ:l3~tB' 'A -c'tJ:v) , C:v)5trrlm~, ~tl~tl,

A vB, A A B, A ~ B, -,A
C v) 5 ~2~-c'~g-. A v B ~trrlm A, B O)~J.mfl1*tc.~d:.~, A AB ~~~fJl*t~Jd:~

~, A~B ~~Jit, -,A ~trrlmA O)~)EC:J:~S~. (A~B)A(B~A)cv)5trr~~

A~B c.~, 'A C: B C~J:(PJ~*tc.~J:(PJfrnI-c'd!>Q' C~U. f(~~:::t3v)-c~J:, A vB
~J:A :t3J:.rtB O)1/'tJ:< c:'b-1J7J~JJXlig-~c:v)5 ::,c~Jit~g-~. *t~, 'g-~-Co)

x ~:~t G-ctrrlm F(x) iO~JJXlig-G' :t3 J:. rt 'trrlm F(x) 7J~JJXlig-G J: :> tJ: x 7J~ff1£g-~ ,
c v) 5trrlm~, ~tl~tl,

Vx F(x), 3x F(x)
C~ GV9. VX F(x) C: v) 5 ~O)trre ~iE:l/J\trrJm, 3x F(x) ~ff1£trreC: v) v), d!>vit-C
m~Ra9trrlmC: v):>. ~J:-c'mv)t~~2~

v, A, ~, ~, -', V, 3
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Lesson 2: Mathematics II
(matrices, variables and functions)

.:a:.
,II!!, 1 idea, thought, will

~~
H:~O)

go tJ /' barrier, gateway
it~ barrier, checking station

~f* tJ/71
~~ tJ/ArJ

ii :¥ honor, in-law, loyalty, justice, significance
~~ 1:¥
~~ 71:¥

m q:. .::L. rJ class, grade, rank

*i~
iflj*i

~-i-r :¥ 3 rJ row, line; :J rJ journey, line
v)(<)to go; .t3 :. t~(5 ) to conduct, to perform

fT~1j :¥ 3 rJ v'Y
IE1JfT~J 1z1/71\rJ:¥ 3 rJ v'Y

1m -if constellation, platform, seat, theater
9V(Q ) to sit down

~~* ~t:3rJ71
~~$Ib -ifl:::3rJ~7

xt ~q:. ceremony, formula, style, type
1i-=A 71\rJ~q:.

1ifi-=A 71\rJ71 ~q:.

-17-

meaning
arbitrary

relation
function

significance, meaning
definition

series
high grade/class

matrix
square matrix

coordinate system
coordinate axis

mode, method, form, system
equation



'M' ~ 3 r) normal, regular
"::):tl always, normal, ordinary

im1it 'Yr)~3r)

)E1ittel: 71 ~ 3 r) tel:
usually, generally, ordinarily
regular, stationary, steady

71 degree, formula
~~ C amount, degree, extent

~JJJ1Jm~

t1fJJJ1Jm~

l::: minute, tiny, vague
~1~117t

1I7t1Jm~

r)/~r)$r)T1~::f

J\ ~ r)$r)71~::f

Ar)7l::::t/
l::::t/$r)71~::f

equation of motion
wave equation

numerical differentiation
differential equation

_ 1:: 3 r) mark, signpost, target
~~{~ 1:: 3 r):;.:t /jJ

~* 1:::3r)$/
standardization
sample

~ :t part, percentage; 7 / minute; :t / dividing, part, segment
V(7J)~ ) to understand {vi}; V( ~t~ )to divide {vt}

$7t.~ :t:t / ~ .:t r) :ir) subset
7tM :t / )v1 classification

~ A. / change, strange
jQ)(;t.Q) to change, to revise {vt}; jQ)(V.Q) to change, to differ{vi}

itt~~~ :; .:t r) V !7~ / A r) dependent variable
~JJJ ~ / ~ r) fluctuation, variation

n $ r) direction, side, way
jQ) t::.. direction, manner, person {honorific}, type

~~1Jm~ ~1Ar)$r)T1~::f

~1J~ 73r)$r)71

9'1J v 'Y column, line, rank, procession
~fl~ ~~!7~3r)~'Y

~1T~1J V1 ~ 3 r) ~'Y
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algebraic equation
rectangle

inverse matrix
zero matrix



Grammatical PatterllS

2.1) ••• ~ c:IJfa, [t3t3] lt~

... Jlft [Itl> ttl] tJta, [t:>.s] tt~

... C ~1Jta, [t3t3l It~

it often happens that ..., often •..
it often happens that •.., often •••
it often happens that •.., often •.•

2. -~,:, ~Q~ra'J:~=~~*~~/"\ '9~ C ~, .:cO)~ra'pq,: 1 JO)£lil~wa~m)E9
tl~t, ~tt~=J:: J -c~~*n)-~':~* ~~f;iJ'~~~).

3. f{~O)~Wr'7tffC'~j:, -t-0)~~'=£-:5't,,)-C, -t-tlttlO)~lt)it~-C~J&~ t,,) '3~~
ffl t·J~ ~ c:tt~~t,,).

respectively, individually
respective, individual, each

1. ~ =A, 'A =-A c-a~ (1£11) fi~lj~~ntn~tftJ\f-rY!J, .~ftfi9fJ*t~'·j:~~tf*fi~IJ,

ocMf*fi~j ~Pf~~.

2. ~<~~, )E.i.«t>~f{6;Q ~)~d:~*f{O)~fj-c6;Q~fj~=tj:, ~ttttt~DU~*t~ld:

~~.~l:J:~~~ C t>6;~.

3. mtJTa9tJ:7tIf-c'~j:, fl«j~~f{~t~~j:~*lto) ~ C tJ\~ <, ~G<~j:~tl~n~~fI«lIJ

~~t::,,~J:~~~.DUf£C:J:~~.

arbitrary ..., any ...

3. ~~ x 0)~i.«0)7C~d: x O)f~c: J: ~it1~~\, x § ~tJ\-t-O)tE~0).~~9 c:~-a~ tl~

z: c:n~~lt).

2.4) ••• I:.. [:tJ /] T Q concerning ..., related to _., for •••
... I~R [13 /] L,T concerning .•., related to •••, for •••
••• I~DU [13 /] L, concerning , related to _., for •••

(Note: The phrase ... ~:009Q modifies a noun; the phrases ':00 Gland ... l:R G
modify a verb.)

I. ~ '5 9 Q C, K l:O)fPl C:~O)fi~JO)~-1*~i1J[]it':J~ L,. -C K hD1f¥~t~9.
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2. y O)x ~:~9:Qmn ~~~O)~~~~ y', y",

3. m~0)l&*~:OO9:Q-t3 ~tJ:It!. ~ d!> ~j:Q.

2.5) J: '5tI.
This adjective indicates a similarity or other relationship between the noun that it modifies and

the word or phrase that precedes it. If J: ~ tJ: is preceded by a demonstrative adjective (see
example 1), it is usually translated "... kind" or "... type." However, when J: ~ tJ: is preceded by
a noun and the particle 0) (see example 2), it is usually translated "like ..." or "such as ..." If J:: '5
tJ: is preceded by an affirmative predicate (see example 3) or a negative predicate (see example 4),
it may be translated "that ... ," "such that ... ," "for which ..." or "of the type that ..." The choice
among these four possibilities is influenced by whether the subject of the predicate is the noun
modified by J:: ~ tJ: or whether the subject appears along with the predicate in the modifying
clause that precedes J:: ~ tJ:.

1.~~, ~~~~~, ~~~~~, @~~M~ac~~O)J::~a~ ••~O)>>mc~
Gn~.

2. K J:O)fT~1j c ~d:, K ~::~9~ mn MO)7C aik (i =1,
tJ:~1JWO)~21if ~v~ ~ .

m; k= 1,

2.6) J:: '5 I:.
This adverb indicates a similarity or other relationship between the verb that it modifies and the

word or phrase that precedes it. If J:: ~ ~: is preceded by a demonstrative adjective (see example
1), it is usually translated "in ... manner" or "in ... way." However, when J:: '5 ~: is preceded by
a noun and the particle 0) (see example 2), it is usually translated "like ..." or "as (with) ..." If J::
5 ~: is preceded by an affirmative verb (see example 3) or a negative verb, it indicates that the
action described by the verb that follows J:: 5 ~:. is being carried out to achieve or to avoid,
respectively, the action or state described by the verb that precedes J:: 5 ~:. In this case J:: ~ ~: is
most commonly translated "so that ... ," "in such a way that ..." or "in order that ..."

1. ~tl*O)~~ 7 ~7A~Bt~~~tJ:c~d:, ~.*it~::O)J:: 5 ~:mv~ Gn~~{?iJc v)jt
~.

2. fT~IjO)m (tr.t;) O)~lt~fT, ~ (1:~) O)~lt~~1jcPflt, J:~CfT~Ij~ (aik) O)J:: '5 ~:

Pm~29~::' C ~~~.
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3. ~tlt1ilJHlt, .~1iDHK:ff, Htm-lttJ: c,t, ~ O)J:: 5 tJ:ff.1I(J)t::-rlJ, .-rtt~tlO)m~,:

Ji9~J: 5l=~<~t1t~ ~(J)-r:65~.

2.7) t~~t and ~;t

The particle t~~t usually carries the meaning "'only" or "solely." When t~~t refers to a
specific numerical value it may be translated "only," but it may also mean 4~exactly"or ~Just this
amount-no more, no less." The panicle ~ .it means "if only" or "so long as" when combined
with a verb in the conditional fonn, but means "even" when used after a noun. In some cases the
particle -r: is inserted after the noun and before ~ it.

1. MAB ~d: A O)~J~c: B O)fT~tJ~-~9~!jJ}-g.,:t~~t AB = (Cik) (cil =L aiJbjt) ':J: J-r~
.~tt~. j

3. clvtJ:rp'~l:~, ~~l¥Jff4~n~tff.it Gtt, .:c(7)7 )y::f') A'bn~'j:J~ fJ G~;tTt1~t,

~h~~~9~~r/)~m-~mm~D~~b~~~9~~~~~~~.

2.8) ••• ~ CtJ~l>~

_••~ [~~l>~)] tltl>~

_. c~tltl>~

it sometimes happens that _., sometimes •..
it sometimes happens that •••, sometimes •••
it sometimes happens that •••, sometimes ...

1. ~.tt9t~.~~~~l¥J~:l> €>h ~lJ!~9< 9~t~NJl:~~*~.A 9Q z: c.tJ~l>::>.

2. m~I:J: -::> l~J:, E- O)~tl.~1fimO)~f{OO:.C: ltJ:~~-r:, iI~tJ:eu~RO)I3!i£~

~~tt~ ~O)~m tt)~ ~ cn~65~.

2.9) ftP [TtJ:t>] ~
~ [v~] v~. [7)\] ;t¢ C.

in other words, namely, that is (to say)
in other words, namely, that is (to say)

2.1i~~O)lcilln~~.y(n) ~~tsC: ~, 9tJ:b!> iJjldy(n) ~ 0 -c65~ c ~, ~~1i~~0)

.~~j: n -C~~ C: It\ '5.

3. ~O)~C:~tt~~\t1\.it~C:, Xl' X2, ••• ~i, {&~:iJlilIJ~~.~~~l:.t]~~t~c:~

l:t~6tt~-c'~0'5 cm~~tl~iJl&IJf@0)f&:~l¥J~IWfi}~ffitJ\6, 7 /~.b.,:t:. Gtlt~

.*~~~cm~9~~C:l:~~.
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2.10) nounl ~/~j: noun2 cTo

clause + cTo

(we) let nount be noun2,
(we) denote nounl by noun2,
(we) take nounl as noun2
(we) suppose (clause)

1. K ~J:H:itO)~~t~~J: (3-~PJ~)1*C:9Q.

2. ~lcfo)~.~C:1ii~c:~~tttttx, y C:9QC:~, X ~~~c9Q~lcx ~fO)

~li~~, Y~~~C:9Q~IcY~fO)~~~~C:~~.

3. G. Galilei 7J~~1*O)~~~if~GL, ~ E8~~9Q~1*7J~~rl3'to):>!> ~::m,. x ti~t

~~9Q C9tt~t, 1JOJml3tx"(t) 7J~-~~ ~Q~ C~~J! Gt~.

2.11) connective form + .t3 <
A verb in the connective affirmative form followed by t) < indicates that a certain action is

being carried out for some future purpose. (Note: It is seldom necessary to actually translate the
verb t) <.)

1. Euclid 1JZml E2 l:~:, 1 J~ O~Thl~9~ 2 Thl. x'x, Y'Y ~ c tJ, .{}[O)!k~ 1 ~~&)
-Ct)~t~t, E 2 O)Thl~&.*7J~l~Gtt~.

2. {~Icli9tJ:7tIf-r~d:, -~~:1*~~tJ:C~ 1 J~&)Lt)V)-C, ~tt~::fii~C:Q~O)~

~Ic C: J:~S~ 2:. c 7J~~Q.

3.§li9~.m~G-C-.ttO)~~fi.~.~~.~G-ct)~~,~O)~~~~~~~

~d:~< O)~~t.m-rM.~:~~-r~Q.

2.12) ~G and ~ G<~d:

The word ~ G is used at the beginning of a clause or a sentence and carries the meaning "if."
'b G <~d: links two nouns or two symbols, either of which may be modified by an adjective or a
modifying clause. Although ~ G <~d: carries the meaning "or," its usage is quite limited. ~ G <
~d: cannot be used as a conjunction to link two clauses.

1. ~ G Pk(X), q(x) iJ~ D -c'lEj{JjtJ: 6 ~t, (2) ~mt~G D -c'iEj{fj (~\'-9G~ 1 flffi-c'tJ:lt i ) tJ:
my(x) 7J~t~ti. 1 --:Jfftt9Q.

2. ~ G~ 2:. ~:~d:-~O)*~li9tJ:~ tJ ~f~rffl7J~-2i~tt LV)tJ: vi ~9tt~t, • tJ JS G1TV
ttt~.?ltlO)~~~d:11ll~li9tJ:~rzg~:0)~~ c~ < ~O) c~ it GttQ.

3. ~f*T~~«~A ~ATb~d:T~~f.~~ GL~f*~ G< ~d:~f*O)~~-r~Q~~

fljffl9 Q J~-r~&fIT~~«~A ~A T b, ~T~~«~A ~A T b ~ rRBIJ~ ttQ.
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2.13) ltiO~t> moreover, furthermore, in addition, not only that

1. D I*J-r: y(x), y'(x), ... , y(n)(x) ~~9«-Cil~-r:~QJ:: 5 t~ (1) (J)flilt. y(x) ~~ 1 J lt~\'t>

t::. t!. 1 J #1£9Q .

2. *t::.fJt~d::.tl GtI(J)1Jfilt~~~9Q ciJtlh1Jfilt(J)~~:t~ t], G7J\ 't> :. (J)iJtlh,
.miJt~d:.iJt-r:~Q:' c ~~Gt::..

3. ~JJ1~!Lc~d:, AM~-Tc~!Lf*~-T(J)I*J$~~~:~ft:~~:' ~~, L-7J\'t>tfit::.~:

~-T~7tt~c~~~ Gt~v)~!L(J):' c-r:~Q.

we know that , it is known that ...,
we find that , we have learned that ...

1. 'C.. (J) 'C.. C7J\ G, (1) (J)flilt.(J)~il~}~*t::. ~d:~.}~~d:f*~ Pk(X), q(x) (J)~il~J~*t~ ~J:

~.}~~(-c'~Q 'C.. c7J~b7J\Q.

2. Jf)v~~/0)~f*lt~tiJfl9Q cI/ l' 0 e-n~-)Ect~Q;:: cn~bn\Q.

3. 7t*jO)rm~ ~i2!~: G-c~;tQ C, lEO) V / A'-r:~d:WJfJluO)~r~" ft 0) V / A'-r:~d:f~fJlU

O)~r~, ~:, 't> 5 Dc J 0)~}i~n~#1£9Q ;:: c n~bn\Q.
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2-1:

Reading Selections

ffJIJ (f{219-220)

K ~J:ff:~O)!I~t~~J: (~~PJ~)~C9:Q (K C L,-C~f{~ R ~t~~J:.*f{~ C ~~X:Q
~friO~~v). KJ:O)fT~Jc~d:, K~:~9:Qmn1i0)7Caik(i=1, ... , m;k=l, ... , n)
(J)'$..(J) J: :> tJ:~1JWO)ft2~~ v) v), fT~J~f¥jJ5X:9:Q7C aik ~~O) (i, k) J5X:7t CPf~~.

all al2 a1n

a21 a22 a2n

J:~~rr~J~<V G <~d: (m, n) ~fT~1jCv):>. *f~: (n, n) ~rr~J~ n '$..O)iE1JfT~1j Cv)
5. -~(J)~0)~mWfT~ljcv)5~c~~:Q. fT~IjO).(~ti)O)~lt~rr, .(J:r)
O)~lt~~JcPflt, J:~~fT~J~ (aik) O)J: '5 ~:Pm~C9:Q ~ c ~~:Q. aik=O (i =l-:k) ~~~
iE1J1T~Ij~~tftJfT~J, ~tftJfT~Ij~9«LO) au iO~~ L, v) ~(J)~An 7-fT~1j c v) '5.

*f~: t~ t~ 1 fT7J\ 6 tJ: Q fT ~Ij (a l ••• an) ~ K J:0) n '$..O)lT/'\. 7 1')v~ t~ ~d:./'\.7 1')v,
t-=t~ 1 ~Jt6H;tJ:.QfT~J bl

bm

~m'$..0)~1j~71')v~t~~J:.~71')vcv)'5. (m, n)~fT~IjA O)~fT~t~~d:~~JO)f1:

Qm1iO)fT~71')v43J:ltn1i0)~1j~71')v~A O)fT~71')v43J:lt~Ij/'\.71')vcv)

5.

2-2:

2 --:J O)fT~1j A =(aik), B =(bik) iO~fl3~ L, v) c v) 5 0) ~d:, Jilij~iO~WAEI9~:3k<-~9Q
::'c, 9tJ:v~Jilij1J0)~iO!-~L,7J\--:Jaik=bik(i=1,... , m;k=l, ... , n)~~Q~fr
~ v) 5. fT~IjO)fl1A + B ~d:Jilij~iO!fP1 C:~O)~fr~:ti~t A + B =(aik + bik) ~:J: J L~~~

n, fiAB ~J:A O)~ljf{c B 0)1Tf{iO~-~9.Qtifr~:ti~t AB= (C ik) (C ik = "Laijbjk) ~:J:J
L~~~nQ. . j

~t:::. K 0)71: C:1T~1JC: O)fi~ a(aik) = (aaik), (aik)a = (aika) ~:J:: ~ L~~9.Q. ~ '5 9.Q
C, K l:O)fPJG~0)1T~1J0)3k~~J:1J[I~~:~GL K1J[I$~tJ:9. ~t:::'1T~IjO)fJ~=JV~L

~J:~fr7*JtJj, 7t~27*J{Jj;O~J5X:li9G. ~JL K J:(J) n '$..~fT~J!I Cv) v), Mn(k) ~t~ ~J:

Kn -r~ 6V9::' c;o~~v). K;O!*i}[7G 1 ~~~mO)~fr~::~d:, *i}[fT~U I iO!Mn(K) 0)*
i}[7C ctJ:G. 9 «LO)J5X:?tiO~ 0 -r~.Q J: 5 tJ:fT~Ij~~fT~1j C V)J L, fP1 G<0 -r~9.
~t:::. (i, k) /1X:?tti~tiO!1 -rft!!O)/1X:?tn!::' C: ~'c: <0 ~~Q1T~Ij~ E ik C:9n~i,

n

M n(K) O)f:f:~0)1T~1jA ~J: A =(aik) =LaiJPik 0) J: 5 ~= Eik O)*~W*afr C: GL -~~= ~ 6 b
i,k = I

~n, n\--:JEifikl=O(j*k); IiJPkl=Eil ; aEik=Eika(aE K) cv~5~f*7J!/1X:.lL9Q. Eik
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~fT~J¥{ll: C: v) 5.
*t:::. Mn(K) O)fT~J A ~:~t L" L AA- I = A-IA = I c:tJ:~fT~J A-I lO~ffl£T~ C: ~, A-I ~

A O)~fT~1j C: v) v), ~fT~J ~*.fT ~fT~J ~ (K ~:-t3 ~t ~) IERrjfT~J*t~ ~J:m~fT~J cltFT
~. A O)~fT~J~J:~ Gffl£Ttl~i, -it~:~*~. KIO~m~tJ:G~1, fT~JA lO~iERrjfT~J

-c'd!>~t:::.~O)~ftF~d:fT~IjJ:t JAIIO~ K O)m~Jt-c'd!>:Q:: C:-c'd!> t), C: < ~: K 1O~f*~tJ:ittt,

tAl ;c 0 -c'd!>:Q :: C: -c' d!>:Q. .
(m, n) ~fT~1jA =(aik) O)fT C:~1j C: ~Atl~~ -C-c'~:Q (n, m) ~fT~1jA' =(bik) (bik =

ak ) ~ A O)titlfT~1j C: v)v), tA -c'7J'T:: C:7J~?9v). K n~m~-c' AB =C -c'd!>tl~1, tBtA =
tC-c'd!>:Q. tA =A, tA =-A c:tJ::Q (lE15) fT~Ij~~tl:ftl~t~fT~J, 3Cf\:;fT~Ij*t:::'~d:~~t

ltFfT~J, &:~tltFfT~J C:P¥v'S~. IE15fT~1j A = (a ik) -c' a ik = 0 (i < k) -c'd!>:Q ~ 0) ~~-Jl)fT~Ij,

aik =0 (i > k) -c'd!>:Q ~ 0)~J:=Jl)fT~Ij, jJIij#'@jbit-C¥~:=Jl)fT~J C: v) 5.

2-3: ~. (f{360-361)

Euclid.lJlW E 2 J:~:, 1 J~ o~ill3CTG 2 ill*j x'x, Y'Y ~ c t), ¥{ll:0)*~ 1 ~~&)
L-t3~t~i, E20)ill3C~~*1O~1~Gtl~. TtJ:b!> , 2ill.x'x, Y'Y~c!>G~J~O~

OcT :Q~~ill. R C:J!tJ: L" L, E2 (J) 1 J~ P tJ) G:: 0) 2 ill*j ~:-t3 0 Gt:::.~.O).@~~

tl:ftl x, y c:Ttl~1, J~ P E E 2 ~d:, ~(J)~~ c J:: ~itl:Q~f{o)~Jl (x, y) E R 2 ~:J:: J

L 1-1 ~:~~tlG.

-~~:, d!>~~~~~t~O)m'@j~:-t3v)L, ~O)~Jt~:f{Il~tJ: ~O)~~t~~it-C~T

{±*Jl~~, ~O)m'@j J:O)~~* C: v)v), ~JL~:~t~T :Qf{.~~0)7C0)J*~ C: v) 5. i2
~:, f{1l~tJ:.~~~W~~:d!> Gb L"LJ!~T<TQt:::.~~:J*~*~~ATQ::C:n~d!>
Q. ~1j.(J)?f177"7b~~t~~~tJ: C~d:, J*~*n~~ O)J:::> ~:mv) Gtl:Q~f9iJ C: v)~
~. *~, ~~~~~, ~J:t~~~, @~~M~~c~::O)J:::>~~~.~O)~mcJ!

Gtl:Q.
-~~:, d!>:Q~r~'J:~:~~*~~AT:Q C: ~, ~O)~ra'f1\J~: 1 JO)t!Uf~w~m~T

tl~i, ~tl~:et J L ~~*tJ~-:li~:~* ~~'@jIO~?9V). .lJlW £2 J:O)ill3C~~*~~d:,

JJi{J~ o~lti~T:Q~~$dJ x'x, Y'Y7J~£~~~ctJ::Q~O)l:, ::tlG ~£$O)R~cG
L?ltl~::'C~:ett), E20)~J~0)~~IO~~*G. tJ:-t3, m~~:J::J-c~d:, E20)~~$dJ~

tfJmO)~f{ill*jc GtJ:v)l:', JI~tJ:~f{RO)§!l£~J~tt:::.~O)~mv)G::'CIO!d!>G. ~t

f{15DN*If, ~$15DN*If, ft~t*IftJ: c~J:, ::. (J)J:::> tJ:fJ!~O)t:::.~, ~tl:ftlO)m~~:JlT

GJ:::> ~:J < Gtlt:::. ~o)-c'd!>G.

2-4: IJIc (f{157-158)

f{~o)-~~~=:Bv)-c, ~f{~~~c:~< (PJ C::li~~:mv)G::' cn!?9v). ~O)!j!'@j~d:,

-:li~t~C (PJ c: ~O)-c'd!> G. GtJ) G, ~ J cJ.tv):li~~:m v)-C, C: < ~:-~~t~O):: c
~ l1afi~f{, (-ite'tJ:v)) -~O)~t~O)::c ~?91afi~~c v):> :: C~ d!>Q.
~~O)~wr~?tJfl:'~d:, ~O)~5e~:t!"=Jv)-c, ~tl:ftlO)~v):li~-c'~~c v):> ~H~

mv) Q ::. C: 7J~?9 v). $fJT~tJ:?tJfe'~J:, 1~n!~~* t:::. ~d:~*~0)::' C: n!?9 <, ~G< ~J:

~tl~tl~~1~~f{*t:::,~d:~*f{1~~~C:J:v'S~. C < ~:, ~~~~~f{d!>Qv)~d:~*f{

O)m'@j-cd!>Q~~~=~d:, ~n~n~~f{*t:::'~d:~*~~cJ::v'$~~ c ~d!>Q. *t:::., ~~
~n!~f{~ra'~:~*tlGJ::> tJ:~f{ (*t:::'~d:fjl*~) 1~~~~d:~Jt~~c:J::~ttlQ:' c ~
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~ tJ, 7c(J) Ifj~ GLm~~~~~~nQ. f~~EJ9tJ:7}lf~~j:, -~~::'!*~!ItJ:C~ 1
':)~&'JL:t3v~L, ~tL~::iii~ c~ ~(J)~~~ce:t~~::. cn~~~. ~(J)tjj~~j:, ~~~(J)

.~~::~CLlI~tJ:~~iO~.~n, ~~~::~CL~lJIJtJ:~iO~J~t6nQ. t~c;t~~, ~

.~, iii~iO~c ~~::~~(J)~~~~Q C~, /(t) =/(-t) ~3;Q~~f~f~~~, /(t) =
-/(-t) -c'3;Q~~/~~~~Ctt~:>. *t~~~O)JmJ¥:~f*~f*':)~~,TtJ:V!> t 1 < t2 tJ:
6 ~~f(tl) -5:/(t2) -r: 3; Q~~~d:¥.m1JD~~ c et ~~nQ.
~~O)~~~~~~cet~S~. -~~:~~ I 1J\ 6~f*0).~ F ~O)~. qJ: I ~ F ~ I

~~~~~c:TQ~~O)~*t~~j:¥~:~~O)~cv~v~, qXA) ~/A O)m~::~GL VA} (A
E I), VA}AEI tJ: Cc.<. c <~:: I n~EJ~~O).~~3;Q c ~~d:, ~~~J c tt~:>.

2-5: 5:. (~158)

-~~::, 3;Qm~X O)7C~f~ATQ ~ c7J~ff~nLv~~)t*x ~~~c:v~v~, X ~

7cO)~~~v~'5. ~~x (J)~~O)7C~j:x O)iiic:J::~tn~7J~, x EJ~7J~~O)tffi"O)iii~~

T C:Jj..tJ:~n~ ~ C:7J~~v~. c <~::~~n~~~*t~~d:.*~O)~~~3;Q C~, ~O)~

~~J:~n~n~~~*t~~j:.*~~ctt~vn~. ~n~::~tL,L, ~~O) 1 ':)O)7C~~T
)t*~~~c:v~'5.

~~f(J)~.~c:~~c:~~n~nx, Yc:TQc:~,X~~~c:TQ~~x~f(J)

aftR~, Y~R~CT~R~y~/O)~~~~cet~. ~O)c~ 'y~xO)~~-r:3;

Q' CVlVl, y=!(x)e.~~T~c~3;~. xO)fii~:yO)fii~~t~~it~A'!*EJ9tJ:1J

~n~~~nLVl~c~~:~d:, 'y ~d:x O)~~~~-c'3;Q' c~v~57J~, ~~y=!(x)n~

R(x, y) =0 (J)et :> tJ:=JJ{~f* c GL~&'J 6nLVl~ti~to)c ~ ~::~d:, 'y ~J: x O)~~~
-c'3;Q' eVl5.

t ~~!RftR~CTQ~~!, g7J~4;t6nt~c~, x =!(t), y=g(t) CVl:>~f*~::et~L

y~xO)OO~c:~~~n~eTQ. ~O)e~ 'R~t~@~~*~~3~R~cL,LY

~d: x (J)~~-c'~~' C Vl:>. ~t~, 4x. Gtlt;::m~c ~~~tL-, c ~iii~c L-~~ t ~~
llR~c:g-Q~~~, CO)t ~:'J::Q@~~~~C:Vl:>~c:n~3;Q.

~~/o)~.~7J~~QTIlfJ~~Xl X X2 X ••• X Xn ~:.~*nLVl~ C:~, fO)all~~

~ (Xl' X 2' ••• , X n ) ~~G, ! ~ n ~~XI' X 2' ••• , X n 0)~~3;~ v~~d:¥~:'~R~~~

eVl:> ~e~~~.

2-6:

G. Galilei n!ri'!*O)~fJJ~~~GL, EJ EBri-rg- Q~m'!*n!~rl3' t 0) '5!> ~::Il1ri1 x ti~tri

-rT~ eTn~;!, 1JOJmJ3t X"(t) n!-~~3;Q ~ e ~Je~ L" ~7}1Jf~~ X"(t) =gO)flfI.e
GLri'!*0)$J{U X(t) =gf/2 ~1~t~ 0) ~d:, ~7}1Jf~~ntflfl.n\nt~Jil*JJ~3;~ t~ e c ~ ~:.,

~7}fJ7}~~O)~~EJ9••~~3;~~. N~~0)~fJJ1Jfi~~2mO)~7}1Jfi~~3;

Q. ~ 0) J:: '5 ~:: EJ ~t!J{fj~d:, ~7}1Jfj~O)m~:'.7J\nQ e ~, 1if.j11t~:.~~ nQ ~ e 7J~~

Vl. ~7}1Jfj~O)m~::.7J\nt;:: EJ ~$j{fj~~7}t!J{fj C: Vl:>. ~7}1Jfj~~~d:, ~ O)J:: '5
~:, ~7}~7}~C:(PJ~~::tUMl~tlt;::.

-26-



2-7:

x ~j:~~f~*t~~j:fl~~fii~ CQ~~, y ~j: x C(Pj C; <~~f~*t~~j:fl~~f~~ CQ
x O)~~-c', y ~j:x ~::JV)L n @JflJtPJfi~C: G, y O)x ~::~9Qmn~*-c'o)~~~~
y', y", ..• , y(n) C: 9 Q. ~O) C:~ x, y, y', •.. , y(n) O)rJ3~~:: (x ~::~ GLt8~139~:) .fiX: tJ
ll--=>OOf*lt

f(x, y, y', •.. , y(n)=o (1)

~, ~~y(x) ~::~9Q*flJt1Jfiltc:v)5. (1) O)tr.Jl1O)f~j:, n+2000)~~~*t~~j:

fl~~~O)~~-c', ~;tQ~rmO)x, y, y', ... , y(n) O)fii~:~tG-e~.~tl-ev)Q'bO)
C G, Jm*, ~~~~:J v)-eO)iimJ~, C *! (r= 0, 1, ... , 00) *t~~j: (~) fWfJTJ~t~ C,
'~QNJJto)lEJ{Jjl39tt.' ~(&~9Q. (1) ~m~9Q~~Y(X)~ (1) O)fWC:v)v), (1)

O)fW~~lli9z: C: ~ (1) ~fW<C: v):>. '*' flJt1JNltC: ~j:{iflJt1JNlt~::~tG-ev)
:;O)(!, y iJ~2 --=>~J::(1)~~Xl' x 2 ' ••• (1)~~(!j;QC~, {i~OO~dyldxl' iJyldx2 ,

...~~U (1) C(Pj~(1)~lt~{iflJt1Jfilt cf1J\9Q. *flJt1JNltc{iflJt1JNlt C: ~
~f1J\ G-e, .~:flJt1JNltC: J::~~. *Jl13 -c'~j:*flJt1JNltt~~t~ti5/0) 6, ~-r

'*' 0)~~Pm9QZ:CC:9Q. (I)O)tr.Jl1iJ~~~y(n)~~uc:~,9tJ:bt>afldy(n):j:.
o-c' j; QC~, (1) O)~~~j: n (! j; QCv) v), f iJ~ y, y', ... , y(n) ~::~9 Qfl~~lt-c'
y(n)~:~GLm~(!j;tl~t, (1)0)~~iJ1m(!j;Qcv)5. ~~:fiJ~y, y', ... , y(n) 0)
1 ~lt-c'j;tl~1, (1) ~d:.~-c'j;.QC:v)v), *J1{~(!t~v)~~3-~*J1{~c:v)5.

2-8:

Pl(X), ... , Pn(x), q(x) ~~~~ (*t~~j:fl~~~)x O)ft~~~c:G, *~~~y c:~

O)n~*-c'o)~~~y', ... , y(n) ~::~t9~*flJt1Jfilt
y(n) + Pl(X)y(n-l) + ... + Pn(x)y =q(x) (1)

~ n ~.~*flJt1JNltc v) 5. ~~: q(x) == 0 (!j;.Q*J1{~*flJt1Jfilt
y(n) + Pl(X)y(n-l) + ... + Pn(x)y = 0 (1 ')

~(Pj~, *t~ q(x):I- 0 -r:j;.Q (1) ~~~(Pj~-r:j;QCv) 5.
*1IJt1JNltO)~}]mf~rl:f'~~:~t9.QfW(1)fftt C-Ji:J~(1)~~~d: (1) ~:~t G.fiX: tJ ll--=>iJf.,

~ 6 ~:~(1)~~iJf..fiX:ll9.Q. D -c'lRrJ3'*t~~d:fl~1JZjij(1q0)~~~~9. f*~Pk(X), q(x)
iJf.lRrJ3' D -c'iimtJ: G~1, (1) 0)1£Ji:O)fW~d:lRrJ3'D -c'fftt9.Q. f*~ Pk(X), q(x) iJf.~~
D -c'lEJ{ljtJ: G~1, (1) 0)1£itO)fW~d: D (1q0)1£Ji:O)JEt~:rdJ LfWfJT~mPJfi~-c' j;.Q. :: 0)

~~CmO)fftt, -1\Jt10)~~~ftbitQc~O)~~ctJ:Q : f*~Pk(X), q(x) iJ~lRra'

D -c'iim-c'j;tl~i, D (1q0)1£1\0) l}i~Xo t3etLtnOOO)f£Ji:o)~o)~Jl11, 11', ... , 11(n-l)~:

~t GL, *)]m~ftI:
y(xo) =1'/, y'(xo) =rl', ···, y(n-l )(xo) = 1'/(n-l) (2)

~m~G, D (1q-c' y(x), y'(x), ... , y(n)(x) i019~Liim-r:j;~ J:::> tJ: (1) O)fW y(x) iO! 1

J Gtr~ 'b t~t~ 1 Jff1£9.Q. 'b GPk(X), q(x) iJ~ D -c'IEJ{ljtJ: 6 ~t, (2) ~~t~G D l:'lE
J{1j (~\9 G~ 1 fpfi-r:tJ: v)) tJ:m y(x) iJ~t~t!- 1 '":)ff1£9G.

::0):: C1J)G, (1) O)mO)/Filml~~*t~~d:~~}~~d:f*~Pk(x), q(x) O)/FiimJ~*t~~d:
~~J~-c'j;Q:: ciO~biJ)Q.
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2-9:

00

O)~~ltcv~v~, lan ~t~~j:.~: lan '"C'~g-. an ~~ltlan O)mnlJi~t~~j:lJi,
n=I

Sn =at + a2 + ... + an ~m n $7tfll~t~~j:$7tfll cJ:~S~. fl[)iIt~J aI' a2 , ••• , an ~:JV~

L'b, ~O)fll at + a2 + ... + an ~~ltc v~ '3 ~ cn~~~. ~7JIJg- ~t~~~:~j:, ~tl~fl

~i~~, nu~O)1ft€~i~~J'"C'J < J t~~~~1ft€~i~~ c V~:>. ~~*lJi 13 '"C'tlk '3 (J) ~J:± c
GL1ft€~i~~~~~. $7tfO(J)~J {Sn} n~tI~ifii S ~:1&*g-~ c ~, ~~ lan ~j:, 1&*
GLlll S ~ ~J, ~t~~j:J&*g-~, J&*'"C'~GtJ: C c v~v~, S ~lll CV~J L,
00

lan=S ~t~~j: lan=S c.<. ~2~ lan ~j:, ~~~tJ:~ltc, ~O)fO cfilijfJ(J)~~~:
n=1

tim ~ tlLV~~. {tgO)fjmO)fll c ~7JIJg-~ c ~~: ~j:, Cauchy fll C 'b V) '3. {sn} n~1&*
'"C'tJ: v~ c ~, ~ O)~It~j:jEftg-~ ~t~ ~j:jEft'"C'~ ~ c v~ v~, ~~: {sn} n~ti'hg- ~ ~t~

~j: +00 (* t::. ~j: -00) ~:: ()E) §£ftg-~ ~:: fJ:t J L , mit 'b tifhg-~*t::. ~j: +00 (* t::. ~j: -00) ~:: (
)E) jEftg-G c v~ '3.
*iltO)J&*~:~g- ~S 'btJ: Jr1Jt~~ ~jG.
1) *ilt lan' lbnn~~tl~tl a, b ~:J&*g-~ tJ: G~t, l(an + bn) ~j: a + b ~:1&*g-~.

2) lan n~ a ~:J&*g-G tJ: G~t, c ~)E1t c g-~ c ~ l(can) ~j: ca ~:J&*g-G.
3) *iltn) Gfl~ifiiO)lJi~l&tJ ~~ ~t~~j:~tl~:fl~ifiiO)lJi~~A GL 'b, 1&*Jr1~d:

~{t: GtJ: v~.

4) ~It lan n~J&*g-tl~t, 51~~<lJi~ v) <In)9J~5Jlt-c'<<J -Cf~ Gtl~~1t

'b 'b c O)fll~:J&*g-G. GiO) G~~:fi55Jlt-c' <<J t~*iltiO!J&* G-C 'b, JJJ{~~n!J&*g

~ c~j:~iGtJ:v~ (frtl : 1-1 + 1-1 + ... ~j:tifhg-~iO!, (1-1) + (1-1) + ... =0).
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Lesson 3: Mathematics III
(solutions, statistics and models)

M 7J -1 explanation, understanding; If explanation, understanding
C (<)to undo, to solve {vt}; C: (~t .Q ) to come undone, to be solved {vi}

~fitfWt! A r)T 7J -1 * r) numerical solution
7tfW :t /'7J -1 decomposition, degradation

if 7J !7 firm, solid, tight
t::.. G(iJ'~td..) genuine, positive, reliable; t::.. G(iJ~~.Q) to confirm, to verify

il$fnU 7J !7 1) 'Y 0 /' theory of probability
lEiltcJ. t -1 7J !7 tcJ. accurate, precise, exact

~n
1JtIJ :¥ 3 control; :i {honorific prefix}

:t3 {honorific prefix}
~fit$JliP A r) T t -1 :¥ 3

$JliP~fnU t -1 :¥ 3 1) 0 /'

~t Jy -1 meter, plan, total
~'j:7J)( .Q) to calculate, to measure

at~ Jy-1~/'

~at~t! ~r)Jy-1~~*r)

numerical control
control theory

calculation, computation
statistical method/technique

computer algorithm
(electronic) computer

ftilJ t -1 regulation, system

EI JJJ$UliP
jiJl$1liP

~~r)t-1:¥3

~-1T.:t-t-1:¥3

automatic control
optimal control

J~
"I \. -!? -1 converting, replacing; -!>'~ fee, period, age

i;\(;z.Q) to convert, to replace {vt}; i;\(v.Q) to be replaced {vi}
{-~~lJf~Jt -!>'-1 A r)*r)T-1 ~.:t- algebraic equation
ftA ~-1=~r) ~~~oo
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.y1 problem, subject, title
~e

ra:t,e
.y / body, group

mt-rffi
HJ:mffi

l;i/~~~/

~~:I.9.y/

subject, theme, task
problem, issue

(atomic) group
(statistical) population

im: =f- cost, price, value
~ t:::.. v) cost, price, value; tl cost, price, value

IlltlfiD: tJ / 'J 7 =f-
1Jl:t$J fiD: ~1 =f / =f-

observed value
average value

)E 71 detennining; :; 3 9 detennining
~ t!-(*~)to be detennined {vi}; ~ t!-(~ ~ ) to detennine {vt}

-~(J) 1 'Y 71 (J) fixed, constant
lU~ 'J 7 71 measurement

~ 7=f object, target, {adjectival suffix}*C: object, target
~.~a A9039r=fa
EI~ ~77=f

tilE }-- 9 lineage, relationship
9 (At~ ) to control, to govern

*~~tJ: 711' 9r=ftJ:
~~~ 1'971717

rl:l' t :/ problem, question, subject
C: ( '5 ) to ask, to question

~rQ'EJ9t~ 71!J~ /r=ft~

~am~ ~/Y1tJ17~

m 3 9 business, expenses, function, use
~ 't (v) ~) to employ, to use

M!m ~39

fUm 1) 39

-30-

quantitative
purpose, goal, target

systematic
statistics

academic
problem solving

use, usage,employment
utilization, making use of



Grammatical Patterns

3.1) t::.1IJ, t::.1IJ I:: and t::.1IJ (J)

The word t::..~ is actually a noun, meaning "sake" or "benefit," but both t::..1IJ and t::..1IJ ~: can
be used to join two clauses or phrases. In this context t::..~ indicates that the first phrase provides
a reason or a cause for the action that is expressed in the second phrase. In contrast, t::..~ ~:

usually indicates that the first phrase is the purpose or goal for which the action in the second
phrase is carried out. There are significant exceptions. If the first phrase ends with an v)-adjective,
a t~/O)-adjective, a verb in past tense or a negative predicate, or if the situation expressed by the
first phrase indicates a situation that is beyond the control of the writer, t::..~~: indicates that the
first phrase provides a reason or a cause for the action that is expressed in the second phrase. The
phrase t::..~O) modifies a noun and indicates that the noun or verb that precedes t~~ 0) is the
purpose or goal of the noun that t::..~ 0) modifies.

2. ~~=z.V-~3 /(RRL-cm.c~v)5) C~d:, Jb.~:~d:}Jl~O)~O)O)~JJt1.~W!J

At~ t::.liJ, ~ft{!fo/.}*t::. ~d::tT)v~ Jf.J v)L~M*t::. ~d:~iltl ~1T:> ~ c -r: d5 ~.

3.2) ... I:::Jv~ l:" and ... l:::Jv~ l:"0)

When the expression ~: J v) L is not followed by 0), this expression (along with the noun that
appears before it) modifies a predicate that appears later in the sentence. In contrast, the expression
~: J v) L 0) (along with the noun that appears before it) modifies the noun that appears
immediately after ~: J v) L 0). Each expression carries the meaning "concerning ...," "regarding
... " or "for ..."

1. *t::.., ~M1t~:~~t~n~~~~~SGt::.1&*O)~Ij5Ec~~O)~1iffi~:JV)L~d:, t!i
$~O),fiJf~n! d5 ~.

2. ~lbfnB~d:7C*tI~~t~~lbn) G~ ~ J t::.nt , rPJ C:jjfj!~-r:~2~~ tl~m~@1Imt~ c
~: J v~ -c~ [P] CJf.Jmn~M!Jf.J ~ tl~.

3.3) ... J: '? I~ tJ: Q , ... J: '? I~ tJ: '":) t::., ... J: '? I~ tJ: '":) l:"v~ Q and
... J:? l::tJ: '":) l:"~t~

This idiom indicates that the action (or state) described by the verb that precedes it occurs (or is
achieved) gradually over some period of time. The use of et :> ~: t~ ~ or et :> ~: t~ J t::., rather
than ~ C: ~: t~ ~ or ~ C: ~: t~ J t::., emphasizes the fact that the action is finally completed (or the
state is finally attained) after a significant amount of time or a significant amount of effort.
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Translations vary depending upon the context, but the meaning generally takes the form "to come
to be that ...", "came to be that ... ," "to reach the point that ... ," or "reached the point that ..." The
special forms J:: '5 ~: t~ J LV) Q and J:: '5 ~: t~ J L ~ t::.. emphasize that the current state has
been achieved through a gradual process that began in the past and has continued down to the
present. These forms are often translated "it has come to be that ..." or "we have reached the point
that ..."

1. tJ:~:lillil:~d:MJJflO)~~ Cc ~ ~:, *NU~tJ:J&*tt~ ~ :Jmr!7J~m~Jl~ tlQ J:: 5
~:tJ:J L~t::...

2. ~O)J:: 5 tJ:r§b.~l:~~d:9Q et 5 ~:tJ:Q C, Ut*O)et 5 ~:~~IN~=~~tQ QC ffi
'hti ~tl:~d:~-t-Jt~:t~Q .

3. ~H Gtlt::"T-~ ~=£~'v)Lf4~~tJ:{&~~.~~Q v)~d:~IDE Get 5 C9QtI~, ~

1:I~M~~~.7J~~PJ!AC~t~~ tlQ J:: 5 ~:tJ: J t::...

3.4) ~~\~, ~~\~tJ:~~G and ~t~~~-:)L

All three are introductory words used at the beginning of a sentence. The words G7)\ ~ and G
7)\ ~ tJ:tJ~ G mean "however"; the word~ t::..iJ~J L means "therefore" or "consequently."

1. ~7)\~, ~tl G~d:.7JUjT-~ 0)1& ~ !&v) C: ~d:IR~~~ ~t~ v), tJ ~ 0.ffiO)~JI11:1

mO)t::..~O)~~~:ii$~~tJ:.~-e~Jt::...

2. GiJ'~ GtJ:7J~ G, ::::-c~d:m1:E~l:±~T-xC: GL9J c:iJf~~tlm~tL~t::..m~

tJ:~~ti~t~:~HJLizB:«et:>.

3. Gt::"7J~J L, NC l:~d:Jm*7~ - ~J\'Y 7itJUJPl:~d:t~ <7 ~ - ~ 7;t 1)- ~itJuJP7J~m

v) Gtl~.

3.5) J:: tJ
The particle J:. 0 can follow a noun or a pronoun to indicate the starting point either for a range

of values on a numerical scale or for a change that extends over time or space. In this context J:: ~
can be considered equivalent to 7)\ G and is commonly translated "from." The same word can also
modify an adjective, an adverb or a verb to form a comparative expression. In this case the
translation might include "more ... (than)," or "...er (than)" or "rather ... ," depending upon the
context. This usage of J:: tJ is distinct from the pattern ~: J:: lJ , which was discussed in Lesson 1.
The particle J:. 0 is also used to indicate the reference or standard when making an affirmative
comparison. (This usage will be presented in pattern 3.6.) In some cases the combination J:. 0 t>
appears at the end of one clause and carries the meaning "rather (than)." In such instances the
clause that follows J:. 0 t> is understood to be in some way more appropriate or more closely
related to the action described by the predicate than is the clause that precedes J:: 0 ~.

1. ~tlJ:: 0, ~/7°')/J{rj~j:_~~JJ{~~'T:lEii~=tJ:Q~ C:iO~btJ'~Q.
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2. Ln)L~~-c'~J:J::t)itm~:, T-~~:~tGLil$~T)V~m)EL, T-~~-I#.ffi

n) G (7)il$~*c:~tJ: G L, ~*7J)G-BJ:.ffi(7)*~-I#~~:JV~L*fj~~r9c: v~ 5~-c'
fTbtlGfftfnB(7)iMJ~~m9~ (7) C9 G.

3.~~~mrr~~(7)~77~~7,~b(7)~m, M~I~~(7)M~<7)~.·~E, J::
t)~<~~ffl~~~~~~.~~~~-~3~~~<7)M~~G.

4. -~~:7j-o!/ · ~~ ~ ~-~ 3 ~J:: t) ~ ~ G~:*~tJ:~.tJ:~(7)~~~t~c:tJ:G ~

C:7J~1bv~.

3.6) affirmative comparison using J: tJ
The basic pattern for an affirmative comparison between two nouns is "noun! ~J: (or 7J~) noun2

J:: t) adjective [affirmative]." Many variations are possible, including the insertion of the particle
'b after J:: 0, the replacement of "noun!" by "noun! (J)1J," and the replacement of "noun2" by
"noun2 (7)1J." For any of these options the translation would be "noun! is more ... than noun2"
or "noun! is ...er than noun2." The same basic structure is employed when comparing two
actions, but two clauses take the place of the two nouns: "clause!1J~J: (or 7J~) clause2 J:: t]
adjective [affirmative]." This pattern would convey the meaning "doing clause! is more ... than
doing clause2" or "doing clause! is ...er than doing clause2." Portions of these patterns may be
omitted at the discretion of the writer when the context makes the intended meaning apparent.

1. lH a O))I~tJ:~ i JlIft{1~~ Xi C9G c:, X i+1 = Xi -f(x)/f'(x) ~'j: Xi J:: t) ~~O)m~:JlI<
tJ:G.

2.~~~~I~~E(7)~O-c'~,M.~.~0)~-c'~GJ::t)'b~~~.m9G~C:(J)

1J7J~m~tJ:~ C:7J~1bv~.

3. VMCP ~d:~t.tI~ATl.\~f*O)jitJj~~~G, ::t~V-T ~ ~!/~ATl.\~ t) l:{l[
~:{ll:lIGLV~Q.

3.7) l:~ [Lt~~~] 5 in accordance with , according to
l:~ [L t~~~] -::> -C in accordance with , according to
l~~ [Lt~~~] v~ in accordance with , according to

(Note: The phrase ... ~:.itt '5 modifies a noun; the phrases ... ~:.itt'J Land ... ~:.ittv~

modify a verb.)

!. itt'J L~7JlU1fiOCXl' X2 , ••• ~j:liv~~:3!ttli~:(PJ-7}~~:ftE5il$~~~~Gc:~tJ:9~

C: 7J~-c' ~Q.

2. NC -c'~d:, d!> G 7J) c:&')mT-7°~m~T-7°~:'T ~ :/~ )vl39~:~2~~~ tlt~I*J~~:.itt'J

L, fI~(J)I:lJ~$(J){l[UI~~~~~7J!Ilft€I39~:'*U1ij~ tlQ.
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3. *fg~tltl)Er!~~j:, J±7J~j:~(J))EA~:~v), ~Qoofl~:flb<7J(J)*~ ~ ~):j(&)L z:.n
G(J).7J) Gr~'ft~~:i*)E~nQ.

3.8) (J) I~

The use of (J)~: at the end of one clause indicates that the action stated in the following clause is
being taken "in order to" carry out the action stated in the first clause. (See examples 1 and 2
below.) When (J)~: at the end of a clause is followed directly by a tJ:. or (J) adjective and a noun, it
usually means that the noun possesses the characteristic stated by the adjective "in order to do" the
action stated in the clause that precedes (J) ~:. (See example 3 below.) In some cases (J)~: takes on
the meaning "although" or "in spite of (the fact that)." (Note: The occurrence of the kana pair (J) ~:
between a predicate and a verb can also be an alternative to the use of ~ C: ~:.)

1. 1JNJ:t!(x) =0 (J)~m a ~):j(&)Q(J)~:, !'(x)"# 0 7J~~.~~Q C: ~~j:, J&*(J)Jmv)
Newton-Raphson r!7J~M!bnQ.

2. ~!fo/.J*(J) 'b0)~~~~9 Q1W~:, IJ\~O) 'bo)-c'~~G, ~~~O) ~ C: c:tJ:.Q~~~~~iE*t::. ~j:{~IE9 Q O)~:M!bn~.

3. ~n~2/\A7t/7~7--C:V)'5. 1 @J§o)l\A~j:, a2~7~vAO)~97~VA~

;:J(&)~ 0) ~:~\~tJ:.5ll1~ti~t ~fT '5 .

3.9) noun + C: C: ~ I~

verb + C: C: ~ ~z:

with ..., along with ...
in addition to ...ing, along with ...ing

1. Q O).~'b~{~c: c: 'b~:~{~G, ~0)~Ji:. M!mn!tt~ (m-~) ~:4;ZQ~.*-c'

~tsd:: 5 ~:tJ: tJ, =n~ 'tt~~rro.' C:P¥v'S~.

3.•~~~ 1) --~=J:: J L ~ ~ 1) --/\/ ~~MO)~~7J!~Gn~c C: ~ ~:, T--?7O)~m

{~~ (JJJ~ 7 !/~A tJ:. c~: J:: ~ ~Jm{~7J!~Jjj(-c' ~ ~ .

3.10) conjunctive form of an v~-adjective (or negative verb) + ~Q
The conjunctive form of an v)-adjective is created by replacing the final v) in the present/future

affirmative form by <.The combination of the conjunctive form of an v)-adjective and tJ:.~
indicates that the subject of the clause "becomes" whatever attribute is conveyed by the adjective.
In general, negative verbs are conjugated in the same manner as v)-adjectives. Thus, the
conjunctive form of a negative ,verb is created by replacing the final tJ:. v) by tJ:. <.The
combination of the conjunctive form of a negative verb and tJ: Q indicates that the subject of the
clause becomes unable to do whatever meaning is conveyed by the affirmative verb. (Note: The
verb ending -tJ: ~tn~ttJ: GtJ: v) means "(we) must ... ," so the combination -tJ:. ~tn~ttJ:. GtJ:. <
tJ:. Q means "come to the point where (we) must ...")
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1. ::. O)J:::> tJ:I:1CO)*fi*, VLSI LO)$fl1MI$0)~~~ Wfl~J:T-~~fF~fT:> $7t~=~t
Gf§~t~~:/J\~ <tJ:~.

2. ::.n~.lJ il& GL IX i+1 -xA it~+7t~:/J\ ~ <t~n~£, J&*Gt~ ~O) CJ!t~9.

3. ::. O)J:::> tJ:~.~-c'~~lt:9 ~ J:::> ~=tJ:~ C, UE*O)J:::> ~:~~Ifi~::t3~t ~ QC ffl
JJJti~t-c~J:~+7t~:tJ: lJ, ~~~O)rm~· ~~M C: v):> ~]JWJ~mj'j) 6 Q ~fJf:~9 ~fflJJJ
~tza~tJ:~tn~t'tJ: 6tJ: <tJ:'J t~.

3.11) negative provisional + ~G~~~

A verb in the negative provisional form followed by tJ: GtJ: v) indicates that the subject of that
verb "must do" whatever meaning the verb carries. In some cases the final tJ: ~tn~t'tJ: Gt~ v) is
shortened to tl~£tJ:GtJ: v). Occasionally, tJ: GtJ: v) is replaced by v) ~ttJ: v).

1. ::nG O)fflJJJ~J: ~ '/ 7°-X*-~ ~ / ~ir~ G~IfJ~~:~~ ~-e3=:*±~~:~fT~ ntl~£
tJ: GtJ:v)j'j) G, ~O)J:::> tJ: QC~, b7J!OO-c'~j:, ~~~~.~f:! (TQC) cJJfIv-c'v)~.

2. ~f~~t~~fT:> t~~~=~j:, V)0 V)0tJ:rQ~O~=~t9 ,'Q~f~M~~~*D GtJ:~tt1~ttJ: G
tJ: v).

3. (OCmM~tlo)::I- p-e.tJ\nt~ 70 if7 b. ~~fT9~ ~:~j:, ~n~~M~tl0)7°0

if7 b. ~=~~9~iJ), (OCmM~tlo)~~:l v-?7-~ffl:l\9~iJ) GtJ:~tn~t'tJ:GtJ:V).

3.12) ... J::? ~:T~
This idiom indicates that efforts are made to make sure that the action (or state) described by the

verb that precedes it occurs (or is achieved). Translations vary depending upon the context, but the
meaning generally takes the form "to do in such a way that ..." or "to ensure that ..." The special
form ... J::::> ~: GLV)~ emphasizes that the writer/speaker repeatedly takes this action. This
form is often translated "(we) make it a habit to ..."

1. =:1- -- ~ / · :J-'Y1}~~J:fKra' [a, b] ~ N ~7tG, fffijMffl~~&)t~ N + 1 MO)7t}i~~~

I!!!1~Gt~:> A7:, m~Ai ~Jfi~~=~Iv7: N ;J(~JJ{~~7:lE~tJ:fJt7tfii~4A,'QJ:: '5 ~=

Gt~ ~O)'"C'~~.

2. jjT") A O)1}~~d:m~ Ai c7tJ~ Xi ~fffij1JC: ~ § Et3 ~=~Iv-e 2n - 1 ;J(~JJ{~~-ClE~~=
t~~J:: '5 ~= Gt~ ~0)7:~~.

3. ~O)§~~d:, 1 t:rO)~t~tI~fl~O)A.~7J~IPJ~~:fljfflGL;trzV--T/f' /if~ATb

O)liJf~~Jit\ffl 7°0 if7 b. 0) rm~, v~-- ~ {lppJZtJ: C ~1T;t,'Q J: '5 ~=9,'Q Cv) '5 J~~: ~ J

t~.
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3.13) ~~i1\ tJ
Among the many uses for the particle ~ttr~ t) there are several that deserve special note. When

~ttr~ 0 follows a noun or a verb in present tense it could mean "only ..." or "nothing but " In
this regard ~ttr\ 0 is analogous to ti~t. The pattern ... ~tiO) 0 -r:t~ <, ...... ("not only , but
also ......") is a particularly common example of this usage. When ~t7J) tJ appears immediately
after a numerical value ~t7J) tJ can mean "about" or "approximately." When ~t7J) tJ appears after
a verb in past tense it generally carries the meaning "have/has just ...ed" or "only recently ...ed."

1. mf~O)ftJfJfiP~~~J:, ~~I~70-tA O)ftJfJfiP~t7J) t) -r:t~ <, m1Ji7°0-tA~Krem~

tT)vO)ftJfJfiP~:~~ffl~ j!~ ~:~JjJ LV ~ ~.

2. rJ:t'JmO)~ftF7J~J:: v~tl!~-r: ~:IF~JEt~ 7 )v:f I) A'.b.~ ffl v~.Q C:*6*7J~~~~t7J) tJ ~:tJ:

~ ::. c 7J~ d!>~ •

3. i~~~t7J)t)-rt~<, D6iJ~t~, tJ?TtJ7, ~~~, a2~0)9~L~fPJt;1JJ:t-r~~.

-r:~ .Q7t~EJ9)(~~lN~~ (OCR) ~i~~ OCR C: v~ '5.
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Reading Selections

3-1:

1J~Jt (~'9G t> '~lt1J~it' c~d:n\~'GtJ:~'1)f(x) =0 O)m a ~lkD:~JJ~*6b~

1iit~j:, *jJ1J9~ c~O) 2 fjm':tJ:~. i) maO)m I ilIft{D:~JI~ '·:4;t-en\ G, tHO)
Mll~~~&a G-eli) <1Jit. t~ t: ;t~;f Ne\vton-Raphson itttc. ii) m a (1)J: ~)ilI~~
~jfJ!9~1Jit. mI ilIf~D:~~~\~C L,t~~'11Jit-r:, f91Jx~i~~~lk1JmitO)JI~~:~j:

Graeffe it, Bemoul~iitt~ ctJ~~~. -IN:~:if7 7 ~m<O)~J:flmC'~~. i) c ii) ~:~
9 ~1Jit~J:1f!~-rm~ '1'1:" J: t" '1n't, i) O)1Jit~j:m 1 ilI{~{ittJ~~~C'tt t,,'1 em a ':1&* GtJ:
~'1~~n~~ t), ii) (J)1Jit~d:1&*G -c t>Jllln)~<, M':ilI~'< c+1ttJ:mItO)~jJ~

Gt~ t,,'1 c:mll:6~-rl: <t,,)~~n~~~. Gt~tJ) J LtT~J;:tll:J:: Q~~~:~d:jItij~~m:m

9 ~ O)n~1~-r (f> ~. ttt3AiilI-r~d:~~tlo)~~c c t> ~:, *NiJ~tt1&*tt ~ t> JMittJ~
mm~n~et 5l:ttJL~t~.

3-2: Newton-Raphson ;! (~707)

1Jfiitj(x) =0 O)~m a ~*~~ 0) ~:, !(.l:) *- 0 n~~JJC'~~ c ~~j:, 1&*(J)if~~

Newton-Raphsonit (~t~~J:Newton O)&.tiit) tJ~M!btl~. ma O)iI~tt~ iil!~fit~ Xi

C9Q C, xi+} =xi-f(x;)I!(xj ) ~d:x; J:: t) ~~O)m~:ilI<tJ:~. ~tt~.OjgG-elx;+J-x,~

;O~+7tl:/J\~<tJ:tllt, 1&*Gt~t>0) CJ!tt9. 1&*9ot~6bO)~ftl:c, ~(J)if~Id:~

0) c.f:) fJ ~l>O. F(x) =x - !(x)/!(x) C9 Q C, F'(x) =j(x)f'(x)/fj'(X)]2, F'(a) =0 -e~¢.
Gt~tJ~J l f(a) *o~ f'(a):# 0 tt G~t, F"(a) ~ 0 -r:, aO)il! <0) x -c' IF'(x)1 < 1 l:tJ:~et

5 ttitt~~ Xi ~ilJDI:~6b~;: ~n~-c'~ ~ et, 2lli:O)if~C'1&*9Q. c <l:j(Xo}f(Xo)
*- 0, ho=!(Xr,)!f(xJ, 1f'(x)1 ~M, If(xo>l ~ 21hJ M n~J£ fJ llL~t, Xo 1J\ G91i6bt~ Newton jjI
~D:x; ~d:9~-ClKra'1= [x}-lhJ, Xl + IhJ] ,:~*tl, 1J~it~j: 1 J*Jl:t~t~ I JO)m a~t>

!>, x;~aC:..t~Q. Gtrlt>la-x;+115:M~;-xi_lF/21f(x;)I(i=1,2,···)-r~~. ~t~, ~~

JJ~:t3~t Q A6b~~~~!1Gt~1&*O)*,JJE C:.. ~~O)affilfil:::> v) L~j:, t5$~O)if~tJ~l>

~. tJ:.t:3-fi~:f(x) (J)~~iJ)l:f'(x) *-c'mlt~t~ Newton-Raphson itJ1, 1&*O)if~ir~ 3lli:
l:.ttQ.

3-3: til1J (lk472-473)

mlbt:~d:, -~'::JSjJVJ~(ilI{.g{agt~JI~'bt3&'Jl)l::.t]jg~n~~.~{,)5. 7f:~

':JSjWJ~tt~jJJ~d:, .1t1JwJtO)JSjJVJmO)J1!~C L,Lif~~ tl-c{,):Q. m j(t) O)JSjWJ~
tillJO)JSjWJ Cv)v i , JSjWJO)~~~tillJ~*t~,tJSjDt~~ {,):>. ;t.t~j(t)O)Ai*flc./J\
D:e:O)~ (*~~~~ {,)~j: 1 IKra'C'O) ~ti+;c: tt) '5. tillJ~~J:7t*tlMa<JtJ:~IIJt1)&3
~~ J t~tJ~, fPJ C1J~it-r~G~~ tt~ ~~@]~tJ: c l:::> v)'"'( t>fPJ CmmtJ~M!m ~ ttQ.
I~J:~~j:~IJJ~ISJjll:9~;:C?, ~*1C~tJ:~Ib~~~l:jf~~it~~ cn~rJ)~-c'~

~tJ~, ~jJJfiBl::Id:, ilIiF~O)~f£n~fii~~tlt~itBJ!(J)EI m~IbO)J:: '3 tJ:.*ttrt1'~ ~~

*tlo.
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3-4:

.~*.7t1Jm~O)}ajWJfW~d:tJ<iJ) G~G<if~c! tl-Clt~ ~. jl~MJlitJ: ~ 0) ~d:, 1Jl
~O)fll.flliJ) G0)m!.~:ttf9iJ9~.7C7J (fR;97J) iJ~flIJ <.7t1Jm~

tfx/dr + n2x =0 (1)
-c'~c!tl~m~-c'd!>~. ~~iO)~b&)L IJ\c! lt~ El E8tJ:Jli~ tJ T~, Elc~~C.~~.

c~*tilut!. (gmO)tJ:lt~) .~[ill~iJ~~O)A~f9iJ-c'd!>~. ~O)fW~d:x =A cos (nt+ a)-c'~

c! tl~. ~tl~WijfO~tJJ~t~~d:Jli~tJJ c lt~ '5. ~ 0) c ~ ~d:~rJIi~d: A, }ajWJ~d: 2n/n -c'd!>
lJ, n ~jfj~tJJf{, a ~~)]WJfll.f§ c v~ '5.

3-5:

'WijflJfWfJT' C lt~:> 3H~d:, ~5I:a9~:~d:, ~f*a9~:4;t Gtlt~}ajWJ~f{~ Fourier ~f{
~:7tfW9~t!f,ffi (WijfllfWfJTi*) ~:t~ G t:::.iJ~, ~O)f~~f{ R l:0)~f{0) Fourier fWfJTO)~
fnU7J~-c'~L, ~tl7J~WlJfofWfJTcP¥~~tl~ J: '5 ~:tJ: lJ, c! G~:~O)~fnU~d:{ll.f§ Abel ffO)
1:0) Fourier fWfJT~:tJA~c! tl, flk O)~~:-~{l:c!tlt~.

3-6: .y ~.:l. v-.y 3 / (f{418-419)

~ ~:l v-~ 3 / (~G -CfltJic ~ v~ '5) c ~d:, J1:~~:~d:~~0) ~O)O) ~ --:JJ~w~wm

A(~ t:::.l1J, ~fJ2,{~m~ te- ~d:tT)v~m v~-C~M~ tc.. ~d:lltHlJ ~1T '5 :: c -r: d!> ~. :: 0):: C: ~d:,

m~O) ~O) ~:--:J v~-C~M9 ~ 0) ~:, ~*O).m~*V~JfifrJ:J'7J~iJ)iJ)Jt:::.lJ, tHtl)E~tlEl ~

7J!~.-r:d!> J t:::.lJ, ~t~~d:~flF~{l:O)~.7J~~*-r:d!> J t~ lJ 9 ~ tJ: cO)~E8iJ) G, ~tl

7J~/FPJff~~ t:::. ~d:~.-r: d!> ~t!}~~:m v~ Gtl-Cv~ ~.

mttJ1: <~ ~ :l v-~ 3 / c p¥,~tl~ ~ O)~: ~d:, *7JU G-C;f(0) 4 flO) ~ 0)7J~ d!> ~. ~

i501u, ::tl~d:-ptO)7tIJj~:9~~9\ ~~~:~d:z:tlGO)rm1:EGt~~-r:~~:1V-~3 /'
~fT '5 O)7J!~Jm-r: d!> ~.
m1 ~d:, tT)v~M-r:d!>J-C, WciJlJS, M~tltJ:c-r:O)J1<tt~M~t:::'~d:mttnJ~M, d!>,'Q

v~~d:fl:~I~~:.f:)~t~/\1 O'Y l' · 7°7 /' 1'tJ:C7J!d!>~. ~!fo/.J*0)~0)~~~~t9~frJ~:,

IJ\~O)~O)-r:~MG, ~~MO)~c ctJ:~~fnU~~~iE~t:::,~d:~IE9,'Q0)~:M!btl,'Q.

m2 ~d:, 7j-o!f· ~ ~ =z.. v-~ 3 /d!>,'Q v~~d:~MS9fW*JTr!cJ:~~n~fI~O)~O)-c'

d!>,'Q. :: tl~d:, d!>,'Q ~ 0) 0)Jt1W~X~29 ,'Qi*J{rj~~90) C fPJ G.7t1Jf~~7J~~iJ)tl,'Q
cilIfJ2,{S9 ~= fPJ G1l7t1Jf~~ ~= t~ ~ t!}~ ~~~n~) }JIJo)~~ ~~ G, ~n~= --:J v~ -C~M~

fT'J -C, § S9 C:9~ ~ O)O)J~W~:--:Jv~-C~Jf~9~ ~ o)-c'd!> ~. t:::. C: 5t~1, 7J~S9~tJJO)

rl=l'~~~tl C:~flffitJ:.~[illIm-r:flkJ t:::. ~, ~{~~O)rl=l'~~7J~* -r:,.f:)~iJ);tt::. ~ 9 Q.

m3 ~d:, T ~ :;~)vM~tI (.~-rJli~:~t~tlc~29) O)~~~:f~'J -cr± § ~d!> lt~ J:::
5 ~:tJ: J -C~ t~ ~ 0)(' d!> ~. ~ ~ .:z. v-~ 3 /' C lt~ 3 aH~d:, ~~~: ~d:± C: G-C z: tl~ c!
9. -~~:7TO!f· ~~:J.. V-~3 /J: ~ ~c! G~:*~tJ:.~tJ:~O)n!~t~ctJ:Qz:
C:iJ!~v~. clvtJ:rl=l,e'"C'~, f{~S9fM~iJ!tfE;t Gtl, ~0)7)v:i l) A'b7J~~j:J ~ ~ Gc!
;t9n~1, ~n~~f:m9~ t:::.l1JO)~tJJmm7°0!f7 b. ~{!P~9~ :: c ~=J:: lJ, ~~ ~=Bt

JJ~~-c'~~~V-~9~~C~~~~. ~Im~.fi.~0)~77~'Y~, ¥b.O)~m,

m~I:I:~-r:O)m~O)~~lI: • ~E, fl:~If~-c'0)~fjo)J\7 /A, 1£J!lf. W~~~lI:Gt=
~ii:~tlOO, J:: ~J1:<{e~i!JJJ~fJf5tt=*I#~~ ~ V~~3 /, d!>~v~~d:BtJJ~~ATb
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®~~~~-~3~~Effi~®~~~~.

~ 4 ~J:, Ara'~~U*o)~ ~.:L l/-~ 3 /-c'~~.•~~O)fFtiO)WII.~:M!btt~m

J:M:~, {f:.gfJJ~(J)wl(.mo)~~*A·IT-b., ~t~~j:Iit~tI(l)tijfl±~, 1!tTtJ~

~mO)~~.RO)~fI.m~~ .::L ~/_~ ~ EtJ~~ ~. Ara'O)1\£iJtJEt1~~1fl ~::ftff9 ~ ~ C:
tJ~*f.-r~~.

3-7:

EJJJJfblJiQJO)tJ~~~~d:, '~J-IuEO)jjj~!1!AtJtJ)-.:>!1!llitJo).~7~ - ~/\,/ ?fbIJ.
~A~b.~~~.5. =0)~5~~~~b®~*~~m~JE~.~~~-.:>.~••~~
~it~~~tt~. Gt~iJ~-:JL, ffitjiflJtt~ff~J:~ATb~~90)':7~D~? • ~'1~~7
b ~ ffl v), ~A T b (J)~~~i1 ~~~9 .Q t::.~ ,: Laplace ~tt,:£~'v) t::.M:JJ~$~m
~)t:-. ='5 G-C, ~ATb(7)AttltJ~.~J:&il~~~:J::J-c~c~~.nt=.. fbIJ.O)±~EJ

~d:, m1 ~: ~ATb.(J)~~i1~1*~9~:: c:-c'~ t), ~ 2 l:J: t) &v) 7 ~ - ~/\~ 7 ~
~1uC'M)v-7°O).It'~~f!~£&&9 ~=c:-C~ fJ, fi~':, '1 /J,)!t-AAtJ~AT~-:I

An ':~t9 ~~l1l.lt'~*ff! ~£&&9 ~ ~ C:: C'~~. tJ~~ EJ JJJ$lJJIJ~~(J)~ G~~~.(J)

1 J~J:, .~7 ~ - ~J\'./? • ~ATbO)~)£f!~TA "9~ Nyquist O)*,J.slJit-r~¢.
~O)*,JjJIJ$~d:, ~iimJ~~Jaj~f{rt~~~1JLmi) -r: Nyquist fJL.c L, -CtlO< ~ cn\GIit
t), )£~~~0).~••~~~it~:M9~ Routh-HulWitz O)~JE*,JjJlj$C~d:m*~l:.

~~. tJ~tJ(JftjlJJlJJ:tif8~d:m 2~1itw.*tilfl ,::~~~£~1£ Gt::.
~~~~, ~2~1itw.*ti~, I~?~D=?AC~~e~-~-(J)tt~.~, ~~

~:~ ~ lt~~.ftjlJJIJ.l6c ~A T b.0)~~~j:••tJ(J--c'~ fJ, ~(J) ~ ctJ~jl[ftftjlJillIJ:tif8~O)

ii~rmlt~t~. jl[ftftjlJ.~iB~d:, iI~ c$tJJPO)f-I.*c ~~t>tl~~'1I\*T.{ '/? AO)~1iI

~~<M.G~. ftjIJ.J:t~~Mmf-l.*~m~~~BtJ(J~ey?~~~.•§, ~ft®.

illI~~~d:~~~T-xl:~t)mJ}.,~ttr;O)v~<Ji1\~d:, t::.t:;t~i~~MiOO$, *~v

-~3/;(· IJ.~--T, IT-b.J!~, 7~IJc7~)v~-(J)J!if8, T~~~)vffi~~~,

ffi]~J!~, M••~X'1?07°Dt'/~-tt~~(J)r;u~~ff':"90~O)~~~. ~ 5
L, -C, ~-ft(1)ftjlJJIJ~IB~j:, ~ L, ~')M~$~MJJMJajil1tttfil:~x GtlL, ~lt)~m~1f

~ ~ !>, ~~I. -:10 --e A O)ffflJifIJ 'i]j\ t] <:t~<, ~Jl-:lo --eA~ftl1i*tTJ!t-O)ftjlJillIl:
~~m ~J!:Q l:¥JJ-:> llt)~.

3-8:

B*I~m~nSZ8101 ~::J:n~i, 'dbif1f~Qc C~d:, Jt~O)~)j(':~-:Jt::.db.~

t> Jdb4?IJ*t::~1~- 1::A ~ft1*£J(]':fF t) ttl9t::690)=¥-ftiO).f**C'~ J l, jl[~tJ9QC ~d:

~M~~$~gm900)~, =®4~§~9~~~~, ~M£J(]~.1f~~QC)C~~

-c.t~tJ~~~. ' QC ~~JJ*~':.1ft§9~':~d:, ~)j(~.~~mE9Qt~~(J)if~· Im~,

mjjjR~, ~M, Rii, Rm, ~~, ~~, Jl&~~c(J)~ ~fg>~glbl::I3lt)-C, ~Mtf(j

~x~ C:~$~.It'm L" MiOO (Plan) -.1ft§ (Do)-.~ (Check) - ~fR (Act) (PDCA) (J)

~17 )!t-~~J!~~:~tJ9 = C:7J~~,~C'~~. ~tl~ O)gtJJ~j: ,,'/ -:Ix*-:;~ /' I'iQ\
69ji'J~~:~~ ~~~f±£J(]~:.rr~ tlt1~tt~ t;tJ:~)iJ\ 6, ~ (J)J: 5 tJ: QC ~, tJi1~~L*

~d:, ~fttJ(J~.if~ (CWQC) ~t::~j:~~~~.if~(TQC) C:1J¥1u~~~~.

~ ~ C'v)5~.Q C:~d:, ~4?IJ~~- t:'A(J) '&~' ~ tt)5Hb~tJ9.~-e~J-c, ;:
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n~Vl0 Vl00)~~~=7}~tL~~~9Q C~~d:, ~~*~~ffl~Jt1cP¥~~. ::O)~J{~Jt1

~~~{~GJ:::> C:9QC:~, ~nG~d:, ~~0)5!il3t~$i1!l3t0)J:::>tJ:~~a9· {~~a9~=~

iJttlPJn~tJ: ~ 0)7J\ G, {g~Jm ~"b t) O)J:: :> ~=Ara,O)gn~~=J:: J L~1iffi~nQ ~o)~l:~U.

:.nGO)~Jt1~j: '.~O)~J{' CP¥~!n~. QO).~~~1~CC~~=~{~G,~O)~ii:

• M!m7J~tt~ (m=tf) ~=4xQ~.~l:~uJ:::>~=tJ: t), :.n~ 'tt~a9~J{' c:P¥
v'S~. I!j)}7J\ G0)11!iI~~.~~~7l<~=J:: Qj15~, M!m g:t0)~J{0)~{~, f*~Jt1~~~Jt1tJ:

C7J!~O)f?iJl: ~Q. :. 0) J:: :> tJ:~J{ ~ l:~~Lt:9Q J:: :> ~=tJ: Q C, {tt*0) J:: :> ~=~~I
N~=t3~t Q QC mfJJti~t-c'~d:~+7}~=tJ:t), *JT~~O)rm§e· ~~~ C: Vl:> f}]Wl~~7J\ GQ
~f*.9QmfJJ~M~~~n~~G~<~J~.

3-9:

~~a9~iJttlC: Vl:> :: C:~!~J.t<m~9n~!, ~~t-T--?7~= ~ C:~=5'< *fj~-~~m9~

0) C:~X GnQ7J!, G7J\ G~ ~ -c'~d:J:: t) Jiim~=, -T--?7 ~=~tG L.$~-T}V~~~G,

-T-?7 ~-B.J:~ffi7J\GO).$~*C:J!tJ: GL, ~*7J\G-B.J:~ffiO)*~-B.J:~~=JVlL*fj~~

r9 C Vl:> ~-c'tTbnQ~rnuO)i&1N~f~9~0) C:9Q.
M1l!tJ::I:~~ C: GL, Vl ~:t!3-c:~~~ nQ~{lI:O)r-c'. t))g GtTbnt~lliJttltJ:Vl G~

~~=J:: J -C, Vl < J7J\0)IliJtIJ1~n!1~ Gnt~ t> 0) C: GJ:::>. t> G~:: ~:'~d:-~O)*~a9tJ:

~ t) ~f~~n!~~n LVltJ:Vl C:9n~t, • t))g GtTbnt~lliJttlO)~fJJ~d:{M~a9tJ:~~~=

0)Jj. ~ C-5 < ~ 0) c~X Gn, {ttJ llliJtlJf~Xl' X2 , ••• ~d:1iVl~:~!Rli~:fPJ-7}m~={tt

:>.$~~-c'~QCJ!tJ:9:: c:n!-c'~Q. bnbnn!-T-?7 ~ CQO)~d:, ~n7J\G~G

n\O)J~~~1~Q~ cn!Ela9-c'~Q7J\G, bnbn~d:Vl~~n~~G7J\O)*~O)ii(J ~=

JVl-c*Ij~~r9~ c:-c'~Q c~~GJ:::>. ~:>9Q C: Xi 0)7}~~d:, (J t3J::lt~~~

lliJtIJO)~Jt1 ~~9-B.J:~ 11 ~:'J:: J L~~Q-c'~ 0:>. ~ ~ -c'~0)7}~7J!f(x; (J, 1]) c~~
nQml3tOO~~~JC:1&~GJ::~. ~O)~c~v~v~n)XQC:, Xl' X 2 , ••• ~d:, 1&~:'1l

iJtlJ~~~~~~R~=$It) )gGt~ C: ~~:1~GnQ -r:~0 5 c:~~~nQlliJtIJ1i«0)1&ma9~~R

-B.J:~ffin\ G, ::; /~b ~= c Gnt~~*-r:~Q C~~9Q ~ C: ~:tJ:Q. ~~a9~iJtIJO) Ela9
~d:~0)J:::> tJ:~*7J\ G-B.J:~ffi~:~Vll*Ij~~r9:' c-c'~Q c~it{~~nQ. lliJtlJf~O)

7}m~=JVl-c0)*m-B.J:~~~lut!.-ilO)1&~~.$~-T}vc:P¥v'S~.

3-10:

~{~~t~$~=OO9Q~fnU~if~9~~r~~0)-7}if. ~{~mfJTO)El139~d:, 45t Gnt~
r~~n~=~t9~ J:: v~M.$ (7 )v:l1j 'A'b) ~J!v~t~9~ C, :BJ:lt~{~~.~=1~~~~

0)~1iffi~9 ~ ~ c-c~~. mTBt.fI~mV~L~t.9~ ~ C ~~!lJ{~:'SV~L, J: v~7)v
:1 J) A'bO)~{*~~xQ c:~0)J:: 5 ~:tJ:~. (1) ~1Tii~7J~iivl~ C (~~ii7J!:PtJ:Vl ~

c). (2) ~2ti~~iJ~/j\~ v) z: ~ (7°0!75 b.fJ~'ffii<, g:tra'*fi*O)m~~:~\~tJ:~2ti~~

n)/j\~ v~ ~ c). (3) ~13£n'J::< :tc~-c'~~ ~ C (~~n'/j\ ~ v~ ~ c). (4) -~Jt1n!~.Q
~ c (Jlm~lmn~J.tVl ~ c). ~nGO)~{*~d:li v~ ~=~~9~ ~ cfJ'~v)O)-r:, cO)J~~=

mJ~ ~t3 < n\-c, fPJ c:r~~n~=~t GL ~fj~ (J)f!tJ:.Qmr~iJ!~5t Gn~.
~~mfJT~=OO GL~d:, ~Tr~~U~=45t Gnt~T-?7 ~~~1u0)j> G~xt~ c ~~=mn'c

(J) < Gv~~{~9Q7J)~~JJ«Q ~ ciJ)*-WC'~.Q. ~n~~13£mfJTc v~ 5. ~13£~d:r~,nl§

f*(J)Jt1J{-c'~ tJ m$~:'~d:J:: GtJ: V~. -T~?7 (J)~{~~::~t GLmO)~{~O)~Gv)r~~n~~{*
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O)~lt)r~,~C It) 5. r~,eO)~flFn~~lt)C~ ~=~d:, r~,~O)~V]{~= ~ n\O)~£J -c~xL[ Gt:::.
tin~J: It). t::- c x ~i, ~tl1I\fT~JO)~1f{~r~'~~d:~flFO) J: It)r~'~l:~ ~ n~, ~1f{~ ~*fIJ1
tiNJ:t~mlt)-c)j(~J::> C9~ c~flFO)~lt)rp'~~=t~JL G*:>. ;j(~=, 7 Jv:t'l) :A'b
O)~JEIJ1O)rp,~n~~~. ~JJO)~a:p'"C'~~n~tJt*Gt~lt~J:5 t~7 JLt::f I) :A'b ~~JEt~7
)Lt::f I) A'b c It) 5. r~'~O)~flFn~J:It)~~-c'~/F~JEt~7)Lt::f I) A'b~mIt)~ c:*s*n~

~~~t7J) tJ ~:t~G z: C7J~~G. t::- cx~t', WJT{~J:t~d::nJIIi~=mlt)Gn\~JIIi~=mlt)Gn)-c'~

JE~:t~ J t:::. tJ /F~JE~:tJ: -:> t:::. tJ 9 G. *t:::., e~ 'Y l'~tR~ Gt~ It)jjry Al~*i*~j:/F~
JE~:t~G z: c:n~~~.

3-11:

M7ttiNJ:t~3-F.~tif~J:tt~CO)tifjJ:tO)m~fx:{~~JJ~:J:-:> LilIf~~~:)j(~G z: c,
*t:::.~O)t:::.~O)tii*. mn~~~O)~fx:~mIt)Lfx:J:to)~-c'~m'"C'~t~It)~~~j:~~ 01v,
li~m7J~~Gtl-Clt)G~~-c'~, ~~O)/J\~ It)m~:Pt~It)~JJffifrl3~-c')j(~~z: c:n~~f~
mi*O)$J!~-c' ~G.

3-12: ftiiiltW (!fo/.Jf:l1013)

tiNJ:t~cO)fx:~~~~~O)~~, ~~~~~~0)~-c'4xGZ:C:. !fo/.Jf:I~~I~~

cO)~~-c'~, M*~fx:J:t0)~-c'~GJ:O~fx:~~JJlli9G~~O)ti~m~~~c:~~

It). ~O)t:::.~~:fx:{~~~~9 ~ z: C7J~~\~~:t~~. m1:El:'~d:.T~t~m~:J: -:> -c*mfl
tJ:~t~n~PJfI~~:t~-:> -Clt)~. fx:{~~~~fT 5 t:::.~ ~:~d:, It)0 V)0t~r~'~~:~t9 Gfx:f~~

~i*~~ GtJ:~ttl~itJ: GtJ:lt). fx:f~~t~O)r~'~~:t3:t3*n\~=7t~9 G c;j(O)J:::> ~=t~G.

(1) *j~{~fx: (illi-;j(tiNJ:t, fT~IjO)~1ff~r~,~), (2) tmrl3', tm~:t3J:l}~fx:ilIf~, (3)
~{~M7t:t3J: l}fx:f~fJ7t, (4) ~F*j~tifi~, {~fx:tiNJ:t, (5) 1itM7ttiNJ:t:t3J:l}{iM
7ttiNJ:t, (6) tif~r~,~ (~~fx:~~O)ti*, ti/J\~*~Gr~,~).

3-13:

If'Fm~tJ:c~ElJJJ~~=itJU~9Gtiit.NC C:J:~itl~~C:7J~~lt~. ~~)], ~~-wJ~lJ

1JoIm 0) I f'Fm~ ~=Jim ~ tlt::- n~, .:e O)t~, mt~~tJl~ li-e1JoI, ~~tJ:c-c'~ frJm ~

tl-elt)G. NC -c~d:, ~ Gn) C:~*If7-7°~m~7-7°~=T-1:;~ )Lt~~=~2~1<~tlt~1*J

~~=~J -e, m~O)PJJJJ$O)f~ftl~~JJJfRIImn~L[~~~:ftlU~~~ tlG. Gt::..n~-:>-C, NC
~~d:iM1t7 -1- ~J\'Y ~ffflJ~C'~d:t~<7 ~ -- ~ 7:t ry- ~*tJ~~n~mlt)Gtl~. NC O)t::.
~O)itJtJ~ltff¥lf~~c~ Gt::'T-7°~d: NC 7-7° C: J:: ~itl~. NC 7-7°O)f"F~O)jj$~=~d:,

(1) Ara'7J~I~O)fRIIm~If"F!fo/.JO)j! 0 O)JmJ3{t~ c ~~tJJG-C{"F~9~~=::1. 7 )Lt7°0!/
7 ~ /!/, (2) I~O)~JJJ~1JOI=FJI(~~=~J-e~2izt!G, ~ C: ~d:, ~tJJm~=J:: J L EI JJJ~
~: NC 7-7°~{"F~9 ~ EI JJJ7°0!/5 2 /!/, (J) 2 iM ~ (J)tii*n~m It) Gtl-elt)G. ElJJJ
7°0!/5 -2 /!/(J)t~~(J) ~M~J: NC ~MC: J: ~'£n, APT (automatic programming tool) 7J~~
't~&G-CVl~.
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3-14:

4ft Gttt::OO~f(x)O))EffHt, I = Jab f(x)dx ~~fiRa~H;:m-1f9~1Jtt.. ~<O)~fI«fft
7t~A:~d:*irl=l~tt.~:~~V~-C~ fJ, ~rl=l~ [a, b] P'JO) n MO)7t}~ Xi (i =1, 2, ... , n) ~:~

~tQ

n

OO~fI«o)~JjH~~-@I~;:et -:::> L, In = L[AJ(x)] c1f~tt~. Ai ~j:7tJ~Xi ~;:~tT ~1EJJ.-e~
Q. i=1

(1) =.:z.-" / • ::r-'Y~A: : ~rl=l' [a, b] ~ N ~7tG, (llijilflij~-2i~t~ N + 1 MO)7t}~
~~)E Gt~ 5 ft 7:, 1EJJ. A. ~lI~ ~:~Iu7: N ~~JJ{A:*7:IE.tJ:fft7tfl« ~4ft:Q et 5

I

~: Gt~ ~O). =.:z. - ,,/ • ::r-'Y~A:~J:, N + 1 MO)~rl=l~~tJ:7tJ~~*irl=l~J~cTQ7?~

'7 /~ .:z.O)*irt:f~~JJ{A:~fft7t Gt~ ~O)~:tJ:~ -CV~Q. 1~~a9tJ:~A:c~~JJ{~~~:~T.

N = 1 C G t~ ~ O)n~, ft~J{rj

I =h/2{f(a) + f(b)} - h3 (f"(~ }/12
h =b - a, a < ~ < b

N =2 tJ~~ /7°'.) /Jtrj
I =h/3{f(a) + 4f([a + b]/2) + f(b)} - h5{(4)(~}/90

h =(b - a)/2, a < ~ < b
-r~Q. ~ttet tJ, ~/7°') /Jtfj~d:_~~JJ{A:*-c'IE.~:tJ:Q ~ cn~Vn)Q. -~~: N
n~{M~O)c~~:~d:N + 1 ~~JJ{A:*-r:iE.~:tJ:QO)-r:1fffj-r~Q. =:1.-" / ·::r-'Y
~A:~~~~:M!mTQc ~ ~:~d:, fl7t~rt:f' ~ v) <J7J)O)/J\~rt:f'~:7t~J G, ~ttttto)~

rt:f'~:J:~20)~A:~lImT QO)tJ~ffJm-r:~Q. z:tt~.-@lJ{fj c etv5~.

(2) tJT) A O)~A: : mJJ. Ai c7tJ~ Xi ~(llij1Jc ~ § E8 ~:~Iu-r: 2n - 1 ~~JJ{~*-r:IE.
~: tJ: Q et '5 ~: Gt::. ~ 0) .

(3) =mf~~OO~~~Jt : fft7t~rt:f' [-1, 1] O)fft7t~:~t GL, ~~~~X = tanh «1l/2)
sinh t) ~fTv), ~~ Gttt~~~R~rr3'O)fft7t~:~ ~"~~i-)EO)ft~JtIj~lImGt~~O)~=m

f~~OO~~~~c v) '5. z: tt~: et ~L, ilflijJ~~:*.Jt1~ ~Jfft7ttJ~m~et<m-JJ-r:~ Q.
fft7t~rr3' (0, 00) O)fft7t~:~t GL~J:, ~~ X =exp (11: sinh t) ~, fl7t~rr3' (-00, 00) -C Ixl
tJ~*~v~ c ~O) f(x) O)~~tJ~*l~7J\tJ:~-@I~:~d:, ~~ x =sinh «1l/2) sinh t) ~fT'5 z: c
t:et J -c~~O)et v)~Jtn~~7J\ttQ.

(4) 0 / J'\-iffft7ttt. : ft~JtIjO)~ ~~~rfJM h ~~l< ~: 1/2 ~: Gt::.fft7tfi!l~mv)L I)

~~-~'.J/0)*i~~fi51Jtt..fft7t~OO~~~7tG-cft~~~lImG~fft7tfl«~

To (k) e:: 9 ~. ft~Jlfj(J)~~ ~I ~J:,

~I =C1h
2 + c2h4 + ...

-r:~.Q:: e::~m V)L, I)~~- ~ '.J /O)*i~~fT~ c
T (k) =T (k+l) +{ T (k+l) - T (k) }/(4m - 1) (m =1 2 ...)

m m-l m-l m-l ' ,

e::tJ: ~, f(x) O)Jt1.;Q~J::~ttl~~m -4 00 e:: Gt~ c ~ Tm(O) ~~~O)fft7tfiR~:!&*9~.

(5) lIJ;ta9 § tllfft7t)V--T / : f(x) O)~{~tJ~~G v~ e:: ~ 0 ~~d:*HJ7J\ <, ~{~tJ~~~iJ\

tJ: c ~ 0l:'~J:m<c v) ~ et ~ ~:, f(x) O)~.v)~:J;t c:L~ ~"Jj-~M~~W GL, ~~47L

Gttt~Wf~~~O)tBlm-rllifPJ{iR~m-JJ9~J:~ ~:J<Gttt~fft7t)V--7/. ~~tJ:~O)

~: CADRE, SQUANK tJ: ctJ!~.Q.
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3-15:

~*®~~, ~~~~~-~U~~~OORn~.~.~s~~.~h~OO~~)~_

*{~(*t~~d:_/J\{~)9G, ~J.lMOOirl:f'J!(MP)~:OO9GJ.lfnB~~9.f~§~OO~, s
~PJfl~~~c::v~v~, s®J~x ~PJfl~mcv~5. *t~f(x*)?f(x)('dxE S) ~~t~9X*E S
~_ilmcv~5. ~J.lMOOi$~d:~AT~_il{~$~~Jl}~tJ:9~lf~~JL, m=~*

~.OO~~<~ft~h~.mMOOi$~d~~±~C::G~, #.mMOOi$, m~MOOi$,

tJl~~bit_il{~$, ij7 7 *' 'Y l' '7-~~ l' 0-1 ~ J:l:'~_il{t$, m*"iJttc::/f'fJJJ~

rl:f'J!, fJJ~MOOi$tJ: c~*~"*tJ:1JrttJ~:ftJIl L-t~. ::®~lf®§ ~"9c:: ~ ~d:, ~ml:

m~tJ:_il{~rl:f'J!~~J.I~.~~m~G,_ilm~M~9Gt~~®7)v::f 1) A'~~••
G~h~mfJT9G::C::l:'~J~,f(J.I*-l~~, _ilffjlllMJ, 7-~J.lfnB, ~§~_il{~,

1Jfilt*®m$tJ: c C: 'bm~tJ:OOi!l!~ 'b J LV~G.

3-16: ftJlait~ (!fmJ.lI014-1015)

-~®~~~.~~~~G~llmtlT-~O)!f)(.~G v~~d:~fJT~fT5:: c~:J:: lJ, ~,~

~.~~.~~<~.9G1J$~M~9GO)~~J.I.M~~~~.

~d: G&)~:*±~.ffiO)f(ii~~Jtt~~2~ L-M~9 G~rl:f' c GL.~t~n~~~G, -1J~

~:t, ~X~, mUt-tB~tJ:c~:s~t.QllmUf~~5ll1J.1~t~&)~:, -~0)~~~tJ:7tm~7J'9~

~~~ts~O)c~;t LllmUT--~~l&lJfJk51J$n~~A~ht~ (C. F. Gauss ~:J::Q~/J\

=*$O)liJf~). ~n~~*±~.ffi~:OO9QT-~~:JV~~'b~~fnBO)ilmn~~;tGhQ
J:: 5 ~:tJ: t), -~~:.ffi~~0)~JttO)m~~:~~fnB~~~~ilm9Q~ cn~.M~~M

~1J$cL--c~~L-t~. =--O)1Jt!~d:, J. C. Maxwell ~:J:: lJ~1*~-TJlfJJfnB~:ilm~h,

L. Boltzmann ~d:~JJ~~I/ l' 0 l:::-~:~tG, ~-T.ffil:o)I*,)v=¥-~m~~~n~_

*ctJ:G ~0)0)~~0)~tf(~:l:tgtl9G, CO)m~~f1!~Gt~. J. W. Gibbs ~:J::G.~t

JJ~O)JIlrm~ ~ J t~. GJOl G, ~ h G~d:llmUT-~ O)Jf~ lJ fJk v~ c ~d:illf~OOf* L-tJ: v~, ts
G-0.rn 0)~Jt1J.1mO) t~ &)O)~~ ~:~~fnB~tJ:ii~l:' ~ J t~. ~~~tJ:.~~~~G~
IlmUT-~ ~!f)(.mfJT9 Q1J$~d:, 191!t*c*~:jf{~~, Jl}J.I~, ~!fm~, *-l~~tJ: c
O)~lf~:J.t* lJ, 20 1!t*20)frJ~~: R. A. Fisher (1889-1962, Jy /~l) 'Y ~*~~f(~c

~mJ.l~ (.~tJJ~, ii-TfnB, ~~~tJ: c) ~~lvti.) Gt;~, {&mO)~~Jtto)~~, *~J\

:;; ~ -~--O)fft~, ~D!~tOOi$tJ: cO)f(~~J.I~~*II..~~:JIlrm G, f(J.I.M~O)~m

n~l:'~ J:n~J t~. ~O)f~O)ft~~:{fv~, ~lf~rl:f'b9, ~H Ght~T-~ ~:£~=Jv~~l4~

~tJ:{&m~f~m~.Q v~~:t~~iE GJ:: '5 C9.Q~~, ~J.I.~t~~~~7J~/f'PJj{c~tJ:~h

GJ:: '5 ~:t~ -:J t~. :: h C: C: ~ ~:, ~J.I.~t~n~.~t~O)±i1rt C: t~ ~ t~.

~J.I.~t~~:sv~~mv~Gtl.Q£*~tJ:¥JI[~~:t, T-~ x~, *~J\:;; ~-~- °
~~ts~~7tm p(-IO) ~:1Jt-:J ~~ Gt~ ~O) c:~tJ:9 (x O)J:: '5 tJ:T-~7J~1~GhQ~~
~G v~~d:~~~~7J~ p(xIO) l!4;t GhQ C:9Q) .~t:tT)VO)f*ml!~Q .•~t:tT)V

p(-IO) ~, fftfnB~~ v~~d:TmUtJ: cO)~h-thO) § ~~:JJt G, ~~O)~~~mv~-cilWJ~:

*14PX:9~ ~ C:JO~, .~t~1Jt!O)~~jjfljmo).l!~G. x O)~O)7tmn~ p(x) -r:~~ C: ~~d:,
Ex In p(x) ? Ex In p(xIO) JO~dli9.Q. t~t~ G Ex ~d: x tJ~ p(x) ~:1Jt-.JL 7tm9.Q 't (7) C: Gt~

C: ~ O).IJl:lt3f~ ~~9. J:ltO)h:ill c:tJillO)~~d:, ~O)7tm p(-) 0) p(-IO) JOl G0) l1Ih1J0)

fi~~~9m(Kullback-Leibler JrW~m) ~l=f;t Q. Ex In p(xIO) 7J~*~v~ ~~ c p(-IO) ~d: p(-)
0) J:: v)lli1~-r ~ ~, ~ tl~ ffl v~L.Bt-tT)J".rO)tt~tJ~PJfIl§~:tJ:.Q. KuIIback-LeibIer JIW~
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.O)~~~d:, Boltzmann ~:J::G.:r./ l' 0 l::---O)Wf~0)q:t~4;t t;tt-Cv)G.
T-~ x 7J~4;t6ttt~c~, p(xlO) ~ 0 O)T-~ x ~:~TGA:J3tcJ::v'S~. T-~ x~:

et~ 0 O)~A:m~fi«~d:, p(xlO) ~jl*~:T~ 0 O)fi«c G-C~ft~tt~. ~;f~A:J3t In
p(xlO) ~d:, Ex Inp(xlO) O)fJiI tJ O)t~ v)m~fi«~~ tJ, jlA:m~fi«~d: ~tt~~*~:T ~ 0 0)

{i«c~fW~~~. ~O)et:> tJ:m~{i«O)~~~fnB G~O)7J~, ~~~at~~::t3~t~m~fnB-c'

~~. fPJ-O)T-~ ~Jljv)jlA:i!~m~~ttt~/'\'7 ~-~---~~etJv) <J7J\O)~attT
)vO)tt~~:~d:, m~~ttt~/\7 ~-~-O)~~~~l\I:L-cmm.m~ AlC =(-2) (jl*
~;f~A:J3t)+2 (/'\ '7 ~-~-~) 7J~m v) Gtt, AlC 7J~/J\ ~ v)1J7J~J::v)tT)V c~1dfi~ttG.
*~/'\7~-~- 0 ~:Jv)-C~ G~:~0)~$7t~ (;tM7t~) ~1l!~T~tT)V (~1

A· tTlv) ~fljmL, 0 ~:~T~tt~~1T'5 ~ cn~-c'~G. ~tt~:J:: tJ, =~7COOifi

mm0)9l1~~G v)~d:~~~*~*~jT-~ O)~M{~tcC c, p(-IO) t~~t~m v)~tJl~~:tt L
-CJl~IJ10)~~tvcata9T-~9l1~i!7J~~Jlj{I::~tt~. ~1:A'· 1::T)v~:~TQ~fnB~

~G-C~1 :A'~at~cetv'S~Z: c ~~~.
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machine language
machine shop

:.t-tJ-1::f
:.t-tJ-1::I'7Y3'7

Lesson 4: Computer Science I
(fundamentals; part I)

~t tJ influence, {suffix indicating change}; Jr changing
~t(7J)9) to bewitch {vt}; ~t( ~t~ ) to appear in disguise {vi}

{t~ tJ 11!J chemistry
~{t ~/tJ change

~ tJ -1 instrument, machine
fI~m

fI~I~

:.t- airplane, machine, opportunity
~j:t~ loom

fl.
mfi~

mechanism, unit, organization
function

Jr /' authority, power, right; ::f /' authority, power, right
lifIJ Jr /' I)

~li~~ ~~Jr/'~-1v-1

right, privilege
privileged instruction

::f error, mistake
~~*(~)to be mistaken {vi}, to make a mistake {vt}

~*~.~ tJ!JU~~:.t-::f~
J:L~.~ *~~::f~

random error
rounding error

_ :J '7 building, posture
tJ)*('5 ) to care about, to mind {vt}; tJ)*(;t~ ) to assume an attitude, to build {vt}

.,OX :J '7 t -1 configuration, composition
T-~.~ T-~::I '7 '/'7 data structure

c:I
~ :i'7 number,. title

Jfi~{~

~2~

encryption, encipherment
symbol
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l
"m~ ~ next, order, sequence; -:; next, order, sequence

"'.:) ~'( (J)) next; "'.:) ( <") to come after, to rank next

-~~m~ ~7-:;*ryT~~~

~~tl"JtJ: 77 -:;T~tJ:

~ ~;3 behavior, conduct, dealing with
.~m~ -:;3ry*ry~30

m~ ~37

ii -e 'Y enacting, establishing, preparing
t> 5 (~t~ ) to enact, to establish, to prepare

~~~ -e~-7~

~~~ -e~T~

linear/first-order equation
successive, sequential

information processing
measure, step, action

design
establishment, creation

7-7 chasing, pursuing
~~77-eA~

~~$fJlMJ

77:;7 7tAi:J!t~

77-:;-e~:¥3

-:;3 ry*ry7"/7::JryjJ
7 =fry I) D/'

sequential access type
sequential control

source coding
coding theory

~ .I'\.~ in a row
tJ: G(lt~:) in addition; tJ: G(wrS~) to be in a line, to rank with {vi};
tJ: G(./'( .Q ) to enumerate, to place in order {vt}

]ftJig ~~ ~"/ translation(al motion in space)
]ft~UBt~tI ~~ v'Y -7~ ~ "/~ parallel computer

$ 2. ;3 ry command, destiny, life; j..~ command, destiny, life
v)O)!> life

~M ~ ~ -Y~ proposition
~fJ ~ ~ v~ instruction

v~ command, law, order
~~AbA~
raJ1~ f:Jb PrJ 11

fffUfij~fJ

:J ry~J ry)Z~ v~

-e~:¥3 ~1 V1
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Grammatical Patterns

4.1) connective form + <Q
A verb in the connective affirmative form followed by <.Q indicates that a certain action

continues in time from the past toward the present or that a certain action takes place in a direction
toward the writer (or speaker). When ~ t::.. or ~ -cv~ G is used in place of <G, it means that a
certain action or state "has come to do" or "has come to be" whatever meaning is associated with
the verb preceding ~ t::.. or ~ -cv~ G. When a verb in the connective affirmative form followed by
~ t::. is followed in tum by tJ~, the writer is often hinting that the state or action described by the
verb "has continued" or "has been carried out" down to the present moment, but will no longer be
so in the future. (Note: The reader is urged to contrast the use of the connective form + <G with
the use of the connective form + v~ <,as described in pattern 4.5).

1. 7;t /. J1?/G~:J::J-c~0)£*7-~T~7~-7J~)£~Gtlt::..m1 tft~O)M
JJfI~*, ~tJJfl7-~T~7~ ~~d:£*~~:j@jJ*{~c j@jflfl~{~O)1JrtiJ~:~~ G-c~t::...

2. ~~~~~(J)1JrtiJ-c'~U c~;t GtlQ7J~, *-TtJ) G~m ~-c'~~~~~:~lIG-cy
~T~7~--~#c)£9G~ C:7J~~9~9m~~:tJ:JL~-cV~G.

3. ~nM~:~d:~~ clv c0)7°0 177 b.~7t /7'1) -- ~ aft-c'.v~t::,7J~, j@j7l<~~mO)3£~

~:f~JL Gt!-v~~:M!btltJ: <tJ: J -c~LV~Q.

4.2) ~~~ [~~] '?< based (up)on
~:~ [~c] '?V~L based (up)on
~~~ [~c] '?~ based (up)on

(Note: The phrase ... ~::£-:5 <modifies a noun; the phrases ... ~::£-:5v~-C and ... ~:£-:5~
modify a predicate.)

2. ~tl~d:~~Hf*~::.t3~tG*JRW{~~~::£-:)'< ~fnB-c'~G7J~, J\~ /J7Ii§"tJ:c~~ ~:~t

~Gt::.1lE"7J\m~tJ:~~Wtl ~?~C G J~ ~::~~7J~~G.

3. 1OO~~~.-c'~d:, ~t7j{lJ~ tlt~~~~=£-:)'~, ~~t~#c)£~fnB~=£-:5' <I'\?t- /~~.~
fM~mfJT~:J::J L, 1OO~~=~~ttt~~t~~~~.9~.

4.3) interrogative word + (noun +) 7J)
The combination of an interrogative word and the particle iJ) makes an expression indefinite.

For example, t~n means "who," but t~ttiJ) means "someone." Similarly, Vl <J means "how
many," but v) <'":J iJ) means "some number." In some instances a noun or noun phrase can be
inserted between the interrogative word and iJ'i. For example, {i:iJJ~tJ'i means "some (number of)
point(s)." (Note: The reader is urged to contrast the use of an interrogative word + tJ) with the use
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of an interrogative word + 'b, as described in pattern·6.6.)

1. ~tl6 O)~#n~ 1 --:J~ 'b~t~ ~ tltJ:~ttl~t/ -1? /~MJJfI~tJ:tt) C: ~d:tt)5ttJ: tt)n~,

~F/ -1? /~MJJflC:tt)vtlQ M.fI~d:~tl6O)*1.O)tt) <--:JiJ)~ 'bt~tJ: tt) 'b(J)~~Q.

2. tt) <--:J7J)O)~.7J~ftit~ 6tl-ctt)Q 7J~, -~~~::~<~~iJ~~~ 6tl-ctt)Q~~~1*ti

tJ: tt).

4.4) I::f' [c ~~] :>
I::f' [c ~~] '":) l:""
I::f' [c ~~] lt~

as ••., accompanying •.., together with
as ••., accompanying .••, together with
as .•., accompanying •.., together with

1. ~ ~:J. v-~ 3 /~d:T~ :;~}vMJJfI (~r1li~::MJJflc:~2g-) O)~~~::f~J -c~13

~~ (JQJ:: 5 ~:: tJ: J -c~t~ 'b (J) -r:~Q.

2. ~f~mfJT(J) 13 ~~d:, -9-5t 6tlt~r~,m~::~tg- Q J:: tt)MJJ~~J!tt)t~g- ~ C:, :t3J:(J~

f~MJJ~::f~5~~0)~fJffi~g-Q ~ c:-r:~Q.

3. ~m7tmr(J)1b~{t~=f~tt), ~m c:trl{?:Jt '/ l' Y-::f-rlj 7-~ -rt:t,O)t? /7 ~ '/ lj
~~'/~~.G<ffi*G, m~.*~~<~~.

4.5) connective form + v~ <
A verb in the connective affirmative form followed by tt) < indicates that a certain action

continues indefinitely from the present out into the future or that a certain action takes place in a
direction away from the writer (or speaker). (Note: The reader is urged to contrast the use of the
connective form + tt) <with the use of the connective form + <Q, as described in pattern 4.1).

2. m 1 tttf-\:;~~, trl{?:Jt'Y l' 7 -::f-r!7 7-~ - ~J:*l~~:: tJ: ':) LV) <fijl~n~~ ~.

3. {-\:;~~tJ: ~ (J) ~J:, -9-;t Gtlt~ r~,e ~ J:: ~ 1mlfttJ: [PJfj (J) r~,m ~::7}~Jj GLV) <7}~Jj~iii

i~, -9-x Gnt~r~,eO)$7}r~,eg-J'(L~1mlfttJ: ~(J)tJ) Gmv)Lv) <tJJ~~OO1~tJ: c-r:~

Q.

4.6) connective form + :f3 0
A verb in the connective affirmative form followed by :t3 ~ is equivalent in meaning to the

same verb in the connective affirmative form followed by the conjunctive affirmative form of V) Q.

However, the conjunctive affirmative form of v).Q would simply be v), and this is thought to be
awkward. Hence, v).Q is replaced by :t3~ (the humble equivalent of V) .Q ), which is then
converted to its conjunctive affirmative fonn (:t3 ~ ). This device is used to loosely link a clause
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that would normally end with ...LV) Q to the clause that follows.

1. T--7°~j:tctifilij1Jftij~:~~R~:f$VL-t3 ~, ~~RflO)*9EJ ~:~-wJ GtlLV)Q.

2. ~~U7°D!/5 ~ /!/~tJiO).~n~~~~~uM~mO)~~~:ftij~tLO).~BJ L-t3 tJ,
~~9l1~c~J:.I39~::RtJ:Jt~rJ:r,mfW#{:0)7/D-7n~~~~tlQ.

3.~tl~, £cGTm~~.~~ ••E~9~E~.~~~~T-t30,~*~.~®
~in)~:, Am tJ tJ: c O)ffflJ••~ tb~2~~~ Q.

4.7) -c'~Qt~~t

The adverbial phrase -r:~ ~ t!.~t means "as much as possible" or "to the greatest degree
possible."

3. ~*, 1 J~rJ:J'Jm~fW< t~&90)7 )v:1') A'L~:~j:V)0V)00)tbO)n~d!>~, 7 )v:1 I):A'
LO)~~M~~J:~O)~r5l~:JlGt~~~Qti~t~ v) 7 )v:1 I) A'L ~~~M9Q~'\~n~d!>~.

4.8) ... ~7C [tbc] ~: (~-C) based (up)on ..., on the basis of •.•

1. ~ O)fWfJf~*~ tb c ~:*Jft~tJ:~m"~.~~m1J09~ :. c ~:J:: t) ~1T~jj$~ftijl:-r:~
:Q.

2. 19741:F~::J TJ )VA :t:---n~*--/lfj.~O)¥~~l39m~c:~jj$~v)IDEf!ij¥~~~ ~ C
~:fnB~~7°D!/5 ~ /!/~t1lP~ GLit EJ ~.&'Jt~.

3. +7tili!~(J)iWiv)PJT~(J)~f*(J)7t~2~~~d:7t7t~l39tJ:~~7--5' ~ tb c~: GLM1t9
~~C7J~~~~.

4.9) connective form + ~*:>
A verb in the connective affirmative form followed by G*5 indicates that a certain action is

taken to completion or that an action is taken and the results of that action are irreversible.

1. ~1$1T~Ij(J)~1f{~rJ:J,m~d:~fl:I:O) J:: v)rJ:J'Jm-c' d!>~ n~, ~1f{~ ~~It11JmJ:t~fWv) L~

&9J:: 5 C9~ c~ftf:O)¥v)rJ:J~Jm~:tJ:J -r G*5.

2. ~ (J)~*i.fJ-Y ~ J. v--~ 3 / ~ 'J 7 l' '7 .:r: 7 -c'1T '5 c:, ~*O)~t~~ra' ~ftm G,
~jj$(J)~v)M~mctJ:JLG* 5.
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3. 5<\1*O)~mt.~'j:, 0-57 J) -~/7°{J)v-'Y~/7°-c'~'j:, D-57-c:~/77-~

/ij0)9~r~~tJ: C~~J:: J L.t3.t3J:~#t* J -C G * '5.

4.10) L,
The use of the conjunction L, at the end of one clause indicates that the information expressed

in this clause is supported or reinforced by the information presented in the following clause.
Depending upon the context, L, may be translated simply as "and," "besides" or "in addition."

1. ~Q~J~-c'~'j:~7J.J-e~J t~ 7-4=-T77~- ~~JI-wJtJ: ~O)~~tJ:Q:: c:~~Q G,
~~~-@rJllI39 c: ~'j:JittbtttJ: l;)J:: '5 tJ: 7-4=-777~-~, ~7J.JtJ:~ 0) C: ~tJ: ~ :> ~.

2. GiJ) G, rlffi.~~d:, ¥{ft~::J:J L~tJ: < §~~=J: J -C~~tt~~~ti c: l;) 5~;t ~PI
fj~-c'~Q G, ~!£I39~=~'j:, rlffi.~~'j:~{fto) rJlm{ftJ -c'~~ttQ~~tic:l;):>~;t7J!59i7J)J

t~.

3. tJ 1v7t~'j:wU~~~~t-cv)Qr~,-e~~it6ttQ G, tJ 1v7tc:m7t~fPJ~~:~9Q~.
~ ~~O)-c', wU~r:pO)~7t7J!m7tn) tJ lv7tn)~lKjJIJ9 ~:. c ~'j:~b~-C~.tJ:tj}}-@rn~~

Q.

4.11) -"t~

Use of the particle ~~ following the present/future affirmative form of a verb (or simply 9
for 9 ~ ) conveys a sense that a certain action "should" be done, either because that action is
proper or because it is desirable for some particular reason. With ~~ the emphasis lies in doing
what is necessary to achieve an intended result, rather than concern for what is likely to happen.
(Note: The reader is urged to contrast the use of "'"~ with the use of ~d:9, as described in pattern
9.6.) •

1. ~t~fI-c'm< ~~rp'Jm~:~tG, fJJl39~:~O)1frl~t '/ l' 7-4=-T77~-~JI-@r~it
Q~t~mt7--=fT77~--~~~1j- ~ '/ 7 7-4=-T77~--C: v):>.

2. 1frl~~ '/ l' 7--4=-777~--~d:J\-- ~ 9 I. 7 C 'J 7 l' 9 I.70)1 /57--7 I. --A ~

)E~9Q (J) -C, J\ -- ~ 9 I. 7ftUr c 'J 7 l' 9 I. 7ftUrO) vJ'\)v~: ~bitL~-@r139 ~::Qi ~

7J.J~l39tJ: v~)v~=~~)E~ ttQ "'" ~-c' ~Q.

3. {&ma2ti1fJll(J)l~~U~d:, 7!7 T ~ 7:; 3 7~::~U ~ ~-CQ.±a2tl c:.±a2.pq~:f*r-t9
"'"~~--:;(J).-@r~, ~(J)~l< 0)~--~~*~Jt1~:-@rbit-CJl~~:*U~9 ~ C fPJ~~=,

~m~~JliEtJ:~rm~~f*-.:Jt~&)O)JfW~~~c.1fJllO)1L~7J) G, J:: tJ ~{}[O) v~)v~::t~f~

9Q z: C:-c'~Q.

in advance, beforehand, ahead of time

1. ~tt~ttO)*9§ ~=~d:, T--7a2i%c:J::~ittQ~ GiJ) C&'J#t&'J Gttt~~~Nfj~0)~2
i%0)1 J7J~a2A ~ ttQ.
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3. tI~~:'J:: ~J\~- /~~.~d:~t~~ cI!> GiJ\ C&)~~~ tlt=. v) <--:JiJ\O)~~Hft1O)tJT::r

I) -0) v:\~ttiJ\~:~tJt\~it:Q .BIJ(1)~~~:cI!>Q.
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Reading Selections

4-1:

7~~·J~~~~~.Gk&*~~~~~~~~.mff®-~®~~~~~~T~

®~-c'd!>Q. ~~tJ:JE.;Q~ffff~Qb~t-c'~j:tJ:v);Q~, ~ji~~tiI, ±~2ti~tiI, AlliJJ~

til, ffJU~~tiI® 4 $7};Q) G~JJX~ tl, ~fT~tlQ 7°0 ~7l-\;Q~±a2ti~tilpq~:7-~C:
G-e~Kfi~ tl-ev) Q 7°0~7b pqJl1J~~f*m G-ev) Q ~ C:~~*®*1. C:~Q. ~®
ftl!0)~.c: G-e~j:,

2) tfrtflm~j:7-~~:~tGjG~tJ:$fJ~#i~ ~~ 7-~m~:flJjIJ~d:tJ:v), ~tJ:b~7-~

mO)Ji,*~d:~tl~1& tJ tlk '5 tfrtflO)pq~~::J:: J -cJE~ Q,

3) ±~2ti~tiI~j: 0 iJ) G 1 9Jm G-ev) <mfx:~:J::Q*l~tJ:7 ~ VA ~ ~~,

4) tfrtflt'Y r-7-~7tJ'7~-~d:~JE~tl-ev)Q,

tJ: cn!d!> ~j GtlQ. ::tl GO)~#n~ 1 ~-c' ~~t~ ~ tltJ:~ttl~tJ ~ ~ ~~-c'tJ: v) C ~d:v)

7\..tJ: v~;Q~, ~~J ~ -;r~~~~fI Cv~btlQ ~t~fI~d:::tl G0)*1.0) v~ <J;Q)~ tJt~tJ: v~

~O)~d!>G. 7~/· /~?/I3~O)f.m~:.&~'v)-c«~~tltc.i!~JJO)~t~tI~d:

EDVAC -r: d!> Q ;Q!, 7°0~7A pqJl1J~~ ffl v)tc.1!t~i!~)]O)~~tI~d:~ =¥ 1) A O)ly/~
1) 'Y ~*~-c'jGJJX Gt~ EDSAC -c'd!> Q.

4-2:

d!> Q~fx:~~t~9Q 7 )v:i 1) A'b.;Q~ff1:E~ :QiJ)~tJ), C: v) '5 ~O)ru~;m~fx:~I3"J~:.~m

~::~rmJ9:Q t~~ ~::, '7::L - 1) /' ~tJ!~.Gtc.&ml3"JtJ:~t~tlfjjt. .~I3"J~:: ~d:~b60-C!l!

~tJ:tlf1Ij-c'd!> Qn!, 7 )v:i 1) X'k ~:J:: J -e~t~-c'~Q~fx:~d:~~-e~~I3"J~:~d:'7::L -1)
/~fI~~=J::J -e~~~Q ~ cn~-c'~ Q. '7.:L -1) /~fI~~d:, 7-7°, ~ 'Y ~, ffJU1ij
$0) 3 JO)$7t-c'f.JJX~tlQ. T-7°~d:lCtifUij1Jrttl~=~~N~=1$Lt-e:B ~, ~~N1~0)*~

§ ~=~WGtlLV)Q. ~tl~tlo)*~§ ~=~d:, T-7°~c~c: J:: ~itlQ d!> G10) C:~~~ G
ntc.1f~Nfj~O)~c~O)l JiJ!~cA~tl:Q. ~'Y ~~d:1it~=~9§0) 1 J~J!LV~Q. mU1ij
$~d:1it~::, d!> GtJ\ C:60~~ Gtlt~1f~N1~0)~!ljO) 1 J~::d!>Q. d!>Q~~IJO)'7::L -I) /~
mt~O)JJJ{!P~d:, mUf~$O)~7\!ljq e:A..'Y ~tJ~J!LV)Q*9§0)~c~aO)t!i~~bit(q, a)
~::J:JLjG~~::~~~, .:c0)~9§0)~c~~~c~a'~=~;Z, A..'Y ~~ 1 ~9§7tti(*
t~~d:lC) ~::JJJtJ\ G, ~7\~~ q' ~=~7\..QC: v) 5 ~O)JJJ~tJ\, ~:: -r:WJl:9Q C: v) '5 JJJ~-r:
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(q, a)~ (a', R (*tc.~d: L), q'),

(q, a)~ halt

cjf<. ~O)JjjfFm)EO).~7J!7-.:z.-I) /7"1t~0)7)1;:1 1) A'~ ~m)E9G 'bO)-c'~G.

AfJ7J!~2~~J ata2 ···an-c'~G C~, 7-.:z.-I) /7"It~7J!Jjj~Mi&)GC~0)7-~0)*9
§ O)I*J~~J: ···BBat a2 ···anBB···, ~ 'Y ~ O)fftfil~J: at 0)*9§, ftjfJ~$0)~m~J:1)]m~m

C:J::~S~~G~)EO)~m-c'~G. tc.t~G B ~J:, ~E3 C:J:~tnGAfJ~:~J:~*ntJ:v~~)E

0)~2~~~G. W11: Gt::. C:~0)7-~O)*9§ O)I*J~ (li:tifllijjj~~:fi~R~:~ < ~E3 0)
$7t~J:fi1jl9 G) 7J!, 47L r; nt::.AfJ a t a2 ···an ~:~t9~ 7-.:z. - I) / 7"1t~O)ttl fJ-c'~G.
m-.fl~~ O)JI~~:.t3v~-C~d:, 7-.:z.-I) /7"It~~-~{~Gt::.1~#t)EJf17-.:z. -I) /7"1t
~ C: J::~S~m-~It~ 'b M!m9 G.

4-3:

T-~ 7 0-7---:f-T77-~---~~~ Gtc.~t.lt~v~ 5. M~/\17°71/jjJ:t7J!~

< m v~ GttLV~.Q. ~\~t~ l'-7 /7J~~0v~~fTrmMimfj~ct~~ t~1ftlfl~j:1ftlfl/\7~ l'
~:.~~n, f~~~~~:i!GnG. lJ{~~*~j:1'-7 /c G-C~~a2ti~:~~nG. m
~~2ti-c'~d:, l'-7 /O)~JtO)1ftlfl~:{5(~ 7") ~~~ n~!i!lO) l'-7 /n~9~-C~

o ~ t::. tJ'i C 5tJ'i~7- :r: 'Y 7 9 ~. 9 ~-C~0 ~ te.~~~: ~d:, ~O)~Jt~m)E ~ nte.1ftlfl
a2tiI*J0)1ftlfl~~1<9 ~. ~~a2ti~j:/\ ~ ~ :::L~tJ: C~m v~te.i!I!~a2tijjJ:ttJ: C~~~

~n~. *te., ~< O)T--~7 D-'";7~ /~d:.~;(~ I) --~mitG-Cv~~. ft2~1j~ I) A
l' t~ CO).~f*~ l' --7 / c G-c@:~S9~:T-~ 7 0 --7":; 7 1:~if,f9~ c ~d:fo/.JJIS9~:

~d:/Fmfj~~~G. Gte.7J~~ L~2~J~ I) A 1'tJ:C~f.~;{~ I) -~:m~G-CT-~7 0
7"7 7 J:~:~d:~0)~1 /~-~ifrt9.•~;( t 1) -~:J:: J -c~ t 1) -}, /' ~~MO)~j>tJ~

~ r;nG C: c ~ ~:, T--~ 0)~m{~~(PJ1tf77tAtJ: C~:J::~~ii{~7J!J¥~~~~. lJ{
~~fRO)ltfI~ v~)1;~:~ G-c*HI*1lI3t0) 'b 0) c*Il*1lI3to) ~0)7J~~ G. t~~~ c < ~:'";7 7 0
T-~ 7 O-c:J::~S~~ C:7J~~~. T-~ 7 O-'";7~/~d:1f!-O)T--~ 7 0-7°0t 'Y~-
tJ'i Gf.~~nG ~O)O)~~iJ'i, ~fJ:.O)T-~ 7 0-7°0t ~~-~f~li*8~~-c'*S~Gte.
~m7°Dt'Y~-f.PX:~ CG ~O)~~v~.

4-4:

*mm~~u'";7~/c ~ V~ '5. ~F*~:~< O)lji~~~~7°Dt'Y~-tJ:CO)f$j~~*~f~

li*8~~-c'*5~Gte.~~Ij5l}1JI~A 7 b. ~ V~ 5. m~ii5l}1JIO)~~~±§S9 c: G-CV~G.

~tJ(-c'~d:fJ:.Efft~J:O)«~~*tJ'i GtJ:G ~A T b. ~t~9. *mm~AT b.O)~J c G-C,
m:ll.jjf*~~= 65536 fto) 1 e'Y ~lJ{~H~*8~Gt::Connection Machine tJ:cn!~~.
VLSI 1tf{{0))1gJ!{~:J:J L~ 6 ~:*mmtJ:~AT b.n~f.~~ net '5 c G-CV~~. ~~1j7

)1;:1 1) 'A'b., ~~Ij~JIm ~~n, T}'~ !/tJ: cO)~~1j7°D7"5 2 /'7"~!lO)f.~iJ~~I3t~

~1jm-~ItO)~~~:rPJ~tLO).~tiJ -cs tJ, ~~~JIc~j:.S9~:.tJ:~te.rJ:J'OfWt1co)?
7°D--rtJ!~*~ tt.Q.
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4-5: iJi~lt•• (it¥lil16-117)

[l]VM c~~2g-Q. {&mtl~, 1\-T~Jvx~/', J:lA 1'x~/'C~V)'5 . • ltO)
;t~V-T ~ /'~~ATb (OS) iJ~ 1 ::>0)~1±g-Qm-JJtlO) ~ c~(lijm¥~:lJJfFg- Q J:: 5
~:ffjlJ~~ ttt~m-Jitl~ATb ~ v) '5. ~~O)t~&)~:~j:{&mm-JJtI$lJ~7D~7 b
(VMCP c~~2) iJ~~\~'"e, {&mm-Jitl~j: VMCP ~:J:: '? -C~ ~::L }/-1' ~ttt~~~~tJ:
m-Jitl~ATb '"e3!>Q. ~tt~:MG-C, ~~O)m-Jitl~AT bo)~ c~~m-Jitl, $A
l'x~ /" J'\7x~ /tJ: C c J::~~. {&mm-JitlO)t1*~~~d:, (Iij-O)3!>Q v)~d:(lijfjO)at

Jitl7-~T!JT ~ -0) ~ c '"e, VMCP iJ~~;t~ V-T ~ /!J~~AT b ~~~~ti~Jm (
frJffl~~Jm) ~~fT~1tQ z: c~:J:: tJ, ;t~ V-T~ /~~AT bO)~m~fT~llJtrec

g-Q:: c ~:3!>Q. VMCP ~d:atJitl~AT b:@:1*O)jflt~1f~.G, ;t~ }/-T~ /'~~A

7 b J: tJ J::f}[:~~f}[:1R L, -CV)Q. Gt~iJ~'? -C, VMCP r'"e, .;t~V-7 ~ /'~~A7 .b.iJ~

~~.~~~fig-Qc~~~~H~g-~. ~c~~, Alliti.~, E.~.O)~ftR~

tJ:cO)~~:~C~. ::O)c~, VMCP~J:{&m~tJitlO)~Jm~~~, ;t~v-T~ /~~

A T b 0) q:. iJ) G~ti.~iJ~IE~ ~::HfT~ tt-C V) Q ~ c ~.~~G, ~ti.~ ~~~ ::L }/-

~g-~. ~0)~~.~~~::LV-~3/'~~7~9x7~fi~c,~*O)M~m¥OO~~

ffl L" ~jj$O)~v)m-JitlctJ:'? -C L, *~. ~ O)rp'Jm~m~g-Qt~&)~:, ~~.~~~ =z.
V-~ 3 /'~77 - b 9 x 7 ~::J:: '? -C~Jm{~g- Q:P~iJ~~~~ tt, z:tt~{&m~tJitl7

~A 1'tI.cJ::Iv'"ev)Q. *t~, VMCP ~J:{&mi2.1Jl:t~::J:: 1), ~~0)±~2.(~tt~

ml~~E.cJ:~)~LO)~.~~~G,.~0){&mm-.tlO)~*g-QE.~.(m2

~~~2.) ~::~t~g-Q. {&m~tJitliJ~{&m~2ti(m 3 ~~~2.) ~~~G-Cv)Q c ~~J:,

m3 ~~i2.0)7 ~ VA~m 1 ~~~2ti0)7 ~ VA~:~~R~g-Q~-c'3!>Q~~ ~97

7"Jv~ VMCP n~f"F tJ, ~~O)~Jm{~~~J:7J)'? -Cv)Q. {&mm-Jitl~J:.~O);t~ V-7 ~

/'~~AT.b.~1mm¥~:lJJfF~itQ~ ciJ~~~QtC.&)~::, ;t~V-T~ /~~ATAO)MJ
H, fmO);t~v-T~/~~ATA~0)~1T, ;t/'7~ /'~ATAO)MJHtJ:c~:fflv)G

ttQ. {&mm-Jitl~d:m2 fitf-\:O)~.~tJ:m¥7}Wtl~~~A T b CP/CMS c G-C ffiM *±7J~

1964 iF7J) GMJH~fJ.fi&)t~. ~O) § ~~J:, 1 ttO)m-Jim~.~O)AI:< iJ!(lijm¥~:ffJffl G-c;t
~V-7~/'~~A7bO)~~~~ffl70~7bO)MJH,v~-~fF~~c~fi~QJ:

:> ~=g- ~ c V):> J~~~3!> '? t~. *t~, ~ff0)7°ci!/7 b. ~ v),? ~ v)R~it9~:-~5ll1~ffl

;t~V-T~ /'~~A7b.C~t~5ll1~~~-ftg-Q c:v):> §~'t3!>'?t~. CP/CMS ~d:

1966 iF~: CP-40 t~ Glt~: eMS C: G-c IBM ~ATb. 360 :tT'Jv 40 O)a~tI~::Sv)-C7i:

~Gt~. CP/CMS ~J:, m 1 fit1-\:0)m¥7}Wtl5ll1f:1~ATb. ~3!>~7~T=z.-1z~YIf4*~

0) CTSS iJ) Gm*tJ:~.~~~tt~.
[2] :J /'I\~ 7--~::S~tQ§ ~~tJitlc: G-c, {&m~~=~ ~ Gttt~~tJitl~ v) 5. {&

m~tJitlo):J-- ~'"e.iJ)ttt~ 7°0~7b~~1Tg-Q ~~~J:, ~tt~~m-)fmt0)7°0 ~5 b.
t:R~g-Q tJ), {&m~tJiti (J) ~~ =z. V --~ --~ ffl ~g-Q iJ) GtJ: ~ttt ~ttJ: GtJ: V). {&m~
~flO)~~~tJ:.~~J:, ~~(J)~t~flc:(lijC:~, a2ti~~, ?j{~SJ:V:$lJ~V~A

~--, A~~!Jflf.tJ:ciJ)GtJ:.Q. tfrl~~y~, .~~aO)~~, 7 ~vAf~)ESJ::ltT

~O)~$~~~, .~~MO).~.~c:~~tt., ~-~~~s~lt~~~flO)~~~

~~GTa~~tt~. §~m-~tlC:G-C-.ttO)3!>~{&.~~tI~a~GTS~~, ~

(J)~~::L v-?7-~d:~< O)~~t~tI~M1fi~:~~~~~(J)~, EJt¥J7°D!/7b~d:.fj(J)

~~t~f~~~fTPJfj~c:t~~. ~ G~=, ~O):J /J\~ 7--~EI7}O).~~~ft~fflv)L~2ilB:
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L" :1 //\1 )V9tl~t. 13EJ(]~D!/5"beL"l{&~~~tlO):J-~-r~tJ)tlt~~D!/7
bn~~Gtl~O)-r, :J //\17-13~t.>ftgO)~JJtI':3MC'~~.3MO)~Cl:, ~~
JJtlO):1- ~ ~~J£9~J:::>'::1 //\17-O)mtMi~D?~7b~~~a6), fIj:J //\1
)v9tl~i, i1tfO)a~~:l//\17-n~~Gtl~.

[3] X1 ? D7°0!/7 b~:J::~~JJl(})~tf<ctet:Q~~tI.ft2.&~~:J::J -CfF~tlt~

~~tI (CPU) ~j:tfPfJt 'Y ~ n~~JEEJ(]l:' ~Q (J) l:~ G, ~~17 ~ ~ ? x 1 ? 0 ~D ?~ '7
~ /!/a:~~m ~)$tJfMJa2fi~~~ltx~ z: C: l:J:: J -Cfjll O)~m~~tO)1fitfJ~'/ ,,~rp'

a~'C':m~9Q::cn~"iiJtfc:tJ:Q. .:z.=I'-'!t)ViFA ~ ~D~y'!t-~1~D:0)~~~

(J)I.~.:LV-~3 /,~§EJ(]cL-c~m~:~~~tlt~~JJtlC'~Q. *t~, i6im~.tI-c'

~J:l3tiO)Mfft~O)~JJ~(J)I~ J. v-~-~fix, ffitlfj~0)3rr~~~l:9~z: ctJ~
~~). ::. (J)J: -5 ~=, 717 0 7

C o!/5 b ~:J: J L~lJ1 ~ tl~~~tI~j:{&~EJ(]tetff1£-c~

tJ, (&~~.tlcJ:tfn~::. C:iO~~~.

4-6:

:J /' t:.:I.-~-y-;f-T7~~-c t>t,) '5. Jbfj~:'d:, ~~tI~$Cl)aa~M~, 9tet
h~~~tlO)~J£.~c:tetQ~~EJ(]tltf~=~~c~O)m~n~~, tet~~~~tl~~
JJl L,~~) Q¥f!i{>~lt~Fa9. ~) <Jt1)O)JE.tJ~~~Gtl~ tt) QtJ~, -A'itf(JI:Jb<~.
tJ~~ ~tlLV) QJE~~d:*t~tJ:tt). im~lj:, ~Qtltf v~)vl:HBf<ft L,t~~••O)jfB~(J(]

.~~m9~~C:~XGtl-Cv)Q. 9teth~, tlt1ttfPfJO) v~)v-cHB.ftL,t~C:~~j:1fit
fJ~ '/ ~ 7 -:t=-T? T ~ - C:: J:: 0:, ~D -e ~ '!t- (P), ~ t I) - (M), j6~A 1 ~T (S)
~¥iY:I:~XQC:~ ~J: PMS 7 -:t=-T?T ~ - C: et~~tet C L,~ IKBIJ9~. ¥1:m-JJtl7
:t=-T?T'V-c:~)5C:~ld:, tfPfJ~'/ "7-:t=-T?T'V-~m9~CtJ~~~:\.L,tJ)l,~

.1j:~0)J::5~:J!JI.tJ:v~)V~~~9¢::'etJ: <, m-.tlO)aa~M~C:~O)~JJl~Jt~

-2i69L3t~c:~~tl7 -:t=-T? T'V -t:. It):> ~.~M!m L,Llt)~. t::..t~L" i!m*-rO)
v~}v~'J 7 "ry.r. Y(J) v~)v*-Cld:n!>A I3tet~)O)t1~*im-e~Q. m-••y-:t=-T?
7'V-~d:, $~ttfNc:~mlllgtJ\G(J)~SW(J)}\7/AO)"Fl:JE*:Q. Gt:::IJ~J-r:, ~~~

J~-rlj:fl$CjJ-c'~Jt~7-;f--r7~~-t>~cc t> l::lFilWJtJ: t>o)l:tet~ z: t:. t>~~ L,
~~:~~EJ(]e ~d:~htltJ: tt)et :> tet7-:t=-T? Ti" - t>, ~~O)~rr c C: t> l:fl~:lJtet t>0)
ct>tJ:tJ 3~. 7~/· J1x/c;~:J::J-C~(J)£*7-:t=-T?T~-t1~JE69l3tlt~;g

1 fft~O)~••~*, ~JJ.7-:t-T?~~-~J:£*tJ(jl:~Jmf~~~Jft) ~i1i.~f~O)

~(ti]l:~~G-C~t~. ~~~~0)~~-c'~Uc~x6ttQiJ~,*-rt1\~~m*-e~~~

EJ(]l:~.L,-Cy-:t-T? ~~-~i:R:JE9~ ~ c:t1~*9*Tm~l:tJ:J-C~-Clt)~.

4-7:

~~tI-rM< ~~rp,a~:~tL" lbEJ(]l:~O)tfPfJt~ ~ 7-:t=-T?Ti"-~~~~ttQ

~~tl7-:t=-T?T~-~~) 5. -A'il:~.tI(J)tfPfJ-e'/l' ~J:if1i~)mmi1~t>JJ::>l:
~JE~tt~tJ~, ~mJt'fO)~~{t:,:~t,), ~m ctfPfJt '/ l' 7-:t=-T7T~-rp'(J)t~
/7-1 ~ 7=¥~ '/ ~n~~L,<m*G, ~~~jj~tJt«t<tJ:~. ::'(l)rp,al:~f~9~t~69I:,

~~1 T ~ 'Y ? 7 -:t=-7 7 :;=-~ -n~rm§E ~ tlt::... r~'lDiI~i1 ~7 -:t=-T 7 T ~ - V~)V~

M••~:4x~~~, £c G-CX1? D~D?·7ba:~~fIJm9~.9t~b!>~t~c9
~r~,a~:ilGt::..tfPfJt'Y ~ ~x1' 7 )v~D ~7 b ~m~)-C~JJl G, rp,a~ cl:1fflfJt~
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l' ~j}j~~:~jt~::.C ~:J:: J L7-~T7 7-v-~:j}j~ilftlt1~f11JDTG::' ciO~nrfm~:
tcI.~. ::O)t~~, 717 070~7b.~mRfiT~J.--=E: I) -~d:.~jtnrfmct~JLV)~.

ilftf~~d:ra:t'Jmm~O)ll1J~:~t~cT~ ra:t'Jm~ft~~:mfffG-efT'? iJftiO~~v)iO~, ~; ~:¥fJ

GTT~, 9l1J1M~fTg:t ~:ra:t'JmO)It1. ~7J'T7-~ ~1&_T~, TtcI.b~ 7D~ '/~-O)
jJJfF~lt1~J\ - ~ r) I 7-=E:=.~ - t~ C~mV) -C1&_, mfffT~117* 't>~~. j}jfF~lt1 ~

t: ~ t:, 70~7b.O)-$~:~fImfr~'iO~_g:tT~iJftiO~~<, :: O)mfff*S*~'t> C ~:~

t~tJ:iWitltre1fr1fJ~~1JD9~ z: C ~~J:: t) ~fI~jj$~~l:~~~. ~ 0)=¥7*~d:7-~T7

7~-7-::J...-=/~CJ::~ttL~.

4-8:

~~/1 7 /~~)ltlO)ft~~tcI.~ATb..~11JtO)-J. 7-~ 7 o-$IJlMJ11Jt~:J::

J-C$lJlMJ~tL~7-~T77~-~V)'? 70~7b.tJr) /~-iJ~t~ <, ;t~7 / ~7
-~iJ~7c0 J t~tI~1fr1fJ~d:L§{J1M~~~70~7b.0) c:: ~:~ J -C 't>~fTnrfj~ctJ: t), lJi.
~!liJ~~v)-Cv)tL~J:lJi~iO~~fT~tL~. Gt~iJ~JL, 70~7b. ~:r1']1±9 ~T .r{Lo)~

~UIt1 ~~fTmf~: sf~ ttl9 ~ ciJ~~~ ~. *t~, tI~1fr1fJO)~fT*5*~d:AtJ7-~ ti~t~:

J:: J L~&) GtL~O)~, mJ~~~m~~m9~l:'""C'~flllt1iJ~J:: v). ~ G~:$IJlMJiJ~Jt~~

tt~O)-r:, VLSI.~~:ilGLv)~. GiO)G7-~7D-x~/c GL~mf~T~t~~

~:~d:, ~jj$O)~v)1fr1fJ~1<tlf., .~f*~tl)-O)iWiJmft, ~~u~m, 7J,'/~11JttJ:

c~~< O)ra:t'JmiJ~*~~O)**9!~ttLV)Q.

4-9:

~)ltlO)tlfj~~1fr1fJ--e'/ l' 0) v/'\)v-c'HIJ~ft Gt~ c~0)~~m7-~T77~-~V)
'? ¥~:~)lm7-~T77~-CV)'? C~~d:::0)7-~T77~-~mT::ciJ~~v).

~f*~~~~d:, 1fr1fJ~'/ 1'0)r1']~, 7-~0)~m~Jt, WUi6:~tI., ~2.~altlfmtJ:c,

tI~1fr1fJ~-B!!m GL7°0~7 ~ /~~fT5 C~ ~:~\~tcI.~~tlO)~It1~m9. ~ 0) v~
)v~rO).~, 9tJ:b~?Ji~HO).~, r1']$$IJlMJ11Jt, -B!!m*TtJ:C't>1fr1fJ~'/ l' 7
~T77~~O)~~~~::1>tcI.iJ)6 ~~.~4;tQiJ~, i1!f1€~~::~d:~*tttJ: v). 1fr1fJ-e '/ l'
7-~T77~-~d:J\- ~r) x.? cV71' r) X.?0)1 /~-7I-A~~~9~0)-c',
J\- ~ r) I ?t!~C V7 l' r) x. ?t!f,i~0) V~)V~::~bitL~~ftfJ"J~::~~tJJ$fJ"JtcI.V~)V
~::~~)E~n~~~-c'~.Qnt, '.J 7 l' r) x 7 O)li~It1~mO)t~&) ~::;g~tJ:~!l!~d:fTbtttJ:

v). m 1-41!t{~0)~t~m-c'~d:, -jN:fJ"J~=J\- ~t)I.70){tt:JA ~{~~=c~tJ:v), 1fr1fJ~

'Y ~ 7-::fT77~-O)mfj~ v«)viJ!~* Q11~-c'~J t~iJ~, ~JlI~d:¥Riit!tJ:f.~O)~fJ

~'Y l' ~~i1!~ttLV)~.

4-10: CISC efW~288)

complex instruction set computer O)~fIJ\. ~~-r:~mfj~tJ:1fr1fJ-e'Y l' ~ ~Jm-~m~ v)
:>. m11!t{~~~, 1fr1fJ-e'Y 1'7-::fT77~~~d:~~~:tJ:JLV)<fL1i~iJ~~.QiJ!, 7c
O)±tJ:L§{~ c Gl~d:,

1) ~.Q 1 JO)~t~m7 7 ~ 1) -~=Sv)L~d:l:{tL11~~0)1[~Jt1iJ~*6b GtlQt~6b, m
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2) 7°0 if7~ ~m~:t)~:\L~)j(~tlGflfi~c1frttJ~'/ l' O)ra'O)~x/7~ '/ 7 ~~ '/
~~fW~~TGt::..~ ~:, *JTt::..tJ:(@jflfi~O)1frttJ7J~f'f~t1Jo;t Gtl~,

tJ:C7J~d!JG. CISC ~d:, 1frttJ~'/ 1'O)f(fj¥ft~±~TG RISC O)t~P9~~:J:JL, ~tli

T~.~c G-cP~;t Gtlt::..P¥~-ed!J~n~, RISCO)~.~.~~:fW'RT~ C, illifflflO)
~< ~d: CISC ~:7tm~tlG. clse O)ftJtrffl~x;t~ti~c G-c~d:, M.fI~M~xtlT

G CAD ~AT~ti~O)~Jll~, fI~1frt~~ '/ l' O)flfmO)m1JD~~£~fflIJ~~a.O)pq~
0)~£~~-emfmcTGx~7D~oif~~/ifti~~d!JJ~.

4-11 : Rise (~~776)

reduced instruction set computer O)~~. 1frttJ~ '/ l' ~f(fj¥~:G-C:1 / /\~ 7-7J~mt.JT

Q § 139 7°0 if:; A0)~Jm~fT~ § mTM~fI~ v:\ '5. -~~:1frt~O)~fT~:t) v:\ -C ~J:,

1) .~tJ:1frttJ~ '/ ~ 0) 5 !>~~~:-M!ffl ~ tl~1frttJ~d:~tl~~ c~<tJ:~:\ ~ c7J~~M139~:

~~tl-C~:\~,

~~flaO)1frttJ~~)j(~tl~ma~~J~~-.TQ~~~~~<d!J*~-M!ffl~tl~

v:\,

t~ cn~m.-c' ~Q. ::. tl6 0)J~~:-.:J v:\ -C RIse O).{}[It1n!~~~ 6 tlQ. RIse ~O)M~
m~:jtim139tJ:~. ~ GL

2) 7 ~ /' • J ~ ~ /' · ~ 1')1;* '/ 7 ~iI~t:Qt::..~~~ IJ -0)~~.~~d:0- ~ / A ~ 7
1frttJt~~t-efTv:\~~n)O)1frt~~d:VYA~-~fflv:\Q (0- ~ / A l' 7~~~t),

3) ¥-~~7 )J;~rf3'pq-c' I1frt~~~fTT~t::..~m2.rnBJJl~:J:QfflIJ~~fT5 (m2*JrnBJJl/]
~),

4) ~~~~7~ VAf~JE$O)~~~tJ:< Gl~~O)m*R~:~T~~rf3'~~.T~ (~~

~~),

5) ~~~~~~JEGm~O)f(fj¥f~~~~(~JE1frt~~~),

6) /\~ 7°7~ /'~JJlO)~Jm{t:t~c:J / /\~ )1;~~:-c'~ ~ t~~to)I*:~TQ (:1 /'/\~ )v
~o)I*:),
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tJ: ent*~j t;tt~. :: O)J:: 5 tJ:I7c0)*6*, VLSI J:O)fflIl~$O) r!i~~ OOfl~J:T-:$7~

fF~fT5 $7t~:~t l-f§~ta9~:/J\ ~ < tJ: lJ, .:cO)7t~1fttfl::f-v 'Y ~:L ~=¥~~O)~fim!Jl

~f*~9~*~.0) v~~:$7-'7 ~ :/ ~'7~:fflv~:Q~ cnt-c'~~. RISC ~O)M.tlo)

f?iJ c l- L~d:, ffiM *-to) 801 ~ =:1 :/ 1:::L -:$7- (itfiffltl~J:IBM RT PC r;-? AT-~ 3

:/), :JJ I) 7 ~)v=7*~/\-? V-~~:~V~Lrm~~ttt~ RISC I c.:cO)r~.tI RIse
II, A:$7:/ 7 ~ -.~*~(J) MIPS tJ: ent~ t; ttLV ~:Q. ~~ c l- L ~J: RIse ~J:, tI~1ftt

flO) v~)v~r~jLx1? o1fttfl~:Jli'":5"~t, ~~::1 ://\17-O)f~wrJ~*~ < l-t~ ~O)

cf}[1R~~tQ ~ cnt-c'~:Q. l- t~tJt-:J L, :I:/1\17-0).ii{t~:J::-:J L7JJ*O)~ V~ EI
a9::I- ~ ~1~~::cntm~ctJ:~. A~a9~:~d:, 1\1771 /~;jJ*~< tlfm~tt:Qt~

ltJ,

2) il!g7t~1JJt~:J::Of'A~tt:Q~~fF1fttfl~-c'~~t::~tl*<,

tJ: e ~fT'5. CISC nt~v~~.se ~ ~ -:J t~itfiffltl0)7-::fT? T-V -O)~JilJ~ c9tt~t,

RISC ~d: VLSI 0)~~~~i(~:~t~~:f~~~ttt~7-::fT?T~-C v~;t~.

4-12:

tb~0)1$:.~1R~70~ 'Y~-, ~c.~1R ~f§li*6~m ~ ffl V~L*6~ l-L, (fljJmIJ'1,
{~,JiIJ'1:t3J::Lt~~IJ'1O)rPll:~~~:: c~±Ela9c Gt;:5ll1~1JJt. ~~5ll1~~:~tll9:Qffl

m-c'~~. ¥,FLfflMJJflO)r@jJmf~nt, ~J.m.J5X:1JJt~/\- ~'7 I 7tt~ (T/\1 Att~~

~~tt~) o)~~-c'~d:Gt::v~ ~:~.~:tJ: lJ, Ml~1j5ll1~~:J:::Q (fljJmf~nt):j(~ Gtt:Q J:: 5 ~:

tJ:JLV~~. r@jJm5ll1~~~\~c9~pt\ffl7tlfc l-L, i1rt~7J~, J*T~~~, ~5U:7ft,

.~mfJT, jtVi~~, VLSI @J1m~ ~:L V-~ 3 /t~ eO)f~~tt~M.7tlf, IOO.9l1~,

~~5ll1~, mi%5ll1~tJ: eO)~~ra~5ll1J.m~x /x~ /~t~5ll1~7tlf, 1,:$7- :/~;g~, EJ~

~~~m, tl~cv~Jt~AI~fl~pt\ffl7tlftJ:en!~~. :A:$7 :/7~-- ~*~0)71) :/~j:,

1fttfl (I) ifrtCT--:$7 (D) i1rtntlfi- (S) 7J)fl~ (M) 7J)~=J::J LMJJflO)1JJt~*~ < 4 ~
O)~m, SISD, SIMD, MISD, MIMD ~:7tmGLv~~. *~~t~Ml~IJ~tJJflcl-L
1970 iFtJi~:~d: 64 it0)1••~1R~~Tm-c'*6~l-t~ SIMD M~fI llliac N 7J!~J5X:Gt~.

1970iFf-\:f~*~=~J:/'17°71 :/$tl~1JJt~If~ lJ Attt~ Cray-1 n!Wtifflf~~ tt, ~1~~f~

~tJJ?tlf-c'!'\17°71/ffJU~1Jrt7J!±mtctJ:JLV~~. 1980 iFf~~~~d:VLSI ~f~~imx.~*t::.., AI*Dfl~tJ: C 0)~F~fL«5ll1~tJ: Ctbf~tJ:pt\ffl7J!~7J!~ ~=f* v~, !'\1 7 71 /ffJrJ~1J

Jt~~O)Ml~1J5ll1J.m~ATbO)rm~~~ · itijfflft7J~if§ltJ Gttt::... Ml~U5ll1J.m0)~fflffj~if§~

~ ~=~d:, (flj71<~O)Ml~1J5ll1J.mffl ~~ C: 7°0?'"7 ~ /?'"O)xti~J::rtMl~IJ~7tO)rm~t~en!
m~tJ:~a-c'~ ~.

4-13:

IOO.O)fiUPJT5ll1J.m~=~V~L, IOO*f(i, j) O)Jlif-Ji~N(i, j) C: Gt::..C:~, A1JIOO.qtO)Jli
f-Ji-T--:$7 N1(i, j) C:, g--c~::~t~~ttt::..lli1JIOOf~qtO)Jlif-JiT-:$7 No(i, j) ~mV~L~$:JJ

O~1Tv~, g(i, j)=CXN1(i, j), No(i, j))
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~:et~LtHfJOOi~g(i, j)O)fii~31<~Q~JI~v):>. z:tl~:~tG, N1(i, j)t::~t~mV)L

ljt{~~1T:>~JI~}lft~J~JIc v) 5. ML~J~JI~~d:, ~JI~*~d:OOi.O)~~$~:{t{ffGtJ:

v)I¢~, ~~~JI~~d:, ~JI~t~ctJ:QOOi~~~~~~:~tRTQ~\~I¢~d!>Q.Z:0)00i~~

tR$~:~d:, mj{Ij~~:00i.~~~TQ7A~-~~$C,~JI~*~:JitCL~~:~JI~T

Q00i~ ~tIc~TQ~rf$l¢~ d!>:Q. 7 A~-~~$~d:Jlalll~~~*HI.f~~mV) Gtl, ~rf

$~d:I~ ~~tH, .flHtH, tt~.~rf~:frjm ~ tlQ.

4-14: ~~Jlit (iWft641-642)

~lJ~TIE~~, ~lJ~tH~~O).J£$, ~~f~.aetLF~~$, ~~0)~lj/'7~~

0)~~~~:~TQJI~~v)5. ~tl~:~d:, iW~7Jj~~f~O)JI~~~u~cl¢~d!>Q. ~~

JI~O)£lIctJ:~ LV):Q O)~d:.~~~O)JI~~ d!> Q. z:tl~d:ff~R1*~:.a ~t Q.~f~~~:

£:5<JI~-c' d!> QI¢~, 1\ ~ /'7"JlallltJ:c~ lJ ~:~tJit Gt~Jlarwl¢~m~tJ:f~WJJ ~ljt{ CQJ~~:

~.I¢~d!>Q . • ~~~O)r:p~:~d:, BCH~~, 1)- ~ · '.JO~/~~, :i'YI\~~tJ:C

O)J:::> ~:, {~~~~:.J£~ tl, ~ t) ~rlEfj~1JtJ: c~:~tTQ~R~~I¢~~O){~~~.~~flj

m GL~I¢)tlQ-llO)~~7J~d!>Q. z:O)et:> tJ:~~~{~~~~~cetvS~. {~~~~~~:

OOTQJI~~d:, ~~JI~O)r:pl:'il'b~ GV)JI~1**~ 'b t>, ~O)r:pJL\~{}[.~ r5~LV)

Q. ~~JI~O)r:p~, 'b5 1 Jm~tJ:{}[fi!~r5~QO)~d:t~t~~~Jj-~~O)JI~~d!>Q.
z:.tl~J:, ~~O)~m, ~~$tJ:CO)JI~I¢~r:pJL\ctJ:~Lv)Q. ~~JI~~d:, ~0)~~7J),

J'\--A 1'~lJ, -1JrmJ(1~tJ, rPJm~lJ, lji~~.~j£1:T.Q~lJtJ:c~~~"~tJ:~lJ

~:~tG, ~tl~tl~:ilGt~~t]~TIE~~~.J£TQJI~~,~~f~, ~~O)~.{~O)JI

~, AliltJ:~~~:OOTQfJlJj-'@Jbit~~~JI~tJ: C~MJ.tV)~lf~ 'b ~ LV).Q. ~~JI~

~d: 1970 iF{~I¢) 67.{ ~~}ltJlf~, mT~t~fI, 7.{ ~~)lt~-7.{~ • e7~0)~7.t
lf~:.a v) -c, {~'JiJ(1rmJ:O)t~~J.t <mv) 6 tl-Cv) Q.
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Lesson 5: Computer Science II
(fundamentals; part II)

;t lJ thinkino rememberina
~, ~

~2ti~tI

±~2ti

:t-;t!J 'J '7T
Y:l:f-;t7

storage, memory
main memory/storage

1& fJ temporary, ephemeral

iJ~ tJ «(J)) temporary~ provisional
f&~~2tf fJ'J'7:f-;t!;
f&~~~~ fJ~'771~/:f-

~2 :f- account. narrative
G~(9) to give an account of, to write down

a21i :f-;t?
~~S :f-o 7

fie "Y use
:JtJ\(:» to consume, to employ, to use

PJf9!ffl ~1Y3'7

*f9!Jfl(J) ~Y3'7(J)

m "Yfinger
. ~ (9) to indicate, to measure, to point to; ~<J finger

m~ Y~

mta YT:f-

=¥- "Y .:J.. arm, hand. handwriting. help. skill
L arm, hand, handwriting~ help

=Fm -c:;~/

=F~ ~ ::L~~/

.:E "Y.:J.. main. master. principal
t3 ~(t~) main, principal; UJ. G owner

±~t~ ~.:l. 3 '7tJ:
± i1rf ~ ::J- I) .:1.'7
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virtual memory/storage
virtual machine {comp. sci.}

memory, storage
record, document, recording

reuse
unused

indicating, designating
indication, pointing out

procedure, process, protocol
means, rneasUfe, vvay

main, principal, major, chief
mainstream, de facto standard



~¥IJ-L :/ :J.. r) following, secondary
G tc.. tJ~( '5 ) to accompany, to comply with, to obey {vi};
1" t::. iJ~(X~ ) to be accompanied by, to be attended by {vt}

fJE~~1c :/ :J.. r) 'J !7~ /'A r) dependent variable
fJE* (J) :/ :J.. r) '7 -1 (J) up to now, conventional

m :/ 3 r) circumstances, emotion, facts, feeling, human nature;
~ -1 circumstances, emotion, facts, feeling, human nature

~m :/:/ 3 r) circumstances, situation
m~ :/ 3 r)*r) information

'J r) concept, idea, thought
{OC~7~VA

.~

virtual address
conception, idea, plan

Ab
F.I~ J r) ability, classical drama, skill, talent

PJfI~Jt1 jJ J r)t-1
f1fI~ :F J r)

possibility
function

~ l::. 3 r) chart, diagram, table
~ GV(9) to express, to show {vt}; ~ GV(n~) to appear, to bereveaIed{vi};
:J3 'bL front, outside

~m 1:: 3 r) If /' expression, representation
~LIc~ 7 /'A r) 1:: 3 r) random number table

,:tg-r 7 floating
'5 (7J\1t'5~) to flit across (the face), to float {vi};
'5 (7J\«,Q) to show (feelings), to set afloat {vt};
'5 (<)to flash across one's mind, to float, to rise to the surface

iJl5a:i¥J: :;:F 7 :; 3 r) magnetic levitation
i¥irt~. 7:l r) 3 r) 1) 3 r) floating capacitance

fIl *r) news, report, reward
U <(v ~ ,Q ) to repay, to revenge, to reward

m~~~ :/3r)*r)jJ#!7
~~7~ T/':F3*r)

.m. A
~ 7~1 coming

<(~)to be derived from, to come

7C* #/7-1
JlIv~~* ~ 7J) v~ ~ 3 r) 7-1
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computer/information science
weather forecast

originally
the near future



5.1) ± [.8~] tJ:.
± [.8~] J:
±[~.:J.]CL,L

Grammatical Patterns

principal, main, chief
principally, mainly, chiefly
principally, mainly, chiefly

1. r~,allftJI1~7-~T!J7~- v~)v-cBt.tI~::4;t~tlft, ±C: G-C~1!J 07
0~7Ati~~fljmT~.

2. ~3 7 c7°D~AO)~fTO)*,J~, ~3 7, 7°otA7J~frJmT~±~2.~IlIO)if~,

Am~~IlIO)if~, *~~?-!Jm~O)m~tJ:.E~*~v-~~~~~A~Ao)±tJ:..
fj~-cd!> ~.

3. ~f*~d:**~~0).~-Cd!>~7J~, ~~-C~d:±~: 2 JI~f*7J~mv~ Gn~O)~::~IG~f*

q::T)V-C~d: 2 JI~::~NG9-~~:: n JI~f*~mv~~ c ::'~7J~.tJ:~.

5.2) -1.i [1 ~~ry] and -f&1.i [~*ry]
These terms are generally used to indicate some kind of contrast. When both -15 and ft!!15

appear in the same sentence or in adjacent sentences they are commonly translated "one" and "the
other" or "on the one hand" and "on the other hand," respectively. When one term appears without
the other at the beginning of a sentence it simply means "however." If -15 appears without ft!!15
somewhere in a sentence other than at the beginning, it usually means "one way," "one side," "one
(of them)" or "only," depending upon the context. When -15 appears in the role of a conjunction
between two clauses of a single sentence, it normally means "although."

1. -15, DOD 7°0 ~ ::r)v (TCP/IP) -C~d:, v~ <-:In\O) v~)v~~J~/l7 ~ VA~*7J~

f*m~n-cv~~.

2. ft!!15, T-~ *~fjO) 1 fj)~ t~ tJ O)J~~.~d:~O)JL*tJ:ffB7t~ 1& tJ *J -c-C~ ~ t~~t

~v~ 2 i1t*~fj-C~~ Gt~ C~O)*~ ~:f§~T~ ~ 'Y ~~~::~ G v~.

3. 2 ~O)~m1*~~f!R~itt~ c ~~::, ~-r~J{Jj~d:-15O)~J t~~.7Jtft!!15O)q&l& Gt~~.

~::~ G v~::' c:ti~t~~}j(T~.

5.3) 9-form of a verb
The 9 -form of an ru-verb or an xu-verb is created by replacing the final tJ: v~ of the present

negative form with 9. Irregular verbs are treated as follows: d!> G~ d!> G9; <G~ z: 9; T
~ ~ it9. This form is used as a literary equivalent to the negative conjunctive form, and often
carries the meaning "without .. .ing."

1. T-~ 0)~~~~~d:fTb9, ~~lli Gti~t ~1T '5 :).~ 1) -- ~~~lliGw:m:). t 1) -
cv~'5.

-63-



2. ~5 1 ~~j:~ 1m~0)~37'"(J)~m$mf!~j:~1Ii!9, ~m~~d:~-~7~-)v"O)Mi

~tt~~* t]~< ~6tJ:~~J:: 5 ':~~l:~~9Qjji!C'~~.

3. ~~O)m~ ~i!9tifF~~O)pq~I=J:: J Ltijf~O):>!> ~:~~7 / ~ O)fftEiJmn~JE*

~ 7 ~ VAm~~1 /7°,) ~'/ l' 7 ~ VAm~~~)'5.

5.4) ~~~ttl:.t3lt)L~
It)~ttl::itJ::
t.-)~ttO)iJ~ [~~~~)] ~

It\~ttl: ~L~

It)~tt:b\, ~)~nO) 'IJ\
lt~~tt~, It)~tto) ~

either way, in any case {quite formal}
either way, in any case {quite formal}
either way, in any case {moderately formal}
either way, in any case {not very formal}
one or the other, either
all, both

1. It)9ttO)~~b, f&m7 ~ VA])\G~7 ~ VA~~~9Qt::~~:iJ)tJ:t)~~tet/\-~

rJ .I. 7 C$lJ. ffl \} 7 ~ rJ I 7 ~~~'fiC'~Q .

2. ~m~t1~"'u ~l:~:tJ:Q C, ~)9tl0)7 !JT~ 7~:; 3 7~~+7ttJ:~i2tia~t~~ ~ c
tJ~-r:~ tJ: ft).

3. Nijm$mtt~~lIL,t::jj~, ~.GtJ:ft)jji!O)lt)9tt~m~0)~AT b -emlt\&3nT
v)¢.

55) conjunctive form of an ~~-adjective(or negative verb) + T.Q
The conjunctive form of an It)-adjective can be combined with 9 ~ to indicate that the

subject of the clause (or sentence) is carrying out some action in order to cause the object to
acquire whatever characteristic or attribute is expressed by that particular adjective. (Note: The
reader is urged to contrast this pattern with the combination of the conjunctive form of an ~ ~

-adjective (or negative verb) + t~~ (pattern 3.10).)

1. f}]mO)~JJ~..:c~j:7 ~ VA~fit/\- ~rJ.r. 7 ~1>tJ:<T ~t~~I:tm¥tJ:7 ~ vAFaJE
L,~)m tt) ~ ntJ:i1) J t:::..

2. Gn) G, ~~~}:a-r~J: 11f(l1J0)~fj-~17 )v~~<9 ~t::~l=ftij!l!tJ:7 ~ VAmJEt~

~t C: Gt:: Rise ~0)1f(l1J-t ~ "~.;tt~M.~~m1JD Gllt)t::.

3. *t::, ~~ctic:0)1f(l1J~T-~O)E~~~Ttt)~9<9~t::~, -to)l::'Y f'~~j:~~~.

~tlO)m~*t~~d:~O)m~C:9~ ~ C:;6~~lt).

5.6) connective form + tJ\ &3
The combination of a verb in the connective affirmative form and i)''1 ~ indicates that the

action (or state) described by the predicate following tJ~ G takes place after the action (or state)
described by this verb.
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I. IBM .~~{&!l!~2tijjJ-t~f*mGt~O)~d:, ~ATb 370 :6~af}]C" 1972 iF':t~J -r;Q)
G-r~Q.

2. f{fim~~.-e~7t~J~~~AT bO)ff&n~Mi~Jt~O)~iJ 1970 iFftl:~i~)J-en) G
-C~~.

3. =tlt:~tL,L, 7°0~7L ~~-c~2~Lt~~o ~7bO)jj}~~d:J :J //\17-~t~~j:

7-t /7~7-~M!J-r.~~7°D~7b~:~.GLiJ~~-ctJ:~ttlJt~fJ-c~tJ:~).

5.7) ~~c
The fundamental meaning of ~~ C is "extent" or "degree." If ,~ C is preceded by a

demonstrative pronoun, the phrase literally carries the meaning Uto this/that extent," but it can
frequently be translated simply "this/that." When ,~C is preceded by a modifying clause, it can
be tran~lated"to the extent that (modifying clause)" or "provided that (modifying clause)." In
some instances '1 C is preceded by a noun or a simple adjective. In these instances the
translation becomes "to the extent/degree that it is (noun/adjective)."

1. ~~tJ:$f1t '/ l' 0) '5 !>~~':M!m ~ttQ$f1~J:~tl,~c~< tJ:~) ~ cn~jI.tf(j,:/J'

~.nL~)~.

2. ~0)7 ~ vA~tl~:-W5 ~-/\-~ 'Y ~~J:, 7 ~ VAO)NijjiJf~Jfftf!~f1Jm Gl7 ~ v
A~.I\~ 7 y-tJ:c(J)/\- r:9.r. 7 ~til~ibu~ c~:et J LfD)ac:To~,~~tfJ:~lJ~

C IJ\~ <-r:~Q .

5.8) ... l~~Jt\ [~-1 ~ry] T~ corresponding to ••.
••• l~~Jt\ [~ -1 ~ry] ~T corresponding to •••
••• J~~Jt\ [~'1 ~ry] ~ corresponding to •..

(Note: The phrase .. ~:~t~-r Q modifies a noun; the phrases ... l:~f~GLand ... ~~~t~
t..,. modify a verb.)

1. *~-f*~:.c I) -(J) RAM l::~d:5'~1 j- 2. 'Y Jy RAM l:, 7 1) 'Y ~7 0 'Y 7°t~cO)}J..~JE

§l~~;{t I) --t)V~~mlt)l, ~~)E~~O).:ctlttl~2 ~m¥ll.O).:ctlttl~~M~~
1tL~~ti-r:QA~T~ 'Y? RAM cn~~:Q.

2. ~f(J) v:J - ~ ~ 1 7~D 'Y 7 ~:~jJit\~it~ ~ C ~~J:: t], ~~tJ(JtJ:Alli1JO)ffiJf(n~Mt),

~1J$~~l:~~~.

3. 7t /7~ I) - ~~~j:m!Mi~D ?~7 b(J)$f1 Clli1J9~ § tf(j:J - ~~~,~~£ 1 ~j 1 ~:~tJt;

-r:Q0)-r, ~ltO)~~tO)~O)~j:fm¥C'~Q.
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starting with (noun), not to mention (noun)

1. 1bmJjtiO~~G*~ mL ~:tJ:G *-c'~d:, ±jcti~flI~~d: G~ cg-G/\- ~ '7 x 7.i1i~:*t~~miO~~G~~-c'~G.

2. ~tl~:J::tJ, )V-7/?"~~d:G~cG-C, *~ 1''7-71fJll!.H:iO~num{~~tlG.

3. SystemR ~J:mM*±~rm~~tlt~701'~17~, ~f*T-~~-A~mSQL~~J:t;

~~f*T-~~-A ~:~g-G.~ O)=FmiO~ ~ O)rm~lfJ ~:~~~ tlt~.

5.10) ••• ~ C 1::tJ::Q it turns out that ..•, it is decided that ..•

1. ~.flO)~:lJ.~tJ:)MmiO~~\~~:tJ: tJ, ~.flO)tifF~J:~r,O)~~ v-~-~:~t~tl

~tlG ~ C ~:tJ:J t~.

2. ~ O)jjjft~:~j:, m2 JI~d:ili ~ ~t~tJ: v~J:: '5 tJ:j.\:~ ~ J -C ~:fi:~~ ~J~JlI!j.\:~~g

~ C ~:tJ:G.

3. ~O) 13~ cg-QI.*)v~-O)~~:~I3g-tl~J:,~~O)rrJr~~o)I.*)v~-.~:miO~
~GQ ~ c ~: tJ: Q . -
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Reading Selections

5-1:

RAM C:Bm~29Q. ~~iX~mG~~~~JiJ~~tIJ-c: ~~)5. 7 ~ vAffi~~4

;t~ z: C ~:et t), *~9~ff.0)7~ vAO);;{~I) --E)vl:~iRft9l:7?-EA G-C, ~
iR-e)ltO)m~~iX~m Gt:.. tJ, m¥R~~~~lut!. tJ9~ z:. ctJ~-r:~Q~t I) -~(,)5.
ri1x7 7-tA~0)~1x77tA~tI) -~, iX~mG~m~-'E1)- (ROM) tJ:cc.~
~~:ggIJ~tl~. ~~f*~tJ) -0) RAM ~='1)Zt I) --e)lttpO):t-~1\~~-~:.fij(J)
mC'm¥a~~;t~~~1j-~ '/7 RA.M C, 7 1) ~ 7°70 y 70tJ:cO)}X~JElill~~~t iJ
-t)V,:mlt~-c, }X*JE~~(1).:c-tt~h~2 i1tm¥afmO).:rt1~h~:~t~~itL~2ti9QA
'9 T ~ 7 7 RAM c:tt~d!>~. ~~f* RAM LSI ~j: 1971 iF':l :t- 0 t: ~ "0)~+1 j-~ 7 7
RAM n~rm§E ~n -c£A*, 3 iF~: 4m(J)~~C'~.n~!tl* Gm~t-c It) ~.

5-2:

mM~BmE9Q. ~-~*~U-~t~-~~et~ ~-~O).~~~~fib~

iX~mGt!.~t~fi5 ~~IJ-~~)'3. *~f*~tIJ-~~.9~ ROM, :J /I,? ,,~~

A7 ROM(CD-ROM)~cO)7C~~A7 ROM, m5ij,.f*~:etQROM tJ:CtJ~NJQ. *
~f*l:~9Q ROM l:~j:, .~~~C'm~0)~~~~~fi5~-~0)~J!0)~JiJtt~x

A 7 ROM, fIJm~t1~7D7+7 b.~~Q70 ~7.b.PJ~~ROM (PROM), C5ij,ft91:70
7+7 b.tJ~-r:~~~~.O)ftftM~:et t] ¥~~~l:'~:Q~~~PJ~~ROM (EPROM), 70~7
b ~~~t>.5ij,fJ9I:-r:~ ~.5ij,fJ9~~~.~~~PJ~~ ROM (EEPROM) ~CtJ~NJQ.

5-3:

[1] /0~7bJ1'J-r~m9Q~iWO)~~jjiltm~JE~~t:,,6)0).~.7·0 ~ 7Jj:, /0,/
7 O)iltm~g1JJQt:..~O)t5trc, 7~O ':J 7 O)J1'J{J!tl~t!.~t~~~~iW (~m~) 0)1f~ c,
~fi)(O)~~ctJ~~~~. /0~7b.!Jilli:~/D 'Y 7 C GLW~9Q ~ C, .t]jgL,~

~~)(~~fi$~/D'Y7cGL~5~c, ~fi)(~-JCGl/D~7~E~9~~

c, tJ.ctJ\<:~~. 7~D ~ 7 ~W~~~fi)(c GLAtlT.~~:T~ ~ c~j:-c'~;r;,fJ~,

$~fJ9tJ:mtJ: fJ ~ ~t:..it~ z: c ~d:-c~tJ:~). 7~D '/? l:et J L~nu~~~jj'fitm~m$tJ9

~tltm~ t> J t::.~ ~~7·0 ~ 7m~~~ J t::.~ ~ cJ:~~. 7~D 'Y 7 O).~~il~}]I~~A

Gt::.O)~j:, Algol 60 -c'd!>~. Ada (J)~f:r)(Cl)-Jl: 7~0 'Y 7 )(n~d!> t), 7~0 ~ 7 ~~2~

C'~~. Ada0)7~D 'Y 7)(~J:, lNJ7°007+5 b ~/, 'Y 7-:; cfP]~':, Ei"~$c~fi$:S

etU:~j~9l1J1$~t> -:> ~ ctJ~-r~ Q. lNJ70~7 .b.O)~fi$~J:EI~EI #NJo ltlJj:fmO)/
o ~"7 biJ~ ~ ~iWl:J: J -cp¥u:m~ ttt~ C:~ '~~fi~ tl~O)~:~t G, /0 ~ ?)(O)~fi

$~j:7·0~ 7 )(l:~fiO)$flillln~¥JJif Gt::. C: ~ ':~fi~ tt~. Pascal tJ: ca,<0) ~ iB~j:IJ

/0 1J·"7 b ,: et~ /°0 ~ ? m~~ ~ J -c It ~ ~. IfJ /0 J;f "7 b. ~: J::~ ~ 0)~~l~/0 'Y ?
~~~fJ9I:"JJX;-r-~~~~~j:, Ada(J)~~iJ~l: Algol 60, PUI t~ctJ~NJQ.

[2] ~JI v:J- ~ C ~~) 5. ;tJ'\ V-T.{ /7·~ATbiO~Am7J~iR~t:..~j:21xficfi
~iic(1)ra't:' Am1J9~¥~O)~-~~lt) '3. ~Gti.f* (~I) .:L-b) J:.-c'O)~JlfJ9tJ:
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E~®.Q~~D~~~~~. ~D~~~lfi*~~~~fi®~~-~~3b. ~~®

v:J- ~ ~ 1 7~D y 7 ,:~tJt~it~ z: C (7~D ~;f /~+c~) 5) l:J: fJ, 4?lJJltJ(J~AtH

h®~~~~O, ~.ffi~ffi~. ~m.~D~~b~*~~-~~/~~~~b~®OO

~::c Gtl~AtH1Jm®/\~ 7 7-®*~~ dl~fio)J\~ 7 y-tJ'\t::. &;tt~iil~'J:~O)
1 '":J(J)*~~) '17'·0 '/ ~ (J)*~~~~¢.

5-4: ilintEti (tWfIlI15-116)

~~tlO)a~ti*O), tWfIl(J)f¥ff'"9 ~iilffl~:OO G'L, 1fPfJ7J~1:.6l'"9~ 7 ~ v~ c~~~:

f1f1liO~f¥ff'"9 ~~Jll¥Jfftii:0)7 ~ VA ~7t.~!tLv:~it~~c.15l-t~t,):>. 1fPfJ1l!tl0)7 ~

vA~{&~7 ~ vA*t::.~;t~Jl7 ~ v~t:~)~), ~ii:llltl0)7 ~ vA~~7 ~.VA*t::~J:

#.lJlY ~ VAJ.-~i5. ~~tI~:{&~ac~tI~~~A-g-~C, 7°D~+~b~:~t9~±~2ti

O)#.lJltJ(J*,l~ (*~~~Y ~ vAO)i!t!*Xf£~c) ~~~G <~fD~tlQt=.&'J~:,

3)4?lJJll¥J±SC.0)*~~ ~~J!GL~ 7°0 ~+7b(J)~J!~~'~C G~~),

ti cO)J: ~)~.iO~1:CQ. limi, ±~G.~:~j:1fl:flJm~ tlo PJftf£7)~i9itt).fIIt~~t~f*

~GLt3< Z:ciO~~'~l:~t], *~V-T~/~+~ATbO)~Gtl1fJ.g!O)15~n'fPU.l:~

¢. ~®••~~~9~15~~~L~, ~-~/~C.~~~/~-~3~~2••ffi~

~tJ~, iIfij.iQ~6tm~tlQ~C~~~). ~)9tl(7)iil~~, ~1l!7 FV.At1)&;~7~VA~

~.9ot~&'Jl:tJ)~tJ ifljll~/\- ~?.r. 7 c$lJ_m'J 7 ,,? x 7t1~~,~-c'~¢. ~®7

r v ~~.~:.f* '5*-J,-~ ~ ~ ';i, 7 ~ V~ (J) ~jiJf~J!ftf£ ~"Jm ~l:7 ~ vA~.I\

'/ 7 7-~C(J)J\- r:? I. Y~m~~b~ C: l:J:: ~ Lfb,aC9Q~,~tJ~tJ:ttll~c/J\~<
-e~:Q. {&~~cfi.~~J:=f)vl'- /' (T. M. Kilburn) n~~~G, 1962 iFlJi ATLAS ~JJtI
~:~AGt::.~-:;/~tJ~~JJ&'JC~ tl-Ct,)O. ~(J)~ 1965 iFlJ{l:x~T.:l. -.-e ~ ~IfI.

*~ (MIT) (J) MULTICS ~~T b~:*ml¥J~:t*m ~ tl, ~ff-e~j:, «tfilfim/~-'JT)!t:J
/ 1::.:1-~-~ C~,*~)t~~~cluco)~••-c'I& <t*m ~tlTltl~.

5-5: ilinta2t1fill (mflll 15-1 16)

{&~tGti~ A T b l:S~t~±iGti1fJlO) z: c ~~) '5. ~~icll1fJ.g!O)~ttJ~d:, .~ (J)

7 ~T~ 7~:;3 7~':~Jt] ~lQ±ictic±ic.J1q~:f*~'"9~~~-~O).~~, ~(J)~

J:< 0)~-~~*~f£l:~bitLiI~l:$fj.9 ~ c fPj~~:, ~mll~iliE~i'!lml:f*Jt~

&'JO)tWfIl~aGtl~JI(J)liJltJ) &;, J: fJ ii%{fto) v~)!tl:~m9~ ~ c-e~~. ~ ~ -e, 7
~T ~ 7·:; 3 7~ c:~d:, t:p*mJ.g!~ii:, ±iGti~ii:(7)trJ~L(J)~t.C~J -Ct,l~ ~ 3 7~~

m~. 7~~~~Y3~®fi~ffi.m~~~:Q. EtiW~~, ~h6~~.~fi5~~

l:~,~tJ:tWfIl~~thtflo)~ATb. c1l~ 0):/ 3 7~~~fiX:9Q ~D~7 bO)tJJfFO)tfljQ) G
J&.GtJ:~ttl~ftJ: G~~). ~l:, .mO){&!l!? ~ VA~ra'jQ) GtJ:~1&1l!~Cti~AT b.-C:
~J:, .mnr~~JJJ~':13 m~:*,J.'"9 ~:: ~tJ~-r:~~. -G:~:, .m~c~~tm1J(1)ra":
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~d:OO~n~d!>Q. 1bmtf£n~d!>Q*~ mL ~:tJ::Q *~~J:, ±i2ti~.~~d: t:~C9Q/\- ~

r) x 7fti1i~: *ti.~mn~d!>Q~J:gJ;-ed!>:Q. 1bmtf£n~ mu ~l:~:tJ:Q C, lt~~tl0)7 7 7-~
--:f~ 3 --:f~TJttJ:±i2••~~~Q::cn~~~~, lt~b~:QA7 'Y ~/7~~~n~~1=:9Q
~~ctJ:G. 1bmtf£~iliEtJ:fBrm~:f*:J*,JJPn~m~~d!>:Q. 1bm7D 7~7 ~ /~!I~~

0)&~~2.~J!!~J:, 2 ii t) ~:Jt.9Q z: cn~-e~:Q. 1 :J~j:, M.fl O)~ 3 --:fO)}ajm~Jm

J~~~lIG-C, ~m¥}~~7 7 T ~ --:f~ 3 --:f~:-.J lt~ -C~d:~tl~tln~}ajm~Jm G-Clt~Q~

~.ftO)ft~.~±i2tipq~:~kfi9G:: c ~tJt~:Q1J~~d!> t), ~~~tJ:~2.~J!!~c

G-Cry-~/~~'Y~~~d!>Q. ~5I-.J~, M.f(0)~3--:f0)}ajm~Jmtt~~.tt~,

1bm~~d:~-97~-)V ~ (7)1i~n~d!>* fJ 1b <t~ GtJ:lt~J:::> ~:1I~ ~:~~9Q1J~~d!>
:Q. ~1Tq:t0)9 3 7~~:J:: ~ -C~-~7 ~-)V ~n~~1=: G~-9••;t0)~,~n~1=:Gt~~

~: ~d:, ±i2tipqO)~~- ~n~••;t O)f~*'fic tJ: t) 5 Q. ~~~tJ:a2.1fJ!!~ c G-C, ~
D-;'\)vLRU~, ~D-;'\)vFINUFo~n~d!>Q. }ajm~Jmtt~~.Gt~1J~, ~lIG

tJ: v~1J~O) v~~tl ~~~O) ~AT b. -r:Jf.J v~ Gtl-C:S t), ~A7-b. O)9l1J!!fm1J, ,£t\~tto)

OO~v)~tlO)1J~n~9 <"tl-Cv):Qn)~d:, mfJT~~: ~~.~~: ~f!ij Gn)-e~d:tJ:v).

5-6: 7 t: VA (m~12-13)

-~~:, iirn~1W~9l1J!!~::SV~L, ~O)~lf~ctJ:Q~O) (;t7~~ I. 7 1') n~ff1:E9Q
tlm~m~9:Q3t*~IJtJ: c~v~:>. ~lf~C9:Q v/{)v~:,£t\t:-C~ * ~"*tJ:~~n~tJ:~ tl
LV):Q.

[1] ~c.~fI~::Sv)-C, ~Gtif~flO)~~O)t~~~:f'f1JD~tl:Qifi%~v~5. ±i2.~.

0) q:t ~: d!> :Q~1Jm~T-?' O)f~Thf ~~lJfj9 :Q t~~ 0) 7 ~ V A ~d:, j.. t I) -7 ~ V A c ~
J:: ~ttl:Q. ~ ~ ~ ::'c O)MZIJ*T~:J:: Q~cti~.O)tlft~j:.tJ: :Q~f~~: J:: Qifi%~d!> t),

m, ;'\1~, 3t*, ~'Y ~tJ:c~.f~C:Gt~f~.~, 0 n)GM*Gil~Gt~IEm~~:J::
,:>L~9. c<~:, m~;\1~~.f~C:Gt~7~VA~, ~tl~tlry-~7~VA, ;\
1 l' 7 ~ VA C J::v'S~. m~T~ A7~m~T-7tJ: cO)tlft~:~d:, ~ '7 'Y 7 ifi%:SJ::'lt
~ 7 ~ 7 pqO)~7 ?'-ifi%~7 ~ VA C:9Q. ~7 ?'-~:~J:ii* 128 ;\1 ~~l:O)T

?'7J~~*tlLV~:Q.

[2]~)\ttl*~ 1'?-7~::Sv)-C~d:, m~9~~ii1~f~=¥O)ff1£9Gtlm~v~5.t:::.
c;t~t, OSI~JmtT)~-e~j:77°1) Jy-~ 3 /1fjO):r../T~ T~ (~f*) O)f~fiI~d:7°v1t

/7--~3/7~VA~m~9:Q. ~0)7V1t/7--~3/7~VA~, *~l'ry-7

7 ~ VA, ~ '7/A~- ~tv7?'-, t~ ~3 /tv7?'-:SJ::'lt7v1t/7--~3

/~ v7 ?,-iQ) GtJ::Q. * ~ ~ 1)-7 7 ~ VAO)~f*f?iJ c GL~d:, ccrrr n~m~GL
v~Q~fI~$f{~ifi%~OOi (t~ c ;t~t, l1J!ff E.164 ISDN ifi%~OOi, l1J!ff X.I21 T-?'~
jfi%~OOi)n~d!>G. ~::-e~J:ttffij*jfi%7J~9~-C[PJ-v.l'{)~~~d!>t),77~ ~7 ~VAf*

*~~tJ:':>LV~~. -1f, DOD 70 l' ::I)~ (TCP/IP) ~~J:, v) <'":)7J)0) v.l'{)v~~-.J~1fj

7 ~ VAf**7J~f*Jf.J~tlLv~~. ::tl~~J:: t), )V-T/~~~J:t:~cG-C, *'Y 1'r;
7TJ!.ff:n~}ajm{~~tl, t~ c ;t~i* ~ l' l"J~7 O)-$O)~£n~~f*~:?1t&GtJ: v)J:: 5
~:.-c~, 1JA~J~~~~u* 'Y l' r;-7 O)fM. · ~Jf.J7J~PJfj~ctJ:~.

5-7:

[1] 7 ~ V~/~, 7 ~ v:A1fJ:ttJ: C c t> v~ '5. et)\ttlO)tI~~1J~:':Sv~-C, ±~2.
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~®*~~~~~~~~~&~®7~~~~m~~~~~, *~~~~~~~m~. ~
~Gti~~®~:;A~-~A~ '/!J, 1fttflm~®~®®lflt~c~:*~7~ ~iO~~1±~~~

c~~~, ~n~®~~~~~l~<*~~~~®~~~m®m~~~~7~VAm~
C: v) 5 ~ C ~~v). 7 ~ ~Am~®fjJ.jrJO):: C: ~ 7 ~ VAm~1::- ~ C: v) v), ~~Gti~

~:*~ ~ ~ ~7J~~.Q~~0)7 ~ ~Am~1::- ~ ~:~d:, fil~7 ~ v~m~, rft~~7 ~ ~~

m~, ~~~'/!JA7~VAm~, ~-AvYA~-7~~Am~~C~~~. *~,

vY:A~-~~:*~7 ~ ~;6!~Qtj~~J:~YA?T-7 ~ ~Am)E, A?T'Y?pg~J:A?T'Y

!J 7 ~ v:AtlJ~, 1fttflm~O) C: ~~d:~P-007 ~ VAm~t~ C c~~~n.Q. !f\f)EO)m~~it

~tlfFr-tf}®~~~:J::~lPi~0)5 !>~:*~~ ~ ~O)~~~m7J~~*~ 7 ~ VAm~~

~ /' 7 1J~ '/ ~ 7 ~ V Am~ C: V) 5. ~® ~~7J), *~~ /' ~ ~ 7 ? -eA~ .Q~~:M!JtJ L
tc. v:;A~-O)mMt~cllJ*~JJ*~ C: ~t~:> 7 ~ VAm~7J~mV) ~n.Q ~ C: ~~.Q. 1ftt
fl~:5i1Jt~7 ~ vAm~fI"~~4;Z.Q c:~~t~~-~.~~7 !J_-e~~.Q c:~®7 ~ V
AMJJ~::~~~1fttfl~~MGitQiO~, ~~JJ7 ~ v~O)~~fI.iO~~~~:t~ fJ, I1fttflO)
~fiqOO~A<~~. -~, fil~7~v~m~~v~~~-7~v~m~0)~5~M.

tJ: ~O)~:~H~~ ~ C, I1fttflO)~fT~~!JJV~d:~.~n.Q7J!, 7 ~ vAMJJJtJO)1fttfl~

7J!m1JD~Q. ~}]WJO)MJJfI-c'~d:7 ~ ~A~~J\- ~ '7 x 7 ~1>tJ: <~.Qt~~~:M.t~7
~ VAm~GiJ)m v) ~ntJ:iJ)J tc.iJ~, J\- ~ '7 x 7 O){.ftflffimf~~: c ~tJ: v), 'J 7 ~ '7 x
7 ~xti~Q Ell¥J-c', L-t~v)~:~~t~7 ~ V~t~~iJ~m~~nQ~ 5 ~:tJ:J t~. L-iJ) L-,
~~qJ~-c'~d: I1fttflO)~fT~~!J Jv~~< ~~t~~~:M.tJ:7 ~ ~AflJ~t~~tC: L-t~

RIse ~O)1fttflt '/ l' ~fFm;Zt~MJJfI~m1JDL- LV).Q.
[2] 7t~~AT AiJ~MJJfI* '/ l' ry-!J ~~:~ JjttJj~:!J"o/.JJ1I!l¥JtJ:{}[liI~/J'~~m(7 ~

VA) ~4;Z~~c:~v)5. 77'/ 1'7 ~VA, ~Jj~7 ~vAtJ:CO)~m~7Jt~~.

~t~!J"o/.J~ ~jJlj~~ t~~ O)~ZIJT(~WI) ~4;Z~~WI11~t C: ~d:, -frN:~: ~ZIJ ~ n~.

5-8:

.~::4=-~ '/ ~:l *t~~d:Av-7~Gtic~ V):>. J\'/ 7 7-~2tic v) '5 ~ C ~~.Q7Jt,

Jm~J,'Y 7 7-~2.0)~7JtJ:: tJ ~v).~~m~. 4=-~ 'Y ~:l~d:**, ~~~tJ:C7J!-q

l¥J~:j!lj~ G*JL~<~m~~~~Q. ~t~flO)7tIf-c'~d:, ~m7 !J-eA ~nt~~ tJ
{.ft~ 0)~2ti~ O)m¥G~-ql¥J ~::m~ G l ~<~~~2ti ~flJ~. lim ~d:~~~1Jt~Gl m
v)~ ~ C: ~~~7J!, Jm*~d:~tJJfI®~2ti~JJj~:~v)-C, 7°D-e'/~-~~:~2U1~n, 7
!J-e:A ~nt~±~2.~O)Jti¥G0):J t:-~-tfifl¥J~:mkfiL--c~ <~~~2~~v) 5. -~7
!7tA ~ ntc.J~¥G~d:mv)~~*~::~s~t~t~lJ.]7!7tA ~ nQi1E$nt~v)(J)l!, *~::7!JtA
~ nt~ ~ ~ 4=-~ 'Y ~ ::L ~2tin) Gm¥G~1& ~ ttlit~!, J!iJ\ ~tJ:~~2 ti (J) ]7 !J t A ~~~~
~{(j~ ~::. ciJ~'"C'~~. ~(J)~*l¥JtJ:~;t~~d:, 1960 ~{~~)]6biJ\ Gry,{ Jv!J A ~ ~:J:: J
-c~~n-Cv)t~7Jt, m~O)M~m~::~d: 1969 ~ IBM 360 ~~Jv 85 ~::~JJ~-ct*m~nt~.

~*Jb <-M!m ~n LV) Q. =t:~ '/ ~ 2- ~cti~1Fm;tt~~tJJfI-c'~d:, ~~2.P'lJti¥G~(J)7!7

tAn~~*~h~ c *~4=-~ 'Y ~ 2- ~~JffiG, ~*~ nt~T-7'iJ!fftt~h~!It!!> ~::-t

O)T-~~7°0t'Y~~~=Ez~G. ~ G~ttGtJ:~tn~;f, ~*~nt~m~~uJi~tJ:

*~ ~ (J) 7'0 'Y !J ~±~ctiiJ\ GWG~ttl G4=- ~ 'Y ~ 2-~m~~~. ~ (J) c ~, *-M!m (J) 7
o 'Y!7 n!tJ:~tn~tJi~tJ:70 '/!J~~7 )L,t::r 'J A'h,. ~mV)L, M-M!m 0)~~~Jt1(J)IJ\ ~ v)
70'Y!J ~~lJ.ttlGL~JT Gv)Jtff¥G~=~tl~L~;Z ~~Q. ±~2tiiJ)G4=-~ 'Y ~:l ~(J)~

~Ez~=~v)L, 7'0 'Y ~~O)aft~7 ~ VA (J)Jrrfi-c'tJ: <~*~nt~m~Ii~}]~=±~C.iJ)
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61& tJ tH GL70--e 'Y~-~:z-Qiiit~0- ~A)Y- C: v) 5. -ii, 70--e 'Y~-O)~
)j(n~~~)b~O)1J~~:~d:, =f~ '/ ~::1. ~:~O)mn~~tt~1=f~'Y ~::1.0)r*J~~~~~;t-Q

n~, ±~2tiO)ii~~\~~~;t ~fTJ L*~:~*JTO)ffi~n~mkfi~ ttLV)-Q et 5 ~:9?:>iiit
c, ~OO~d:=f~ '/ ~::1.ti~t~.~~;t, =f~ '/ ~ ::1.0)70 'Y 7 O)BJJ~-c~;t0)~~:±~2

ti~~c9iiitn~~-Q. OOtf~d:, A 1'7A)V-*t~~d:711'A)V-, A 1'71 ~7.{I.

11' C: v) v~, fitf~d:A l' 7 I, 'Y 7 *t~ ~d: 711' I, 'Y 7, A r; 'Y 7iiit C:. v) 5. A l' 7 I,
'/ 7iiitO)iiiO~Jtifj~a9~:~d:etv)iO~*,J.~d:*l.-c'~.Q. A l' 7 I,'Y 7iiit~t1EfflGt~1J~,

-~a9~:±~ctir*J0)7-7'iO~~~)b~~OOO)** c:t~ tJ, =f~ 'Y ~ ::1.r*J0)7-7' c:±~c
tir*J0)7-7'n~-~Gt~ <t~?:> ~ Cn~ ~:Q. ~ O)~tm ~:J l:: - V /'~-n~~bttt~c v)
v), ?pm7D1z'Y~-~AT.b. -c'~d:, :J 1:::- v/~-~f*Jt~~O)*,J.7J~*l.~:t~-Q.

5-9:

[1] 1ffjO) 2 i1!1c~ (0 *t~~d: 1) ~~~9.Q binary digit 0)1m. E C;-C, 2 i1!1c 1ffj~:m

~9-Q7-7'.~~9M~0)l1if}[~:M!ffl~tt:Q. b -c'~9~ C ~~-Q. t~c;t~t, ~.

32 l::'/ ~ (b) O)V~A7'-, EzjlJJtiO~ 1 ~jJl::'Y 1'/tp(Mbps), cV)Jt~M!v~ii~9

:Q. :. 0) * *-c'~d:l1if}[ C: G-c /J\~ v~1J~~:~d:, 1PJ 1:: 'Y l' IQ)~ () C: * C: ~~: G-cM!ffl9.Q.
t~ c:;t ~t, 8 1:: 'Y l' ~d: 1 1'1 l' C: et ~ttt:Q. * t~, =f 0 1:: 'Y l' (Kb), ~ jJ 1:: 'Y ~ (Mb)
O)et 5 tJ:Pfltii~9-Q:' c:n~~-Qn~, ::0)1J~, Jm.* 1Kb = 210 (= 1024) 1::'/ 1', 1Mb
=210 Kb =220 b -c'~-Q.

[2] ffi~.~~9 c ~O)1l!f}[. 9tJ:b!> , 7-7'*~1j0)l1if}[~ra'~t~ tJ ~:~PX:~tt:Q
~tf~.c G-C~~~ tt-QX / l' 0 l::~0)l1i{}[ C: G-c ffl v) 6tt-Q. ::tt~d:~~a9~:~d:ffi~

0)~~jll3t~:f~~G, '1::'Y 1'/f))' ~1l!{}[C:9 -Q. 2 i1!1(0) 1ffj7t0)7-7'.~ 1 1::'Y
l' C9-Q~.~:fJE;t~t, 7-7' *~1J0)7-7'.~d::.tt~ 2 i1!*~J~:~~G-Cf' 6tt-Q~
~0)1::'/ 1'1c~:m~9-Q. ftgii, 7~7'*~1j0) 1tp~t~ tJ O)M~.~d:~O)JL~t~$7t~
If){ tJ *J -c-c'~ -Q ti~t~v~ 2 i1!*~IJ-c'~~ Gt~ C:~O)~~ ~:m~9 -Q 1:: 'Y 1'1c~:~ Gv).
tJ::t3~~ J /O)~tf~.~X/ l' 0 l::~~:et J -c~~9 -Q C: ~, ~~ 2 ~: C: J t~~tIcOOIc

7J~fflv) 6tt-Q. ~ O)~tIcOOIcO)~~ e -r C: J t~ 13~~tlc-c'~tf~.~~~ Gt~ C: ~O)1l!f}[
~T 'Y l' C: J::v'S~. e'Y l' 1l!{}[ C: T 'Y l' 1l!{}[O)ilv~~J:, fitf-c'~Gt~.iO~OOtf-c'~ Gt~.

0)~1c{15 (loge2 =0.6931) ~:tJ:-Q:: c:t~~t-c'~.Q.

5-10:

Dc:*c*tJO)~tf~C:G-Cf1kbtt.Q81::'/ 1'0)1::,/ ~~IJ~v~5. m2fft{~*-r~d:8

1:: '/ 1'~~O)~O)~/'11'C J:: fut~ ~ C. ~ ~.Q 7J~, ml±-c'~d:~\~ 8 e'Y l' -c'~.Q. ~~
~ 1)(~~J:Jm.~ 11'11'-r~~~tt.Q. *t~, ~t~flr*J$-c'O)f~~O)1::'/ 1'~{J±~2ti

O)~ft~tJ: C~d:/\11' 0)~~{15 (1, 2, 4 tJ: c) C: 9.Q :: C: n~?Pv). ±a~tt{J JajJlla~tio)~

m~~90)~: ~1\1 ~ ~M!ffl9G. a2~ B -C~9. ~.n~*~<tJ:~ ~:-:Jtt-c 210 (=
1024), 220 (= 10242

), 230 (= 10243
) 1\11' ~~tt.:ettKB (=f 0/\1 ~~:Qv~~d:7~1'1

l' c~U), MB (~jJ1\11'), GB (:¥tJ1\11') c.~G-c ffl V~.Q 0)7J~-JN:a9-c'~.Q.
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5-11:

at~~P'1$~:s~tG~~O)~m~o)-J.~0)1J~~~m~tlt~~~7$JJJ/J\~}i~~C

v~ 5. 2 i1!~)E/J\~}i~~f C 2 i1!m~ e cO)m~~bit~~J::J L, ~x ~ x =fx reG
L~-g-1J~-c'd!>Q. r~d:£~~, f~fN.~, e ~m~cv~5. ~~m~:~JL/J\~}~O)fft

lRn~~)E~ tltJ: v~O)~~ O)4jn~d!>G. fi!iJ)E G-c~-g-1JJ:t~d:~)E/J\~li~~m C: v~ 5.
~~ + m~$ + fN.~$

im1it, f~:~tGL~d:~~c:~~t{[i~m~ 2 O)ffU~~mn~mv~Gtl, ~~C:fN.~$~:7t~t

L~m~tlG. eO)~m~m~$~flbtl~~, m~0)~~~0)~~~~c~M~~2

O)ffU~~~m-g-G1J~c:, -)EO)~~1Jo;t-c~F~O)m~~:tJ:GJ:::>~: G-c~m-g-Q-7~

~~~mC:J::~1J~c~d!>G . • #0)1J~~~, ~c;t~, m~$~7~~~O)c~,

e O){[iO)fBlm
-64 ~ e ~ 63

~:~tG-c k =e + 64 c:GL
o~ k ~ 127

~~m-g-~. -7~~J:~~m~mV~GC:, ~~~-g-GlEm~m~:SV~L7$'h/J\~}~(~mO)~

{[i C: G-c0) JIIfiFf=~f* C:, ~ 0)~~~1* ~fi!iJ)E/J\~l~~m C: ~tJ: Gt~ C:~O)~{[i 0)JmFf=~
f*c:n~-~-g-~. £~ r ~::Jv~-c~d:, ffiM ~ATA 360 tJ:cO) 16 ~J\D-A'*±O)at~
~O) 8 ~~~t~J:, 2 ~mv~~O)n~-~fJ9~d!>~. ~tl~d: rn~/J\~V~~~c.~~flFC:.~

~flJ:-c'O)n66~~O)ttn~/J\~ <tJ:G ~ c:tJ:cO)t~66~d!>~. ~m-g-~~{~fx f 0)J:t0)
~n\ G, f C: e O)tJl~~bit~d:-it~:~~ GtJ:v~n~, fO)jiJ:fftm~: 0 n~tLt~tJ:v~J:: '5
~:-c'~~t~~tli:ID5&)~:-g-~ cfl5Cj)m~7J~ji*ctJ:~. ~O)~flF~~t~-g- J:::> ~:f c e ~
WAJm-g-~ ~ C: ~lEm{~, ~O)~m ~IEm~m C: J:: ~S~. t::.. t~ G, {[i 0 ~:~t-g-~-itO)~m

~d:}jIJ~:)E~-g-~. r= 2 O)~~~:~d:, IEm{~~fT:> cfN.~O).J:{ft~ y ~ (MSB) ~d:1it~:

lC:~G~66, ~tl~.~fl.m~~I~~~m~-g-~c~~~~. ~tl~n~~mc:

J::tJ, .7J\tlt~ ~~ ~ ~-1 /7°1) ~y ~ MSB C:J::~S~. 7$'h/J\~}~~~J:t~~~~~.Q~

O)fBlm~~;tt~~~~:~d:, ~-J\-70- (d!>~S~tl) d!>.Q v~~d:7 /~-7 0- (rfftmd!>
~S~tl) ctJ:~. Gt~iO~J L, 7$'h/J\~}~~mO)~tR~:~J L~d:, d!>v'S~tl~r{ftmd!>~s~tl

iO~S ~ tJ ~: <v~ ~ c:~~~O):PtJ:V) ~ c:tJ: cn~~J~c:tJ:~. ~~{~m~c: G-C~j:,

lEEE m~iO!J:<~Gtl-cs tJ, ~t~, biO~OO~~d:flj~$O)~~ ~PJ~c GLd!>v'S~tl~

r{ftmd!>v'S~tliO!S~ ~ ~ c: ~$~l:l?Jjv)t~fjlf:l- f~#1JJ:t~, ~ G~:T-~ O)~~ ~:{t{

ffGtJ:v))E~c: Gt~ URR (7~E81JJ:t) 7J~~~~tl-Cv).Q.

5-12:

1$'h~J~~~f!M-g-~t~&)0)~mo)V~A~-.I?!lJE/J\~J~~J::l'J ~~~7J~~v)~~
~: ~ :> ~t ~. rRffl v:;A ~ - ~ll*5 GL M!m-g-~ :I:$}~ ~ d!> ~. im1it, 7$'h/J\~J~ V VA
~-~:U17J\tlt~T-~~d:, 7$'h/J\~J~~~mO)l~~~Wi~:ZJLiWiJm~:i~~7J~fT;t~J:
:> ~:tJ: J -cV~ ~ ;:. c: iO!~ v).

5-13:

as C:~~2-g-.Q. ~t~tlJ\- ~'7I7 c:frjffl#O)ra'~:ff1:EG, frjffl#~:iWiNC'~~tJ:
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tlfm~~:J{&~~tJ:~.tI~1~#t9~ cIPJJfif~:, fl~MO)~ 3 7~, 7D~A"'o)J\- ~
'7 x 7.~O)WJJ~-C~*,JJP G, ~O)~;j}fIJffl ~~d:n)~ 'J 7 l' '7 x y ~V):>. :; 3 7 c. 7
D~A O)~rrO)ffltlJP, :; 3 7, 7°D~A7J~ffjffl9~±~2.~llfO)1fJ]!, AtHtJ~~O)1f
J]!, *~r-ry--~m~O)m~~±~tlfm~~~.

ffi!5e~ ~:J!:Q c., ;t~ I/-T~ /' ifYAT ~O)~~jt ~d:1950 ~f{;f~*~~ ~. ffiM
704 ~:~tG -crm~~ tlt~ Fortran :J /'J'17--O)tH~~:J::J -C~.tlO)fIJffl~7J~*~i~:

m1Jo Gt~*5*, ~.tlO);j}$~tJ:Jlffl7J~~,~~:tJ: tJ, ~.tlO)tlfP~d:~r'O);t~ v-?7
-~:~t~td.Gtl~::c~:tJ:Jt~. 1959 ~~:J -A 7 ~ 1) jJ /rc~~~~rm~~tlt~
Fortran IT 1::=?7 -- ~J:, :; 3 7 C :; 3 7~0) rfJ' O);t~ v-?7 - O)frA ~il/J\~H~: C c li),

~.tIYAT b O)itfPO) § tJJf~ ~ El mGt~, ItfBrm ~:fljffl ~ tlt~il~n (J);t~ V-7,{ /
ifYATb.~~~. *t~, {JfJmO)}ajmAtHtJ~llf~:~t9QAtHtJ~:J:: tJ ±~.tI(J)fIJffl
7JJ$7J~{Jfr9QO)~JM~t:Qt~~~:, ~~~.tI~~2~G-C, ±~.tlO)AtHtJ~d:~JmO)

m~T-7~~~f(Jffl9 Q J:: 5 tJ: YAT b.~7J~C Gtl-Cv)t~. ~m~.tI(J)~~WJJ~d:,

}ajm~llfn) GAtJ Gt~~~~m~T-7~llf~:tHtJ9Q:: c., .t3J::ltm~T--7 J:.O)±
~1ttlO)tHtJ*a*~}ajm~llf~:tHtJ9 ~:. c.~~~. ::tl6O)YAT~ ~:.t3V)L, AtH
tJ~~O)l& t) f&v)~d:AtHtJ*,JJP7°Dif7 b c Glrm~~ tlt~ IOCS 7J~fTJ lv)t~. 1960
~f~~:~d:V)Q c, 9l1J]!fj~t.J0)~l:~ Elm Gl, ~m7D if?" ~ /~~O)ttft~7J~rm~~ tlt~.

~m7°Dif7~ /if~~~9Q~:~d:, Y-~T~'7~-~~:~d:, AtHtJ'7~*)~, '7~

*)vn) GO)WJJJb~~~~t~~fjO)WIjJb~O)flfj~, ~2tif*aO)tlfj~, iR~7 ~~A PJfj~tJ:

2~a2.~~ (T~ A~~(J)ft!!) tJ:C7J~~,~~:tJ:~.

1964~ ffiM ~~d:YA T b 360 ~~* G, 1966 ~~:~d: OS/360 O)il~nO)Jti7J~M!mPJfj~

ctJ:Jt~. OS/360 ~d:, YATb 360 77~ 1)-~f*~jJJ\-9~::C~~~Gt~-ffl

9l1J]!fflO);t~I/-T~ /'ifYATb~, ;t~I/-T.{ /'ifYATbO).~O)f!ijilf~, tI
f1~O)f**f~~fTJt~. ~O)m~O)*~~, rm~:JA 1'O)g*~~J:'J7r-'7xY~tlcv)

5 ~~~~~, 'J7 r-'7x7I~~iI~~it~~tlctJ:Jt~.OS/360 ~d:, ~O)f~(J)

mM~(J)ill:{ft;t~I/-T.{ /,ifYATb MVS O)~m!l:'~Q. OS/360 c~~~£IPJJfifWl~:,

~-tJ-'7:L-t ~ 'YIf4*~-c'~d:Jfif?tWJJ9l1J]!YA T b (TSS) O)~~ • rm~~J1!li), CTSS
O)~~YAT b~:Jv)l:', 1965 ~~:~.tlJ.-T~ 1) T.{ e v):> ~~O)~ e~~

MULTICS .~~~* Gt~. ttf,1\J~~:~d:, tif~ /'T-Y 3 /, ~-:;/if~:J::~{&~

a2ti1J~(J)~A, ~JI~T.{ v~ l' 1)-f.~~~Jt~771)VYATbtJ:cn~*.~~
~. liM fl7J~{&~a2ti1JJ!:~f*fflGt~(J)~d:, YAT b 370 7J~il~)]-c', 1972 ~~:tJ:J L
iJ)G-c'd5~. OS/360.t3J:lJMULTICS YATL~:J::JL, ;t~v-T~ /,ifYATb
O)&*~~tt.~il~~h~.•m~.fI-c'Jfif?tWJJ9l1J]!~ATbO).&~M*~~O)~,

1970 ~f{~:' ~d: v) J Ln) 6 '"C' d5 ~.
*~f*O)m~f~ttf,1\JO)~~tJ:~~~:J:: tJ, 1970 ~f{0)*~i9~'~:tJ:G C, lf6Jt1fj~O)

A -/'\- ~ =:1 /'1:::L-~ -7J~ttlm G, ~ G~:~ -1 ~ 0 7°0iz ~-tJ--O)tHmC:: lf6t1fj~1~
~:J:: tJ, et~fj~t.JO)?t1a{~n~~Jm~:J1!fTGM~t~. 1980 ~f{~:~d:v).Q eJ'\-'JT-)v
:J /'1:::L -?7-, ~ G~=~d:MAfrjffl O)r'fijflfI~ry-~ AT-Y 3 /'iJ~.& Gt~. ;t~1/
T.{ ,/ifYAT b C:: GL~d:, /'\-'JT )v:1 '/ t: -:L -~-ffl ~:~d: CP/M, MS-DOS tJ: cn~
fflv) 6tl, A -/'\-~ =:1 /'t: -:L-~-, ry-~ AT-Y 3 /'ffl~:~d:'J 7 l' '7 I.ytt.
~O)t~&)O)~~c:GL9<"tlt~flf1~~t~{~GLV)~UNIX ~ATbn~.&GLV)Q.
~t~, DEC ~O) VMS ~~-1 ~ O'} 7 1'1± · ffiM *10) OS/2 tJ:cO)*JT Gv).ffl;t~v
T -{ '/if~ATbO)th~~d5~. et~fj~t.JO)?t1a{~~:{~v), et.tlrJ:f,~~m9G* ~ l'
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TJ-lJ O)~J.I't>~~V-7 -1 /(;/~A7 b.O)m~tJ:tloo~:tJ:J LV)~. 771 Jvfii!ti
~t-c'tJ:<, ft!2MJJtlo) 7 71 )V~ATb.{>7 71 )v~~~Wf~tlLV)QfBlml:'§E8~:ti

~-c'~~tI"~, -* 'Y ~ '7-lJ ~:1l~~tlLV).Q MJJtI·ra'~: *t=.;Q~J t=. 70--eAra'iiffltl
00, m~O (;/1 /tI"~tJ: c~irm;tt~-* 'Y ~ '7-lJ~~V-7 -1 /(;/~A7 b.~d:, Tl:'~:

j{ijmf~~tlLV)Q. ~ ;~:~Iu-e, -*'Y ~ '7-lJpqO)jflJj~~-~~:1fJ.lT.Qt~~~:,

~A7b~~~1 JO)~~V-7-1 /(;/~A7b.~1fJ.lG, fIJmtf~:~d:*'Y l''7-lJep
ff1:E~i\~~ittJ:v)5.tft~O)~~V-7-1 /lJ~~A7b 't>flJf~n) ;~mftO)mlSW~:~~.

~*~J!Q C, AtJ: J t~MJJtlO)AtJ:J t~~~V-7-1 /lJ~~AT.b.ra'~CO)J:::> ~:iWi

7l<~-c'1l~T Qn) c v):> z: c n~*~tJ:flJf~.Jm~~Q.
~O)J:::> ~:, ~~ 1/-7-1 /lJ~~A7b.0)~j:~d:, ~~V-7-1 /lJ~~A7.b.§~O)

ft~O)~~·O)~j:cv):> J:: fJ, 7c0) c ~ c~O)/\-- ~ ry I 7ft~c:/\- ~ ry I YO)fiffim
~:*~tJ:~.~~~tt~~j:C: V):> z: Cn~~~Q. /\- ~ry I Y;Q~~b~LiWififfi~~Jt=.

1970 iF1~*~t*l:'~d:, MJJ"~tJ ~.g:t1t G, 7cO)It100~+5.t~:~f!fi~it,Q ~ C;Q~~~

V-7-1 /ij~A7b.O)il~m~tJ:.Jml:~Jt~.7ctl~~, /\- ~ryI7fiffimO){!t~

~:f'5 MJJ"~tJ O)5.tftf~ C: v) 5 *JT Gv)i1rttl;O~§e1:: Gt~~~~~d:, v)iO)~:fIJmtf~:M!v)"

=¥O)J:: v)MJJtI~~~t~-mT ~n)i:J~, il*O)ft~.JmctJ:J LV)Q.

5-14:

g:t*~J.I~ftf(CPU) pq~:ftf7J)tlQ ~imO)-~~cti~ftf~ v):>. ~)£O) 13~~ 't> JJ!f.
mV~A~-C, flJ;[ O)~J.I~:M!m~tlQrfLm V~A~-C ~:5.t~t6tl~. J!f.Jfl V~A
~-c GL~d:, $f10)7 ~ vAm)£~fT:>-:10 (;/7b.tJ ry /~-, $f1~f*r-tTQ$f1

V~A~-, ±~2ti0)7lJ--eA~:M!mTQ±~2ti7 ~ VAV~A~- (MAR), ±~2ti

T-~V~A~- (MDR), 7 ~ vAMJJ~:M!mT~1 /T'Y lJ AV~A~-, ~-A

V~A~-, f~JJ~:M!mTQ 7=f.:z..b. v--~-, v~A~-7 71 lv, f¥JJJ/J\~J~(v~

A~-, ~7~V~A~-, A~'YlJtlOO~'t>JA~'YlJV~A~-~C~~.Q.~*,
v~A ~-~j:7 1) 'Y 7°70 'Y 7°*t~~j:~im~ ~ I) -7'Y 7°7J) ;f¥j~~ tl, 7c0) CPU-c'
O)il~imO)~211~ftfc: G-CtlfI~TQ. *t=., ±~2tiCO)$f1{>T-~O)fi~~fTv){>T

<T Qt=.~, 7c0) E' 'Y ~ *~d:±~2ti~ftfO)afl**t~~d:7cO)fg:*cT.Q:: C7J~~v).
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Lesson 6: Computer Science III
(applications; part I)

~11W
~ I / performing, acting

lJi~

lJi~~

I/~/

I/~/::f

mathematical operation
arithmetic unit

~~/Jf/::J

::ftJ1~

Eliac

tJ / Han dynasty (China), (old name for) China

t~* tJ /:/
m*~. tJ/:/=/~::f

Jf / phrase, speech, word; ::J / phrase, speech, word
v)( '5) to say, to speak, to tell; ~ C:: word

§m Jf/:J
~*~~m ~9A1~~/Jf/~

~ language, speech, (technical) term, word
tJ~ t::..( .Q ) to recite, to narrate

6~-§li.

I=J {~~ ~ PO
tI~m

Chinese character, kanji
kanji recognition

language
high-level language

natural language
machine language

----iSJ :J 9 high
t::..iJ)(v)) expensive, high, tall; t::..iJ)(* ~) to rise, to be elevated {vi};
t::.. iJ)(~~ ) to raise, to elevate {vt}

~tlff~1frlfJ ~ 9::f J 9 ~1 V 1 high level instruction
~Jmf~ ~ 9'} 7 tJ increase in speed/throughput

1'1= '!t making, producing, working; '!t7 making, producing, working
J <(~)to build, to create, to prepare (food), to produce

I fFtI~ :J 9'!t 7 ::f tJ 1 machine tool
T~~tifF T~~'}9'!t data manipulation

~-r- :; character, letter, word

~*)t*
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w :,,-- .:J.. 'Y appearing, going out
ti(T) to put out, to take out {vt}; -c:(~) to come out, to emerge, to be published {vi}

ttl tJ ~ =z. 'Y 1) 3 !J output
I 'Y ~~ttl I. 'Y:/Jr/~ =z. 'Y edge detection

illl :/ .:J.. 'Y relating, speaking, stating
(J)(<<Q) to relate, to speak, to state

~2ilf! q:: :/ =z. 'Y
J:ilf! ~3ry~=z.'Y

description
stated above/previously

ilt T-1low
D <(v)) low, short

~{tf

{tf'1iffim
height, degree, extent
low price

A =.:J.. ry going in
v)(tl~) to put in, to take in {vt}; v)(~) to come in, to go in {vi};
~d: v)(~) to contain, to enter, to join {vi}

RA ¥-1==z.ry ~~~oo

A tJ = =z. ry I) 3 !J input

~\ l:::: 'Y certainly
ir~ td-. G(9) certainly, positively; 7J) td-. G(9 G t> ... td-. v)) not always, not necessarily

~\~ (J) 1::: 'Y A (J) essential, required
~\~td-. 1::: 'Y 3 ry td-. necessary

)( '7 /' composition, sentence, text; -=E: /' crest
"5,,Jj. letter, note

at~)t 7/-jry-y'/
3¥)t ~-1'7/

ciphertext
plaintext

pt. .2 flavor, taste, tinge
C5 c: flavor, taste, tinge; C5 t::(V 5) to appreciate, to experience, to taste

1\~ -1 ~ meaning
J!~ q:: 3 ry ~ interest

I) q:: force, power, strength; I) 3 !J force, power, strength
~ tr~ G force, power, strength

J± tJ 7 'Y I) 3 !J
tJ~"* I) q:: tJ !J Jr -1
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Grammatical Patterns

6.1) l>~jQ, J: [l>] ~jQ and * [l>] ~jQ

The verb d!> ~f:Q can carry many different meanings and can be represented by several different
kanji, depending upon the context. Only those items that are particularly likely to appear in a
technical context are mentioned here. In most cases d!> ~f:Q carries meanings such as "to raise," "to
lift," "to give" or "to complete" and can also be written J: ~f:Q. However, in some instances d!> ~f
:Q means "to cite (examples)" or "to mention (items from a list)." In such instances d!> ~f:Q can
also be written*~f :Q. For a complete explanation of the uses of d!> ~f :Q' please refer to a good
Japanese-English dictionary.

1. ~mc: GLO)mJ{rj~*~fn~t, ~JitlO)1frrfJm, v~A57-O).J£, 7 ~ vAm)E
1.i"Atet. ciJ~ ~n~::f§~g-:Q.

2. ~lli~d:Jt1fj~~~ G~::J:~f:Qt~~, 1'\17°71 /f~JiU~W~M~~tL~~JlbfF~it

~ ftJirt;]iJ~~1v-r: v) ~.

3. 7°0~7~3 /~ATL x~/c: GL~d:DADO, i\~*'Y ~ lJ-7x~/c: GL~d:

NETL tet.cn~d!>~fGnQ.

6.2) ~~~£, ~~clvc and ~~clvcO)

Both ~~ ~£ and ~~ c: Iv c are adverbs. Depending upon the context, either word could mean
"almost," "nearly" or "practically." When offering estimates, the word ~~ C Iv c can also indicate
an approximate number. In such instances it could be translated "about" or "in the vicinity of."
However, the expression ~~ c: Iv c (J) is used as an adjective. It means "almost all (of)" or "nearly
all (of)" whatever noun follows ~~ C Iv c (J) in the sentence.

1. ijl1:E-r:~d:, f&~~i3ttiJ~{~flffiml'\-- 'J. j- J};t:J /'1:::l. --57 -tet. c~~v)t~ ~~ C Iv c (})~

Jitl-r:rt< ~m~nLV)G.

2. OS/360 c:~;t~£fPJ~Wl~::, X~T:l.-t'Y'YIl4*~-r:~d:~7t~J9}1~~ATL(TSS)
O)~Jf~ • rm~~~&)LV)t~.

3. 7J};t::flJA'Lc70!f7b~d:~~~£fPJGi\~-r:~bn~iJ1, 7°0!f7biJ~, ~~7D

!f7 b. ~m-r:~iJ)nt~, t~ti.!J ~::atJitl-r:~tT-r:~~ ~O)~i\~g-~ ~ C:iO~1bv).

6.3) verb [conjunctive form] + f:9: [?] ~ and
verb [conjunctive form] + f:9: [it] tJ:.v~

When the conjunctive form of a verb is combined with 1~~ (read '5 ~ in this case) or 1~tet.v)
(read X tet. v) to make a compound verb, the new verb indicates that it is possible or it is not
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possible, respectively. to cany out the action or to achieve the state described by the original
verb. Such a cOlnpound verb is an alternative to the potential verb~ and is particularly useful with

the verb d!> ~, for which no potential verb exists.

2. =. 5 L,L*~t:: h O){iJd:~}.$:1&Mo)A~? ")v~\ G~~t~ h (J){ic~ <-~L" 7Cfi
,-f&:~~d: t> ~1~~l·)~a ~).~ ct~ J t~(J)<:d!>¢.

3. tt~~m1¥t~41JJjt':J~)L~~~~mfJT;6\lTt>nLs t), ~A~.T£9~JJj{-r0)~~

li-r7tm~iJ!:J~Gm~~~l:~l·L~)~.

6.4) connective negative + ti + J:: ~ ~ (you) need not ••.
. connective affirmative + ti + J:: v~ (you) may •••

provisional afflrmative + J:: v~ all (you) need to do is .-
present affirmative + 15 [*'7] 7)~J::v~ it's desirable to •••
past affirmative + 15 [*'7] tI~et~~ (you) should ••.

(Note: The adjective J: tt~ may be replaced by the adjective v)~~.)

1. ¥J\laiE~7tm.f~UIt F( • ) ~ ti·-.::>!LIt~d: F 1(v,) ~M.9tl~tJ:: ~).

2. r~'B(7)~{!f:n~~\llc ~':~j:, rl:J~~O)~It~: ~n\(J)t£J l~xli L,t~1i~~J::~).

6.5) connective form + l>Q
A transitive verb in the connective affinnative form followed by l> ¢ indicates that an

ongoing state has been established for a specific purpose. Because this pattern describes a state,
the direct object marker ~ is never used. The pattern is often translated ~'... has been ...ed."

1. ~tlttlo).~ 1 fiO)~O)c(J)fijn\GMi~~tr~£-c'm~G-Cd!>~~~mJt0)7--e/~
I) -am~d!>~.

6.6) interrogative word +.(particle +) ti
The combination of an interrogative word and the particle ~ (sometimes with another

particle inserted before the t» makes the expression comprehensive. If the predicate that follows
this combination is affinnative, the expression is completely inclusive. However, if the predicate

-78-



that follows this combination is negative~ the expressjon is completely exclusive. For example,
t~tl~ with an affinnative predicate means that "everyone" does (or is) whatever the predicate
describes. Ho\vever, t~n~ with a negative predicate means that ~~no one" does (or is) whatever
the (affirmative) predicate describes. (Note: The reader is urged to contrast the use of an
interrogative word + ~ with the use of an interrogative word + 1J\, as described in pattern 4.3.)

1. ~m~!mtt~~IIGt~jj$, ~!l:GtJ:~)jj$O)lt)~tt:t>~~O)~AT b ~m~~ t3tl-C
s t), ~ATAO)mJ.!fm1J, JIt~tt(l)OO-ctt)~tlO)jj$n~9<'n Ltt~~n\~d:, fRtJT(t(],:
~~~(t(] ~: t> f!ij ~ n\ -C ~j:tJ: It ).

2. ~~:~J.!f!c~)£~m~~bitt~ NAND ~d:~I7 7~(l).~, *t::~J.!f[]C:~)£~
m~~bi!t~ NOR ~d:t:7-A~JJ~J:~ttl, ~)9tl~~t1ti~t-e~J.!fl, ~J.!f[], ~

)£0) 3 fjmO)~J.!~~~-e~~.

6.7) ••• ~iII [ct3] l, l
The phrase ~imG-C usually means "through" in the physical sense of traveling through a

place or passing through a three-dimensional object. Occasionally, ~imG-C carries the meaning
of "through" in the figurative sense of an intennediary by whose agency or assistance an action
is carried out. (Note: There is considerable overlap between the use of ... ~im G-C and the use
of ... ~im [Y9] t:-C, as described in p"attem 9.5.)

1. :;t7·~I.9 ~(1)J1'J$~~~~~f1j¥lJJ:f1Jm~l~lJ:j!x 9, 7c(J)? 9~.x~d:~ ~tJ) t:~

m~~tl~~~~imGlO)~m~CtJ:~.

2. ~/~~imGLO)~-f*l1rf.7J~O O)JJ~, ~/7~:et-:>LfJ~m~tlQ~-f*mC, ~/~

tt~D{ftIJ~\ 6~~D{lg~J±1J~l:J: ~ -ci2!l1rf GL <.Q~-f*.c;6~!> J: '5 c-:> tJ ~-:> -ctt)
.Q.

3. ~-f*~ff.9 .Q C ~, ~H(l)~~imGL~I*)v:f-t1~mA IJ 9 .Q z:. C t~ <1£.9.Q
~N~l*JT~J±fiC v) '5.
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6-1:

Reading Selections

7 )J-,::f I)~.b. (M~19-20)

[1] -~t19tJ:fflmc Gl~d:, r~'M1tfW< t~~0)~.~1tit~9Q. t~c;t~t, 1 tx15
~~1tfW<~~O)ti9A~*~~, 7-~x~~1t~~Q~~~~~7-~x~.~~
C~d:, z: O)it~-c'o) 7 )v:i 1) 7..'b. O)~J-c' d!> G. 7 )v:i 1) 7..'b. c v~ 5 ~.~ ~ O)M!v~15~d:

;O)tJ: fJ BfR*-c'd!> J l, 1t~t19~:~~~:~~9~ ~ c ~d:~.-c'd!>:Q. 7 )v:i 1) Ab. C:tO
~5b.~~~~Cit~-c'M!bnG~,:tD~5b.~, d!>Q:tD~5b.~m-c'.~n~,

tc.t!.'t5 ~::~.m-c'~tT-c'~ Q ~0)1tit~9G z: c:tJ~~v~O)~:tt.t'\, 7 )v:i 1) Ab.(J)~~ 5
~d:, c't5 ;iJ\c: v~;t~t~~0)7D~7b am*-c'~J:it.GtJ:v~~.=FJIIi~~.(J)15~1t

it~9Gz:c:tJ~~v). ~f*t19tJ:7)v:il)7..'b~J:, ~77JJ!1ii, ;t~v-~3/Al)~

7, ~J1{~, ~fLi~., T-~.~O)~~, m~u, ~~9l1JJ!, ;t~v-7.{/7~~A7

btJ:cO)~~?tIf~::~bn~. 7 )v::f 1) A'bO)~~~O)tc.~O)-~t19tJ:=F~C: G-C?t~J~rEt

~tJ:ciJ~~Q. 7 Jv::f l) A'b.O)~~O)*Ij~£~C: G-C~d:~iJ$tJ~m!8!-c'~Q. ~$~d:, r~,

JmO)AtJT-~iJ~*~v) C: ~O)*iJlIt19~rf3~~•• ~::J::J -C?ltlG z: c:tJ~~v~. GtJ\ G~ffl
l:~d:, AtJT-~ O)lj\~ v) C: ~O)~iJ$iO~m!8!tJ: z:. c ~~v). *t~, fWO)~~'t1, ~~,

7D~5~O)M~~~c~m~-c'd!>Q.

[2] iBJJ!~, ~~£illii, ~.O)JJ!liitJ: cO)?tIf~:::t3v~l~d:, 7 )v:i 1) 7..'b. c v~ 5 ~

~~d:, m~t19~::~fT-c'~, 1f~H~rf3~pq~::~\T~1tttl G-C~79Q~.mJ{rj c v) 5, iJ)tJ:
~ ~ < ~iitJ:.~1tit~9G z: C:7J~~v~. z: O)it~-c'0)7 )v:i 1) 7..'b.~d:, ~r~:~9~

ftF1tfraij~ GtJ: ~tn~ttJ:; tJ: v). 1) AtJ (7 )v:i I) 7..'~ ~::4;tQr~,~) C: ttltJ (r~'JmO)~)

1t~~, ~t.-c'n tJ f}k '5 T-~~d:9At-C, 1f~HO)~~ 0)~2~~U-c'~2~-r~ G ~O)-rtJ:~t

n~ttJ:GtJ:lt). tc.c:;t~t, m~~1fJJ!~, m~0)1f~H7fJ, 1f~H~77, ~.fl0)7°D~

7 btJ: C~d:T-~ C: G-cM!ffl G-C J:: v). GiJ) G~~~fl*~tJ: C~d:, 1G3!tJ:~2~~:~d:

~~~~~HO)~~0)~2~~U1t~\!8!C:9QO)-c', T-~ C: G-C~d:M!ffl-c'~tJ:v). 2) 7 Jv:i
J) A'bo) CO)AT'Y 7°~:::t3v~-c~, ~fT9«~~~~d:~<m~t19~~~fT-r~, ~O)~fT

~d:1f~H~rf3'pq~~~tJ, ~0)*S*~-~t19~::~* Q ~ o)-c'tJ:~tn~ttJ:; tJ: v). Gtc.n!J -c,
~fT~::M GiJ\O) 7 '1 T71t~\!8! C:9Q J:: 5 tJ:~f"F-r~ J L~d:tJ: GtJ: It). *tc., ' :J'1 /
1t~~j, ~n!ttlt~ G··· ···1t9Q' C: v) 5 J:: 5 tJ:, ii$t19tJ:~f"F-c' ~ J L ~tJ: GtJ: v). 3)

cO)J:: 5 tJ:AtJ ~::~t G-c~, 7 Jv:t 1) A'b O)~fT~d:1f~H~rf3,pq~::ttltJ1tttl G-c~7 GtJ:
~tn~ttJ: 6 tJ: It). z: 0) J:: '5 tJ:it~-c'o) 7 Jv:i 1) A'b 0).~1t~~t19~::~~9Gat~ c G
L~d:, tftI~7°0~7bfl~, 7:1.- 1) /~~~tJ:Clt)~V)0tJ:~O)n~~.Q. GiJ\G, 7
)v:i 1) A'~O)~~C: G-C~n GO) cn1tffl It)-c~, 7 )v::t 1) 7..'bn!t¥1:E9Qr~'M0)7 '7
A C: GL~d:~< ~ C ~O)tJ~1~ GnQ ~ ctJ~biJ\J-clt)Q. r~'~1tm< 7 Jv:i 1) 7..'AtJ~t¥

1£9.QiJ\~iJ\1t~~9Q~~?tlf~d:, ~t~PJfj~It1O)JJ!iB~.Qv)~d:~~t19~~O)~iBc J:
~tnQ.

J:~2 [1], [2] O)lt)TtlO)it~0)7 )v::f 1) A'L~~Slt)-c~, ~nG 1t~~~~Bt~tI-r~

1T9~tj~~~~d:, ~1T~rf3'~M!m~2ti~~.tJ:C, ~$7J~m!8!~~tJ:~. ~iJ$O)lltj7J\ G
7 Jv:t 1) A'b ~1iJf~9Q~~?tlf~d:, ~t.~~~O)fllfnU C: J: ~;fn~.
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6-2:

rl:J,e~m< t~~0)7)v:f 1) A'~~~Mg-~157t~v~5. im*t 1 JO)rl:J,e~m< t~~
0)7 )v:f I) A'~ ~:~d:v~0v~~0) ~O)iO~~ tJ, 7 )v:f I) A'bO)~M:lf~d:~O)~~~:JI~t~

-r:~~ti~t~v~7)v:f 1) A'b~~Mg-Q~\~iO~~Q. 7 )v:f 1) A'bO)~M~d:ttl~J(1~~\

~c:g-~~~fF~l:'~Qn~, ~O)t~~~:1f~J.JtJ:£*~tJ:~;t15iO~v~ <In\~~. ft~~

tJ: ~ 0) ~d:, l:j;t Gtlt~rl:J,e~ J:: t) fiij¥tJ:(JJJfj(1)rl:J,e~~7}WJJGLV) <7}WJJ~7i17t (70~
7 b. C: GL~d:, ¥~~O)M~P¥lfi G C: V~ 5~~ C: :Q)t l:j~ Gtlt~rl:J,a(1)$7}rl:J,a9~

-C~fiij¥tJ: ~O)n\ Gmv~-Cv~ < JJJ~M00i7ttJ: c~~Q. 1Wft~ cO)J::> ~:~~G-C:t3 <
n\~, ~v~7 )v:f 1) A'b~~Mg-~ '3;t~m~l:'~Q. t~c;t~tt .~l)A ~0)~~7t

~:~d:, il~~~7t, -15~l)A ~~:J:Q~~7t, ~15~l)A ~~:J:Q~~7ttJ:ciO~~fJ,

~tl~tl~:~.iO~~:Q. 7 )v::t 1) A'bO)~fiffi~:~d:t ~~MJJ., ~f$)MJJ.tJ:CO)~~7J\

~:, 7 )v:f 1) A'bO)~mO) ~~g-~, ~~~:J: J -C~J:7°D ~7b~O)~O)O)-fk~tJ:cO)

~*~~~.g-Q~\~iO~~~.

6-3:

~7~~~-~-0)-~~.MM~m~.*~~m~§~~m~§~MJJ~O)~~m

~~i1Iv~{~*~(J)~m~~.QtI~(J)~ 7 /'A v-~-~v~'5. :J /1\17-~~J::t) MM7
o ~7 b ~~~g-:Q::' c:~:J /1\1 )vg-.Q C:: v~:>. :J / 1\17-~~JJJg-.Q ~:~d:, An
~~:QMM7°0~7~~ro~g-:Q. ~O)~~n)~:, ff::t~fR~fm~ro~~~:Q. ::.tl~:~d:t

MM7°0~7b.~§~70~7 bO)t:PiIjO)ttl~, f§li~!ffi~O)lfinO)ro~, §~7D~

7~O)jlJlft:O)fiJ3tO)ro~tJ:C7J~~.Q. :J /1\1 )vO)15A~:~d:, -ffl:J /1\1 )v15Ac
7}~tl:J ~/\1 )v15AO) 2 J7J~~:Q. :J /1\17-O)fjMc G-C~d:, §~7D~'7~0)*

~~ ~/J\~ < Gt~ t) ~fTJml3t~Jm< g- ~tJ: cO)jlJl{t:~fT:>AiJl{t::J ~1\1'7-~, §
~7°D ~7~O)~fT~:AQ *~O)9l1~Jt¥ra'~~ < g-Q:J ~1\1 )vIlD~fT15A(J):J/1\1
'7 - , :J ~1\1 7 -7J~JJJfF ~ -C v~ Q MJJfI C: ~d:fjM 0)J!tJ: Q MJJ~~ § ~~tJJ~ C: g- Q

~ O'A::I /1\17-7J~~~.

6-4:

fI~~7°0~7b.(J)m~~§~C:dj.tJ:Gt::. ~(J) ~ V~ '5. 7°0~7b.7J!~n~n{iiJ6iJ)
0) ~~~a2~ ~ tl.Q ~ 0) c G-CaifnBg-.Q ::. c ~G~1 G~1fT '5 iJ!, ?c(J) J:: '5 tJ: c~ ~:J\-

~ r) I 7-rI[tt€~fT~~.Q~~:tJ:J t~7°0~7~ (§~::I- ~tJ: c) iJ~~g-~~m~t~

9t::.?tJ~:-&! '5 ~~~ ~:Q. ft!10) ~~ C:~ J -C, .)(mj{Ij~:t~mJlIj~J:~~ C: Iv cf¥1£ GtJ:
v). GV)L§mC GLO)mJlIj~*~jtl~1, ~tJJflO)1frl4?J~, v~'A~-O)ff4,r£, 7 ~ v
~t~~15AtJ:c, 7-4=-T~T~-J:O)~*7J):.tl~:f§~g-.Q.

6-5:

1frl4?J~ft~T-~~ 1:: ~ l' ~IJ* t::. ~J:~tl C: ~fiffitJ:~1~~~~: J:: J LttlJE G, M~~-c'TIl

f~~1T~~ Q J:: '5~:: Gt~ 7°0~7 b. ~ v) '5. 7°0~7b §~ft~-&!J L~2~Gt::. 7°0~7
b ~:~ttt G-C-&!'5 §~C'~:Q. J1:~~:~J:7t /7'1) -- ~~!l7°0~7b ~~&'J.Q7J!, ~<
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O)iI~~j:~6)tJ:tt). acti~flpql: I:~ f'~JC: G-CliiL c;tlt~ ~O) c, ltii~m':etJ L
X~~~~tlt~ ~(J)(J) 2 -.:JO)m~~~~on~, ~im~tlc; ~~~IJ Gt~~). ~-oo~m(J)mJt

c GL~j: 16 ~1l*t~~J: 8 ~1l~Jflt-)o ~ cn~~(,.). $~~{:>T-5 ~~TI: 'Y ~~J~j:,

~(J)M.Il~1f(1)~*~:tt-:J t~ ~o)-c'tJ:~ttl~itJ: c;tJ:~) .
• ~jB:1o J;! '7 b. ~j:, ±a2ti~ml.~:7cQ) * *lif<~ c l:J:: J Lt~t~!> l:~fT-r~o.

~tl~:~tGL~ :1DJ;!7A~~-e~Gi!f!Gt~7°0?~7AQ)W~~d:,:J /~/\1'7-*t~~d:7
-e"/7~7-~M!J LIl~~:1D J;!7 b.l:~.G -CtJ\c; -ctJ:~ttl~i~fi-r~tJ:~) (1 /5
-:1') 5-t:J:: J lmtR~fiTQW~~I*<).•~~:1DJ;!7b~ii~Arp'i6~~<(J)

~J:, ~'< IW l?Jtlt~Jj)}~t~~t-r ~o. :10?~ 7.b. O)J:fll:~~~=~T ~ ¥tJ~tJ\ t) tJ~* J t~<
t~ <, 7°0 J;!7 ~ "/?~~d:«f*~(J)~0) c:t~ c; ~"Q ~;ttJ:t,.). TtJ:b~~ $~{:>7-5 ~

T/'(-C ~ 'Y ~ ~Jc G-CFs)£ GtJ:~ttttftJ: £3tJ:lt) 5 x~:, Mf~ (J):1o J;!7 b~~tJ~c0)7
~ VA ~:~~7J\~~~ GtJ:~ttt~itJ: t;tJ:~). Ara'~:c J L~j:~mO)mv)~~<:~~. /
OJ;!7bO)~J!~~b&'J-Cm.-r~~. ll~jB~:J::~ 7°0 ?~7 ~ /J;!~~'~CT:QO)~d:,

M••O)tm§€~~}]{:>1mWJ~cti~fln~tJ:")C: ~tJ: C, :J"/1'17-~Mi&l)cTQ 'j 7 l' -7.I.
7n~M!x.tJ:~)~}JljtJ:W~-c'~Q. z:tlGO)W~, MJJIl0)/,*JVO),A1 'YT~t~~d:

77-.b. -7 I 70)71\,/ ?~Jfl/o?+7b~M!J -c:1o J;!7 b ~AtJ9~ z:. ctJ~fTbtl:Q.

6-6: 7 i!: / -:17 - <tRft9)

7-e/7+IJ-~~C'~2i!f!~tlt~/D?+'7b~~a9:J- ~~:~~9~'J7 ~-7I.7 (9l!
~*) ~~)5. ~jB9A~*(J)5!> -r~j:.~¥t4!tJ: ~0)'1:~~. fA~t::~d::J "//\17-0)
-.~~~~, ~~~~tlC:~~G-C.5. m~T~~a9~-~~~<®W~,M~.

PJtre:J- ~(J)m~c~. ~a9:J- ~O)~~tr~~:, JJj{M:10?·7bcl3a9:J- ~~~Jt'ait
L~7J'Gt~7-e/7·)vIJ:A~{:>~2~7 ~ V:AO)jE. • ~J!ft~-~l: L,t~mli.Jfft~~W
1JT:Q ~ ct1~~t,). 7-e"//1) - ~m~j:JJj{M:1D J;!7bQ)$~c:mtJT~ §a9:J- t:~t

~~~£ 1~ 11:MJ,f;T~0)-r, ~.O)9A~~O)~O)Id:fiti¥-r~~. $~O)~)(~.tfiG-r,

$~~"c:l:~* c;tlt~:J- ~ ~~f£Ttt~iJ::t,~. ~G~7 ~ VA c~(J)~7~ vA~~lI

9Qt~~I:~c~~cJ::~~~~Jflv)~.~2~$~I::~J:~tlc~j:}JIj(J)~~Jfl~T~.7-e/
77-0)9A~~~.~~T~0)~,£~7~~~0))£Ac~~O)g~~~~~:Q.~~

7 ~ v:At1~JEflJ:: fJ 9G~:.J!ft ~ tlL ~J:: It)J:: 5 ~: L,tJ:~ttl~itJ: t; tJ: It). ~tll:~t9AT~

t::.r/)~:, :1D7·7b.~ 2 @Ji1t~~Iu-c'~J]!T~7.-e/7+7-n~~~). ~tt~2/'\A7~

/7~7-c:v)5. I @JI3O)/'A~j:, ~c~7 ~ v~0)~T7 ~ VA~;J{&I)~(1)~:~,~tJ:~

~t~~t~fi5. 9tJ:b!>, ~$~O)t5&'JQSGtili~O)*~~ t~~t~:itl3G, z:.tl~:1fttBU

~t~$7t~d:¥'::~~1R~t9. 2 @I § (J)/\A -c'/D?~7 b.(})jG~fJ:mfJT~fTv), :J - ~ ~

~f£9:Q. ~(})~,:: I @I~O)/\A-rfFJt~~c~~~~Jm9~. ,~t1\,:, 1/\A7-e2/7
7-c~GL, /DJ;!7b~1@J~~~U~~~9A~9Q~Jt~~Q.~O)W~, ~~

7 ~ VAO))£BJ:: t) ~9G~:~Jm~~mbtlt~W~~:~d:, ~O)ic~7 ~ VA ~~ftftG-C(,.~~

Wffi~±~~/?-C~tJ:<~~~C::Q. 7c0)~~7~~:A0)7~v~~~*~~6, ~

tl t; O)Wffil:~0)7 ~ VA ~i1&'J~U. tJ::I3, fft~:~j:, 7-t /7·') - ~·~t(J) ~0)~7

t/7+7-CJ:~~;: C 'b~~.
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6-7:

7'"t./~ 1) -If. 7'"t / ~:7 - ~IfC~v~ :>. fI~1f 7 0 ?~:7 b. (J)1fitfllf, 7 ~ V A,
T-?'tJ:C~:, ~Jlfj~Mi~cT~Ara'rRJ~(J)~~2~~4;tt;:-fj(J)7D~7b.~If. ~

~ "~J~Il~m)ET QfI~If~(J)70 ~7 ~ /?~~:~tG, 70~:7 b.(J)fFJiX:~~J!~~

~~:T~~c~l3ti9cTQ. fI~mc(Rj~~:, MJJflO)1fitfl~ 1:J 1:Jm)EGl70~
7b.~~2~TQt~~~:mv~~. JJ.RMi70?~7b.(J))t(1fitfl) c, ~tt~.RRG-c~''3tt

QfI~mO)1fitfllfC~d:, ~~~£ 1~t 1 ~:~t~TQ. 1fT~: 1 :J~:J1fitflcJ::~ttt~f14)t.

fft~.< ti~tO).~tJ:f14)t~~:J. 1fitfl~:~J:, MJiflO)1fitfllf 1:J~:J~~T~O)c,
E.~~0)~§~CO)&fjO)m~~E~T~7t/~:7-1fitflc~~~. l:JO)1fitflO)
~2~~J:, 1fitflO)fjlt~~T~2i%1fitfl C, ~(J)1fitflO)tlfFO)M~ ~~T;t~:7 / ~ iJ) '3 tJ:
Q. ~ G~:, ~2i%1fitflO)Jlfj~:~2i%~.V~L, ~0)1fitfl0)7 ~ VA ~~T~2i%7~ VA ~

)E~TQ~c~~~Q. ::tt~~*L(:7~)lt)CV~:>. 1fitflO)f14)tTtJ:V!> , ~*L, ~2

i%1fitfl, ;t~:7/~, tt~(~ttG~.cJ::~O)E~O).~, ~~OEi%~c~, 7
'"t /7"1) - ~m ~~ c ~:)E~ '3tt~. f14)tJ:O)$IJK0iJ~-JN:~:%i <, 1i!!l)EGt~.~jj GiJ)1F
~tJ:v~~O)7J~1Pv~. tJ:7J)~:~J:, ~ttttto).~ 1fTO)q:tO)CO)ffj7J)GMi~~7J)*~m)E
Gl~QIi!!l)E~~0)7'"t/~0-§If~~~.

70 ?~:7b. ~lfO)q:t-c'~d:ji~{tt*$O)~(J) c~tJ: ~ ttQ. ii6*$~If~:tt/'(L, 70
~7b.O)fFJiX:~~J!~:~TQ~t.J7J~*~v~. ~)]Wl~:~J:~~c:lvc0)70~7b.~7t /~
1) - §1f-c'.v~t~7J~, ii6*~~lfO)~J.i~:1~J l Gtiv~~:M!vtttJ:<tJ: J -c~LV~~.

Gn)G, 7JJ*~m*JlTQ~~~, v"YA?'-, Allin, WJJJb~, *f~tJ:1fitfllftJ:c/\-

~ t7 I. 7 O)flfj~ ~fflm G J:: ~ c:T ~~~~: ~J:7 --e / ~ 1) -- ~1f00M!mn~~'~-c' ~Q. ~

ATb.~:J:: J L~d:ii6*~~mo):J //'17-~mit-c'~tJ:v~t~~, 7t/~I) -~m~

1Il-0) §lfcTQ:' c ~~~. 7t/7"1) -§If~d:, MJJflO)/\- ~t7 I.70)t1l~T~

T/'(lO)flfj~~~2~-c'~QJ:::> ~:jtM~ ttQ. Gt~7J~Jl., flfj~'c~:~EI0) ~O)7J~m

it~ ttQ. flfln~~;t~t70~7b. ~3titTQ:: c ~d:~~C:lvcWl~~-c'~tJ:V). tJ:.t3, ~
m ~:iI Gt~~2~~fJ!#tT~ ~ If C ~}JIJ GL, MJJflO)flfj~O)~m~:mJ~~~v)t~~ If C
v~:> it~-c'7~ /~1) - §lfc: v~:> ~~~M!5 :. C7J~d!>Q.

6-8:

f4$ttf,f\j~tJJ~~m~ttQT~?1')v~.JJ~~~~:~1TTQ7 V170~~~-0)
fl. «? l' )v~f.JiX:TQ~~O)T-?'~~~:~tTQ(Rj-O). 0 jg GtifF (Fortran -c'v~;t

tfoo )v-7°1*J0)9l1~)~ii6~~:~1TTQt~~, -~~:/'1771/9l1~jj~n~M!vtt

G. ~lliO)A --/,-:J / t:.:L-?' -~d:~~C: Iv c:: (J)?' 17°-C: r!i~ GtlL S tJ, 7 ~ 1) tJ
0) Cray-l 7J~~O)f~~f?iJ-c'd!> Q. B*-c'~ fPJ?' 17°0) 7°0 t ~ ~-n~!l£1v ~:rm~~ ttl.
V~Q. jilli~d:Jt1fj~~~ G~.:J:~jQt~~, /'17°71 /~.JJ~~~~f1~~tT.Ml~IjJJJfF~

itt~ fJ, «? ~)v7°Dt~~-~~~~*5~GL~m7°Dt~~-{~~~QftJ{rRJ7J~~1u

-c'V~Q.

6-9:

~7J<~§m~:J::J l.~c~~ttt~7°0 ~7 b. ~tJJ*~<9l1~, ~1TT,'Q~tJJm. c <~:,
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Jej*~~m~:e:t J -C~2im~ ttt~70!/7b. ~JejJm~:~ffT Gt~~O)wmO)1fit1.J-e 'Y ,,~

'bJM_.~mTZ: C: 'b~Q. Jej7J<~~m~:J::Q 7°0!/'7 b.rm~O)~m~:~tG, ~*O)
M_.l:-c'O)::I /J\1'7-fFf£~d:~V~-C••-c'~Q z: C, *t~l~Gttt~:J- ~O)~fT

~jj$ 'b~\-rG 'b+7ttJ: 'bo)-c'~d:tJ:v) z: C7J) G, M_. C §mO)-e~ /7~ 'Y!J~~ 'Y 7°
~fi~Qt~~~:Jej*~§mn~'b Jai.fj~~1fit1.J~ 'Y l' vJ'\}v-c'xtlTQi@iik§m~~ /
n~ Fortran, Cobol, Pascal, Lisp, Prolog, SmaIltaIk tJ: cflJ:( (J) ~m~:~tG-C~~~ ttL
v)Q. ~*~~m~v)Jt~lu~ra~m~:.aRG, ~ra~m~~fTTGra~~~fT~Jejik~m~

~/~, i@i*~~m~.~.~~ffTQ.~~ff~Jejik~m~~~~~~Q.

6-10:

i@iik~mc 'b v) 5. M_.~A7b.O).fj~~.~~:£~< J:: tJ 'b, Ara~n~~5 ~m~

.~~:ilIv)~~~:£~v)-Ci~~~ ttt~70!/7b. §mO)~Jj\. 7°0!/7 b.~d:**, ~t~

c:tJ:Qrp,a~fWI*TQt~~0)7)J;::[l) A'b.~~2imG, ~tt~M~.O)1fit1.JO)~~CG-C
4ftQ 'b(J)-c'~Q. 7 )J;::[l) Ab.0)~2im~::J3v)-C~d:, M_(J)=FJIIi, ~'f*li9tJ:~t~!fo/.J~~

~TQT-7', :J3e:tlt~ttGm1ira~O)~f*~.~tJ:cn~£*l19~:~\~~:tJ:Q. Jej*~§

~-c'~d:, ~t1G 0)~2im7J~~~~:tJ:Q J: ~ tJ:~*~f~~T~. =FJmO)~2im~M_0)¥frttto)

Wl~a9tJ:~2im-c'fT5 =F~~~~~, T-7'tJ:c(J)~f*~~2imG, ~tt~:£~'< M_O)¥frt
tt~~Iba9~:I*~G~F=F~~~§m7J~~Q. *t~, M_.l:-c'~fT~itQtJ~~:, ~O)

1fit1.J$~::-~GL~~TQ-~~§m, ~0)1fit1.J$~0)~~~~~a9~:fT5~~~~m

7J~~Q.

6-11:

.~O)~~1fit1.JO)*~~:ilIv)~m~*~'b J t::. 7°0!/7 b. ~m(J)~Jj\. 7~ /~l)-

tm~~O)R~-c'~G. ~tt~, ~C:G-Cfl~O)1fit1.J~.~£imTG£~1fit1.J~~ft-C

:J3 fJ, jffi1ftO)1fit1.JO)~~7J)~:, Attl1JtJ:cO)fffU~1fit1.J~~2im-c'~G. i@i*~§m-c'~d:~2im

-c'~tJ:v)J:: 5 tJ:ffB7t, t~ cft~i;t~ V-T~ /!/~AT b.~::J3v)L7 ~ VAm~O)m~

~:7J)7J)V~ c ~ -0 0)~2imtJ: c~:~d:~\~O) §ag-c'~ G.

6-12:

i~JJTO)-J. ~J1)!~O)i~JJ~cc ~ ~::~J1)!~~.~g-Qf14)tJ:O)~*~v) ~. ~J1)!

{~~:~tTG~~ (NOT), ~J1)!m (AND), ~J1)!fll (OR) 7J~-~a9-c'~Q. ~J1)!flO)i~JJ~:

:J3v)-C~d:m 1 JjO){~7J~~-c'~tt~im 2 Jj{0){~~:J:: 6 -r~~~O){~~d:~ctJ:Gn~, ~~,

~ O)J:::> tJ:tJ~~:~d:m 2 Jj~~fiffi GtJ: v) c v) ~ m,J{rj~:~ 5 ~m~ ~Q. ~ O)tJ~~:~d:,

m 2 Jj~d:{rnI~ 'bt~tJ: v)J: 5 tJ:~-c'~J L 'bii~~ 'bJ~~~~~T ~ c ~:tJ:G. rmJJ1)!f[J
~:~tG~m 1 JjO){~n~~O)tJ~'b(PJfjR-c'~Q.

6-13:

~J1)!flfj~~~~g-Q1IT@J~~ v) ~. rmJJ1)!~::~:t 2 {ll!~J1)! C 3 {~~J:0)?p{~~J1)!7J)~,'Q.

2 f~~J1)!~d:~-)v{~~C b J:: ~inL, It <mv) 6ttLV)Q. ~J1)!~d:~J1)!~~-c'~2im~ n
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~. ~~OO~~~~R~~~®OO®~~OO.~~~~~. £*®~~~.~~~~
(AND), ~~fll (OR), e~ (NOT) ® 3 fI.~cJ!>~. ~«-C®~~~.~d:, z::.® 3 flm
o)~fi~,@;bitl:~ijl~~ ~. *~:~~fl ~e~~m~,@;bitt~ NAND ~J:~ x. 7 7-(J)
.~, *t~~~fIl~e~~~Jl~,@;bitt~NOR ~d:t::7-Al•• etJ::~ttl, v~9tl~~tl

~~~~~fl, ~~fIl, e~0)3f1.®~~~~ijl~~~.~~@~~~, £*~~~

.~~-~l:~ijl~tl~. ~~b~, ~~.~~A~~, ~~~~~m~~~ijl~tl~.

1BJ}!@~~J:m~,@;bitlB~@ImetJmFf@~~::5t~tGtl, iW~~J:~-"~:J:: ~ l, {i~~d:

~-l' et 7 1) '/7
0

70'/7et ~:J:: ~ l"JiX:~ tl~. Gt~tJ~J llB~@Im~d:~-1' et 7 1)

'Y 770 'Y 70)m~,@;bit~"JiX:~tl~. ~~@Im~d:T~ :;~)v@~~~ijl~~±~tJ:

.JiX:~*-ecJ!>~. ~~@~0)~M~~~~MetV~5.

6-14:

~~~~m9l1~*m~:*~f~~tlt~7-~777~-~v~5.~~~7-~T7

7~-0)1~~f?iJ~d:Prolog~~/0)7-~777~--~cJ!>O.~~~7-~777~-

(J)±~*.~, ~~7-~~77~-(J).m,A~'Y7~~.~(J)m~, ~~.~~"
O)f~mtJ:Cl:cJ!>o. ~~O).m~d:JJ{~m~, 7 ~b, *~it~~R~tJ:c~:iiBn)<5t.

G, ~tlG ~~ ~l:'.JJIJ~ 0:' et ~:J:: lJ !li-{~O)7§j~f~~JiJfj~~:~~.

6-15:

~~7°0~73:/~~m, foB~~70~73:/~§m~~v~5. 7°D~7btJ~cJ!>Q~

~f**O)foB~it~:tJ:J-Ct3 tJ, ~t.7J~~f!ij et~fdfi~cJ!>o §mO)~lIJ\. ~~~§mO)M.

tT)vet GLO)~f!ij~d:£*~~:fm~Jt1t3J::rt%~Jt1~~J~f!ij~d!>on~,~~~~m®
lfl~=~d:%~Jt1~~t~tJ:v~~®~cJ!>~.~~f**~G-C~d: 1~~m~~, ~fElfoB~, 7§j~

foB~, ~itfoB~, mJfEI~~tJ:C7J~cJ!>~. ~~~~mO)f&5T--~~~d:JJ{~:~G<, ~,

7l'btJ:c®~~, .~f*, foB~.~n)GtJ:o. ~~~§mO)*.~d:, JJ{®r~~®!li-f~

~£*1••c~Q:: c-c'cJ!>o. ~~® ~m-c'~d:tJl~j6~~m~m~G-C~O)1JIJ~*~tJ:

C~JiJfi~~: G-C v~ ~. foB~~~ m~:t3 ~t0 M.(J)*5*~:~d:, JJX:~ <t~J& <t v~:> 2 'J0)tJ\
rm7J~~ t) '5~. JiX:~0)~'@;, M.0)i&lf~~1Tbtlt::!li-{~~.f~Gt::~~R~0)~7J~{~

Gtl~. D.~tl~M.M*c~~~tl~. M.~.~~~~~~*~<5t~l2~~

~. IJ~.~.~-c'~tJ, ~(J)~,@;~.~~7D~73:/~~m~~~. z::.®R~M

~d: Prolog ~~~. ft!1~d:Ml~ljffflJ~l:'~ tJ, ~ 0)~'@;~d:Ml71j7°D ~7 3: /~ Sm~{~o.

foB~itt3J::rt~O)J:l:'O)~.~~t1t~~d:, ~.ett1t~~~it~~:~ijl~~-~~l:'cJ!>Q.

~(J)~,*-c'foB~~ ~m~J:A.I~~~~ ~m(J)-J <t~;Z Gtl~. foB~~~m~d::J}v ~ '7
r) 7 -7J~ 1970 iF{~~}]m ~= EJ~~m9l1~m ~= Prolog ~~~Bt Gt:: C:~ ~:1:. *tl, ~(J)fl

1974 iF~=:J IJ )VA~-7J~*--/W.,@;O)¥®t~~fW~cWJ~&v~~f!ij¥®t~~ ~ c ~=

foB~~7°D ~7 ~ /~~r~p~G-cr±§ ~.&)t::. ~1£~d:~ ~ ~"~tJ:foBJ!!f**~=£~ < foB
~~ ~ ~g7J~~Jf~ ~ tlL t3 tJ, * tc. Prolog O)fl~ O)fJt5~~:' J v~ -C ~Wf~ ~ tl-C v~ ~.

6-16:

~~~~m~=J:~70~7b~~1T9~tlft4~v~5. 1 /~---7°1) ~-~~c:J /1\

-85-



~ 7-tixtiJ~dtJ:{;). iBJ}l~ ~m9l1J}l*~J:~fJ~JiJ)~ c:{;)ffftJ1JP7o 9·7b~~~7J)~:7D
!:I 7 b. ~~Kfi9:{;)1::-7~~c~fJ~~::~fj(J)tf¥fl~~Kfi9 ~A~ 'Y 97J) Gt~~. A~

'Y 9 ~:: ~d:~fTjjm~ j2.9:{;) ffftJ~ A~ 'Y 7, ¥ -f~-=f~12.9 .Q A ~ 'Y 7, r~~ t) m¥fl
m(J):A ~ 'Y 7 t~ ciJ~dtJQ. ~fT~~::~d:~ GiBJ}lxtiO~{iiJJJtt>m v) Gtl-rWE~i6~.~~tlQ.
~ (J)t~&?iBJ}lxt~~(J)r:p(1)JJ{~~~9Q7-~.~~:~G, ~2.~.(1)M!m~jj$~7 7
--tAJmJJt~~lIGt~tixti6~~'J1:~:tr!Q. ~ (J)t~&?(J)~~agtixtc G-r~J:, :J t::-tixtc
~fltixtiJ~dtJ:{;). :J l::-tixt~J:, ~'J1:~::Jit\GLt> C:0).~~:J t::- G-r*" Gv).~~~
~9:{;). ~fltixtl:'~J:t> c(J).~(J)1tfJ!~~~fl G, ~Gv)m~n~~'J1:~:tr!~ c~tl~

t> C: O).~(J)1ttJl~ c ~(J) r:p~: dtJ:{;) iBJ}l~Ic(J).-{~-=ftf¥fl c (J)fJ! c GL ~~9~. :J
e-tixt~J:~@I.~~~~9:{;)t~&?12ti~.(J)M!m~jj~~d:~v)n~,m~J1']$(J)jBJ}l~1c

O)i~0)77tA~d:JmV~. -ti, ~fltixt~d:~2ti~fRO)M!m~~~d:~v~i1~,.i!J1']$(7)jB
J}l~IcO)f~(J) 7 7 tA (J)t~lt~::¥-f~-=ftf¥fl~~~t~< -c~d:t~ Gt~ v~t~&?, 7 7 tAJm
JJtiJ~:J e-tixt~::tt~Jl!v~. il[iF~d:1cti~fI!(J)*~fi{~~::f~v), :J t::-tixt~f*m9Q
9l1J}l*iJ~m5t -CV~:Q.

6-17:

~7~ryx7m~7-~T7T~-0)-J.~7~x7~m~~mO)~5~~7~x

7 ~~~liIc: Gt~~ATb.0)9l1~~~~{~9:{;)t~&?0)7-~T7T~-~v):>. ~7~~x

7 ~0)7 ~ v:AmlE, 7 7tAffftJ~, ~7~x7 "tifFt~c~7~~x7 "m~~7)vO)

J\-~ryx7xti~fT5. ~7~x7 ~0)J1']$~~~~~fR¥fl~d:fJjm~~:~d:~5t9, ~

0) 7 7 --tA ~J:dtJ 6 iJ) G&?m:i\~ tlt~-6rt~~Jl!i G-C (J)~PJ~ ct~Q (J)l:', ~b&?-Cifljv)rn

'~Ir1iJ~Wl~l:'~.Q. *t~, ~7~x7 "0)7 ~ vAmlE~J:Jm1it-7~/\~I)T~ ~fJjmG

t~7 7 --t:A fljfJ~iJ~tJ: ~ tl:{;).

6-18:

~7~I 7 ~m~7°D!:I7 ~ /!:IO)~5tti~:fJE-:J t~7°0 !:I 7 b.iJ~fF~G~9v~~ 5~::

~~~tlk7D!:I7b.~mO)~~. Jm1it, ~7~I7~, ~'Y~-~(J)~~c~, 77
:A, kl7l<tJ:C~IE.mIE9.Q ~mlt.~t>J. ~O)fjO)~mO)~5E!~d:tt~ag1J<, 1960
iF{~f~~0)~~ :J.- v-~ 3 /' ~mSimula ~= ~j: G*tJ, -7~ (A. Kay) 0) Smalltalk,
1:::.:L-~ 'Y ~ (C. Hewitt) 0) Plasma tJ: C~~L, ~B, Smalltalk-80, C++, Flavors, ESP
~c~R~~~dtJ.Q.E~~il[~~G~~~G,b~OOO)m5.R~.1t7D~x7~

(J)~ 7 ~ ry I 7~2~~:mv~ Gtlt~. ~ (J)~~iJ), tm~T-~~(J)IE.It.~qtJL,~:~at~

tlLV~.Q Clu ~ Ada tJ: cO) ~m~, ~O)fjO) ~m~=-2i&9.Q~ 5tti~dtJ.Q. *t~, ]fl~1J7°

Oij7~ /ijO)t~&90)~7~I.7 ~tlj~i§~tf~~~~t· f#j~~tlLV~.Q.

6-19:

~t~t~~7°0!:l7~/!:Ict>v~5. 7°o!:l5~ /!:I!\7~~b.O)-J. ~7~x7 ~

C J: ~!tl.Qltfi~l:(J).{}[:~qtJL'~: GL, 7°o!:l514~'J 7 ~ ry x 7 ~AT14 ~~~ •~
m9.Q 70 ij5 ~ /ij~V):;. *t~, ~ (J)J::; tJ:tit!~~2~~tlt~ 7°0 !:I 7 b.~~7~~x
(7 ~t~~7D ij514 C J:~S~. 7°0 !:I 7 ~ /ijtit!iB(J)~.m~:f~J -c, =¥~~O)tm~fl::,
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7--~ O)M~{tt~CO).~n~~~~ tt)E~ L t~ n~, ;t 'J~x!J l' ~J: ~ tt GO)M~f~~~

J.i~it, J:: lJItfBIm0)~t~~~~7)vf~· M~f~g-~t=~~:2IA~ttt~. ~ilg-~.~

e: L-c~ ,/~--.y0)~tJ C: tJ ~:J::~;t'J.yI.!J r-O)m't!f~, ;t7~~I.7 r-0)!J:7 AO)~
1Mc:.:cO).jf(t~c~~~Q. ;t7~~x7 r-mrtiJ70!J~7~ /!J~O)£*a9t~~x1J~d:, 1960

iFft1~~7J\ G 70 iFftJlU~~:7J\~t-c, =jj- ~ (K. Nygaard) G~:et ~"fit.~O)~ ~.:L

v--~ 3 /}flO)~m Simula O)rm~, 71 (A. Kay) ~:J::~/,--'jT)v:J /e=z.--~

Dynabook e:.:cO)fIJ}fl~O)t~~O) §m Smalltalk O).m • rm~, 1:: =z. -1 '/ l' (c. Hewitt)
G~:J::.Q~~J9l1J.mO)t=~0)7!J ~-~7)vO)if9C, 1) A:J 7 (B. Liskov) G~:J::~M~

7--~~~m Clu O)~~~ • rm~, ~ /A=F-- (M. Minsky) ~:'J::~AI~tmO)t~~O)~D
~m~Jt7 V--bO)fJ!~, 7=A (Denis) G~:J::.Q;t~V--71 /!I~A7 A~:t3~t.Q

.l1if*a1O)t~~0)71 J'\ E 1) 7 ~ O).~O)~AtJ: cO)J:P7J\ G~J.i L -c~t=. mt:El:'~J:,

7--~«--A, CAD/CAM tJ:cO)tt~jO)J:Pl:'~, ~7)vftO)m~tJ:~x1J C: L-c;t'J~x
!J 1'O).~n~~A~tt-cv)Q. ;t7~~I.!J 1'mrtiJ7D!l7~ ~!I~:ilLt=7o!l7b~

me: LL, C++, Smalltalk-80, Flavors, Clos t~cn~f~~a9l:'~.Q. *t~, ~~J9l1J.1O)t~

~O)~~J;t'J~I.!J r-mrtiJ~m~~~ • rm~~tt-cv)Q.

6-20:

OCRe:nm~g-.Q. iEm7J\ GO)&:M7t~lltRU LL3t~~~l&.Q~ThI. mt:EO)3t~~l&~

ThIO)~~e:lucn~~tt~:~g-~. IltRlJ, JlU9l1J!, lEm1~, ~.Mttl, DBIJ, 1~9l1J.m0)~$

7tn\ G.JiX:~ ttG. IltRlJ$7t~:~L L~J:, ~l&}fliEO)iE.n~rl:l,a e:t~.Qn~, mt:E~d:l:.

iE~it)i*IfiO~tJkxG J:: '5 ~:tJ: J LV).Q. JlU9l1J.m~.~. L v)rl:l,a~J:, OO~ O)3t~O)-wJttl

G~~.Q. /f)E 1::: 'Y T~.7J\ttt~3t~~, 'Tokyo' 0) J:: '5 tJ:A tJ ~Jl~3t~0)-wJ ttl GiO~1ij

fI~ ~: tJ: J LV) .Q .

6-21:

r~~~t~\t]-c'tJ:<, DGiJ~tJ:, tJ~tJ-r, ~~~, ~2~0)g-""'-C~(PJt;1JJ:tl:'~~D~

~ Q7t~a93t~~l&~Th1(OCR) ~ v):>. IltRU, JlU9l1J!, IEm1~, 7c7tm, OOBIJ~~D,

f~9l1J!O)~$7tn\ G.JiX:~ttLV).Q. r~~~d:.~iO~flKt~t~~, IltRlJ$~d: 16 */mm~
l:O)m~Jjt~~,~c:g-.Q. :.tt~d:, ~~~7J\tJ:3t~}flOCR O){&~J:O)m~Jjt~~Q.

r~~ OCR ~d:, ~O)~~v)itJmiE~tJkx~:. c:, ~*~ ttt~.~~tJkXQ:' C:, ~~iJ1ff

1£ L LV).Q3t.~m:xQ :. C: tJ: C0)~~~7J\ G, "'"--~~ t 1) -- ~fimXL, 3t. 1~~
Jjt~:A1Jg-.Q J:: '5 ~:tJ:J lV).Q. i~~~~~O)1JJt~d:~J<~ tJ, f=n~~ ttt~i~~O) OCR
~d:iffjdbc:tJ:J-Cv)Q. ~.~r~~O) OCR ~j:rm~· iffjdbf~O)~~~:~~.

6-22:

B*~flA1J0)5!>~~:i~~O)A1J~:>f*b~$7t~v)5.et~tlO)7tIfl:'~j:, 1 /\11'
*O)~~~~7J\tJ:3t~~:~tG-c2 /\1 ~*O))(:~O)A1J~:t*g-~=- cn~~~. r~~A

1J1JJ:t~d:, A1J Gt~ v)r~~~illf~f~tEg-Q1JJ:t C:, 7J\t~~~~tJ: c~~O)1>tJ: v))(:~~

1r G-CA 1Jg-~1JJ:t0) 2 J ~=7t ~t GtL~ . 1~~~ illf~f~tEg- ~1JJ:t0) 1~~f1iJc G-c ~j:,

~~~~~171JJtC:""'~~'YT1JJ:t~~~. ~~~~~171JJ:t~, fl~O)~~~~
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t) ~L Gtlt~:f--C:.:c-0)a:p0)~~0)~~~t~~9 ~jp.fx:~7 ~ :f--O)rmi~~(l3Jftf~:tT.

9 ~ ~ C: ~::J: J L*~O)r~~~AtJ9~11J:t-c:, jp.~~ 7 ~11J:t C: ~ J: ~~tl~. ~/~

~711J:t-e~d:, i~~~ 1~0)~7'v~ ~l:~:ft2.G, EI~O)~~~~/~O)~.-em~

9~:: C-ei~~~AtJ9:Q. v~-rt10)11J:t-e~9~LO)i~~~~.9~:: C~d:~.-e3;

fJ, l52.~t1-Cv~tJ:v~)(~~AtJ9~~~~J:, 1JIJO)AtJ=F~~mV~~~\~n~3;Q. 7~~

~li~m~GtJ:v~11J:tO)~~~Jc G-C, ~ ~7~17°11J:tctJ)tJ:r~~~.11J:tn~3;:Q.

~ ~7~1711J:t~d:, ~7~~~n)tJ: 2, 3 )(~~:M~~it, ~t~9:QtJ)tJ:)(~0):f--~

tT.9~11J:t<:3;~. i~~ctJ)tJ:)(~O)~t~~1t;tt1~~:f--~~lJ'fiIDIti~J!-r~:AtJ<:

~Q~~, ••AtJ~~~~3;Q~, mm~~~jp.<~~C9:Q. ~0)11J:t0)-~-e,

~t~~it~tJ)tJ:)(~cGL7~~0):li~~~~i!l!m~it~~O)~mv~~11J:t~i!l!mAtJ11

J:tc:v~5. tJ)tJ:i~~~.11J:t~J:, 7~~, )(frj, )(.tJ:CO)lfi{}[:<:~~~AtJ9Q11J:t-e,

WG~AtJO)~jj$~.~:Qt~~~:I~~t1t~, ~m~7 ~:f--~- ~~MJ:t=f-~- ~

iO~rm~~t1Lv~~.

6-23:

i~~0))(~~~~~v~5n~, ~~~~tJ)J]-etJ:<, DGn~tJ:, tJ~tJj-, ~fx:~, ~2~0)

9~L~lPJt;11J:t-c'~:g~9~::C~m9.im~, *7tm, 001JIJ~~~, 1~m~0)3~~~:

7t~tL1T5. *7tm~:~d:)(~~.~GLv~:Q.~0)11[tij1JIJm~~M!311#;',JaJ)ll7twtJ:
c)(~O)JaJIm0)*1i~M!511#;', ~£7J) Gt~J\~- /~M!311#;.tJ: cn~3;:Q. OOJ.jIJ~:g.-c'

~d:, J\~-/~~#;.~, )(~O)1=t~~::~EI Gt~~)v*Ii~M!511#;', A l' D-!Jmt!f#;.,
{}[:f§*Ii~mv~t~.~mt!ftJ:c, fx:jp.< O)11#;.n~~~Gt1Lv~~. 1~m~~:~J:, )(~,

lfim, )(frj, #4)(, i\~0)~v«)v0)1~m~n~~;tGt1~n~, ~t:E~'j:Jt1fi~~tfiffimtto)~

1*tJ) G)(frj v«)v~-e0)1~m~n~1Tbt1 LV~.Q.
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Lesson 7: Computer Science IV
(applications; part II)

iii 7::" dark
<G(v ~) dark, dim, gloomy, somber

JFa~ 7/-::19
JFa~ 7/:/

iii jj picture; jJ 7 stroke (in a character)
;tiJ~«) to describe, to draw, to sketch

lOOfi~~. jj'J9=/'~=t-

MlOO 71jJ7

1t =t- ::J.. 9 investigating thoroughly
~b(~G) to investigate thoroughly

~~~~ =t-~9=t-377=t-~

IDf~ 7/=t-:l9

cryptography
hint, suggestion, implication

image recognition
plan

ultimate, eventual
research

I 7 artisan, manufacture, mechanic; :J 9 artisan, manufacture, mechanic
I ~ ::I 9 jj 7 engineering
{t:~Ifj jJ jj 7 :J 971 chemical process

il 7 1 connection, influence
ir~ir~ tJ person in charge; iJ)iJ)(G) to cost, to depend on, to be suspended from

~_ jJ/71 ~~oo

_Ie 71 A 9 coefficient

PJf 7 ::" grinding, polishing, scouring
C(<") to grind, to polish, to scour

IDf~~~ 7/=t-~9~~*9

IDfm 7/?
research method/technique
grinding, polishing

7 /' (piano/typewriter) key
7J):ti' key

.~~

000.1JA
iJ)~'jJ /' 1)

:J 9 jJ1 iJ)~'*9 ~=t-

-89-
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A

~4=- discriminating, knowing, writing
~. T~4=-

~. =/'~4=-

-;; /' people, person; =/' person
D C human being, people, person

AI~fll§ -;; /':J r) 7 / r)

Arf:f' =/'J:T/'

'J r) figure, image, picture, statue
1iIDfji~~ 1J'Jr)~ 3 1)

1iIDfji~. 1J'Jr)=/'~4=-

7 acquaintance, knowledge
G(Q ) to appreciate, to know, to realize

~~O) 4=-7-0)
*~O) ~TO)

7 3 r) omen, sign, symptom

*!k ~!JT3r)
*!k~m ~!JT3r)T~r)~~y

=/' approving, discerning, recognizing
J}. C (&)~ ) to authorize, to recognize, to witness

rl/z::JiJ ...H h - "'
1tJE iiJ~' /.J './ -./

!\~-/'~~. !\~-/'=/'~4=-

*/' turning over, fluttering
DQi:J~;Z(g-) to change (one's mind), to wave {vt};
DQ n~;t(Q) to turn over, to wave {vi}

fI~UaR 4=-tJ'1*/'~!J

f3IJJUaR :;~r)*/'~!J

~!J translation
b ~t circumstance, meaning, situation

~mUaR J:T/':f*/'~!J

~§mOOUaR ~J:T/':ftJ/'*/~!J
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knowledge
recognition, cognition

artificial intelligence
human being, person

image processing, imaging
image recognition

already known, well known
unknown

characteristic, feature
feature extraction

confinnation,verification
pattern recognition

machine translation
machine translation

translation of language
multi-lingual translation



Grammatical Patterns

7.1) tttJ't 6
The particle teI..i:J! G is usually used following the conjunctive affirmative form of a predicate to

indicate simultaneous actions (if the predicate is a verb that describes an action) or to provide the
meaning "(even) though" (if the predicate describes a state).

2. GiJ) G~r±O)!to/.JJto)~f clu C9~L~d:, 5ijiJ~l19~~ tJ teI..i:J! Gf~J~l19~:~S~~ *v~, *5
J~l19~ ~ tJ teI..i:J! G5ijiJ~l19 ~:~S,,~*5 .

3. tf&~~d:~~{~J~!to/.JJti:J!~c:7t~~ L-teI..i:J! GiXL- <~{~~ tl:Q~~~~:Q.

7.2) :J:J
When used as a suffix appended to the conjunctive affirmative form of a verb the particle JJ

carries the same meanings and serves the same uses as teI.. i:J! G. However, the special combination
'":J '":J ~:Q following the conjunctive affirmative form of a verb indicates a continuing action, and
may be considered equivalent to the connective affirmative form followed by v~ ~.

2. Rf~~fnB~d:*f~:*~ l' r;-!y ~:t3~t~iW~O)*~Jt!~~~~1JteI..!Et~c:L-LJt\m~

tlJJ~:Q.

3. t~ti.L-, ~fiO)jJ 0 1) ~!y ~~1& L-L~, ::.tl~:J:: J L~ C~rMr.~l:~~d:!to/.Jf*O)~

~a~:~ttf1iJ GL IJ\~ <t~ tJ, m~t'":J'":J ~ ~71<0) J:: 5 t~iJ-@j~: ~d:~~iI:~d:~~H*~rMr.ll

l:~~J: 0 ~~:Q.

7.3) •.. ~cl:J::Q

noun ~: J:: 6 tJ:v~

depends upon ..., is achieved by (means of) .
does not depend upon ..., is independent of .

1. fI~~aR (J) qt ra' Baft1Jrt-c ~d:, 1* ~ aft~ § aft ~= d:: Gt~v).~l19tJ:f.~ ~:~ft ~, ~

~tr~6f§¥§m~~~9~.

7.4) ~~\

The particle L- tr~ precedes a negative verb. The combination of L- iJ'i and the negative Japanese
verb expresses the concept of "only," "nothing other than" or "no one other than" in combination
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with the affirmative meaning of the English equivalent of the Japanese verb.

1. ff4)(l:O)fIlIJ~n~-~~:%i<, ~~Gt~.~1JG7J)fF~tJ:v)~O)n~~v).

2. *A GiO)~~tJ:v)Cv)'5**O)~~ c(RJ c:tI~~iM~g- ~t~~~:~J:, ~O)Pf~{~~:

~1m.1JJt~m v)tJ:~ttt~itJ: GtJ: v).

3. ~,*tJ:~O)C G-e~J:7tmtl~ 3000 ~l:~, (RJ-0).fllc~flg-~.m0)1;t/'(t:::.c
x~ico+ C: N2+) ~#ZIJ~~:Q ~o)~~:Qn~, ~iGttt~7tif~Gn)M!m~tt-ev)tJ:v).

7.5) {iiI [tJ:Iu] GtJ"iQ) ••• some ..• or other

I.v) < ~n)O)~.O)ff4~n~{PJG7J)O)it~-c'.f~ G-ev)~ ~ c ~~tfj G-e, ~ttG ~~ft

g-~ ~ ~~.~~~ G-ev) <1J~~~~g-:Q.

2. ~~, )(*, ~~, OOl.t~cO)~t~O).ft~::3tim~::~:g&'JGtt~{PJGiO)O)~.~:i±EI

Gt~C~, :.tt~~O)~t~O)/\~- /' CJ::v'S~.

3. 7-1:;~ )v~~-r:J:: <mv) Gtt~1J~~J:, :). 'Y~-:;~{PJG7J)O)1J~-r:J±.G, ~

G~::~~mO).~mv)-ePf~i~ GL~~Gtt:Q)( (~~IDET) ~ ~ 'Y ~-:;~:: f11JD GL ~:Q c
v)51J~~~~.

7.6) affirmative predicate + tJ"i + negative predicate + tJ"i
This pattern is most frequently used in the middle of a sentence as a form of "embedded

question," whereby the writer considers "whether or not" a specific action is carried out (if the
predicate is a verb) or "whether or not" a specific characteristic is observed (if the predicate is
an adjective).

1. Pa:~~d:M~~~ v)~d:M~~AT .b.(J):P:~J~~~Qt::-~, ~Q~.~ ~J7J) ~t::-tJ:v)

ir~ ~::J:: J L, 1:-1~i~~fl~tJ:C(J)~~!O~7J.J$~<1TX Q !O)1TxtJ: v)n) ~fIlIJ~g- Qtt~Jl~
-r:~Q.

2. *~~d:f§~t~fJJ7J~d!>~7J)tJ:v~7J)~::J: J L~Jl:*~C~fJJ*~~::, *t~tl€M~iii~::s

~tQf§~t~fJJO)fj.~::J:: ~ Ll~ ~ *~cE7J~ ~ *~c ~::7t~t Gtt:Q.

3. Jl ~J: 2 ~O)!to/.J.(J)fj.~::ti~t~f*g- Q~Ic-c'~Q!O~, ~~~:~d:rgJ3t~~ v)~d:tl€Mitin~

~ttLVlQ ti~ Vlt~VliJ)~:~~f*g-Q.

7.7) ~~'f-C soon, presently, before long, in due course
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2. 2 JO)#.Jf*~~M~itL.s<C:~n!L~1JlI17J!JJX:1L G, ~ 7 DtJ:#.JJ1M.O)ftjrl:f'~~ft

7J!~~~ 6tltJ: <tJ:Q.

3. ~ftj~:.sV~L~d:, iii~O)if~~d:.~O)if~J:: t) i1!1u-c'v~t~7J!, ~7J!Llt7tl!O)§£JitJ:

c~:J:: '? Llt~O)if~~d:~Jm~:i1!JJ-, M. Ampere, M. Faraday 6 ~:J:: '? LCnTfciii:liO)
~~7J!fW~~tlt~.
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Reading Selections

7-1:

imm)(O)~w;~~~ ~ c (~~) {->imm)(~t~Jj:immffJ=fo)iE~tt~.mT~ ~ c (m
~) tJ.E':J:: tJ1W~~~~)Jd:1W~~AT.b.O)~~tt~~~t:..~, ~~~.~ t>:JtJ\t>t:..
t~ ~ )7J\ ,:J: -:> L, ~~fl:{->tl~tJ.E (1)~.iJ'\tiJ~&<fT jt~ 7J\fT7\..tJ. t- )1)\~*,J.TQ tt
m~. ~O)~.~ltcJ::~~. ~~O)t~~O)~~f~, tl~~, ~n-rtl~~:Fa~f~J tl~

C:~)'5. ~*~~t]t:..~~imm)(Tt~b!>~)(~1.Kl~ffl~l-cFa~f~~tl, Fa~)(c:t~

Q. ~(l)Fa~)(~d:, ~Q.K2 ~ffllt)n~t~~~:tl~~n~iJ\, i-'5 -ctJ.~tn~i~x~

1l7CT~O)iJ)~b~LmB-r~~J:: '5l:fF-:> Lstr~t~~tt1J!tJ: GtJ.~l.• K2 ~ t>t':9
~:~)(~1lJCGet '5 cTGfT~~m~cIt) '5. imrn)(~m~TQt:..3lJl:~d:, iifim)(]j\ G
~~)(~.~ ~ffllt)L~IiXG, 1t4 ~ffl~)-C~~TQ. ~~1Jitld:, ItL2 ~~t:-t~

~ttl~tz:. O)~~':~f!TQ J: '5 tJ.~WE)(~fF~(J)iJ)~bcYJlmBc:tJ:~J:: '5l:MIiXT~
~,~iJ~~~. immm=fO)~~~d:, !L~~m=fl:i!tJ -tttl:~t9 ~~IDE)( ~~1iX GL t> G
'5 z: C ~:J: t] fT 7\..~. ~O)J: '5 t~Fa~O).tmld:, T~~.~:{t{f¥G -CltlG. Gt~tJ)-:>-C,

Fa~,:.t3lt) -C J1, 1t0)~1iX, fi2i!, ~~, ~., ~J!~ EO) J:: '5 ~:fJ '5 tJ~ C ~~ :>.1f~
(J)r~,eiQ~~b~Lm~-c'~~ .•1f~O)t~~C:J;t, .~~lIf~T¢z: ci1~~lt). ~O)JI

~, ilt>£*CtJ.~.~~A~-ItCJ::~~. *'t::-, .~i!~~~~:T~t::-~~:, ~rm.

1Jlt{->••nufi2~1Jlttj:EtJ~~ jt ~n -c ~).~ .

7-2:

iMm)( (~y-e-Y) (1)pq3~m.=.~n~.i8~~tJ.~)J:::> ~:, ~JE0)7 JV:J~IJ A.b.~~

J:: -:>LiMmJt~~~T ~ z: c. fJJJVJO)IIi~~jJj~~, 7 Jlt::t I) A.b.~(J)t>O)(J)~w;tt~:~

<Ui.f¥ GL~)t::.. (J)(!, 7 Jlt::r I) A.b."IJ~fR.~~tlQ c~W;~1-f*-ctJ.tJ\-:> t::-. ~O) t::-~ilili

-c~J:, 7 )v:1 1J :X'A c.~mfflT ~Fa~~~ti~ffl~) ~ttL~)~. ~ 0)1ilt-c'J1, ~JEO)

)(~~JtJ\ GtJ:~.l:J:: J L7Jv::t I) A.b.O)tt.tJ~~ft9oO)T!, .~fi;tGcPi~ft~

ttt::"T-~(J)~~J:~<.tJ.Jt::..~O)~:t~o.Gt~tJ~:Jl, 1 JO).n~mirG~tlL'b, It
O){iR~~jtn~i~"'t::-t~U:~W;~~:J~ct1~-e~¢.-G:~:, lijf~ft~tlt::"T:fA"c
~J:.KCimm)(MO)OU~CL,LC=f(K, M)c~~tl~. Z:0)m1~~d:, KcMtJ~47L

~ tln~t c ~J:3~ ~:*~ t3n~ tJ), c tJ~4 jt t; n L ~ K ~ M ~*~~ ~ C~d:~~J:~j:

~ilJtm-r~~ J: -5 tJ., -1JfilJOOlt:-ct~~ttl'itJ: t3 tJ: ttl. ",5,~:> .~J:~ftmO)faIij)4itJ~~tt

~1nJ -clt)-cIt~~i!T ~£,~tJ~~ tJ, imm<l)~q:.~.n~~*tltJ:lt)I*tJ)~,~~~~.

~tll:~tG, .0)~i!~~'~C: L,tJ.lt)~rm.1iltn~~ffl{t~tlJ:J~~. ~tl~j:, 2:J
O).~A1J':~tT~-1ifilJOO~~:J:tJ ~PX9~n~, 1 :J~j:~rm9~.-e~ ~.-e-~O)Pi

~f~0). C: G-ri!ffl G, t> '5 1 J ~J:~m~: L,~ z: tl~: J: J -cmiJC~ IVi<C ~) 51ilt~ d!>
~. Fa~ft~fJ-50SI~!mtTJ~l:t3~t~~II~j:, 4m~1I, "7/A~-"1I, ~v

~/T-~3 /1l-rilJtm-c~~. 4m~lI~Pi~f~T~c, ~ ~t-~O)T=F.A "$t~~t

-c'tJ: <~ ~/ ~·_$*-rPi~ft~tl~t~bD, m=f7 ~ vA t>Pi~ft~ tl~. ~O)t:::.r/), fl
~~tR~~~n~t>t~tJ:lt)JJl1£O)~~~~~J:i!ffl-c~tJ:lt).i' '7 /A~- ~1B*t~~j:~v

~/T-:/ 3 /lIt:.13~tGPi~ft-r~d:, imm9~.I./ ~ ~ATbi6~Pi~fl'l'1i~~fI:~
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'b~, 7 P: VA $~d:J$f}{~~tltJ:v:\~)(O)~*fi~~tlG. l' 7 / A~-l' Jl7J!J$f}{t
~1fJ.mg- G C::~ ~d:~~ta(Aj~d:~)(~l& t) t&btlQ 7Jf., 7'v~/7-~ 3 / 1I7J!1fJ.mg-Q
C: ~~d:, J$f})(0) * *7,{ A 7 ~:mKfig-Q z: c:nf.liJfj~C:t~~. t~:t3, J$f}fi~O) 3~,

T~A l' O)(Aj~~d:m t) ;t-C ~~J!~1J[];t Gtlt~ v:\J::: 3 ~:g- Gfi~~~:gIDEc J::1v~~JJIJg

Q.

7-3:

J$f}0).JJX:~, miJt~, *~Jt1O)mfJT, ~.ft~t~c~:~g-~J.mjB, fi~O)f**~v:\

3. J$f}O)~OO~d:df~x.~7'l'~:*~~n\o)~£Q. ptf}~~d:Z:O)J$f}O)~v:\~!f!O)~~

.3~tlt~JJ!e*tJ:~.~~U~lfO)rtv:\~ra:t~~d!>Q.J$f}~O)~~lli1f~Jm~:~,fiG-C
~t~fA~l¥JJ.mjB~ptf}J.mjB C: v:\ 3. z:tl~d:, fA~I¥J~7)v~~2im~~Q$7t~:~g-GJ.m
~~d!>~, ~~~, R~~, ~~~~~, m~~b~fA~, MWJ.m~~C~£@CGL

V:\G. J$f}J.m~~d:~~~*'/ l' ry-7 ~~:t3~tGJt1WO)~~Jt1~~G~1JtJ:JEt~cG-C~m

~tlJJd!>Q.

7-4:

Ara'iJ~~Mt~~mg-Q0) C: (PJ GJ:: '5 tJ:v/'\)vl:, mt~iJ!13~ ~Mt~J.mmGt~ C: v:\;tQ
*6*~llig-~.ta~7)V~f'F~liJf~~ v:\ '5. :::: -c:13~~a§C:~d:, AI ~Mt (±C: G-C
7°0 ~'7b ~m) ~:~tg-Q ~O) C: G-C, btlbtlAra,O)~g-~m~mg-. *t~J.mmC:~d:

{PJn\~:Jv:\-cO)*JiI¥J)E.~4;t~ z: c:nf.~\~l:d!>~iJ!, :ctl~d:m.tJ:O)-C:, 13~~Mt

J.mmO)liJf~~~:t3v:\ -C~d:, ~$7J\ GO)Jira:t~ ~~~;j G-C Ara'iJ!fT '5 J:: 3 tJ:JI-wJtJ:~~~llig- C:
v:\'5ta~I¥J)E~~4;t -CV:\Q. 13~~aft~~~g-Gg-~-CO)~J.m~d:, ~~~tlt~ tJ.7J\tl
t~ t) g-~)(.O)~mc: v:\ '5li~n\ Gn:btl~~~-C:d!>~iJ~, ~m~:Jv:\-C0)1:~20)J::: '5
tJ:talI~I¥J)E~O) li~7J\ G, T~A l' J.mm~~;j~15~A T b O)liJf~iJ!~ JL\ C: tJ: J -C V:\ Q. 13
~~m~mO)~AT b.~f'FGt~~~:~d:, )(t:t~lS$.tJ:CO) §mm~O)~~7J\~:, btlbtl
O)fft~~:ffttg-Q~J1N:l¥Jm~ C:, )(.iJ~im ~-C V:\ Q1£OO~: ~g-QffW c n~~\~l:, z: tl
G~d:m_~~O)ra:t~o-c'd!>G. ~ G~:~~~fT5~i5~0)~~~JL\I¥J~l3tc V:\ '5~~~d:7 /
7 ~ /1 /~-7 x --A ~::t3 ~tQ:z.--~-~7)vO)ra:t'o C: G-c, )(.O)m*R~:*~tJ:~

.~~J-cv:\~. 13~~m~m(J)JM1fic: G-c~d:*9M~~m*JT, J~v:\-c~Mt~~n!fT

btlQ. Z:tl GO)v:\9tl~::t3v:\-C 'bB~~Jt1~r~~Jt1nf.ffttGt~ * *~d!> t), ~~:fTbtl

Q~~~~ C:)(Jl*~~ ~::t3 V:\ -C, § mm_O) ~i7J\~:-J1N:l¥Jm~~~ooJt1W~m V:\ -C, ~

tlG(J)Df"*Jt1~¥~~Jt1n~l&t)~iJ\tl~. z:.:> GLPl-O)m~~1it~&5c:, -J1N:S9m~~

~~O)~~, JL\I¥JJijl3t~:~i!! Gt~tt~mJ{fj C: v:\ '5 ~O)m~~mV:\L~i!!g- Gi!!~l¥JmW

~1~Q:: c:n~13~§~ft~m-rd!>G. ~ G~:~d:~O)~mGt~*s*~)(.tJ:cO)~:Ara~O)~

m-r~Gw~:~JJXg-G ~ c:~:J:JL, ~ATbtJ)d!>G~m~~~~:Jrj~GLv:\G:: C:~

~g-~c:~~~-r, ~~~ATb~liJf~~~O)R~I¥J~~O)-rd!>G.•~J~~~0)2
J (J))(n~~JiS9~:(PJ G(Aj~~~g- C: v) '5 ~ C: ~d:J:: <d!> Q. :: tl~d:/\ '7 7 v-- A~O)ra:t'OC:
J:~ttlLS ~, EJ~~mf:lmO)liJf~n)~ G~:~mGtJ:v:\ c:m~~d:.G v:\. EJ~§m~m

~=~d:, ~~~mg-Gmt~~~, T~A ~O)EJJJJfj)~~, 7--~~--A~:~g-GJira:t~~~tJ:

cO)~< 0)~mn~m1~~tlLV:\Q. *t~tfP=1I-,m~13~~~a~:J::Q~wO)~~~m~O)

~m ~ d!>Q. ~ G~:Ara~-tl~*~::t3V:\l, ~1X~~:~d:7°0 ~'7 b ~~!lts{~ ~ ~: EJ~§
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mC'~ff~m~ L,t:: It) c It \ '3 ~~)~ilit~~ ~. EJ~~~~fRO)if~O)~.se~d: 1960 iFft
'="MJ~ ~. ~}]M (})~~T b.giJ c L, L ~d:~ J) - /' (B. Green) 0) BASEBALL~ ') /'-E-1 (R.
Lindsay) (J) SAD-SAM tJ.c:IJ~~?;,. ~tl;~j:~~tJ.Ii~-e*¥~tJ.tt1*~m~)LWrQ'Ji'~

~fT5 ~O)~~'?t~. 1970 iFft~:AQc, ~m~~O)tti*t1~(tijJ: L, -C, 9 ~ J J;J~7

P:O) SHRDLU {>9 'Y A' (W. A. Woods) 0) LUNAR tJ:cO)J::> l:, ~iIt~-A~=f.~~

ffJt:•• ~t~, n~tJ.tJ~lltJ.~ATAiJ~mlJl~t~. z:tt~:~tL" ~~/J;J(R.C.

Schank) (J) MARGIE c SAM ~d:~iltJ'\-A~W~~':••L,l~\Q. SAM ~j:AJ;J 1)-:1
I' O)~f)]O)~f*giJC'~Q. 1980 iFftf)J.C'~d:, ~~~~~,:~~tt~J: '5 ~:~~~m
O)~Jtft7J~!l£Iv':tJ.~ c C ~ ~:, IJ\mmt7JLtO)IDtfFC'~d:t~ <*mmtJ.~~/'\:-~ ~i1!!

if!t:rm~GJ: '3 clt\5~il7J~, 7 ~ ') tJ ct>n~OO~JflJL\':~~-:)lt,\~.

7-5: Wti1UiR (1W¥a 148-149)

EJJJJft~c:~ v\:>. m-JJ~~m V\L.tJ:~ §mra'O)ft~~fT:> ~ c ~lt\ '5. ~tJ\< 7t
m9~ c, 1) ~~EJJJJ~tlfjtft~, 2) Ara'~WJ~tlfjtft~, 3) tlfjt~WJ~Ara'ft~f:
7tmC'~~. tlfjtft~cIt\ '5 c ~~:~d:, 3) ~~~tJ: t,\ z: C:7J\~t,\. ~~EJJJJ~~j:n~

O)~W,: t,.\-:) ~ t )A=FO)jtAiJ'\tJ.lt\1JJt, Ara,mWJ~~d:Ara'(J)mWJ~m:L~t8t])~.~~

fi51JJt, .fjtmWJ~~m-.tI(J)~m~m:LAOOffift~9~1JJt~~~.~~EJ~~~

~~ Glt\7J~, lJl1±(J)ttfN-c'Id:+7ttJ.6lJW(J)R~~*~m:~~ ct1~.G<, lJlff9~.fAt

ft~~ATb~ac~cffi, AOOmWJ~~~~. ~O)~~~ AOO(J)mWJ~GL~, .~

9 ~~M{ ~~~.~~A TAiJ~fR~ ~~9lt\J:: :> ~:Ara'7J~&l.9 ?;,0iJ&l., tlt8t.~(/)

fi5*m: t3ttom=f. BIiO)~ifj-lj]tJ.$7t~~t1\t3 Ara'7J~~iE9 ~~••tJ. ciJ~~~. -11,
tI~mWJ~-rId:, m-JJtI~{~>:)t~7JJ$~tJ.tF.~~, ~gij~~tJ.c~~~x;tt~.•~
.~(J)1JJt~ ~L Jd:, *~<7t~tL, I{~ Ii ~fRffi~ tJ.tJ~; m=f. BIi~~I£~~ ttl<•
tt1JJt, M{ ~ Ii~mffi G--em: ;ttt~.~~m=f. ~ lio).~l::~. G, ~tt L,t~.~tI\;

tel =f. BIi~~.6t9~3fT1JJt, M{ ~m~ ~ Ii~:: J: t3 t~ tt~.~~ tJ..~ l::~tt G, ~ z:. tJ\
GtEI=f.~m~~.6t9~JflOO~Ii1JJttJ.cffi~~. JflOOrm1JJt~~rIiOO.~~~L,T

~\~7J~, t(7)~m-~J:mH-c'~o . • ~.~0)7-177 ~~m~::7J'Gt~O)~d:, 9 ~
r77-0)9~-j--~",,0)=f.1t(1947iF) c~ttLv~~tJ~, ~ml:*mmt~if~· fM~

;Q'\fTbnt~(J)~j:, 1950 iF~-r~'?t~. t~t!., Z:(J)~}]MO).t8t.~if~~d:EJ~~IiO).

~~, i§1i.~(J). ~ ~ ~il/j\afii~ -C-S t), ~<(J)m.l:itlifi~t~. fi5~, 1966 iF
l:7 ~ I) tJlk.JMO)EJtbBm~~mfll)~.R~ALPAC tJ~tI~U~~::~~~~m~7J'Gt~~

~ffi~.~tJ.~T, 7~~tJlk.JM~;O)Mlk.~mWJffirr~-Ij]6tt,7~~tJ~~~~9

~~<(J)00 -r:(J)if~7J~ Jfll*Jf Gt::... G1J\ G, tJ T ~~~ 7 7' :/A tet. c O)if~7~)v-/~iif~
~~~t, 1976 iF~:t/ l' IJ~-)v*~-r~~im¥a~::M9~~{kft~~ATbTAUM
METED n~fF6tl, 1978 iF~:~J:~m{t~ttt~. ~~~, m-}f§i§~, ~~§Ii~, EJ~

Bmm~tJ:£~:jJij9Oif~O)~J.lt1~~.~tJ: tJ, 1980 iFft~:A '? -C.cS"'t~t~LFffl~tJ.if

Jt. rm~n~fTbtl~J::5l::tJ:Jt::...ft~~tJ:/D~I.7l'l:, S*O)Mu /D~x7"
(1982-86), 3-D ,//'\0) Eurotra -:1D~.:r.J;J ~ (1982) tc!cn~~~.

'-6:

MT m~~@~C9~~ C7J~~~. M{~m1J\Gm=f.~m~.ftt.~9~t::,,6)l:mlt\~tF
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W~V~ 5. ftaR1JJt~ftaR9lLJ.I-c'O)-M!btl1JtJ:c~:J: J L, ~*~~*tJ:fjmO)~w~:7t

~tGtlQ. {?iJ;t~t, ~fT1JJtO)tI~ftaR-c'~J:, 3 JO)ftaR9lLJ.I~M~:~t~GL, JJR~m

mfiWW, ~fm~mWW, m~fm~dW.~-M!m~tl~. mfiW.~~d••~~
tl-ttlo) fmO)fBrmJf\J-c'~;ttl~tJ::v~o)-c'¥-~m••l:~QiO~, ~tm•• ~J: 2 fm8$
• ~ J:: ~ttl~. q:. ra~ f m1JJt-c'~J:, M~ 0) am~:j:tJitJ: q:. ra~ ~m (.~~ J:: ~ttl~ :: ~
iO~~~) iO~~~~tl~0)~£*~~:~J:¥-am8$.ti~tl:-ttr.tJ:~, f4~tt~)(~~

f.t••tJ:c~tI~ftaR-tQtc.&)~:~J:,~r,mm••iO~/FPJj{~tJ:~. ~~O)~ATb l:
~J:, ~A:rb~mO)•• ~~J:ZIJ~:, frjm~iO~MA~~:-M!mGtc.v~mm~~m~EI EB~:~
~~~QfrJm~m~.iO~m~~tlQ. tI~ftaRmO)•• ~J:, ffJiO)••O)J:: 5 ~:EI?&~

m~mfJfJ~tltc.~O)~tJ:<, ~< ~J:~~~tJ:~Jt(7~-~~ 1') ~~t>, !2~ft~tl

t~~~iO~.~ib*tl-C v~ ~ . tI~ftaRO)ftaR$~aR)(0). ~J:, :: tl G0)8$.0).~: J:: J

-CifI~~~:~.~~~tQo)~, ~O)7t~~~Q ~ C:~J:m~~~Q.

7-7:

J) v--~ 3 j-)VT--?'~-A~A:rb C: ~ v~ 5. T--?'1::T)VC: G-C~f*1::T)V~~
mG-Cv~.QT-?'~-A ~A:rb~v~:>. ¥~:~f*T--?'~-A ~~~-t~:: C: ~~.Q
tJ~, ~f*T-?'~- A C: v~:> mm~J:J:: ~ tm~~~:~f*1::T)V~m-tti'@r~~v~. T-?'
~-A~A:rD.~:~d:~1tJ)~:MJlT-?'~-A~A :rD., mT-?'~-A ~A :r.b., ~~
f*T-?'~--A ~ATD.tJ:ctJ~~QtJ~, ~f*T-?'~--A ~A:rb~J:T--?'.~~ G-C
~f*~G<~~f*o).~~~Q.~~m-t~~~MJlT-?'~--A~A:rb, ~T--?'

~--A~AT .b. C: IRZIJ~ tl, ~f*jGfrmtJ:tt~~mtJ: C~*~O)T-?' ~fFtlfj~ ~frm;t -c
V~QJ~~~~f*T-?'~-A ~AT.b. ~IRZIJ~tlQ. ~)]WlO)~f*T--?'~-A ~A:r b
O)A~{?iJc: G-C~J: SystemR~ Ingres tJ:ctJ~~ ~, v19tl~£*~tJ:~;t~:J 'Y ~tJ~tlj

M GtC.~f*~T)V~:ft J -CV1G. System R ~d: ruM *-to)~/ / ~~~PJT-c'rm~~ tltc.7°
o "?'17°~, ~f*T--?'~-A §m SQL ~~d: Cr/)~f*T-?'~-A ~:~-tGfjJ:< 0)

~~iO~::'O)rm~q:.~:~~~tltc.. Ingres ~J:jJ J) 7 ~)v=7*~J,-!J v-~~rm~~ tl
tC.~ATb~, ~O)§mQUEL~J::J 'Y ~n~t~~Gtc.~f*T-?'~-A fmO) ALPHA~:
m{t{ G-CV~Q.

7-8: IJfi-T-9~-Aii~t CIW~134-135)

.~q:T)VC:G-C~f*q:T)V~mv~tC.j:~'@rO)T- ?'~-A~~~~V~:>. ~f*1::T)VO)

~flO)--:J~d:, T-?' O)frjm~~T-?'El1*O)~~Jt1.~~ tJ llIG -CtJk;t~ ~:: ~ ~:~

~. T-?'O)frjm$~d:.rp'9lLf:lTt&btl, T--?' Elf*O)~JJ~.~~~~~fJt~J~,~
fWIfJt~Jt1, *a'@rfJt~Jt1~t&:>O)n~~f*T-?'~--A~~~t~~~. ::.tlG O)fJt~J~~d:, T
-?' ~J!fJT-t~ti'@r~:~\9~JE~ tl~ J:: 5 ~:tt~-t~~\~tJ~~ 0, ::. O)tt~~~~ ~tJ)

~tJ~~~:-tQO)n1~~~tO)EI~~tJ:Q. ~~~~Jt1~J: 1 JO)~f*~.~~~~tJ~, ~fit

fJt~tt~M'@rfJt~tt~.~MO)~f*~.~~tlQ. ~f*o)~--~~Q~tt.'@r~K~

~~ et '5 tJ:~Jt1.~ Xi J:O)~f*~:et J -C K ~ Xi '"C'~~ tl~~~fJt~J~tJ).it~. ~Jt1

.~Xil:O)~f*RiO)~~Rl' ... , Rk~::J::J-C, *5~fJt~Jt1*[Xl' ... , Xk]tJ~.~'"C'

~ ~. ~f*T-?'~--A ~~~'"C' ~d:, 4;t Gtltc.fJt~J~O)~'@r ~::~t G-C, ::. tl G~.~-t
~ '"C'~ ~ t~~t¥$i1!tJ:~f*~~ ~~&)~ O)tJ~ EI~~ tJ: ~. ::.::.~¥$i1!~ ~d:, ~f*~tJ~1>tJ:
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<, fPJ C:~f*IcO)~ft~d:~f*~:~*tl~"'Jf1IcIO~1/'tJ:v~ ~ c~~.~tl~. GIO\ Gtt,a
tt.ftO)Jf1.~:e:tJ L~d:~\~G ~:> * <~~~~tJ:V~ ~ clO~~~. ~O)t::.~, ~lctt,a

Jf1O).ft~:$JJ~i ~1JD;t, ~fttt,att ~~F~@l~7J\J 1 Jti~t c v~:> $JJm~~9:~t~ ~ c.1O~

~V~. ~~~~~tt"'Jf1.ft~m~Tt::.~~:JL~tJ:"'Jf1~~1JDT~tJ:CO)1i1!~~;t ~

tlLV~~. ~lctt,aJf1ti~t~~;tt::.~9:~~~d:, 1 JO)~f*f1'J~~~IiJ~tJ:~lctt,att~
~Jl~ftbitL~tJjtT~~f*~f'F~1i1!IO~~ fJ, ~tl~ft~1!c v~ '5. ~tl~:~tG L*~

~lJO)~f*~~;t, ~tl~~~~~ftO)~~f'F~~mGL~f*.ft~~~1i1!~~m

1!c. v~:>. ~m1!~~d:f~ ~tlt::~f*.ft~~~~~ftGL 1 JO)~f*~:~it~ ~ clO~f*

.~tlL~fJ, ~~tt~tt~~fttt,att~.'5~c~~~~. ft~1!~4;t~tl~~1c

tt~ttO).ft~:~tJjtT~fi/J\IcO)~f*~f~~O)~:lIGL~ t], *~ft~1!~~O)e:t:>tJ:
~f*~f'FJ t::{~, ~tl GO)~f* c.~fiitt~m, ~fttt,att~mv~t::~m1!~ilmTQO)
IO~ J:: V~.

7-9:

I) V-~3j-)vtT)V, ~f*T-~~-AtT)VC~v~'5.T-~tT)VO)-J~,

~t~O)~~~~~f*ti~t~mv~~tT)V~v~:>.~f*~d:**1c~0).~~~fJ, *.~~~

~d:Ic~c~f*tT}VC~~ fJ ~d:tJ:v~IO~, Ic~~~d:±~: 2 JJi~f*IO~mv~ ~tlQO)~:~tG~

f*tT)V~~d: 2 JJi~~~i~ ~-~~: n JJi~f*~mV~Q c. ~ 01O~.tJ:Q. ~f*tT)v~d:ttlM

tfO):J '/ ~1O~*)]W3O)~fifr3t~:~v~Liffi~t~tT)v~!I4~{9iJc.T~IO~,~O){~~<O)!ltf~~

J:: J L~1i1IfiO)fJ.t~IO!tJ: ~ tlt~t~~, ~f*tT)V c-~-r:v~J L ~~0)f1'J?i1~d:~ * ~"*

-r:~~. T-~~f'F~:~J:£*~~:~f*~~JlO).ft c.~~7J\iffimO).* t] c.~~7J\~:e:t t],
T-~«-~®••~.~GT~f*~Ic®~~~.~T~~O)~,~f*~~®~~~.
~T~~O)C7J!~~. -ltJf1$tl~cGT~J:~fjO)tt~Jf17J~~;t~tlLv~~. ~f*T-~

«-A~AT b ~d:~f*tT)vO)~f*~tJ:~~~~ ~ IO!, ~O)T-~ ~--AO)~f'Ffj~~ ~J:

~m~tJ:Ji!IB7J\ G~~ Gtl~T-~~-A ~m~:e:t~t::.~, M~ O)~AT14 ~'c.~:m~
IO!~~. OOf*tT)V~rruO)T-~tT)V~frjmT ~ ~:~d:~~~tJ:~~1i1!~~~~l3£~

~~:AtltJ:~ttl~;ftJ: ~ tJ:7J\J t~IO~, OOf*tT)v~fJjmT ~~~:~d:~~~tJ:~.~~\~c.

it~~m7J!?i1~-c'~~. ~f*tT)V~d:, T-~3!RliJf1~~~~T-~tT)VC G-C
1970 iF~:::J '/ ~7J~t~~Gt~. ~O)f~~7J!~tiffij~~tJ:J-C~f*tT)VO)fJ.t~~J::U:~tl~

~O)~<O)T-~tT)V~t~~~ tlG ~:¥J t~. ~f*tT)V~:tt:>~m~tJ:T-~«

A ~ATb~±:J '/ ~O)ji*JJO)t~~I6\G~ 10 &F~~~:m~ G, ~t~, *~~~~~ cT.
~ tl~. ~f*-tT)~7J!T-~«-A?tmf~=4;tt~~.~J:~b~T*~v~.

7-10: AI~1lfiE (JIf~350-351)

Mc~.T~. A~O)~., ~~, .~, ~em~, ~O)~*cGLO)~M~fi~

®mfJ, ~ G~::~~®fjfj~c V~J t~Arf:f'O)M1fI2YO)IIJ~~~mTG ~ c~~~~t~~T.Q

~rJ:J'?tmf~ vl5. ~tiS"J~=~d:jIJiH~®fjfj~~fjf»t~=J::J -c~~T~ ~ c ~ § S"J cT~. 3
J (J)?tmf ~=*JjIJ-c' ~G.

1) ~w.rrt~(J)~~.~=OOT ~?tmf : tJ!jt~=et ~ 2 '/A7C!\~- /(J)~~., 3 '/A7Ci!tW.0)~~.,
.ft~ ~~~ -=:;'::E.. ~~~t U' ~~J:II.?:a+ 'Z.. ~,,),., .. }--+ krt~ 1.- +lr~±8 8rl ~~ m --r., -m~)-, 1=t
E3 F' (J)pJ~'~, S iiQ (J)PI~'PfV' ~ c- '~1JJI n ':J roJ. L- 4 l.l::::> Vo., 7'U~ C- jlf:.iiHBm~fJ'~m V~ I~f** V'-~
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-j'v~-CfTbtl, IOOflJ!lfW, oif.~" ~~3 :"', tffliJ!lfW~ §~~mJ!lfWc:J:titt~5t!f

~~~9~. ~nGcM~~9, tf~~~, X~~~, D~~~®fT~M~~C, ~~

CfTJJJ~:mJ9~5tIft>z: (J)il.l:~*tl~.

2)m.(J).f*~{t : ~flO).~c 1..,-r(J)m.~c'o)J::> ~mit-c'MJJ.I:~2ti~it~n\

~ lt~:>m.~~O)rJ1D, ll~mJtljc.1.., lO)m.~ cO)J:: '5 ~mit-c'fFO, A1J~tlQtJ

mC~~m.:6\ 6MiiiBmJJJJ~.:6\itL*il9 ~~~~~~ C: ~~ 5j1~O)rp,a, )£J!lIDE~

~c~4x6tl~~D~fW<~.~~~9~~~fW~~c~~55t1f. ~fT.~~jI~

tJ~tpJL\ctJ:Q. jI~~~JJ$~ <fT5 t::.rJJ, ~~tit~C'~j:t~l')~~~< (J)JI~':J£ t) ll."J
t:.:L -I) A T~ ~/!J ~m.~m ttl~.

3)~~~:~9~5t1f: ~W1ttW]j\Gtl¥fl~t~-C$=~~~~~~GLM~mJ{Ij~l3cm

Jit9~1it*~~ 6 ;Q\l: L" ~ 6 ~:~) <JiJ\O)m~O)tf4~])~{PJ 67J\O)B,*-rIi~ L, llt~~
=- C~~m Gl, ttl&? ~t9c~9~ ~ ~~~~~~G-Ctt) <jjt*~~~9~. ~tlJd:,

~t~tll:®tT)lt':J:~JL\J.:!~~iJfJt, ~~ v)~j:~mfl~~:.t3~to~m~AT1~0)~~

C:~~9~ciJ\<:~~.

AImtmO)~~~J:MJJtI<l)fif~c~~~£fPJc;~m~:OOMi~tlt~.1950 ~,:~-v J /0)
·r::r:A';7~/':mJ90&X~~~tJ, 1956 ~~:~j:~~ J /CX,/jJ-~-~~•• Gt~

"~- r-';7 r- /~Jt" iJ~~~~tlt::.. fPJ~~:~-l'xA*~~:.*Jt~~1l~n~AIm

OOc ~~ 5 ~~O) t> t:l:Ara'O)m~tltm~mM9 QtlfjtO)~~~m.~~:rmflli Gt~. AI
~tmO)~~~J:~tll::m*T~ Clt~btlo.~O)~ 1960 ~~ftfj*l::t1\~t-C)£J!lQ)EJIfJBiE

~, ~-A~9~~D~~A, -~~DfW~U~~)~~90.~~~~To~D~

3A, .~~.5t, M5tJ ~.5tM~c~~~~~fT:>.it~~®~D~~A~E, ~

<O)m~~~~D?~7Ai1'{fF6tlt~. 1970 ~~~:,A. t] 13~-gm~.~ m.~m(1)rdJa

n~fl.~I:l&t) J::~j6ttoJ:5l:tJ: I) J D~~ ~ O)mjtl:fTIbO)~~t>imHlGt::. • iIi
-e~i, AIm~O)~m~ATAO)-Jc1..,-cI.=\=-A/\-1' ~ATAt1~fF6tl, ~~O)ltl

0lt ~ ~ ~5tIf~:ilm~tl~J: :> ~:~ -:> t::..

7-11:

AImoo~m~:.t3~to~fj~~ OI~, ~1lJ, ~~~J!ltJ:C) O)~@ft;~EJ~c 1..,-C
tf416X~ tlt::wmMJJtI. ~l:fft~tltm~tpJL\~:~;t~JI~, MlltI~ct>J:~itt~. I

::f'A/'\- "~AT btctcO)AI~tmO)~m7tIf~'d:, tt*O)=f-~~~ ~m':J::~iCimn~

m.-r~~ t::rIJ, Lisp~ Prolog ~CO)*~~~~~ mn~ftJm ~no ~ ctJ~~<, ~tt

G(J)~m~~@~fTT~ Lisp ';7~/~ Prolog ?~/~j:AI~tmx~/ctt~;tQ. *t::.,
ft~tT)VC: 1..,L/D~~?~3 /~ATA~~~*'/ f''7-?tJ~~m~tl~t1~, ~tl;

O)=tT)v~j:~tt~~91Jf!~t>-:> -C.t3IJ, ~91J~J.m~~M! Gt::.7-=\=-T?7~-t1~~i't~n
-(~~~. /D~~?~3 /~ATbx://t:l"L'j:DADO, ~~*~ "'7-7x~/c

L, L~J: NETL ~Ett~~~j6tl:Q.
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7-12:

AI~fj~~AT b. ~ffIJ~T:Q (J)~: C < ~:JI Gt::. 7°0 if '7 b. ~m. Lisp, Prolog,
Smalltalk tJ: ciO~~ ~tt-Cv):Q. AI~fj~~ATb.(J)*f~~d:, X_, ~j:\tJ:cm~~N~:

n)n)v.Q~2-i}~~fFT:Q 2: C~~ t), C < ~:.M!(J)~2-i}J:: t) ~~2-i}r~'(J)~il~t&5 9l1~

iO~m~-r: ~:Q. ~c-i}r~~(J)~il~d:, 1) A 1'ffIJ~ C J:: ~tttG~$XtJ:7-5'ffIJ~~::J:: w::> -C~fF
~tt:Q. 2:(J)~~, AI~~~~im~, UA1'(J)ftd, ~M, 7~~A~C~~~0

:A "9l1~m~~fim;t -Cv):Q. I) A "9l1~mfj~~~mT:Qt~~(J)~w::> C ~m~tJ:f±m~~d:,

~c.~~~~~. 1) A ,,~~m9~t~6')~::, ~c.~~~d:i!!~Gt~ 2 m~fflJd~tt~~~
1) -~)v~:~wrJ~tt, ~vtt-cv)tJ:v)~)v~d:*~m~)vO)iljlc G-CT~~ttQ. 1) A
"ftd~:f~J -C, ~t~tJ:~)viO~~\~ctJ::Q c*~m~)viljJt7J) ~ 1 :J9:J~)viO~~~tt
L~m~ttG. *.t~, 1J:A "O)~M~:f~JL/F~~)v(_)iO~~CGiO~, ~O)@JJ&(J)t~

~~: ~'~.~9ll~iO~fTVttG. 2: 0) J:: 5 tJ:~2.T~mffIJ~: et w::> L, 7-b.~)E~ O)IDEfJJl
O)J:: 5 ~:, tt~7J)ttO)t~~~:~fTq:t ~:~m9:Q ~ ~ 1) -~)vO).7J~.:y7Jltl~~tJ:v)J:: 5 tJ:
7°oif'7b.~~~~:.< ~C7J~~~G. 2:tt~d:, FortrantJ:cO)~ff0)7Dif'7b.~m

c~G < .tJ:~*f~-r:~~. AI~fj~~~ ~m~d:, ~.~m~GH~:tt~-C7}LmJt1n~It<

{~*~-r:~ t), ~<O)~.~m ~m(J)9l1~* (J)~m ~:m v) ~ tt-cV):Q.

7-13:

1t~~:~d:, lOO.c GL~m~ttt~1WW0)9l1~9J'(-C~B:~G, ti.· ~d, ~., ~

-i}{~, ~z, ~2~J, ~~. ~~, *fIkHBtti, ~t7Jltl, ~:g•• ~mtJ:c ~ftu. ~~~::~d:,

1OO.~.~IOO.iO)~(J)*f~HBtti~it~T~. 1OO.9l1~~:~d:, M.m~:J::~7~ 95' )v100
.9l1~0)~~7J), v/'A'tJ: C~mv)-c7t(J).~9l1~T .Q7t~~1OO.9l1~, T v~(J) ~7;t

m-i}~c0)7~oifm-i}~9l1~9.Q7~DiflOO.9l1~ffi~Gffi, .W~~O)~~~~~

~T~ 95')vlOO.9l1~~it~T~. OO.(J)ti.· ~d-c'~d:, ~*.~"*.tJ:OO.A~~fiiO~

mv) Gtt, ~t~~mm1~Gum. c GL~2~jT~1IJ< 0)1 ~ -9:/ift!~;¢~rm~~ttLV)
~. ~ 0)1~~f9iJ~:, Af*J*J$O)mr~ll7Jltl-c'~tJ:v)~JI..o) 2 ~7C~OOO).~M.~:et J L
*~.Q:J /t::.:J.-5'-1'-l:if77 ~ -n~~G. OO.~.~:~d:, OO.5~wm, ~Jj.O)*"ilE,

.¥}~·flJ"CtJ: ciO~~ tJ, )iijtJtlc~~~ 2 ~7CO)OO.1JZOO~:~~t.Q ~ *. ~"*.tJ: 7 ~ )v5'
-n~mv) GttG. *f~HBtti-c'~d:, G~v){~9l1~~, X ~ ~~tti, ~~~wrJ~:et~~t~O)

-wJtti G, T!7 A 7 =z-7mfJT{>WtJ(mfJT~:J:~*fIkO)Bt7JlIJ7J~tJ:~tt~. OO.~~~~~d:, M
?Jl1J~nt~~.~=£-:5~, ~M~~~~~~=£~'< /\5'-/~~.~f1IJ~mfJT~::J::J-C, 100
.~=~~tlt~~t~~~~.9~. lOO.m~O)~m~::~d:, tJtwmtJT~~mlOO.m~, 1)~-

1'~ /~ /iflOO.m~, /'\5'- /M7JltltJ: ctJ~~G.

7-14:

lOO.m~0)~~0)~7~~I7-c',IOO.Atti~.~.~70if7b,1OO.7-5'~~

7°0!/7 b, lOO.m~7°0!/7b 717"7 1) -iJ) Gf¥1~~ttG. :: 0) 5!JOO.7--5'if
~7°0!/7b~d:, lOO.m~~71'~I7~~~~t9Gl:-c'c<~=m~tJ:~O)-c', M!mTG
M.tlO)~ctl~fi~=~ G-C1OO.7-5' O){&m~ctltlfj~~*IOO.O)~ltlm~tlfj~, (7;t ~
~ 1)-tJ:c~mv)t~IOO.7-5'0){:4-i}·fl-i}f~tlfj~~~m9G~\~tJ~~G. 1OO.9l1~~
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7 ~ r).r. 7~d: Fortran t~ cO)rRm ~m-c'~2~~ nQ::' C7J~~lt)7J~, PAX II ~ VICAR t~

cO)OOi{i9l1JJf~m ~m7J~m It) GnG ~ c ~ ~G. 00i{i9llJJf-c'~J:, 9l1JJfNi*~~~G, ffJ
m~O)~ftffi~:Jt\ C-cmt~t~9l1JJf ~fT:> ~ C7J~~ <, 00i{i9llJJf'J 7 ~ r) x 7 c G-C~J:, ~t

~~:J~ /' ~ ~ATb.0)~~~CQ::' C7J~~lt). :J~ /' ~O)m~~~:~J::J~/' ~ ~m~
m It)t~ ~ 0) C ~:::3. -iWtR~:e:t Q ~ O)tJ~~ G. *t~fflm~C(1)*~t~~t~flrm~~~T

Qt~&9~:, 711'~/~~31AT~ 'Y!J, 1'7'Y!J~-)~, Xr)A~:e:tQ~e, .~~

O)m~tJ~fT X~ e:t:> ~: Gt~~tn~ttJ: GtJ: v). 00i{i9l1JJf7D!l7 b 71-:17 I) -~00i{i9ll
JJf:J~ /' ~ ~J:fj.7J~~<, fj J:t (1)1\ 7 ~ ?' - ~ :> *<~~~TQ!£~~7J~~Q. iI-llJt~70
!l7 b.~:J ~ /' ~, 1\7 ~ ?,-(1)iWtRtJ~~~~:fTXQ e:t:> ~:T Qt~&9, 00i{i9l1JJf~:OOT

Q~.~fJjm Gt~00i{i9l1JJfI.=FA/\- ~ ~ATb.tJ~rm~~nLlt)Q.

7-15:

iffli, )t~, ~~, OOi{it~cO)~t~(1).~~:3tilH~:~~~GnQfijG'7J\(1)*f_~:i±§G
t~ c:r=, ::.n~~O)~t~o)l\?'--- /' cJ:LF, ~t~~~O)litl-c'~Qc:r=, :.n~~t~/\

?'-/'clt):>. ~t~/\?'-/'~An, ~~, _f!, ~~, *f_Mttl, ~~., ~JJX:, fflm
T ~tSi~~~~G-cI\?' - /'M~9l1JJf C It) :>. *f ~:/\?' - /' c ~ntJ~i\~T~.~ cO)
OOf*~q:tJL\~:~ X~ c:r= ~:~J:/\?'- /'~~., I'\?'- /'JJfmc e:tv'S~. ~t~/'\?'-/' c G-C
~J:, 1) iffli, :ffi!.7Jt~, JL\.~7Jt~tJ:c(1)1 ;j(7C7Jt~, 2) )t~~~1 /'tJ:c(1)K0*~

nt~~c~, 3) ~~~mi, !H!~t~cO)*l~~, 4) ~~~:{-t:~~nQt.~OOi{i~jJ 7-00i
{i, 5) 00i{i0)~}~~:H§"7-?'~{11JDGt~ 3 ~7C00i{i, 6) ~ra'a9~:~{tT:Q~t~~~
fx:O)OOi{ic G-ClliltlT:QJJJOOi{i~:7}~t~:: C7J~-c':r=~. I\?'-/'~JJX:~J:~< O)tI~:J /'
t::. 3.-?'-!l7 7 -1 'Y!J A c It) :>litl7J\ Gc GX Gn:Q. :J /' e:I- -?'---!l7 7 -1 'Y!J
A~J:~~0)1\?,-/,jfR~9l1JJf~:A:Q7J~, ~~0)1\?'-/'tI~9l1JJf~d:~t~/\?'-/'0)*fM

Mttl~~~.~q:tJL\~:~ X-C, :J /' e.:I.-?'-~7 7 -1 'Y!J A ~~~tJ: It)tI~7J~~lt).•
iltl~ n~:g.(1)~t~ c tJ: G)t~~J~)tjfltJ: c ~~~~: ~J:/\?' - /'c~X GnG. ~t~/\?'

.-/,O)An, ~z, 1rf!~::t3~tQ±~~M~d:/'\?'-/'O)~JM~.O)J±W-c'~tJ, 7-
I) I~~t~cO)OOi{i~~O)tSi~cG-c~~~nQ. 1,\?,-/,jfR~9l1JJfO)q:tJL\a9r~'M-c'~

~/\?'-/'O)*f_Mttl~:~d:, JaJ7Jtfx:7}fJT, 7 -1 )v?' ') /'!I, ~O)tm~< 0)1.f~7J~~ Gn
-Clt)Q. I'\?,- /'0)~~.~d:~0)2 J(1)1.f~~:7}nQ. i) ~~a9/'\?'- /'~~. : ~~a9tR:
~JJflBt~ c O)fx:~a9¥~~m It), An ~ nQI'\?' --- /'~~H Gnt~fx:O)!J 7 A ~:7}IlT~

tI~~:~~jj-c'~~, ii)"~a9/\?'-/'~~.: ~t~/,\?'-/'(J)q:t~:ffl£T~*.~1ira'

O)ftl!lOOf*~"~a9~:cGx-c, ~O)(PJ_Jt!, 1l1&{Jt!7J\G~:g.~tT:>. J:~a0)4), 5),
6) ~:~TG~t~/\?'-/,(J)tI~~:~d:, ~:g.O)~t~ctJ:~00i{i7J~1~~~:~tMttJ:0)l:', •
~a9/\?'-/'.~~.O)¥~~mlt)Q. *f~:: 5), 6) O)tI~~d:~t~-rn:~~::OOg-Q~ii~frjm
Gt~ <L ~d:t~ Gt~ It) 0) -r:, :J /' 1:: .:I. ---?' --- e:; 3 /' C: J:: ~tt1, AI~fj~O)-7}lf ~ t~g-.

J\~--- /tI~~JJf~d: 1950 1F{-t:~::)(~~:g.O)~Jf~~:.M3* tJ, 1970 1F{-t:~:'AJ L~m~

A T b. c G-C~<M!bn~ e:t:> ~:tJ: J t::... 1960 1:F{-~~:~j:00i{i9llJJf7J~!l£Iv~:~~~ n,
19701:F{-t:0)1~~7J)G~ffl{l:: ~ nt~. 1970 1:F{~7J\ G~j:fl*tJ: 2 ;j(7C00i{i, 3 ;j(7C00i{i, JJJ
OOi{it~ cO)~JJf C:~~.O)~~7J~tTVt1 Llt)~ 7J~, ~t~7J~~~H~::~{~g- Qt~~mfJf7J~~F~

~:. G<*ti~m{~~ n Lv~tJ:lt). I\?'- /,jfR~~JJf~d:A¥~::t~J::Q$7}7J~~<, ~ra'

iJ~7J\7J\ 1f), :J A ~ 7J~~lt) C: It):> r~'~iJ~ffl£T ~.
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7-16:

I'\?'-/~ 'Y T /ij1**t::"~d:mtJftbit1* c ~ l;~:>. I'\?,- /~.~::-t3~t:Q.ZIjJ!!.
O)-fl. ~*~~::~d:, A1J-a ttt::..lliltl/'\?'- /' e:.ZIj/'?'- /,O)il!-a ~:J: ~ L.ZIj~fI

:> 1J1*~ l;~:>. Ililtl/'\?''- /O)tif~O)$7tti~t~~~J::> ~: Gt~1J1*7J~:r /71/- ~ ~

'Y T /?~-r:~ fJ, .~1iti.tJ:/'\?'- /mft1*-r:~:Q .•ZIJ/'\?'- /' c G~ 1 Mo)l'\?'
/~M!51J1*~::, .~mft1*, iE~~ft1*-t3J:'lF.~.~~1*7J~~:Q.•~mft1*~d:,

.lJIJ/'\?'- / c G-C~7J:r:1 'J -~::~tpt\g- :QtI*I'\?'- /'0).iJlf$J/'?'- /~M!:>1J1*-c:
~ fJ, IE~mft1*~d:lliJttl/'\?'- / C.lJlJ/'\?'- /7J~rPJC7J:r::t'J -~::ftBG-Cl;~:Q c ~~J:

~~~ ti~t 1 ~:'JlI <, .tel:~7JT:i ') -~::~G-Cv~~ c ~~J:-r:~ ~ti~t 0 ~::JlI <tel:~ J::
:> tel:.lJIJJ'\ ?' - /'~ fI! 51J7* -C~Q. .lJIJ1'\?' - / c G-C~IWM (J) J'\ ?' - / ~M! 5111*
~::$7}~r~~1*~.ft.f~~1*7J!~Q. I'\?'- /mft1*~d:/'\?'-/(J)$7}~tJ:~I1J~::~<,
~'f*~tJ:~I1J~:§~l;~tJ: C, ff4i!mfJT~:~t GLmfm~tJ:lt1m~ ~ J Ll;~~.

7-17: I~~ - /8. (t!~580-581)

~t~~::~~&)Gtt~tiflk~~~O).tJ:~.*fJ -r:tJ: <, ~tiflk~~O)r~,~:~&) Gtt~{j[:

tiI~, ~r~~~, flfl~~i!I!~*-c~~ Iv-C, ::tt 6 (J);JtJm~It1Jt~'f*~/'\?'- / c J:'lF,
~t~~:~o)l'\?'- /O)ff1:E~~;g~~ ~ c ~/'\?'- /~~.C: v~ 5. ~O)~~n!7J'g-J:: '5 ~:,

tiflk~~*~~~r~'O)~i!I!lt1~~;g.-r:~Q ~ cn~/'\?'-/~.O)lWt~ctJ: fJ, ~ttl3~

n!/'\?'--/~~.~0)~0)-C~Qcl;)5I3c~Ji~~u!f~~, ~;g~f4~~, t!~~~~

~e-c~Q. I'\?'-/~d:, ~m~Ar~~O)fil1J, )(:f~tJ:c~:~~~&)Gtt, It~~:~d:~ttG

~/'\?'-- /,~;g.O)~t~ctJ:Gn!, fI~~:J:: G/'\?'- /~~.~d:*ti.~ O)J:: '5 tJ:Ar~'~tJ:~.g

.0) v~)v~:~G", ~t~~~Gti~ C&)~~~~ttt::..v~<-.:In)O)~~MO)7J:r:1IJ - (/'\
?' -- /,O)fj.) 0) l;).,ttn) ~:~tJt\~itG.lJIJO)fJt~~::~ Q. ~~.g-~~~~O)M~~d:,

lliJttl~::J::J -Cfl~~::A1J ~ tt~. lliJttl~ ttt::..T'--?' O)~Jl~d:lliJttl~r~~~ff4.6X:G, A1J~ tt
. t~~t.O)lliJttlT'-?' ~d:IliJ{fJ~r~~l:O) 1 J~-r:~~ ttQlliJtljl'\?'- /-C~Q. lliJttl/'\?'-- /
~d:lWmJ!!~~-C*lkMtfj~ tt, tiffXO)JfWiFf~'~tGttt::..~Jln) GtJ:Gtiflk""'? ~ )~n~fFGtt
G. :: O)tiffX~? ~ )~n!~Q~r~,~*Ik~ra'C: v) '5. IliJ{fJn~tiflkMtfj ctJ: J -CV~Q~ft

~~ <, lliJtlj~ra'~d:tiflk~ra'O)-fj c ~tJ:g- ~ c n~-r:~ Q. tiflkMtfjO)tlfF~d:-~~:fi

btt." MfJt~~:~bt~ J L,mjm~tiffXn) G*m~*fX(J)Mtfj*-cJm~~: fibttG ~

c.7J~~<, ~~~r~~~J:-~~~~lcff1:Eg-~.~~~ra'~J:, ~~.g-~~J'\?'-/O)~*tt

LV~~~ra'C: v~ '5 it~tr~ GJ\?'- /~ra'C: ~ J:: ~;ftlG. ~~~r~'r*J-c 1 J~ ~ ~~Q:: 0)

~~«7 ~)v~j:, ~~J\?'--/'C:~J::~;ftt~. *t~, *~mlira'~~~~f*tel:CO)~f*

1t1-c'~i!I!'":5'~tt~if? 7fM~~*~J\~-/' cT~~ft'bd!>:Q. ::. o)*~J\?'-- /'O)qt~:.

*~~*0)~i!I!lt1n~~~ ~ tt-CV)~. ~7J:r:1IJ--~:~tpt\g-QJ!!m~tJ:~~/'\?'--/'~d:

.J.JIJ/'\?' - /' c J:: ~;fttG. ~t~O)tiflkl'\?' -- / c _JJIJ/,\?, - /0) rPJ-1t1, ~Q V) ~d:.ft{
Jt17J) G*~J\?'- /'7J!~71IJ~ nQ. ~O)t::.~~:tif~~ra'r*J~:~A~ tl~~1c~.71fJ~1c

C: v~ '5 .•71IJ~~~V)L, *~«? ~ )vra'~:~"~~AG, ~~~#c)EJJlfnU~:J:: J L J\?'
-- /O)rPJ~It1~#c)Eg-~~ft~d:, ~~~J'\?'--/~~Dc:J::~;ftt~. ij:7 7f.~O)rPJ-lt1

~: J::~ .71IJO)~~ ~j:f.~~/\?' -- /~~.c V~ '5. ~;f~ ~:ff1£TG*f~~~*~~ttG0)

~i!!Jt1~d:, ~< O)~t~O)*f~/\?'--/O)?:7A?' IJ /,ij~:J:: ~ ~~f~~§£J!7J~PJfj~-c'~

~. i~~O)J:: 5 ~::.71IJT~~~t~n!IcTfj~~~~~ft~:~d:, DJJIJ~d:*7}~, ~*HI7}1i
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O)J::> ~::.fAO)~~~~S,u~ c:n~~.~. -~O)IOO{j~ 3 ;fr(7C-W:~~::~~t~/\?'-/~.

~, .~GkM~O)~.O)~ftc:.~O, M~~~tt~#~~~~~O)~.~~.~<

fTbtt~ ~ cn~~\~c:tJ: tJ, IOO{j~fW, :J /1:: .:l-?'- e-y 3 / c l;~:> §~~J:~~tt~.

tI~~:et~/\?'- /~~.(J)~~~J:iW-w:~n) G~J t::.n~, *f!~tJ::fiJf~~J:.rM~tlti~

O)ffjffl ~::J: J '"t" 1950 ~ft;n) GM* tl, 1950 ~{~(J)~ tl ~:~J:fA~(J))(~~!&~fifn~iftilfo
1~~tt-Cl;~Q. ~O)fl, /\?'-/~~.~J:, )(~~~.n)G~m~~., IOO{j~~., 3;fr(7GIOO
JIh~E~ i1&hr;:J;;JIh~E~ ~~~E:;ilb .n:-::I:::'~E~t;. U'}~~r:m~*}.~ #~~~ l-J/r:: .. ..J,.,
,~w~,~, :WJum'~w~~, 1JXJI~W~~, l3F'jjI~,~~c..V,-qqjlZD'~1JAV), ~mlUl;~0l;~0c..lrt>~L

:Q et 5 ~:tJ:J L~-Cl;~:Q. J,?,- /O)ff~~d:, J!<)(1*{:>tf:~~~, )({[jtJ: c~: ~~~~
Gtt~. ~ttG O)/,?,- /O)~~.~J:, ~ttn)G(J)ff¥&l~~~: c: ~ -cJ!~~~r~'Jj~~~
tJ~, ~(J)t::.~ ~:~d: ~tt G(J)~t~n) G1ftjjtJ:*f.~~~~!& t) tH~~ c:n~;t~-r:~~.

7-18:

*- 'Y ~ TJ-!J--e=t:~ I) T ~ ~:~l;~L, §B{~tfn~IE G<*A-r:~Q::'~ ~~~;g~Qt~~

O)=¥~O)-~. T~:;?')v~ij-r:J::< fflv~ GttQ1J~~d:, ~ 'Yt-:; (Jim)() ~{PJG

n)O)1J~~J±.G, ~·G ~:f~mO).~ffll;~LPii%1~GL1~GttQ)((~~IDEr) ~ ~ 'Y--e
~~:ft1JDGL~Q c: v~ :>1J~~~Q. f§=¥~d:, ~O)~~mO).~::~t~~ Q.~ffll;~L~ij

~tJ:b~~~IDErtJ~IE G<f1~t GttLV~Qn)c:> n)~~IDE-r:~~. *A Gn)-r:~t~l;~c: v~
:> **O)~ij c~ Gtlfl~~~PX;9~ t::.~ ~:~d:, ~ (J)Pii%1~~:~rm.1JJ:t~ffl l;~tJ:~ttt~~

tJ:GtJ:V~.

7-19:

:tmWJ~i3ti~lfl~::~Qff¥&(J)T~¥f}[-r:~~7 71 )J;~, fill(J)M~tI~:ATb~E~9

,'Q7°0 ~:J)J;~v~5. ~(J)±tJ:tlfl~~:~d:, :J*-!J~3 /O)~licfW1i~, f&1l!771 )J;~

(J) 7 !J --eA ~PJfl~ (*t::. ~d:/FPJfl~) tJ:~:kJm ~:~,'Q ~ C, 7 71 )J;7 !J tAT-?' 11if}[O)
.}JIJtW~~::J:Q 771 )vT-?,O)Ez, f&~771 )vO)T~(~px;~~~~, 7 71)v~

J(1O)J!*JT), ~~@I~C:MrmMtJ:c7J~~Q. tJ:~, 7 71)vE~~-C:A~d:, ~~@I~

5ll1~~~-eAt~mtf7J~~~Qti~t§tJJ~~:fT:>~1~'Ji~-e:A c, ~- C:At~mtf~d:

~~@IflO)=¥~ti~t~t~mG~~0){~~5ll1~~d:frJffltfn~fT5fljffltf~~~-eA~:Jt~t

GttG.
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Lesson 8: Mechanics I
(pressure and vacuum)

EE 7 'Y pressing, overwhelming
ff. 7'Y~::J..7

fft.JM 7'Y I) 3771

ill 1 grade, place, rank
<Gvl about, approximately, grade, rank

{~fI 1T
¥{ft ~/'1

compression
pressure gauge, manometer

position, location
unit

;il I.q:. liquid
~1~jJA

~~

liquified gas
liquid

r-=
X1t q:. air, disposition, feeling, spirit, taste; 7 air, disposition, feeling, spirit, taste

.~ q:.~1 g~ill.7 -1 A 7 :;q:.7 -1 A 7 magnetic disk

~ 7 ry air, emptiness, sky
~(<)to become empty {vi}; ~(~t .Q ) to empty {vt}; iJ~ G emptiness; ~ G sky

~rt3~ 7 ry tJ /' (void) space
~.~ !7 ry ~::L ry::fry empty set

itt: Jr / case, item, matter
~flF

*JJWl~flF

~3ryJr/'

~3q:.~3ry7/'

condition
initial condition

_ Y ::::J... 7 contracting, shrinking
~ !)'(~~ ) to be shortened, to shrink {vi}; ~ !)'(U) to shrink {vi};
~ !)'(UJ .Q ) to shorten, to shrink {vt}

J±~1:t 7 'Y ~ ::L !7 l::: compression ratio
1fX*m ~ .:L ry ~ .:L 7 contraction, shrinkage
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m ~ 3 9 minister of state; 'J 9 aspect, phase
~ It)- mutual, reciprocal

ftlm 1'J9 phase
m~tl39tJ: 'J 9 ~ 1 7=f-tJ: relative

Ii ~ /' reality, truth::l"; * truth
TJ11: ~~~/' photograph
11:~ ~/'!79 vacuum

71< A1 water
Jj.-r water

71<~ A1~.:I./' level, standard

71<00 A1~/' water surface

;JI.tJ 'J !7 measuring
~d:ir\(~ ) to measure

liilU tJ/''J!7 observation
?lU)E 'J!771 measurement

~.:r ~ / individual, one, simple, single
ffij!JitJ: tJ / ~ /' tJ:
!Ji~ tJ: ~ /:; .:I. /' tJ:

simple, easy
pure

T :J... 9 cylinder, pillar, post
~d: G G column, pillar, pole

fIltt
71<~tt

"" /' petal, valve
11:~jf

#*1*

X/T.:I.9
A1:¥/T:J...9

~/'!79""/'

~/*/~1

cylinder, column
column of mercury

vacuum valve
valve body/casing

iii ;J.. / aspect, face, mask, plane, surface
.t3 ~ face, honor, reputation; .t3 ~ -C face, honor, reputation; --:J G face, surface

~00 1:: 3 9 ~ /' surface
00ff ~ / ~ =t=- area
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Grammatical Patterns

8.1) Rt [~\~] tJ
affirmative clause + Rt [~\~] tJ
negative clause + Rt [~\~] tJ

limit, constraint
as long as (affirmative clause)
as long as (negative clause),
unless (affirmative clause)
without limit, without end

1. f$zJ:t~ /7~J:~~~~0)1*J$t~ CO)~~~ra'J: ~ ~1*5}-T~~$~:tJ~l:tl9 Q~J:t

t~O)-r:, ~Ji~~~tQ ~ C: ~:J: J L~H ~ t~ <~1*~tJ~l:tl-r:~ Q.

2. t~&)ib~J:t~ /7~J:~Ji~ra'~:~N ~ iJ~3!J ~, 7c0)-:J CM~tJ: CO)fF~~~9 QiJ~,

tJJfF~~::~J:~~c:~J:~J t~ <jg~~nL~ ~, ~ /7°~W1l:~itL~~~iJ\ GO)~1*

O)~A~d:~ J t::. <tJ: v~.

3. GiJ\ G, 7c0)~~~:: ~ii~~J:1*fJ*~Jt1$iJ!/J\ ~ ~~~N ~, ±Jit\tJ PI' P2' P3 O)~f$)fL«

(PI +P2 +P3)/3 = -P -r:47L Gn:Q:An '7- P ~~f$)J±tJ C:~~9Q.

4. ~1I:~t~~J:-f~t~ilI*l~tJJ~fT5 ~1*~J:~n~:tJiJ~fFm Gt~~)~N ~, 7cO)~m~r-J

~9Q.

8.2) Jt [~] ~\~to)

Jt [~] t1\~t1: [~39]
apparent ...
apparently, outwardly, based on appearance

1. -~7 !Jt:A ~nt~fW~~J:JlI~~~*~::~S~t::.t~lF7!JtA ~n.Q~$iJ!~v~O)-c', 'Ix
~::7 !J-tA ~ nt::. c ~:t-~ '/ ~ .:z.~211iJ\GJ~~~l& tJ l:tlit~i, ~iJ\~t l:±~2110)7!Jt

AimJJt~~im{~9.Q ~ C:7J!-c'~~.

2. ~O)tj]*~J:~m1*I*JO)mrnriJ!~iJ\~t l:~bJ t~J:: 5 ~::, ~~O)mti-c'~d:rnrm~-TO)~

iJ\ ~tO)mrnriJ~~b.Q.

3. f,ij7k~-RBc: J. S. Schwinger ~J:~~O)mti~~Gt::.~iJ\~tO)m~.~I!iJ{tl~n~*~
O).~.C:G-CJIfnB~ <~tJl7L~ v:\b~~ <0 ::'~~~~f~l:tl Gt::..

8.3) c.. 'L.. 0tJ~ [used as an introductory word]
C: ~ ~~ [used as an introductory word]

however
by the way, incidentally

1.C:~0~, m2'1x~~*~~, IV!J~O=!JAC~/e~-~-O)~~~~,~

lF~:~JTG vl~iJlfJfflfJ1ijtl~ C:: ~A T b O)J£~ ~d:••~-c' 3!J ~, 7c 0) -::.. C:: iJ~JlIf~*,JlMJJJf!foB
~O)~~lmv)t~.

2. C::07J\, ~G~'~~JLv)Q~~~J:~~=ff1:£GL~~,1\~3!J~tL~G~'O)tJ:v)
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~PJT~J <~ ~ C: ~d:~~tJ:v).

3. C: ~ -0 iJ~, lfm~iJ~~rA~:tJ: <L ~MGiJ)O)wU~~:J: w:J L7t~t&lfi9 ~~fi7J~6!> tJ,
~tl~)v~ *-e/A cV 1 5.

8.4) ~:ot::'Q (extending) over ..., (extending) across
I::ot::. -:> -c (extending) over •.., (extending) across
I::ot::.. fJ (extending) over ..., (extending) across

(Note: The phrase ... ~:vt~~ modifies a noun; the phrases ... ~:vt~ '"? Land ... ~:vt~ tJ
modify a verb.)

1. tJ:tJ)~ ~5¥It1JtO)J±1J~7J~1blj1bfitJ:Jm~~:'£~Vl L~~~ tl, J±1JiJ{IJJE~~~:'V

t~JL:Ii~1b<mV16tlLV)~.

3. ~0)9 <"~fJ{U~:', 7J)tJ: tJ O)fBlm ~:.vt~ J L V1 J )VA'~1JiJ~~~~£-JEO)ri~iJ~fftt

9~.

8.5) ~ C ~j:tJ:v~

••• 4lfi [~t~v~] ~J:tJ:v~

... C~~J:tJ:v~

it never happens that , never .
it never happens that , never .
it never happens that , never .

1. :$7-*?t-T* /7°~~d:, {if?t-T.O)5U.~~:.~tGL~d:J±.!tiJ~!t~fJ9/J\ ~ <, C: ~~:.
~d:rJ:J'~ C: tJ:~ ~ C: iJ~6!> ~ iJ~, mVl5U.~~:.~t GL~d:+?tje~ <, ~~ C: Iu crJ:J'~~:.tJ:~ z: C:
~d:tJ: Vl.

2.z:tl60)?t~tt5¥tt.0)&~~~~~~Lje~<~~~C:~6!>~~, ~O).~~~

~~H~Jtt~a:pO)~.tf~~m;t~ ~ C:~d:tJ:Vl.

8.6) .t3J:~ and .t3.t3J:~

Both SJ::~ (,FL~) and SSJ:~ (jefL) carry the meaning "generally," "roughly" or
"approximately" when dealing with categories or numerical estimates, but both words also carry
the sense of "quite," "entirely" or "altogether" when used in an emphatic statement. The latter
usage frequently appears in combination with a negative predicate. SJ::~O) and SSJ::~O) can
be used to modify nouns, conveying the meaning "general," "rough" or "approximate."

1. ±tJ:*/7°~:'JV1-c, ~J~J±1J, ~jeJh{!PJ±1J (je5U.J±~rO)~fi), ~i6tl~t)~5U.~

~O)sset~(J)iBlm ~~~:'~9.

2. ~.~:tr~d:je5U.J±tJ)6:Bet~ 10-5 Pa ~-c'O)J±1Jri~-c'M!m~n-cVl~.
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3. -;j({fJ*PltO)t)t)J::~O)J±JJ • iIilt~~#~J:j]DJ±*~g*~O)tJj~ 16 MPa, 580 K,
~JJi7J<~g*~O)tJj~ 7 MPa, 560 K, ~iIilttJ A{fJ*P~O)tJj~ 4 MPa, 1273 K '"C'~~.
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8-1:

Reading Selections

.~ (ttm~968-969)

~~tt~1:O)ftji7J)G~J:, ~5[J£J:: ~ ~fltv)J£tJO)~g~~**Gt~~O)~~ ~, ~IU

ttm~~~tibtlQ~~C:~J:~Jt~<JlJ t~~~~~Q. Gt~n~J-C, J£tJO)i!if~:Jt\C

-CV)0 v)0tJ:~fSW~::7t~tQ ~ cn~~~Q. fJt*~d:~~O)~fi~~T~O)c G-C~~~c

v):> ~ C: ~tn~m v) Gtl-Cv)t~n~, ~~~n~~v)({ltv) C: v~:> z:. C: ~d:fltv~ (~v~) J£tJ ~
i\~ G-C.t3 ~, ~~~O)~{ltcJ£tJO)~{ltC:~J:liv)~:~~~Q. z:.O)t~~~il(~~J:im!L

~tl:i <~o)c G-C~~ ~ mv) GtltJ: <tJ: J t~. G7J) G, ~~~tb< O)~ISW~:7t~tt~ c ~
0)45~~~~d:, tiv~HtJtn~9!'":J LV~L, {Lt~~, iWi~~ C: V~J t~ z:. C: ~tn~~O)~ ~M!btl

-CV~G. ~~clucO)~fi, ~5[J£~d: 15[J£~~G7J)G, z:.tl£ArO)J±tJ~d:Itv~i\~~~d:

~~~~Q. ~tlttlO)J±tJ~~~d:lf!~~fJ!E:1:O)IR7t~~'j:tJ: <, tt~~, ttm~~~: ~~

tlttlO)i\. c ~M~flT G lR7tn~::P tel: <tel: v). ~tlttl0)J£ tJ i!if~~~tt~1:0)ft
ji7J) G~M~{'f~cT G c, £ArO)~:>~~G. 1) {lt~~ : *5[J±cO)rl3~~~J±tJ~O)~
Gz:.c:~, ~O)J£tJ~~®~-O)~M~~G . • ~O)tt.~C~*.J±O)~gc:*.~
~~ ~'j:~b Gtel: v). 2) J:f:t~~ : ifrt~ C: G-C0)~5[n~*.J£~~tt~-C~1Jl~~ Qfi~O)J£

tJ~g. Gn) G, 5[~~.tJl~ftji7J) G7tTO).fic~xtl~t, +7ttJ:~~c ~d:v~xtJ:

v)J£tJfHif. 3) ~~~ : tittffif~~g*tJ:~Uf (t~C:X~t~m~rl=f'.f~~Uf) ~,*V)L~~C

~cO)~~~Uf~7tT~~~d~ft~J£tJfHif. T~b~.m~ftji~G~-C~+7t~

v)J£tJO)i!lm. 5[~~d:*~.~C: GlO)~M~tel:~t~.~ V~0 v)0~T J:::> ~:tel:Q. 4)
m~~~ : iWi~~~~~~d:.f§~:.t3v~l5[~7tT7J!+7t~:::PtJ:v) c v)XQ7J!, ~H~W
~~~d:tJ:.t3tb< O)5[~7tTn!~~~tl-CV~G~gc V~XG. m~~~O)J£tJ~~~~d:, ~

H~WJ:O)5[~7}T~?;&)-C, 5[~7}TO)ff1£~~~Jl~~ G~g~~-~J1!lut~~g c v~

XG. t~ cx~tl1!il~~W~~AMTG7tT7J~T~l£{W~:{'f~TGet:> tJ:~~O)r~~,

£{W~=.~7tT7J~-7tTJilflifJ~ tl:Q 0) ~=~+fytel: v~ G~~rl3~~~T Q 0)7J~ z:. O)J£tJfH
1m-c'~:Q. 5) ti~JJ;~ : m~~~J:: ~ ~ G~=jG:@:tJ:~~~=ia:Q ~o)-c'~G7J!, .~tJ:

~~d:35 ~ tJ tel: v~. G7J) G, tt~~~=~d:tilWi~~O)~m, J±tJm-ntlJ, c ~ ~=rm~~1:~=35

Q ~O)c Gl~,*tJ:J£tJ~~~35Q.

8-2: A~~)I7 (ttm~973-974)

.1*7tT~~JEO)~rl3' (t~ c x ~t.*~t~~Hr*J) 7J) GIf)( ~ '* <m"~~ ~~ ~ 0) ~, It
v~~~-c'.~~/7°c v~ 5. ~/f*7}T~l&~ '* < ~=~J:, *7JfJ G-C~O)et:> tel: 2 Jm~ 0)1J
~iJ!35 ~. m-O)1J~~d:5[~7tT~~:iEO)~ra'O)~~:JlLF*Q ~O)c: 35 ~. m=O)15#:;.
~d:!M=~tJ:~~£{W~mV)l~ ~ ~:7tT~M.9 Q ~ C ~:J:: J l, 5[f§7J) G5[~7tT~If~
~ '*< t>O)~35G. ~-0)1Jr!~~J:QJJ;~~/7°~3zJt~/7°cJ:'lt, 3zJt~/7°

~J:~ G~=~fJ3zJt~ /7°c~JJJfi.zJt~/7°~::7}~tGtlQ. ~=O)1J~~=J::Q.~

~ /7°~t~66J6~Jt~/7°c J::~S~. 3zJt~ /7°~d:, tlfj~~~=~d:-JN:O)ifrt~.zm O)~

/7°Cm1~G-C.t3 ~, ~.seO)tiv~~ /7°~J:~~ clv c z:.tl~=~TQ. nB@JE~ /7°, tltft
~ /7°, ?'---~7tT~/7°t~c~J:3zJt~/7°-c' 35 ~, z:.tl GO) 5 ~nB@JE~ /7°~J:~

ffl3zJt~ /7°, tltft~ /7°, ?'---~7tT~/7°~J:~JJJfi.zJt~/7°-c'35Q. t~~J6
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~J:t~ / 7°~J:tlff~1l9~: ~J:il <1J'-' G~~ti~j-c'mv~ Gn L ~ tc. ~ 7 '/ 7°clift{ GL:t3 t] ,
J!jj~:J:: J L~j:~f.lO)~~m !' '7 '/ 7t>tc.~~~J:t~/7° C: V~X~. AI, '/ ~1 ~/~
/7°, -7'/~-~/7, ?'71~~/7tJ:ci1~t~~~~J:t~/7~:~9~.~~J:t~/

7°~J:~~~~O)pq$tJ:c O)~~~rp'et t] ~f*7tT~~$~:1J~ttl9~~J:ttJ:O)~, ~E~
~~t~ ~ C: ~:J:: J L~H t] tJ: <~f*~fJ~ttl~~~. GiJ'-' GJJJfPJfif~j:~\~~:W.~:~t G-rtmlt\
t~~~C:tJ:J -r:t3 t], ~ /7°~WJ1:9~~~j:J\)v7tJ:c~:J::J -r~~~~tJ: c C:~:W.C:

O)iI~~1T'5 ~\~7J~~~. Gt~i1~J L~~tJ: c~/F1\~:~ /7i1~WJ1:9~ C:~:W.ir~ 6~

f*7J~~A9 ~ c v~ '5 j{}~7J~~~. ::n~:~tG -rt~~~~J:t~ /7~j:~EJfifrp'~:rsH t) ;Q~~

t], 7c0)-:J CM~tJ: c O)fP~~~9~ ;Q~, JJJfPJfif~: ~j:~:W. C: ~J:* J t::. <iI~~ tt-r:t3 fJ ,
~/7~WJ1:~ tt-r t>~:W.1J'-'6 O)~f*O)~A~j:*J t~ <tJ: v~.
~~J:t~ /7~d:~f*~~~9 ~tI.~:J:: J -r~O)et '5 ~:7tIi~n~. 1) ~fa~~J:t

~ /7 : ~H 6ttt::.~rp'~:~f*~M C~~, tI~ll9~:7cO)~rp'~:~~, ~JJJ, 1&.tJ: cO)
~ffj~4x~ ~ c ~:et J L, ~f*O)g&A, ~~, tJ~ttl~fT'5 t>0) (~fjO) C:A l' /J:t~
/7°, rm@1*i~/7°, )v-y~/7°tJ: c). 2) ~JJJ••~J:t~/7 : ~f*7tT~:~JJJ.
~-~O)jjrm~:4x~:: c ~:et J L, ~f*~,Dri~9:Qt>0). ~JJJ.~4jt:QjjJ:t~:et J
-r, tI~J:t (7tT ~ 7 '/ ?"~ / 7°, ~ - ~7tT~ / 7°tJ: c) c imf*fPJJJJ:t (1Itft~ /7,
I~I?~-~/7°tJ:c)~:7tIi~tt~.

t~~~~J:t~/7~j:~f*7tT~~jij-ctm.9~tI.~:J::J -r~0)J:: '5 ~:7tIi~ tt~.

1) 1&~~ /7° : ~jij~::t3~t~1&~~~~:'J:: J -r7tT~tm.9~ t>(J) ('J-7~ 3 /~/

7°, ? 71 ~'J-7°~3 /~ /7°tJ: C). 2) -7 '/~-~/7 : ~jij~:.:t3~t ~ffj~g&~ (-7
'/~-fPm) ~:J::JL7tT~tm.9~t>(J) (-7'/~-~/7, -tT7 1) ~-~3 /~/7°,

J\)v?-7'/~-tJ:C). 3) -7'/~-1~/~/7°:~~, m~tJ:cO)frjm~:J::J-r, ~

f*7tT~JWJ~*t~~d:~.9:Q~ c ~:J:: J L~J.J$~iWi~Jtifj~O)rmJ:~MJ tc.-7 '/~-~ /
7°(AI''/~1~/~/7°, ~-eI'O/~/7°, ~~1~/~/7°tJ:c). 4)?71~

~/7° : f~r1&~mi~::t3~t~~f*O)••~:et~ ~O).

tJ::t3~l:O)7tIi~d:IOO-ll9tJ:~ O)~~d:tJ:v~. ?b <O)1J~~tlf¥i~til.~~bitL ~:Q ~ 0)7J~

?b<, JjIJO)7tIii!t>~~. (t~cx~t? 71 ~'J-7~3 /~/7°c? 71 ~~/7°~
~lif\G-C? 71~~= '/?~ /7°c J::v'S~~ C7J~~ ~). ±tJ:~ /7°~:-:J v~-c, frJi¥J±1J,
i!*JJJfFJ±1J (*~J±~-r0)~~), f~ 6tt~1JF~Jm~0):t3:t3J::7cO)fBiI7J~~~:~ G-c~
~.

8-3: Ji~it (!fo/.J~970)

~~J±J:: tJ t>f~v)5[f*O)J±1J ~7J{tl)£9 QJ±1J~t. J±1JO)fBlm~:J: J -rV)0 V)0tJ:?ltl~

O)jji!iJ~~ t], fjm~?bv~. *t~, ii~~f*O)~~, 1li~::J±1J (~J±) t~~t-c'~d:tJ:<,
~J3t7}~f*O)7}J± ~?lU:Q :: C:~m~~ ~ ~. ::. 0) J:: '5 tJ:li:f:$}1J'-' 6, ~~~t~d:~O)J:: '5 tJ:,
~J±t~~t~&U~~J±~t c:J3t7}~f*O)7}J±~&U~7}J±M c: ~::7}m9 ~::. C:iJ~-c'~:Q.

[1] ~J±M : illt~, J±1J (1li{ftjijfl~t~ t] O)it*~jjrmO)1J) ~1J~1l9~::&U~9~~J:t0)

t> 0)0) ~~1J'-' ~:, J±1J~: J:: J -C~ft:9:Q '~7J)O)~m~m~&U)£ G-C, rp'~ll9~:J±1J ~*~:Q

~~O)~O)~~~. 7}~Jf9:Q c;)(O)J: '5 ~~tJ:~. (1) iE:EE~WIf~&IJ.QBO)~=~~, ~ttJ±

1J~t (*~HJ±1J~ttJ:c)~, ~~.~MtJ:ciJ~~~. (2) ~f*O)J±1J~~m~l39~f:I~:etJ

Lm~MGL&U~ ~O)~::~d:x? '7 '7 ~.~~ttJ:ciJ~~~. (3) '7V~~-~-1J~frjm G
tc. t>0)~:~d:? 5( -t /.~MiJ~~~. (4) J±1J ~::J: J L~{~9~ ~~1J'-'0)~m~fi~&1J~9
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~ ~ c':J::J-rra'~a9l:1±1J~$JQ~O),:~j:, ~~~~~M(~-~A~-~~M, ~

~M.~MJ e~=~~M~E1 Mtt~~M~Effi~~. m.~~~m.~$J~~~

~O)~:~d:, ~flO)••~~M:6~~Q. (6)~0)'~;Q\0)~l}ll:J::o~O)':Jj:, jj~ A 3-
if, ~ra'Cf.ij~~M~cn~~~. t{l: (1)-(6) ':~j*~t~~flO)~~Mn~~~ljfm~
.~-c'~fEMclJ:v~lt~n~t~lt~. Itm':~1±Mc tt~x~(})lj: (1).t:>J:: v: (3) (})~-r:, ~~~\

(})~~M~d:.~O)flml:J:: J L~.tJ~.~~t~~l:, ~tl~tlO)J£~• .f*o)~fEl:m~

~.~tt~:> X-r:1JDJJL,t:: t>O)~J±tJ (~J±) C G-c1tJ~L, -rft)o cl}lM~~~-c'~~.

*t~, .~~~m.t1\t3ra'~a9':J±tJ ~?J!rj~~~~it(j) ~O)~j:, p =nkT(p ~J:EEtJ, 11

~J:~~mlJt, T~d:~~lffi\., k ~d:~)Lt'Y7 /~f{) O)OO1*':J:~ ~O)-e~ tJ, .~O)lffi\

IJtn~-~ (= ~lffi\) -r:~~~ C::~M~c Gl~)~.

[2] ~J±M : .~~~,:.t3~t~~/£M':~j: ~ J ~i GW.~t1TMn~m~)Gtt-ct,)~. l
t:..tJ~J -ctJJfFl£tJi!rm~j:, IO-2Pa (10-4 Torr) ~~O)~.~SJ:ltm~.~~~~~~.

GiO\ ~~£E$J~~:~d:, ••~t1T':mIt) Gtl,'Q J:"3 ~~~MftO)••~t1TM~J:, -~':'J:

~,~-r'd:~v~. ~J±Ml: G-C~,~~tI~ c GL ~d:, ~~ ':tifF-c'~ ¢ ~ C, tifFJEtJi!
Imn~Jbt-) z: c, ~fEMI3~t1\ t3 O)~:Jjjj A, *1=': -1~ /ltt1) t3 (})~:JjjjAn~~~ ,,) z: c.
~E-e~~. ~Mtmt>~tt~~E~,,)~,~~j:t~<,ttjJIJ-c'~oil*W.It:-c't,)X,t,fm¥
~~(J)-r: 1-30, *t!a9~tlo)-c'~ 1-200~.~+~C'~~. *1=at~~(J)c~L~d:~M

ft 3000 ~l:'"C', fPJ-O).ii~~1=f~~.flO)-1~ /' (t~ C:X~tCO+ C: N 2+) ~tt»IJ-r:~
~ t>(J) t>~~tJ~, ISH Gttt~~tf-c' Gi1\M!m ~ ttl")~v)~

8-4:

lm~ lO-2Pa t{~(l)J±1JO).~l:f3l:.t:>v)-C¥lJ.~1JD~ L,L~~*t~fj:ff.c!1t, ~(J)

~.~fi!iI~O)~iliiJ:-e••c!itL••~~~~{;,1i~~~~ 5. • • .t:>J:U:~<l)£ltc~

(;'fi!iJ~Q)flJ.~ilj(~ol:-rfi~*,J~n~~t~v)••~J£=F~~~J-C, 77AT'Y9.
~~~ilii••,~~$~O)&M.~&M~~.,.~$~~~~~.M~~~.~~o
fi.t~E, ~ nrn~ J1rn O)~~ O)fi!iJ~II~J£':ftJm ~ ttLv~~.•~n~!f,~ctJ:oJ.lEb

~d:, ~ii• .f*7t~cO){t~&~~fii~':J:~••~J£¥lJ.(J){t~~{t~flfMG,~~O)

£ti~O)jJii~~~~ot~~~~~. IO-6pa t{~(J)1£1JI:f3C'~~~fj5 c, f;1!.0)~~~

m~~.OOIl~~~~~~~~~O)~, .OO¥lJttM~~~~~m~.OOW~~C~l~

M!btt~. ~~O)f]Jmmm-e~d:6b~':JtfltJ~~ t), Gt~~~~:-fJ~J¥~O)~MA.c~

~~~~lm~~~ffi, £~O)~~~lffi\IJt~~O)~~~~~~.~A.ffi~t3h~.~~

.(J)£ti~O)MfitJ~d:, A/\ '/ ~.~:1t~-C-~~:~J:~~~iJ~, .J!JO)ftJtJ.~j:J:fJ ~~-c:
~Q. ~t:, m~c*5Attc(J)*,JJII~EJfj(]c Gt~m~.~J.{fi~~~.Ie~~~-c:

J:~~.

8-5:

~~~~':.t:>V~L.~~:@~OO1*~ ~$~~:m t,) 6 tt, ~,,*O)i1rftt~BIf~o~)~j:ftjlJ

.~fj5tto) ~ c. tltmtJ(Jl:~d:-~i1rf~mO)ttc~< fPJ G~~~. jpO)A.D, ltlO-c'il
nn~@JlJl:EllJ~jGtt~ L ~tt, i1rftltJ~~b ~ t~ ~)@~tttJ: ctJ~~~. J{~jpiJ~~~iJ)(J)

-~i1rf~mO)jpc.~o~c:a,t, tt*~i1\ GO)1f~lMItl, .t3J:ltjp~M~t~~1I-e0)1f~

lMItl~:oo G-c~V:G~) ~ C: C, ttJ1'j$(J).~UiO\&;O):ffA~ltl.iJ'\/J\~~) ~ C~~¢.
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*t~, #rm1i~~o)::I /?'77' / An~*~lt~:: C: t>, Jt~#O)Jttfj~c G-C~d:m~t~:: c~

~~. ill~#O)-fj, 7--1'#~~d:rm D$n~jG~~=rm <. 1t~#~d:~O)JtttmJ:, ~O)et

5 ~=~1t~#cm~Jt~#C~=7t.9~ z: CIO~'"C'~~. (1) ~Jt~# : *~J±7J)~:t3et
~ 10-5 Pa *~O)J±tJ~~~M!JlJ~tlQ~O)~, Jt~~--)v~=~d:~~cluc*;t7v/,
/\1 "/ A t~ cO)I. '7 A "~--n~JlJ lt~ Gtl, ir~~~JC G-CJt~~ I) --An~JlJ lt~ GtlQ.
z: O)t~~#O)rmMi&lm~~~O)~f*n~-~fJ"J~:~tl~ z: c ~d:iI~t ~tltJ: lt~. #f*O)f$tJJ
tI.~=3lZ:~~ 0-A'~mlt~, *~cO)iJll'JT~jG~~=Gt~~J:to) t>0) ~, *l=~=I, '/ 7 VA
#c:J::y"S~::cn~~Q. (2) m~1t~# : 10-4 Pa ~rO)J±tJfBlm~t>M!JlJPJfi~tJ:t>0)~,

J*j{1j c G-CJt~~=illW9~$7t~d:9J'(-C3lZ:~~1Jo~mjj An~PJfi~~~Q t> 0). f?iJ5ifJ"J~=

~7D/, ~U1~~~cO)~~~ttO)~tlM~.m~tlQ~ct>~~. #f*O)f$~tI

• ~= ~d:9~-C3lZ:~~ 0 --A'IO~.m~ tl, ~-)vlj c G-C 3lZ:, M, 7)v ~=r) .b. tJ: c 0)3lZ:
~jjA7"'/ l'n~mlt~~tl~. (1), (2) O)~~7J)~=*l=~tJ:Jt~#cG-C, Jt~~UI(1\J~O)~

f*O)~A ~~~ ~=*,1.9~ t~~0)PJ~ I) --7#n~~ ~.

8-6:

fnJm~-TO)ff1:E~=J::~1t~O){fiIIi. m-T c7'C-T* ~~2izB:9 ~.-Tmm~~~~d:, ~~

jEJttJ*f:I L\E-L\t == It ~=et lJ Jt~g:t~ t>{&:mfJ"J~=m-T • ~Jm-T~t c7'C-Tn~~~Gt~ lJ, l~

~Gt~ ~ G-Clt~Q (a-TtJ~fJ"J~ G~'c lt~ 5). ::O)~~G-CV~~~rJ3'~d:~~jEJttJ*f:I~=

et tJ 1t/2mc2 =10-21
S fi~'"C'3-F~~=~lt~. Gn) GfnJm~-T~:: O)Jt~~= t> J -C < ~ c, z:

0){&:mfJ"J~=~~9Qm-T • ~m-T~tcf§li{!pmn~~Qtc.~, ~ J: 5 cttmf*(1\J~=mfnJ~A

tlt~ c ~ ~=ttmf*O)m~fJ"J{fiIlin~jfg~ ~ (J) c IPJ ~ <, Jt~ (J) z: (J)~ G~'7J\~{~ ~ 5 ~tG.
z:tl~Jt~{fiIticlt~ 5. ~ (J)WJ*~d:ttmf*(1\J(J)mfnJn\J!7J)~tJ:~bJt~et 5 ~=, 1t~O){fiI

ti~~d:fnJm~-T(J)J!n)~tO)mfnJn\~b~ . • -Tmm~~'"C'~d:~O)~f~~d:~~H*ctJ: tJ,
tJO)f:lfnBO)~H C: ~ tl-Clt~tc.. ttmf*(1\J ~= ~ Q1tO)m~.~~JJ~~ ~= ~d:ttmf*~=JI¥3 tJ:1\~
~~t-cm*m~ D ~71UjE9tl~iJ:: It) z: cn\mm~~'"C'~~ tl-Clt)Q. C::: 07J~, ~ G
~'~ ~ J -Clt)QJt~~d:~~=ff1:E G-C:t3 ~, 1\~~ ~t-c~ G~'O)tJ: v)tJPJT~J < ~ z:. C: ~d:

~~tJ:V~. ~7k~-tIBc J. S. Schwinger ~d:z:.O)Jt~O){fiIIi'"C'~Gt~J!n)~tO)m~.~1l
7lU~tl~*¥3O)m~.cGL (~~H*~d:~7}~~*O)f:lfnB-c'~~H~=tJ:Q c G-C) f:lfnB~ <
~7J);tQ v)b~~ < ~ ~~f:lfnB~f~tfj G, ~O)~~H*~d:m~ GtJ: < -Ct>, ~JiO)tJ:v),

~~~et<~~G5Qf:lfnBf**~m~ll-C~.

fnJm~-TO)m~m~71rJ~ ~=~d:, ~O)mfnJO)J < QmtJ (Jt~{fiIti~~~t~)~=m-T~

AM~itLljt~L~ it, /J\~ tJ:jq~~0)1jt~LO)ttlif7J)G}j(&'J ~. ljt~Ljq7J~*~ It) c z:. 0-c'
~d: (9tJ:b~fnJm~T(J)JlI< ~Jm tJ*~ < ljt~L ~ tlt~mT~d:) 1t~{fiIti(J)~~tJ:~:1J*,

Uehling Jj7J~m~ ~= tJ:~ .

8-7:

~{*O)J±tJit~rx:Torr fi~ (1 Torr =133.3 Pa) (J)~f*1i~m~.~1i~m c ety"S~ ~ c t> ~~
n~, Jm~~d:m1ft1lJ~0).lJl!!§J § E8fTf~7J~mtir~'HglftJ:: tJ~ <, n~m~rJ3'-c'0)~f*O)m"7J~

n~m~=~4 GtJ: v)J:: 5 tJ:~Jt~Ift'"C'O)n~mO) ~ c ~ v) 5. ~ O):tJ~-c't>, 1JD~~ tltc.m
-T0)1IJ.~=J:: J -c, ~~Ii~tJi~O) ~ 0), rJJkJljjA, ~~ v)~d:f1~GLV)tC.?':A 1'7J'1;t
/il: GL~tfj ~ tl~ C, ~tlG7J'IJi~~fj. GL=;J(m-T~1i~tf19~ c v) 5 tlf¥j~=J:: J
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l1&tn~PJtm-c'~~. l,t::.tJ~J l1&.ImMitfE~d:, tti~f-+, ~iID9l1~0) l,tJ~t::.., ~.

4m~I.!&.jjA.l:J: J -C*:e: <~b~. fi:ti~W~fltil](]~:~~, it:.~-tt-c, 1=:~~

tlt:. 7°7 X',?{l1~/O)~7t~fljfflGet:> C:9~(J)tJ~1f:~7-!J{l1f:~AJ\-~ C:~Q.
*.t::.., 1f:~~d:alt)~.f*C:~Q ~ ctJ~~, v--if-miM{lm-=-it:tiO)1&1il:J: J -C1&1i
~~~~it, ~1iJ±, *~ilrfO)A1 'Y7C Glffllt)~1f:~A1 'Y7~~ffl~0) 1J~~
~.

8-8: 1±1J (~~20)

4mf*O)~iID, *.~~~f*~$O)ff.O)iID~~, ~O)iID~m~Gl~~O)$~~~~&

~£G~:> c ~, ~O):> !>iID~:~OO:~:flJJ G~ '3 ~O)¥&iIDfft~t::.. fJ O)flR, 9tJ:b!>~ffloo

~:[tij:6\ '5 #i.~~tJ~J±~C'~~. J±~O)~~ ~d:-~l:~1~;t~ iIDO)[tij~~:J: J L .tJ:~

tJ~, fit1l:ilrff*~~d:iIDO)[tij~~:~f*tJ:< ~J~~'~~:-JEflRp ~C:~. ~O)~C~j:, fit1l:iIrf
f*C:P ~:~J:~.~~tJ~JJltltJ: It) C: v) '5 ffWn) G~tJ)n~ ~O)-r:, ~(J) ~~~~T"/'J )v'J:,
!J 0 *' 'Y tJ-O)a2~~ 4j (i =j C'~d: 1, i ~ j C'~j: 0) t: GlPij =-p8ij (J)mc.tJ: fJ, z:n~

~~:fitJ1<fEc: tt) '5. ft~~~d:, z: O)~;6~tt.(J)ft O)[tij~ ~:{I < ~ C: ~~9. fitJ1<J±,t*.
t::.., ~~lIl:~~ilrff*O)~~~I](]~~.(J)Oc J~~J L, ~ltljmJtl:J:J Lfrn(J)~

~.c.MV:J~tGtlJ t::..c.x~tmllp, t1illlT, ~T.MO)~!l!~f*l::MGL~J:p=

(RIM)pT tJ~~ fJ)L-:J (R ~j:~f*JEIt).

~.~~ ~~< mm9~5C~ilrff*O)ilI~-C~d:, ilrff*O)iiJJJC:P ~fitJ1<J±t~~t~~;tttl:

J: It)tJ~, fa5ff~~.9~ c.#i.~~~J:oo(J)[tij~ c:ilrflbillll:~ffG, t::..t!.l -:J(J)"AtJ 7
- P ~~J:~ittJ:lt\. GjQ\ G, ~O)~~~: ~iM~~1f*Mfa5ff~tJ~/J\~ It\)W fJ, 3:.~7J

PI' P2' P3 O)~f£;j. (PI + P2 + pJ/3 =-P ~4;t fJttQ:AtJ 7- P ~~f£;jJ±~ C~. L, '""C,
P ~j:ilrfllJilll ~13*. tJ: tt \ JiijjiJfl](]tJ:~~~I](]J±~ l:~ L, tt) C. f&JE9 Q ~ c. tJ~-r:~ ~. iIrf-f*
~~~~i, ~(1)~f£;jfE~ ~~~ -:J 5lf!l:J±1J C. eta, ~(/)~ra'I](]~{~~J±7J~Ib, ~ra'~

~ft~J±~~t6, -grad"p ~J±~1J~tJ:cC It)J Llt)~. Gt:::.tJ~J-C, ilIb9~fa5f!li

.f*lf1-c'~d:J±1J ct!.~1J~O) 'b (J) c O)~jJIJl:ttlt L,tJ:~tt1~ttJ: C:JtJ: It). ~.f*O)~~~i~

h~c:M~GTftO)#i.~~~ff.~~c~~Z:~ffi.<,~O)~~D~~~illbC:Pe

rr:t' b -r-Wi l:~ffl Uii0) rPl~ l: J:: -::> L .tJ:~ ·

8-9: l±.1Jit (~~20-21)

ilrff*O)J±~O)ilJJEl:ffllt) Gtl~~~IJ~. J±~~o):>!> -r:*~1±~iJlIJQ ~O)e~J±~,

*~ff~rO)1f:~ff~~~~~O)~~~~, ~8MPa~Lo)ff1J~~~~0)~~ff~

cJ::a, ~t:::. 2 JO)1±~*O)J±~~~~q~ {)0)~~J±~, Z:0)5!>, M=l:./J\tJ:J±~~

~3!g~ ~(J)~.J±~C~)'5. £*I](]tJ:ilJJE~~~:J: tJ~m9~ C:, J±~(1)JE.~:£:5 <
~~tiIJ)EtJ1iJJtmtJ:-~ff~~c, ~~JJl~O)f±~~:J:~~ft~flJffl G, -~J±7J~~:J:

~~iE~~'~~9~=~EE~~~:*~IJ~tl~. -~1±~~l:~j:i(£t±~{lm.~tJ:co)J±

~~tJ~~ fJ, EE~Ij:i(£t±~m.(J)m.c.3JLiI~tt:Q z: c~:J:: t)~JE~ttQ. =~J±~m

':~j:5iiiffJt, .~tJfmJt, J±it:~JttJ:co)EE~~tJ~~~. 5iiiffJt(1)J±~m- ("f!J±~~

C:lt)5)0)~1.£*T~:~J:J±~i!Im~:~t;L~Ij, tJ/uWIiJ, ~I) I) t)blj~ AT/VA
51, M=;l51tJ:cO)~fit.~1mIGt:::.~)Lt~/W, ~·1777.b., ~D-A, ~~5(ffltl

~~(/)~n-::>~~.~~2aMo~httT~~~~~~:5~G~~0)tJ:cffi~m~tt,
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:.n c; 0)*TO)~{1L*t~~d:D9Jj-~i, V)0V)0ter:1JJ:tO)tI~~~Q V)~d:m~~~~tI.

~mv)L1JA*~n, iRtl)E*t~~d:m:tJ'~n~. m~gmJ:t~d:D9Jj-I:I-V~l:~2~ff*T

~:~~ Gt~ ~O), I:I-V~~~ Gt~ ~O), Si ter: co).~~-c'fF~ t~.;t~ 77 7 Al:~:

I) 'J!77 7 -1-ft~~:J: t]1JAftgm.I:I-V~IOC~~~Gt~ ~O)ter:ctJ~~~. ffm~J:t

~d:71<MttJ: CO)ffm*T~mQ~O)~, ±C: GLI*Jt?&tI~O)l*JffiRtl)E~:mv) c;n~. Jt~

M~:~d:, ~f.±J:t~5l1iJt1J:tO)~~tJ\~:, ~Jt~m C: G-cJjj{T~JtT(J)m" • t&mijl~~~~
~~fljm9~Jt~Mn~~~. -~~:, =~ff1JM~.~EJ9l:1i1J~1f9~ t>(J)~ff1J~.

~, *t~~d:ff1J§em~c 'b v) v), )j~iRtl)EO)t~&9(J).~j:\~~ v)~d:~~ffj:\~zn~liJfj~

td-. ~(J)~ff1J~z~c ~ v):>.

8-10:

ff1J~iRtlQ~~JJ(J)~~~d:1643 iF~:fTbnt~1f~tJ: l' ') TX 1) O)J{~~~-c'~~. !tB
J)j<~l&~< ~~(J)m.~:J: ~L'J < c;nQ*~ff~:jJ7A ifl*J(J)*_f.±(J)m.~'J t] '@j
b~, *.f.±(J).~~Gff1J~~&9Q. ~(J)*_f.±1JJ:t~, ~ff~~~~*~ffMlli(J)

ff1J~J{~ff1J~J:lt~ff(J)-~~iRtl)EtJ\ c;~r$m(J)m~iRtl)E~:~Q *~It< Jt\m~n,

ff1JiRIJ)E~:~v)Lm~tJ:{ftg~~&9Lv)~. ff1J(J)iRIJ)E~~:~d:, *_f.±1Jj:\0)J::> ~:ff

1J(J))E~~~~~~:~ijl9QiRtl)EJjj{~~:£~<~~tiRtl)E~c, ff1J(J)fFm ~:J: ~ L~~

~nQ~~ijl~~fIJm9Qtt~iRtl)E~ctJ~~Q. *t~, mt~ff1J, ~ff, Ji~ff1J, I!!!J
~m~ff1J, JJJff1J (JI.ff1J c ~v)5) ter:c(J)ff1J(J)flmcfBlm~:Jt\GL, ~n~n

~:.tJ: J t~Jjj{~ (J) ff1JiRIJ)E~tJ~~m ~ n -c v) Q.
~~tiRtl)E~-c'~d:, ff1J~d:~(J))E~~:VEv), ~~ oofJ~:fI< 1J(J)*~~ ~~~L :.nc;

(J).7J\c;rl3~f~~~:iR:)E~nQ. 9tJ:b~ [ff1J] x [oofJ] =[1J] 0)~f*J: t]ff1J~1J~:~

~G, ~ (J)ff1J~: J: Q1J ~ftg(J)m1J~5!fiJt11JtJ: c O)ft~(J)1J c -.:J t] '@jb~Lff1JO)iRtl)E
~1T:>. 1J~d:m1J ~:J:QO)tJ~~~IE~~~~7J\ G, r5Tt~ff1J~~~~d:, ~f.±~JtM~:fI

<m1J~fIJm9Q~tt~~m~~7J~ff1JiRtl)E0)~r$C:tJ:J LV)Q. !:t~iRtl)E~~~d:, M
ijlJt17J~J: <LJ±1J~1J*O)*~v)~~~~7J~fIJm ~ n, ~n~:~d:5l1iJt1~~, ex,/gm~1J*, J±m7JJ*tJ:cn~~Q. tJ:7J'-c''b5l1iJt1J:tO)J£1JM7J~~fI~f~tJ:Jjj{~~:£~V)L~~~

n, J£1JiRtl)E~~~:bt~J L~~~<mv) Gn-cv)Q. JI.J£1J~=~tGL~d:~~O)mJt1

~~7J~mv)6n~ z: c ~~Q.
*~J£J: tJ {~v)J£1J (J)Jt~~~-c'~d:, ~f.±~~=~~' < 1J~iJ~*~J£iJ\ GJ{~~u~=1Jt~

~tl-cmv) GtlQ C C ~~=, J£1J7J~~t~C9Q~f*(J)JtT~~Jjt~=ttfftl9Qt~&9, ~f*

O)JtT~~:{t{ff9Q4m~ijl~tJ~fIJm ~ nQ. ~f*(J)mJ1l· ti)(mijl~~~f~~ijl~td-.c~

~Q. 1!!!Jf*J£~~t~C:9Q~ 2 GPa ~l:O)m~ffO)JtJ1-c'~d:NaCI O)mT)E~~Jv~
m7t*l(J)rJt:&iJ~J±1J ~::J: J L~b~::' ciJ~flJffl ~ n, ~n~tlNaCI § !l£~.Q v)~d:Jv 1::
- §!l£ c J: ~tn.Q. *t:;. z: (J)~~-c'~d:4m.(1)tl3fi~~fIJffl Gt:;.ff1J)E}~iJ~J±1JiRtl)E(1)~

IE~~ c G-cm~tJ:l~Wtl ~9.Q. ~ G~=JI.J±1J ~d:~.rJt(1)~fI~=J: QJ±.ijl~ C: GL
abn, JI.rJt~~b~~.~(1)JI.rJt.JjtC:~T••~J:lt~.O)~.J:t]ff1J~iR:

)E~n~.

8-11:

J±1J(J)1l!f1L~d:, [x*Jv;f- (1J~EJ9, ~EJ9~t:;'~d:m~EJ9)(1)1l!fft] / [f*f!O)1l!fft] O)~
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-r:1E?iJ c;n~ :: c ~ ~~ tJ! (~.:L - )v~ll1.J~ - ~ lv, tJ 0 ') -~1l1.J1z/7~ - ~)v

tJ: c), -~~:~d:, (a) [tJO)11ifft] / [ooflO)Jt!fft] O)~-r:~Jl~llL~, *t;:~d:, (b) *f1E0)
W;~~ ~J~f*7J!t±~~tJ: LLV)G C: ~, *fIEO)mtJ1JOJm~fiR~~9~-r:~0)~t±0)Jt€

OO~:~~~J±tJ~, ~t±0)~il!1.J~0)~~ (9tJ:b~~~) -c:'~~~itL, [~~O)11ifft]

~:f11JDm~~xt~~-C~9, (J) c~ G7J)-c'IE&'J Gn~.
~~, ±~11i~*-C(J)J±tJ(J)11i~~~9. ~~, .~c(J)~J±(~~J±tJ)~~9~

~ (t;: C:X~tata)~, *~J±cO)~J±(ij-~J±)~~9i2~(t;: C:X~t atg) tJ: C~d:, v)
b ~tliO)fjZIJ ~:~t9Gmffli2~-r:~ J L, 11iffti2~-r:~d:tJ:v~.

(I) OO~11ifft* (SI) : tJ (J) SI 11ifft=.:L- ~ / (N) C: oofl(J) SI 11ifft~1.J~ - ~)v (m2)
C 7J) c; (a) 1.JJ:t-c:'~Jl~llL Gn~ SI 11ifft~d:=.:L- ~ /~~1.J~ - ~)v (N/m2) -r:, ::n
~: ~d:fi!!I~O)ij~!\A jJ)v (Pa) 7J!4x Gn -ev) G. 51 ~~d:, !\A jJ )v~Jt\tJO)11ifft~:~

f9!5.
(2) cas 11ifft* : tJO)11ifft57"-1 / (dyne) C oofl(J)11ifft~1.Jt /7~ - 1')v (em2) C7J)

c; (a)1.JJ:t-r:~Jl~llLGn~~-1 /~~1.Jt/7~- ~)v(dyne/em2) 7J!~~.

(3) mtJ11ifft* : tJ(J)11ifftmli=F 0 ij::; 1.4 (kgf *t;:~d: kgw), mli?"::;.b (gf *t~~d:

gw) tJ: c C, oofl(J)11ifft m2, em2tJ: C c(J)m~bit~:J::~m.=F 0 ij::; .b~~1.J~-1'
)v (kgf/m2) (~~~2~0)~~~9), kgf/em2, gf/m2, gf/crn2tJ:C7J!~~. 5111ifftc(J)fm
f*~d: I kgf/m2=9.80665 Pa tJ:c-c'~~. ~- ~ • ~/ ~$~:~d:m.~/ ~~~1.J-1 /7
(lbf/in2 *t;:~d: psi) 7J!~G.

(4) J\-)vc~O)*~O)11ifft: 105 Pa ~J\-)lt (bar *t;:~j: b) C v)v), ~(J)*~~: mbar
(* t;: ~d: mb), J.1bar (* t;: ~d: J.1b) tJ: C7J~ ~Q.
(5)~J±c~0)*~0)11ifft:101325Pa ~~J±(atm) cv)5, ~fT(J)::O)IE~~d:, (a)1.J

J:t-c'#c?iJt;: Pa ~:~f*~ 101325 ~.~tt;:~~:tJ:J LV).Q7J!, ~9:Et9~:~d: (b) 1.JJ:t-r:~A

~nt;:~O)cm~nG.

(6)*.t±~-l')vc~(J)*~0)Jt!fft: (101325/0.76)Pa ~*.t±~-1')v(mHg), c
v)v), ~0)*~~:7k.t±t/7 ~-l')lt (em Hg), 7k.t±~ 1) ~-1')lt (mmHg) 7J!~J
-C, ~1£-c'~d:9~-C Pa ~:~f*~~.~tt;:~-c'IE~~n~7J!, ijO)~9 c~ t), ~9:Et9

~:~d: (b) 1.JJ:t~~A~nt;: ~O)~~~. t;:t~L7k(0)~~, mtJ1J[JJm~, *.t±0)~~

0)~n~nO)£~{iRO)Ii(J1.J~:J\7 I.T ~ 7J~~ J t~. *t;:, 1')v (Torr *t~~d: torr) ~d:,

~B "C'~d: mm Hg O)zlJ~c:m~ tl.Q J:: 5 ~:tJ: J t;:7J~, I Torr =(1/760) atm C: v) 5 IE~~ ~
J t~tr~ G, atm O)IE~~:J:: J -C~d: Torr =t- mm Hg c O)m~~ ~ 0 1~G. Torr (*t;:~d: torr)
0)*~ ~= ~d: mTorr, J.1Torr tJ: C7J~ ~.Q.

8-12:

JJj{-T~0)~JL\&(J~0){1~.~ft~lN*P3L,i~f**t;:~d:~f*0)-~fflWft~An.Qffij1

J±~~. JJj{-T~(J)~J:t~:J::~ ~9:M~f1:J:O)r~,aJ~7J~AtJ:~, $I7kfflW~0)~~~:~J:J-'~

O)llDJ±?::; 'Y ~Mti7J~J::<f9!ffl ~ n.Q. *t;:jjA{f.JW~~:~v)-C~d:*~M~J±tJ~~O)
~H~tr~G7° VA l' VA ~:J /'~ ') - l'~ (~5itJM*l~:J:: J -Crrff&)~ ~fL5(~ 0 ~:5~ <
Gt;::J /'~ 1) -~) O)J±tJ~~n~M!ffl~n.Q:: C:7~t~~v). JJ1{T~?i:f~~d:r'alm!, iWiff~-C

f9!ffl~n.Qti~t-c'tJ:<, g:tJt~-T*l~ r*ltJ:cO)fffiM~~~t.Qo)l:', 2:nG~:~tG~nt~

ffii1 1t1~ ~ ~::. 2:.n!~*~ n~. -~{f.J*PfjO)-t3-t3 J:~O)J±tJ • i1iA~~#~d:1J[]J±71<~'-£71<

~O)~~ 16 MPa, 580 K, i~a7k~'-£7J<~0):tjj;~7 MPa, 560 K, ~71i!jjAfflW~O):f:jj;
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~ 4 MPa, 1273 K -c6;~.

8-13:

~$IQ\ Gtt.~lj.xl~-f*~J±.GJ±7JO)~v~~-f*~~ tJ lli9.~. I!tlliJ±7Ji?~ 0.1
MPaJ;ArO)t>O)~j:~M..c {,.):J l~~IJ9 ~ ~ C: t>6;~. 1±.O)Jl{~'::et IJ, ~fl~J±

••c~-~EE••~:*EIJ~tl~. ~ft~~J:~-f*~MGi6:~t~~ra'0)-f*M~M1>9Q~

c l:J:: tJ ~-f*O)ff7J ~~~Q t>(J)-C:, ~ O)~~:~d:t±flitC::ffi1fiit;6~6;Q. ~EE7J;6~~~

~:{~ Gtt, J±.~iJ$nt~~)n\.~tt~*~~:t~t), I!tlli~-f*O)J±7J~:~tJJn~6;QtJ:c(})~

J~1J\6;~. ~-~~~J:~-f*~:iltJJI*)lt=¥-~4jt~::C ~:J: t) 1£.9Q t>0)l:, fdJif,f
it C:~JL,it1J\6;~. ~~ft7J\fiJfmt:'IJ\~-c'6; t), I!tlliJ±7J ~:mtJJiO\fJ: It)tJ: c O)flJ.,~(J)&
mi, P±lliJ±7J;Q\ftt<, f4:f!n\~~?M!m~ftF~:ti:tJc!tt~9lt). riiJ±ml:~J:, 1 f!ie'I£
.9Q t>0)0)~~i1\~:, ltfjo)1£.fI~mc7}-~bitt~~~J±.O)t>O)t>6;Q.~t~, fJk:>
~-f*O)fj.l:J:: tJ, ~~I£.fI, **1£••, M*f£••fetc cJ::~~. J±.tI~J:Jk{,.)tt

~7tlf~M!m~tl-C.t3t), 7/-1::=7, ~IJI.~l//~cO)ft~~.6X,~{tE1dJjjA

(LPG), ~-f*~*, ~-f*.*tJ:CO)~ftjjA, =MftER*, 7l/;t/tctc~m{,)k:~~

tJ: c 0)'~;6\, ~~7t., ltTa, illitJ: c ~ E1 fJ(] C:: 9 Q ~J±jjA (J)flJmtt~'::Jj:~t1\ittJ:

v)tI~-r6;Q.

8-14:

[1] ~~.gu(})~ I) /~~-P'l$~.;6\.t>/J\~<tJ::J t~fti (~.~~fl) ~ Vc C:~, fi
m3M(~A~/~~~~tJJ<$7t0)-f*~)~VC9QC::~

E= (Vc +V)/Vc
-c')E.~ tt.Qil E ~EE.!tc~) 5. §tJJ$mO)jj'./ I) /I/"Y/-c'Jj:, E= 6.5-10,
T,( --e}vX/~/~~j:E= 12-23 Nll-c'6;Q.
rn.~~/~O)tJ:~-c', .~.~0)~-f*~*.~~~lli9Q~it0)3~it~/~~.

G, ~/~~~D~o)J±7Jc~.DMo)J±7JcO)!t~, ~/~~~GT®~-f*~.~

O)~ftFO)r-c'a)E~h~fti. ~/~~~GTO)~-f*if,f.~Oo).~, ~/~~J::?~.

lli~hQ ~.f*fIC, ~ / ~~~ 0 1J!IJ;6\ C;~~D {f!q~J±7J~ l: J:: -:JT~~ ~L <~~-f*1i

C:IJ\tj J:: 5 c-.:J tJ ~-:J -C~)~. ~ t::.tJ~:J -C, ~ (l) J:: :> tJ:~-f*O)~~~~1>tJ:~ttl~tEE.!t

~;t*~ <, ~~th~tJ±.!t~J:/J\~ <t~Q . • -f*O)~if,fii~d:, D-~ I)-~/~~)v-~
~/~-r~1, D-~'-C~/~7-~/?~0)9~ra'tJ:cl:J:::JL.t3.t3J:~~~?TL,~

5iJ\, ~-~7tT~/7°~BtM~/7°-c'~j:, ffi1fi.O)ffi1E~Il, :/:r. '/ ~.if,fO)iilltJ:

Cl:fl{ff90 C: C: ~~:, 5i\-f*7t-TO)~iltJJ~Il~:*~ <fl{ff90. ~-~7t-T~/~~

Btftt~/7-c'~J:, **~~ I) '7 bO)J:: 5 t~«I7tT.(J).-f*~:'MGL~d:1±.!tt1~!tfXag/J'

~ <, C: ~l:'~1rp'~ctJ:Q ~ c:tJ~6;~tJ~, ~ttu~O)mv~.-f*l:'M~Ll1+7t*~<,

~~clucrp'~l:tJ:Q ~ clj:tett-~.

8-15:

YffiimiiO\rJj Ct::.PlfmP'l-e, rqtt{J.t&t~c ~UiiIL,@lE~i!, .~~-)vcim~l:'iIb~flJ

mGT~.f*~ff.~5i\9~~~~~/7~6;~. ~~ffh~-~-c'10~ft, =f!i~~
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~it~ 10- 1 Pa il'~, ~~~J*~~J:2 x 10-4-2 m3/s (J) ~ (J)tJ~J < Gtl, *~fftJ)G(J)1J~~

~:rt< mv) Gtl-Cv)Q.•~~:~J:~(J)3••tJ~l>Q. @lfill~~/7°~J:7-7~@lfi~

/7C~ e:t ~ttl, @lfifIltt C, ~(J)-wJ tJ WlJ tJ ~:~J:~~luti 2 ft(J)llfi ctJ~lttJ"~ftG-C
fl!!J~ fIl 1mIfi~11tJr"9Q. :: tlG (J) @lfi$e fl!!J~ fIl flIj~Ifi ~: rm*tlt~~r~~ (J)~fl~1~ ~: e:t
~-C~~(J)~A, ff_, ~W~R5. ~A~@lfi~/7, m.~/~~@lfi~/7~~,

.fie ::tl~flfJT~A CA 7° 1) /!7+ ctJ~fl!!J~fIlfflj~:~tJ J ~t Gtl-Cv)~. ~=-~@lfi

~ /7~~d:«;t1\f10)jljffljtJ~-.:J v)t~tllJJ 1::A ~ /tJ~fl!!J~fIlflljP'JIfi ~mlJJG-c~~~fFm ~R

5. lttJ@lfi~/7~*~~~~~~~~~.~T~c,~/7P'J~••G-C*c~~.

ff.~fi1W~~~/7P'J~:*~~~ATQt~~(J)~f1(J)/J\~L~~t~t-C:S<c, *(J)••
1W~:~W~tJ~rm< e:t? ~:TQ:: ctJ~~~Q. Z:(J)fI.f1(J)lttJ@lfi~/7~jjAJ\7 A ~

~/7ev)5.
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Lesson 9: Mechanics II
(motion and flow)

ii 9 ); destiny, fate, fortune, luck
~J: ~ (;S~) to carry, to progress, to transport

JlIJJ 9)1~9

jim 9)139
motion
(practical) use, operation

1.JO jJ addition, increase
<b(5t~) to add, to append {vt}; <b(b~) to increase, to join in {vi}

1JDJ*Jj£ jJ '} !J ~ acceleration
Jl1JD ,}~9 jJ increase

tJA jJ!J expanding, spreading, wide
fJtft jJ!Jl5)l
fJt* jJ!J~1

diffusion
enlargement, magnification

:EI
l.tt :J / blending, mixing

~ ( ~" ~ ) to be blended, to be mixed {vi}; ~ ( c:~)to be blended, to be mixed {vi};
~(if~) to blend, to mix {vt}

~~~ :J/397~ mix~e

~~L :J )I 7 )I confusion, chaos, disorder

tI 15'Y brushing, rubbing, scouring, scraping
9"(~) to rub, to frost (glass) {vt};9"(tl~) to rub, to wear (down) {vi}

lit tJ*~ 9"~ tJ ?15~ sliding friction

*~ ?15~ fu~oo

11 '} 9 floor, layer, seam (of rock), stratum
tt~~ =f39jJ1'}9
~ im '} 9 1) :l- 9

boundary layer
laminar flow

~ '} !J fast, quick, speedy
~d:~(v)) fast, quick, speedy; ~d:~(6b~) to hasten {vt}; 9"~(~tr~t,t.)rapid, prompt

~J*{~ :J 9,} !y jJ increase in speed/throughput
J*Jj£ '} !J ~ rate, velocity
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1* ~ -1 body, form, object, substance; 7-1 appearance, condition
iJ) Gt!. body, health

1** ~ -1 Jy -1 system, organizC;ltion
~1* 7 'Y ~ -1 object, body

ib ~ t) change, motion
'5 Z:'(iJ)9) to move, to set in motion {vt}; '5 Z:'(<)to move, to be in operation {vi}

m~ t)/~t) m~oo

§ ~$IJtij -y ~ t) t -1 =¥ 3 automatic control

*~~ */ sticky
tcl ~t(~ ) to be greasy, to be sticky, to persevere

MttM1* */t-10~t)~-1

*~l3t */ ~

~ 7'Y matter, object, thing; 1:: 'Y matter, object, thing
~ (J) matter, object, thing

1::~~ t-17'/11!7
~J1(~ 7'/ ') 11 !7

,. 7 grinding, polishing, rubbing, scraping
J*~f*~ ~~~Jy-1At)

J*~tJ ~~~ ') 3 !7

viscous fluid
viscosity

biology
physics

coefficient of friction
frictional force

~L 7 )' disorder, riot
~ t!.(9) to disrupt, to disturb {vt}; ~ti(tlQ ) to be confused, to be disturbed {vi}

EL~ '7 / A t) random number
ELi1rt '7 / ') ::J.. t) turbulent flow

mt I) ::J... t) current, flow
t~ii~(9) to flush out, to wash off {vt}; t~iJ~(tl~) to flow, to lapse, to pass by {vi}

mi1rt T / ') ::J.. t) electric current
i1rt1*tJ~ ') :J- t)~ -1 ') =f11 !7 fluid mechanics/dynamics

Ea

.Ill ') 3 t) amount, quantity, volume
~d:7J)( .Q ) to estimate, to measure, to plan

~.~~ ~-103t)7=f~

~.~~ ~t)03t)~=f~
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Grammatical Patterns

9.1) ••• jJ\6-e~~
... Q)JiflJt ... tJ\ 6 -r:~~
t&.ift&. 6(1:) .•. 'IJ\ 6 ~~.Q
t&.ifjJ\c It:\~ C ... n\ 6 -e~.Q

(that is) because ...
the fact that ••• is because •••
(if we ask why,) it is because ••.
(if we ask why,) it is because .••

1. *t~~~JlI3!l':~~.O)1\JfiC:Q~6!>J -C, ~z: -c'0)~u.t':J:~~~.0).i!~ 9~b

~~mt.~n~rn,al:~~t1\ 6 C'6!>~.

3. ~iftJ: c; ~t, ~?1f0)~1i1J(ti] (y) ,: AE E.7JiO\~C:, :t~ 1) -V-~d: y 1J(ii]l:lb~ttJ:

~)t1\ 6, mJl~:J::~ 7J ~~~ttJ: ~ )iJ\ 6 -c' 6!> ~.

9.2) connective form + c1J.:Q
A verb in the connective affinnative form followed by ~Q indicates that a certain action is

being taken in order to utry [verb]ingn or to "[verb] and see what happens.n

1. EiIIJ~~f-+C90*7J~.~~J~:c J -c~5tl~~ c~ *~EillJO)t>JL~~~f~~I

*)It;f-~d:, r&.e:~):> ~Wl:e:t J l~I*)),:¥-~:~.~ tl~.

2. ~~o)~.~::J~~l.~L~Q C:, *~f(0) 'b0)~~j: So ~j:+5t 0 ~:jfitt~~~, 0 ~~
~~d!>Q-~O)ii~~9~.'t>d!>Q.

all

1. ~(3)~d:M~imJ.l7t{fjC:lt)lt), ~ffJll:1W6~, 1/1 J )),;(It'7J-~o)••I:.t3~)L

6!> 619>Q~mt~::J It)llfil!!~l:J£ t) llJ$J{IJ-c' 6!> Q.

2. ~O)J:: '3~: Fresnel ~d:, to)'~iJ\~<O)~)(~~~L, 7tO)?1fIb~~~~I9>~itin\13

mM~~tt~.

3.1~~luc6!>619>~7tTO)7tTJ1'J~1b0)~~A~?,,)v~d:ttii~~o)••J:6!>fJ, ~~
7t7t7t*~j:Jk <It&.·G L It)~.

9.4) ft. (~/:1]

The tenn Jifj~ can carry several different meanings. When thinking about the locations of
objects or actions, Jifj~ can mean "in front and in back." When thinking about the occurrence of
an event or a change relative to the passage of time, WJ~l can mean "before and after" the event
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or change. When it follows a numerical value WJ~ can mean "about" or ·'approximately." When
thinking about repetitive, oscillatory movement, WJ~ can mean lO'foIWard and backward" or
"back and forth." Thus, in order to select the proper translation it is important for the reader to
gain a clear sense of the situation that is being described.

1. Gn\ L" ~f£i1rt-f*-c~j:4'-J-f*J:O)ilWlln~3#J.9 Q C C ~ l::{fii~~ G7 ~O)1RtJj~jf

~~ cn~d!>Q t:..~, 4'-J-f*O)WJ~~:'J±1J~n~lJltl., 4'-J-f*Ij:££t1lJfm~~~t~.

2. ~ L, =O)~tL(J)~ffin~Ifi~a9, 9ab!>~$~O)ra'l=~o)~ ~ C tJ tJ~a v)J:: 5 ~=~ ~

~ td. G~t, ~tLO)WJ~~::f3~tQ I:'" ~ )v e -0)~~d:fJ1j t:. -r:~Q.

9.5) ••• ~ii [~?] C-C
The phrase ~im r; -C usually means "through" or "by means of" in the sense of a medium for

expressing an action or a condition. Occasionally, ~ 3M c: -r carries the meaning of "through" or
"throughout" when considering an interval or range. (Note: There is considerable overlap
between the use of .. ~ ~ii c:-c and the use of ... ~im [.C::f3] G-r, as described in pattern 6.7.)

1. *j$t~cO)lJl.~iMc:-rt1~a9I*)J;:¥-O)-$n~4'-Jt*(J)J1']$I*.Jv:¥-~::tJ:~JI~,
t1~(j(jI*)v:¥.- C:J1']$X*'JJ;:¥-(J)f[J ,:~t Gl I*)~:¥-~ffJJ.giQ~J;l tJ ll'J.

2. ~~A J'\? "J~'(1)l'JjEl:~J:~llfj~J:7'JA'b~J'tHiQ~m~~ C;tl.t::n~, .ilII1lIDtJTf3.T~

J'tH~~ilI~~, lI~~~imC:-Clf& G-C~~~.

3. J't~!iH(J).t~~:.c- ~O).mjjj~j:, 1i~)~~!!II1L-ed!>Qn~, V-~-••~~fft£9~

C ~~:~J:, ~O)~~.~f!~iMC-r=c- ~ra'Q)m1ifFmn~1:C~.

9.6)fi~

Use of the noun ~j:-r indicates that the action that precedes Ji-r in the sentence "should"

happen or "is expected to" happen. The reason for this expectation could be previous experience
or some kind of external information. The emphasis with ~j:-r lies in likelihood, rather than a
sense of what is right or what is wrong. (Note: The reader is urged to contrast the use of ~j:9
with the use of~~ , as described in pattern 4.11.)

1. I*)v:¥-~t, **~1:~~O)t>(J)-c'~~n\G, ~.O)WJ~-e.a9~{t~j:1:GtJ:lt~'d:

-rC'~~.

2. ~ Gm;iffi\~I{~~~t~lll:9 ~ ~ ~tJ\-C~tl.tf, ~~ l:~-c ;tl.~~.~ 0 l:t~ f'),

~m~I{~~J&Gt~~.~9~-ctt.~~~;t~~ ct1~-c'~~~j:9-ed!>Q.

3.~~~~, ~~®~t1~a9f!R®~jE~.M-jE®.~®~~fi5~O~fft1-~~

.~-efT51Jt>~~j:~1J\ ,:~~t~'d:9-c' d!> ~.
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9-1:

Reading Selections

ilIbO)~IIJ ~J.l142-143)

§ ~w.~::t3~)-c, ~-f*O)iflb~xfi29~-~itJ{lj. tfim=.:z. - " /O)ifIbO)t!llIJe'ft
~~ tl~. ~~~~:~j:ii-f*O)ilfJJt1\ ~tlttO)itjlIJ~~.JiL t~ Galileo O)fiJf~~:Mi~ t),

, I. Newton tJ~tJ c1JDilllO)OO~~ 3 JO)itJ1rjo)~l:~ Cr/)T., ~O)£fili6~.ll.~ nt~.

~O)~, JfJ~*~mt-f*~ E.':Bt~iim ~n~ C: c ~ ~::, J£7tJl"{J.l0)~e'.~Jjl9~ ~1.1it,

IE~1.1WJ:t, 7?"7/~J.O)ifJJJ1.1WJ:t, /\~)),; 1'/. Y:Jt::O)~.7t1.1WJ:ttJ:E.t>~

iJ'~tlt~. -1.1, A. Einstein (:J: ~ -C, =.:1. - l' / 1J~J: t) ~~~i!rmO)ifJJJ~=-~~=iim

~n~mM~~1J~~O)Bt~~fibn~.

=:1. -1' /(J)iffbO)itJlIJ (1) 58-itRIj (tltt<7)itJlIJ) : Mtl1:~t~~j:-fitJ:OO:~iffb~fi
5~-f*ttz:.n~:1Jn\fFm GtJ:ltJIW t], ~0)~~~~~9~ C~~ '5 r"J~~ ~J ~(J)-e, ~

~®~0)~5~ttJf~tlttc~~ffi, 58-it~O)~~~nG~, ~0)~5~••~.ll.

~it~mtl*9tJ:b!>tltt*~~V:ttl9Jl"{J.I~~GL~J¢J~~:6;~. btlbn~d:m-it

Jllj~:~ ~ LifJJJ~~~~9~~tltt*~~T~~9~ ~ cfJ\-e~Q. (2)m=itltU (=:1.-
~ /O)~fJJ1.iWit):1 ~O)Jf.,~~:~t G-C, tlftO)*/J\~~9i1~O)AjJ 7-. m i6~)£

~~. m ~~O)Jf}:aO) (tift) Jf.c ~)~}J ¥{Y:~d:kg e'~¢. tlit*~~.*~::c:¢c:
~, ~~t1\0)~-f*n~JfJ~J::&~£91J~tI9fFm~d:Jf.c~0).J~~::~ Ct~1JDilll a O)Me'M
ttQ. ~(J)~? r-)lt.F(J)~C:~1JC:~~lt~, lkgO).J~I:Im1~O)1JDilll~~C~1t

~tJ~!t!{Y:~:C:-:>llN(=.:z.- ~/) clt~5. 6;~~flfO)rl:~.o•• mO).J~~::.

<1J F tJ~~ £3 i}\ C~tR:-.:>lltJn~t, ~O)JtJ~O)illb~111rJ=F 1:J::.o1JDilll a =tfrldf
~~~Q. ~O)~? ,,)vO)~~it~=.:J.-1'/O)illb1Jmitc~}5.(3)m-t!lU(~m

JifFm O)t!JtIJ) : 2 --=>O)~-f*ra'~:fI<1J~J:~~91PJ-m:.l:1~6;:>-C*~~ t~~~ <, (ti]
~t1~Ji~to) ~0)t1\ 6tctQ. ~ O)~~~d:~1*i?~iB!tbGL~~-C~, *DMIBI:t3~~L~, ¢ 6
1:.-T1J~~:t3ltJL~. t) ll."J. t~t~~tl:m~tI9fFmO)J:: 51~~ISI(})illle'~ra'~~b

Q JJ~ ,: ~J:iflb.-f*ffJ{rJ-c~.;t ~~~~tJ~6; ~.

9-2:

~~0)~JJJ~~)£9~jjWit-r, im~.7t1.1wJ:t(1)m~c~. iJA1J~O)JfJ~~:~t9

Q=-:z. - ~ /O)iltb1.iWit~J:~~~*~~~(J)-c6;~. 6;~~~I:6;~.11 m [kg] (J)

.J~~:i'J< tJ F [N] n~gIm-c'~tt~i, ~(}).J~(J)iilJJ~J:

rna = F (1)
~:J: ~1JllilIl a =tfrldt2 (m/S2] -r:t*~~. ~n;Q~=J. - "/O)illIJ1.imit (iftbO)m=i*
jllj) c J:: ~tn~ ~(J)-c'~o. z:. (J)1.iWit~J:=~(1).7t1.i~it~~¢t1)~, t~ c ;t~t~~j

O)Mi6f)l:t3~t ~.J~O)W:fI ro cilll drc/dt O)f}]JUJ~flf;Q~4;t·~nn~t, ff~O)~~JO)iI

tbO)mfi~d:-m~~:)£*~. fl)~tiIiB~tJ~O)JJ~, ••IJ:ilIlO)B&1~C~Qt~~it(1)

~Bt~G-C, ~(1)~O)iilJJjjWit~ll.L~ <-clj:t~ 6~lt~.

dpld1: =Fi (2)
t::-t:!.G, p~j:IlQ7C~JJJa, Fj ~J:QQ7L1JO).7t, ,'j:fi!iI~~-c'6;~. it (2) 'd:J:t(I) ~~~
J:f, EAtJ~~:~t GL ~ilm-c'~Q, et fJ tfiH~t~~tJJ1.1Wit~6;~. ~l:'j:.}~I:~f
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T :Q1Jfi~~d!>:Q7J~, .J~*~fMjtl1*, ifrt1*tJ: c~:~t G-C~J: ~tl tS ~lI~ ~:~~ Gt~ 'b0)
7J~fIJm~tl:Q. *t~~7tJJj{m~mv~t~~~ (J\~)v ~ /O)JJj{mtJ:C), J\~)v ~ /O)IE$
1Jfi~, J\~)v ~ / • ~:J t:O)1Jfi~tJ:c~J:J:: t)~v~lIm~Im~'bJ.•T7J~~~J:J\

11t/~)V!JO)~JJJ1Jfi~iO~~btl:QiO~, ~JJJ7J~O)~~~~J:~-:z. v-r -1 /jJ-O)~
JJJ1Jfi~7J~~JJJ1Jfi~~::m~T~.

9-3: illba (tto/.Jm143)

.itm O)tto/.J1*iO~im~v ~~rl=f~~MJJJG-Cv~:QC:~, lJfIj~O)fJp=mv 0)z:.c:~v~5.

E3 EI3~!J ~ )vO)-lI~d!>~. ~MJJJ.~:~tG -c.~~JJJ.c v~? ~ c 'bd!>:Q. J!iA7J~

~mM~*~~~T:Q$~, im~J::t)~JJJ.O)1J~~t)£*~~tto/.Jm.~d!>~-C, mM
~~7J~O)MJJJ1Jfi~ (dp/d'C) =F ('C ~J:~~mf) c G-Cm v~ tStl:Q ~~~), .m$O)MJJJit
~, Il9n~JJJ.'b)E.~tl:Q. ~JJJ7J~~~J:{~fiI~.~Xi' 77 /!J)Efx:~h cT~ c
~, -[ih/(2n)]iJ/iJx; C: v~:> .7tl.JJT~~~ tl:Q.•m$O)MJJJ.*~~lt:~:Atl:Q$

~, d!>:Q 7J~* ~::~7JiO~lfiv~ -Cv~tJ: ~ttl~t, *O)MJJJit~J:f*ff~ tl~.

9-4: ilIbAi*i!f!lIJ (tto/.Jm145)

1JO)~~~1**iO~d!>:Q c ~, ~7JiO~~m GtJ:v~iO~, ~m G -C 'b~O)~7JiO~ 0 0) c ~,

*O)MJJJ.~J:f*ff~ tl~ c v~ ~ i*JtIJ. ::.tl~J:*O)pg7JiO~~m&: ~m O)i*JtIJ~:fJt ~ ::. c ~
~~T~. ~m$iO~~ffG-C, z:.tl~ftft1rc G-C*O)mli~miO~fTbtl-Cv~~$~~:~J:,

tto/.J.O)MtJJ.c:.m$O)MtJJitO)fD~:~t GL ~ O)i*J{IJ~lImT ~~\~iO~d!>~.

9-5:

ifrt1*O)~JJJ~, *~JtiO)~.iO~~tJl~~tJ:v~$~O)ifrt1*~v~ ~. ~1±O)ifrt1*~J:tp.iO)tl~

tJ:iJ)tl*~Jti~ 'b ~ -Cv~:Q. *~Jti~J:ifrt1*O)~~~::~tT:Q pg$t!tm~ d!> t), =2.- ~ /ifrtf*
~~J:~7JiO~~~im~O)-~~~C:&)E~tl:Q. ~O)~f*iJ)G, j-t:I.. A ~-!J AO)1J
fi~~1~~ ~ C:7J~-c'~~. ~*tJ:v~*t5J~ifrtf*O)JmJJJ~d:imRiJCO)1Jfi~C:TeI· A 1'-!J
A1Jfi~~£~1Jfi~C:T:Q.•u*~J~ifrt1*O)$~~::~d:~G~::I.*)v~-O)1Jf~~~1JD

x:Q~\~iO~d!>Q. *~Jtiifrtf*~J:~1*~~:*~~TQlti.iO~d!>tJ, iJl~~flFC: G-C~J:iJl~~:t3

~t :Q ifrtimiO~~f*iID O)im~ C:~Gv~ C: C: Gtl:Q.
*~lt1ifrt1*O)JmJJJ~d:, {-~~~*~ L, im~ U, ifrt1*O)JJJ*~I~$ v ~::J: ~LJ <Gtl~~

~7C~0)V1 / )VA'~ Re =UL/v ~:J:: ~ -C~~~~tGtl~.ReiO~/J\~ v~$ti~::~d:ifrttl

~d:~~C:: Gt~~Jij~::f*t~tl, ::. O)~ ~ tJ:ifrttl~Jlifrtc:: v~ ~. Re iO~ 1 ~::tt~L IJ\~ v~ c::
~~=~J:, im~iO~/J\~V~O)'"C', j-t:I.. A ~-7 A1Jfi~~=t3v~Lim~~:JV~L=~O)lJ{

~J:*61~lJ{~:tt~L~tJl-c'~Q c~X Gtl:Q. ~ O)ilI{&{~A ~-!J AilI{&{ c J:: 'IF, ::tl~:

J:: ~ Lfj(O)t!tm, TtJ:b!> A ~ -!J A O)t!tmi*RlJiJ~~iJ)tlQ. GiJ) G::. O)ilI{&{-c'~d:-f~
ifrtJ:f:l ~::filiJ)tlt~tt~tto/.J1*~i&1~'Qifrttl~::J v~L O))E*~~J:ff1±GtJ: v~. ::. O)J~~:~ GL
~J:, ~F*j~lJ{O)-$~~GL*j~{~ Gt~;tt- /O)1Jf~~iO~t~~~ tl, ~tl~:J::~LA
~-7 :A0)!\7 ~ 'Y 7 A~d:~tk:~tl~. Re iJ~ 1-103 O)fHlm~~d!>~ifrttl~:JV~L~J:-~

~~~f~~tJJ~~~~TeI • A 1'-!J A1Jf~~0)~fJT~1T5O)~d:~.-c'd!>~.
Re iJ~*~v~ifrt*j~0)~m1*~i&1~'Qifrttl-c'~J:*~lt10)~jj<~~iO~~~f1ilI~:~ Gtl, ~
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tl~~-c'~j:jC~Dit!*l:i1Ittl~,,~*~i~9G. z: O)~f!n~~1J <pj~~mw.1I C:et~~. mw.
IIP'JO)l1rttl~J:T ~I • A ~ -!J Ajj~it~1i1flfiftGJ±1JC: GLjC~l1rt~O)I='~7J\ 13**
~~iftj-c'o)~~t>m ~l~mw.lljjmAl:J:: J LmtJT~ tl~. Sflt1i'::SflfT-tJl1rtn~~t~Q

JI~O)mw.II~J: L. Prandtl.t3etlJ H. Blasius ,:et J Ltibtlt~. Re t1'\+1t*~t,~JI~l:

li, -fi~:1~'MI:~.t~l1rttlc~fJ, ~tl~~l1rtcet~~. ~l1rtO)if~~J: V1 J )VA~:et

J LMi~ c;tlt~ (1880 iF). ~{,l~~~~~~l1rttl ~~d:~O)1ijjl:~l1rtO){fimn~1=: {;,
l1rt.~o)~~~~~'Ql1rttl~t>, ~O)tl$-c'~d:IIl1rtmW-lIn~~l1rtmW-lIl:il39Q. *
~W®~~~AD~~~~iftj~~~b~O~l1rtc~Q.

mw.7J~(Qj Gl1rtt1.-r: Re ~*~ <L, -rltl-:J t~~·-g-~:, -fi~: Re (J)6;~~W.~~1:~~d:

VTttln~/F~)EctJ:~. Re ~~ G~:*~< L,lttl~t~i~l1rtl::il39~. Z:0)~W.l/1 /
)vA'f{f1i1I O)l1rtn~d:.~=tc)E~~ l:: J:: J -rfRffie'~~. 9tJ:V!> )E1&tJ:lIl1rtm~::mfrp,ag

~:~JJJ9 ~1I/J\~4rM0)fR~~tl~bitL, ~tt7J~mf{OOtka9~:tm1JD9 QtJ\ c:> 7J\~:et-:J

-C~)Ett~~J)E9~. z: tl~1Il1rt=tc)E~~c It 1 :>. SflfTl1rt~: J It) -C (J) Jll1rt~)EI='~~d:~

7 · '//~-7 I.}~ f' (J)jj~itO)ijlW.M, ~~~r~'~~:frt~~ tl~. !J::r: 'Y "O)l1rttt,
=~JC.t3J:: lJF9WP'J0)~7 ~'1 J-O)l1rttl, mw-JlO)l1rttl (ilIfttSflfTif,f) tJ: C~:J lt~L~

7 · '1/~-7 IJlt i' jj~it(J)mtfi7J~fTbtl, ~l1rttl~:JVll~W.V1 J )ItAf{~c(1)

m-~7J~fTbtl-c~)~. Gn\ L" !J I '/ ~ O)l1rttlt3et lJF9WP'JO)iFY A1 :LO)l1rttl~~J:.

~I='~O)W!fmC'~ltJ\tJ:QRe l:Jltl-Ct>~)Ec: Vl:> j6*t1'fm t;tl-CltlQ.

9-6:

~1J~1JDxt~c~~:~f!agtt.~~Tl1rt~. -fi~:imf*~j:~tt~'b:JO)~, f6ttc~

tt(l)(itijjj~*tllixt~l1rtf*CVl:>~~~~Q. ~~ttJJ:.1tT~.O)!J I) -7~, :fA
m~O)!l*f!~cl:Ji Gtl~. I='~B9~~f!f*-c'~J:Jit1JCD-rJ;-1)~, I='~B9~f6tti1iff*

~~J:Jit\1J C: D~~ii~tt~~h.:rh-filIjO)BUi*~~~~. Gt1\ G~1:E\I)~.O)~~clucT~
-Cld:, ~ttB9C'6; t] ~;6~ 6~ttB9l~~",~* It\, f6tta9-r:l> tJ ~n~c;~f!B9l:~~ * 5.
M.O)f!.~~~f!, 1i.~f!.~~~ttc:etlu~g~T~~~t>~~~,~.tt~n

6~M~f!c~~9~. ~~ttO)OO49~m~~~mfOO~#f!#mtl~0)#*.~l>~.

*t::.fPJmf~::~~~#tt't>~c: '3~. M.O)~O)JI~~j:.~f6~f!, (itij.O)mtl¢W~li

*.~~~f! C: J: ~ttl~. mfra'~#f!~i~~~f!, ~tt~~jjtJ: c O)m~I:Ji t; tl~. ~

tl GJJ:~f!~~n~¥A~P'J$O)~f!f1ftJL~:et~ -C~tl~ t>(J) c:~I!JJ~ tlQ.

9-7:

i1rt.f*(J)imJJJt:t:5tt)L, ~ fJ 1t'1J ~.~1J) c~ t] ii~ (~~ii~O)fl.fit7t);¢fJtgiJ
L,tJ:v\l1rt~~~=.:l. - ~ /l1rtJJJeJ::tt, ~O)J: 5 ~*JJJ~7J'9l1rtf*~~~=.:l.-" :/iif*c
J:~~. faIij.n~JtgiJ9~=.:l.- " /l1rtJJJl:Jt.r{-rI='~tI9lN t) ti It\7J~~1uc:> -e6;~. ~ fJ
~1J C:~ t] iillO)Jt~j:Jin\~t(J)~tt~cet~ttl,l1rttJJ~1I~:etJ -C~ftTQ. i\1li1tT~

~t\'~t*~, -tj-A~ / ~ 3 / -r: ~j:tfim ~ (J) et 5 t~ l1rttJJ~~T. l1rttJJ~1i~: J:: J -c~A
~n~~.~tl~t~~~:~ L:Q c~x&Stt~T? '.J "0 l::-O)W-g-, *t~~j:~tt~{f:>~

~ <M5ii!ttl1rtf*) Q)jF)E~l1rt~ ~J:, JitJ\~tO)Mi1$ ~j:·~rp,ag 1:~{tT :Q. ~ 0) J: :> ttW
-g- 't>, 1F=.:z. - " /l1rtJJJ':~6) t;tlQ:6~, Jit1\~t(J)Mtt.n~mfra'l::J:: -:JL~f~Gttv)t>
(J)t~~t~~~=.:L- f' /l1rtJJJ cTQ ~~:> tlftfim-r:6; Q. *=.:1. - ~ /i1rttJJ~J:.mf!iilJJ,
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9-8: •• (~JlI!2068)

2 ~O)~~;¢~~f!k Gt~ ~ ~f§~t)!!JJJ~Ml¢)J:: 5 cT~ c ~, ~~ tt~~d:ffJ~t~JJJ~ G-C
v~ ~ c ~, ~f!koo~JmJJJ~ ~llJ.l: GJ:: '5 c T ~ tJ ;¢~oo O)~./J[ti]~: fib <. ~ O)~~~*~

c v~ v~, ~f!k~~;¢~1fv~ ~:ffJ=F;¢) G~~t~ tJ ~*lltJ c v~ 5. *~~d:ffJM~JJJ;¢~~~;¢)

tet. tt~;¢)~:J:: ~ -C~J.I:*llc~JJJ*~~~ v~~d:JJJ*Il~:, ~t~~f!k~iii~:.t3~t ~ffJ~tJmJJJ

O)fjm~:J:: ~ -Cli tJ *Ilc~;¢~ tJ *Ilc ~:7t~tGtl~. *IlO).~~jA5IG, fi!iJ~~:~H

G~ 2~(7)$7t;¢~~f!kG-C~T'5 ffJ~t~JJJ~ 1 J(7)il~~O)fJ\J$~O)ffJ~t~JJJ~:.t3tt~-c,

tJ~~I*)v:¥-;¢~~~:~{~T~J:: '5 tet.~~~*~~~ v)~j:fJ\J$*llc v)'5. 2 ~(J)~

~(7)~f!koo~:fib< *~tJO)*~~ F c, ~f!koo~~iR~:¥fJG-Cv~~tJTtet.t>!>~iRtJL

tJO)*~~NcO)J;tJl=FIN ~*Il~~cv)5. ~J.I:*Il~~Jlo c:~JJJ*Il~~Jl(7)

12S:}jIJ;¢~~ IJ, ~ G~:M IJ *~c~;¢~ IJ *Il(7)~ft;¢~~~. ~J.I:*lltJ~d:ffJ~tJmJJJ~~~

'5 cT~ tJO)~flI:~:J::~ -C O;¢) G!fl* (~J.I:) *lltJ~~O)5!> O)ff::ftO)f~~ c: ~. i$f.
ooJ:~:~J.I: G-Cv)~~~~d:, i$f.oo7J) GO)~TI[tJLtJ N c, *$f.ooJ:/J~:filJ;¢)'5 ~J.I:*~tJ

F o~~~tQ. N c F oO)fttJ R ~~~~:~tTQooO)tJLtJ c v) 5. v) ~i$f.ooJ:~:~~~
O)itt~~~, i$f.ooO)fijl~ e ~Gtiv~~:*~< G-Cv~< C, ~Qfijl~ eo -e~~~d:MlJlli

T. eo 0) ~ c ~*~~ c v~ v~, ~J.I:*Il~~ J.lo c O)rl3'~: Jlo =tan eo O)~~;¢~~~. ~

~7J~~J.I: GLv~tl~t, 0 < tan (J < Jlo. -~~: 0 < Fo< J-loN (1)~~7J~~ tJ llJ. ~~n~iii

J:~ll~LV)Q c ~~d: ()!!) JJJJ*lltJ F n~fib~, ~TI[tJLtJ N c~(7)~~~:~Q.

F =J.1N
fPJG~f!kooc:> GO)~~, J-l<J-lo ~~Q. ~n~IJ*Il~:Jv)-C~tJtHJ:FIN ~*Il~

~c v)~ L, ~J.I:*Il~~Jlo c)!!JJJ*Ilf*~ Jl ~12S:}jIJT~. 0 < Fo< JloN, Jlo =tan eo
, Jl < Jlo tet. cO)~~~d:fPJ*~~:~ IJ llJ. *Il~~,uo~ ,u ~d:~f!kT Q 2 ~~O)ltf-fO)tJL

~ftt>itO)~~7J), iii(7)rw~~~ifjM~JO)fl~, ~Q v)~d:7Mt~~i1Ia~~: ~~~G, *~ <
fil!~~;tQ O)-e, ~.~~ c:J!Q z: C: ~d:-e~tet. v). GiQ) G~tlGO)~flI:;¢~-~tet. G~t,

••00*/J\~~f!kOOflO)*/J\, ~~ v)~d:f§~tJm~O)*~~~=~~tet.<-~-e~Q. ~tl

~Y:C / ~ /O)~J{IJ~Q v)~d:7 - 0 /O)~J{IJ C: J::v'S~ z: C: ~ ~~. *IlO)±tJ:Lij{f2gc G-C
~O) 3 Jn~*~j6tlQ. (1) J!7J)~tO)f.t€f!kiiiflO)fJ\J$0){iiJJ~7J)l:'7t-Trl3~0)~f!kn~~::,tJ
.~TQ. f§~t~JJJO)~~~d:~l<~:.~0)~1tJTc~~n~~Q. (2) ~JJJ~:f*~ L -/JO)

~m~7J~f§=FO)ooO)[!!J8~J:~TQ~,tJ~~X*)v:¥-O)-$7J~~C:GL~t>tl~.

(3) -1JO)iii0)8$7J~ffJ=FO)iii~fJffi~ ~GLV) <ft•. • ~7J~±~ ctJ:Q et '5 tJ:1I6 10)
tJ:iii c:> GO)*IlO)~~, Jl ~d: 2 ~m~O) '5!>, ~t> 67J)v)1J0)~~0)~1tJT(J)~~ ~ E,
tJ)tc. ~ ~ H cTQ C:, E/H O)tl:~:ilI<, ::. O)!~ft~:ilIfPJ~~:, *lltJ F ~d:~TI[tJLtJO)

*~ ~ N ti~t~:J:: IJ, ~m~O)••~f~f!koofl, ffJ~tJm~tJ:c~:J:: GtJ:v) ~ C7J~*s~~

tlQ.

9-9:

2 J O)~m~O)~f!kiii~: fib <J*.tJ F ~d:::' 0) iii ~:~TI[tJ:~TI[tJLtJ N ~:tl:f1iJTG, TtJ:
t>!> F =J-lN C: V) :> ~f{rj. Jl 0) ::. c. ~ 2 J O)~m.0) rl3~0)*Ilt*~c v~ '5. l:~ ~:~ ~ tl
Get '5 ~:, Jl ~d:~TI[tJLtJO)*~~~:~, J!7J)~tO)~MiiiflO)*/J\~:~, ~ 6 ~:~JJJ*.
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~IcO)jjjft, ffl~tJ!Jj£O)*~ ~ ~: ~ J: GtJ: v~, ~ O)et '5 ~:: ,u ~d: 2 -.:JO)!to/.J.O)fjm~::ti

~t~~9~1E1c-c'3;~ tJ!, ~~~:~d:tlffi.Jj£3;~ v~~d:~f!lrOOtJ~~n -cv~~tJ\v~tJ:v~n\~: ~~

~9~. N tJ~3;*~ ~::*~tJ\-:> t~ ~, /J\~ n\-:> t~ t) 9 ~ C: ~, *t~~jJj,*~O)jjjftl:,

ffl~tJ!Jj£tJ~/J\ ~ v~ C~ ~:~d:, ,u O)f~~d:*~ <~b~ :: ctJ~3;~. :: O):li~l:,*~O)~JtJj
~d:JlIf~J¥JtJ:~M~J{Jjc v~ '5~~ ~0)7:, ,*~~Ic~d:)i*!to/.J~1E1c c G-c*~jGn -Cv~tJ:

v~. ,*~O)~J{Jj~d:~9:J¥J~:~d: 1699 iF~: G. Amonton tJ!~J!G, 1781 iF~: C. Coulomb tJ~

*fti-:> -c~v)t~o)7:, 7:t /' l' /,O)~J{Jj3; Q v) ~d:7·1:: /' l' /' · !/ - 0 /,0)~J{1j c et~tnQ
:: C: ~ 3;Q. ~f!lfimtJ~mGn\l:, ,*~O)±~tJ~~f!kitipqO){iiJ}~(n\~::J3~tQ5}-T-J¥J••$
0)% JJX: ~: et~ jjjft, '*~0) ~J{1j ~d:~fnB J¥J ~: ~~ ~£~~ l:~~ .

9-10:

1 JO).}~(O)jjjft, ~tl~:IfJ< tJ (fttJ) 0)9:Q{±.~d:.}:a0)~jJjX*)v~-O)m1J[}~::

~G<, ~t:pO)Jirn~J!~ ~:~d:~~~l:3;~. ~n~d:x.*)v~-f*#J{ljO)~~M¥tJ:{?lj

l: 3; ~. 1.J~*~: f*f¥1.JtJ!fFffl G-cV~Qjjjft, ~0)* ~:~O)f*#tJJ2A~O)tJtJ~wti~t

O){±.~ Gt~ C:9n~i, w~d:~O)ra'O)tJ~*O)~jJjx.*)v~- T c:fftfilI*}v~- V
O)f[1O)m1JDfi~:~ Gv~. ~ G~tJtJ!IfJ7J\tJ:~tn~t'~jJjx.*}v~- c:{ftfilI*)v~-O)f[1

~d:-IEc:tJ:Q. 9tJ:b~ T + V= E = -IE. ::n~~.O)x.*)v~-f*#J{rjc: v~ '5. '*
~tJ:cO)~~~)iC:-CtJ~J¥JI*)v~-O)-$tJ!~mf*O)pq$I*)v~-~:tJ:~jjjft, tJ
~J¥JI*)v~- c: pq$I*)v~-O)f[1 ~:~t G-cI*)v~-1*#J{ljtJ~JJX: t) ll~, ~t:p O)~

il::~:~~~7:3;~. ::n~d:~1.J~m-~~ljcet~t'n-cV~Q. ~m!JO)!Jft, 1 JO)MHB
mi s l:rm*nt~f*fl V ~::~tG, VpqO)fpJ~*ft-T-O)~jJj~~c:~m!Jl:#c*~X*)v~

O)m1JD5}~ fjE c G, S O)~mi~JmG-c Vpq~:ifrtA9Q~1 /'T~ /'~ • /'\.!/ l')vO).
~ p C:9n~t, fjE =P tJ!JJX: 11) ll~, ~~d: 11) X*)v~-~d:~t~~:~ C:t~ 11), ~t:pC'~~~

Gt~ 09.Q ~ C:~d:tJ:v~. I*)v~-~::~d:~~7J\~::f~~J¥Jx.*)v~-~~d:C:&'J,~~7CO)I

*)v~-, ~I*)v~-tJ:cc!*~"~tJ:%O)~O)tJ~3;GtJ!, v~-rn~: G-c~3;.Q~m~*

~~;t~ C: ~, ~O)*O) ~JI*)v~-O)~~f[1O)m1JD. fjE ~d:, ~O)ra'~:~7J\G*~:mt

AGt~I*)v~-O)fip~:~G<, *O)~f~~:~~~-c'3;~. ~n~Jb.o)I*)v~

1*#JlrJ C: v~ 5. *~:*tJ!mtllG-CV~.Q c:~ (M c:t~*O):l:~ft) *pqo)I*)v~-O)~f[1

~d:-~~: f*t~nQ.

9-11:

3;Q%~o)I*)v~-~, ~~n\O)%~O)x.*)v~-~:~;tQz:. c. I*)v~-~:~j:,

tJ~J¥JX*)v~-(~fJJX*)v~-, {ftiifx*)v~-tJ:c), ~X*)v~-, fr:~x*)v

~-, m:m3<\I*)v~-, 7CI*)v~-tJ:c?Pfj?Pf~tJ:%~tJ!3;.Q.*t~, [itfi] x
[7C0)J!c!]2 = I*)v~- C: v~ 5 71 /~::J-~1 /o)~~~~::J::t1tf, .fi~I*)v~

c:(PJ~0) ~0)-c'3;.Q. ~:> Gt~I*)v~-%~rl3~O)fl3li~~O)i&IfitJ!I*)v~-~~-r

3;.Q.
EntI ~1!&f.f C:9Q1<tJ~m~{?lJ~:C: -:> L~;tL ~Q c, *-rEntIO) ~ -:> LV).Q{t:~I

*)v~-~j:, 1!&iJtc v):> i&Ifi~:J: -:>L~X*)V~-~:~~~ nQ. ~~:~I*)v~-~j:

7J<~:{~;ZGn, 7J<~d:~3<\~:~b.Q. z:. 0)~3<\0) ~~~I*)v~- C: tJ~J¥JI*)v~-~:
J: J L~3<\~- e /~,~JJJG, z:.tl~:Wi*5 Gt~~mfl~~b9 z:. C: ~:J:: J Lm3<\~J <
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lJ tiT ~ ciJ~-r:~.QiJ~, ~tl~J:1J~fJ9x*)v:¥-iJ)G.m~x*)v:¥-~O)~it-r:~.Q.

TtJ:t>t> , 1<1Jjf.~J:, {~~x*)v:¥- ~ ~x*)v:¥- ~ 1J~fJ9x*)v:¥- ~.m

~x*)v:¥- c v:\ '5 -imo)I.*)v:¥-~it~fiiJ) GPX: lJ tL~ LV:\.Q c v:\;t.Q.
I.*)v:¥-~J:, **/F~/FidO) ~O)-r:~.QiJ) G, ~itO)WJ1~~.fJ9~{~~J:~ CtJ: V:\~J:

-r-r:~.QiO~, I.*)v:¥-~itO)ElfJ9~j:, ~.QmgO)x*Jv:¥-~, t>tlt>tliO~~\~cT

.Q ({iv:\~Tv:\) mgO)x*)v:¥-~:~;t.Q ~ C~~.Q7J) G, ~O) ElfJ9CT:QI.*Jv:¥
O)~~:~El Ttl~;f, ~itO)WJ1~~0)I.*)v:¥-.~:~iJ~~ C:Q ~ c ~:tJ::Q. ~itGL~~

Gtlt;: (3 fJ9J:*)v:¥-O)ltc, ~itWJ~:A1Jc! tlt;:J:*)v:¥-fic O)tt~, x*)v:¥-
~it7J.J.c v:\ '5. ~O)fii~d:~~ 1 J:: t) ~/J\ c! v:\iO~, ~~:~J:*)v:¥-O)jjjft~:~d:, ~tl

~~~iJ)o)I.*)v:¥-~:~it GJ:::> cT:Q C, cO)J:::> tJ:1Jt!~mV:\L~, ~O)~it~1J.

~d:ilJ3£~:J:: J Lm~~tlQa*fii~m;tQ ~ ciJ~~~tJ:v:\.

9-12:

i1rf1*q:t ~~IJJT .Qlto/11*~d:i1rf1*iJ) G1J ~~~t.Q iJ~, ~ 0)1J O)lto/11*O)~IJJ1J~ ci21J~O)

PX:7.t~tJftfL c v:\ '5. tJ:t3, lto/11*~iiiiJ~i1rf1*iJ) G~~tQ 1J ~d:t!.Jt\1Jt3J:: l)t~.Jt\1J~ ~

lJ, ~tl G0) '5 t>t!.Jt\1J (~)i, J±1J c~;tL J:: v:\) O)~iJ~1IJ < c GLMJfc! tl.QtJf
tfL~ J±1JtJftfL c v:\ '5. v:\~, v1 / )VA'~iJ~*~ v:\i1rftlo) q:t ~:lto/11*iJ~flIiJ)tl 'Lv:\ Gjjj~
~~;tJ:: :>. !D!~ili1rftlO)jjjft, i1rf1*~d:~F*~Jt1~iJ)JilrftliO~lto/11*iJ) G~J.GtJ: v:\ c {&~
Ttl~;f, J±1JtJftfL~d: 0 ~~Q. GiJ) G, ~1:Ei1rf1*~~d:lto/11*l:O)tJiW~iO~~J.T:Q c c ~

~:f~i1rf~~C, riWJO)1&lfi~jf~tJ: ciO~~ Gt;:&), lto/11*O)WJ1~~:J±1J~iJ~mtl, ~1*~d:J±

1JtJftfL~~~tQ. m~ili1rftlO)jjjft~:~J:, lto/11*l: ~t;:~d:~m1*)ajm~:1Ii.tJtiO~jf~ G, ~F

*~Jt1ilrf1*~{&~ G'L ~J±1JtJftfLiJ~mtlG. ~ tl~d:i1rf1*O)~IJJItO)-$iJ~tJto)X*)v:¥-

C GLr~.c! tlQ t;:~~, ~ 0) J:: :> tJ:tJftfL ~tJtlhtJftfL~t;: ~d:1Ii.1JttJftfL c v:\:>. -~~:,

*~tJ:f~i1rf~t;:~d:5~v:\1Ii.1Jt~f~ :>lto/11*~~ C*~tJ:J±1JtJftfL~~~t GiJ) G, F9tt~f~O)

J:::> tJ:~v:\lto/11*O)J±1JtJftfL~d:*~ <, i1rf.mlto/11*O)J±1JtJftfL~J:/J\c! v:\. ~~:, m~ili1rf

tl-r:~J:jf~T G1Ii.1Jt~tJ:G~ < ~§ < T Q t;:&), lto/11*O);tiJlffl~jl < T G ~ c:iO~J±1JtJftfL

~ IJ\ c! < T Gt;:&)O)m~tJ:~{4: C: tJ:Q. z: 0) J:: :> ~:, J±1JtJftfL~J:lto/11*O)m~:J:: J L*~

<~t>:Qt;:&), mtRtJftfLc~v:\5.

v1 / )VA~iJ~*~ < tJ: V~ilrftlo) q:t ~:lto/11*iJ~flIiJ)tlL v:\ Gjjjft~: ~, (1) ilrftln~lto/11*

7J) G~J. G, riWJO)~PX:~1&lfitJ: c/o~~ G z: C, (2) ilrttliJ~~Ij.~GtJ: v~ C:~~ ~~m1*O)

WJ1~~:J±1J~~~-r ~ z: C:, tJ: CO)f:mEl3/O) G, ilrftl~:-¥fT~:flI/O)tlt~-¥f&O) J:: :> tJ:~jJIJ

O)~~~~V~L, lto/11*~d:J±1J~tfL~~~tQ.

9-13:

ilrf1*q:t ~~IhT Qlto/11*~d:i1rf1*/O) G1J ~~~tQn~, z: O)1JO)lto/11*O)~Ih1J~ ci21J~O)

PX:7.t ~tJftfL C: v~ '5. tJ:t3, lto/11*~iiin~ilrf{*7J) G~~tQ1J ~d:~.Jt\1J t3 J:: l)tt!*jJt\1J-r:~
~, z:tlGO):>t>~.Jt\1J~~~IIJ<cGLMJfc!tlQtJftfL~*~tJftfL, ~~, t!.Jt\
1Jti~ttJ~1IJ< C: GL~Jf~ tlQtJftfL~J±1JtJftfL C v~ 5. f~*jJt\1J~J:*6Jt11J-r:~Q7J) G,
*~tJftfL~d:*~JtitJftfL C: ~ v~btlQ. v1 / )VA'~iJ~*~ v~ilrftlo) q:t ~:lto/11*/O~flI7J)tllv~
~jjj~, F9tt~f~O)J:::> tJ:~iI!v~~m1*-r:~d:J±1JtJftfL~d:*~tJftfLJ:: lJ ~d::Q7J)~:*~v~/O~, ilrf
*jm~m1*-r:~d:, m.~ ~j: GtJ: v~fjlJtO)ilc! -r: ~tl~;f, i2~:*~tJftfL7J!J±1JtJftfLJ:: ~ ~
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L <*~ <~~. ~t3, lIim!l~Ji!tt~Vft~~1I C:!t~G~••m:mn~~~'J\<!~)tr~ G,
.~gtttffim:ttt®*$~~~~~im ••~~~~, lIim~~lIffi~~~<~<®$~~

~6')~J:::>tJ:.~~~'tm:mn\/J\<!<~¢. Gn\ L, iiR{,)~~~~j:, !l~II~~~im'::~

¢ C:~~II(1)ltJ• .,rat1~~jj~:311Jl" f*Vft:BJ:ltEEj]m:mt1~c: til:,J\<! < ~~t::.~, II
im!l~Jft®.~J:: IJ gtttf*~O)"Ft1~~ ~ c:t1~~~. v1 J )~X'~(1),j\<! ~~imtl.(1)t:p~:~

~~\~tI\tl.t:: C:~ t:~J:, iiR~)~~o)~~-c'ti, ._gflLcJE1Jgtttc: ~d:fP]Wll~~~.

9-14: Jl7.f ~~1148)

mt~O)ilJbO) '3 ~. Kmt, )~O)t:pO)~~~t5ttim~O)VfttlO)et '5 ~:Urtf*O)~$~t1'~li~ )l:
~~" t) ~ '3 =- C1J. <, ~ 6 i)\tJ:fJLWf ~tta <J: '5 ~:mttt~ ~ 0)~ ~) '5. ~rp'~':)E~t~Urt

tt~d:JlVft-c'~ ~tt~. 1~)E~tJ:imtt-c~ J -c t>~~i)\': L"iJ)~ft G~ t,) ~O)~j:IIUrf-c&>~.

IImt~d:-fit:, t5ttO)fF.mn\*~t,)c~, 9tJ:b~iJittlO)V1J )vA'flO)fl«n~/J\<!v~~

~~:~~9~tJ~, v1 J )vAf{n\~~~~fl«~l:~:tJ:~ c, Sgra'~':J: t)~.~~~ t>
JIIi1rt~, ~rp'~l:~{t9 ~~lIJim, <! 6 ':~d:Sgra'tJ9~ra,~~:~mf{tl~:~{~9~~iJft,:

il39~. =tl.~j:Jt~~~:~d:, i1rt~j]~jjfjJ!:O)JftimMO)~~~:~~9~. t::c:x~t,

AJ9<"~F9~~im~7.f<iml:.t3lt~-C~j:, ~o)W!~d, 3¥~imimu, 7.f<O)fJJt511$ vtJ\G
J <Gtl.Q V1 J )VA~ Re= udlvO)fl«n~*~2000 (}).~fl«J:: tJ Ij\ <! ~~.~l:lj:llimt1~lc
)E~:~~9 ~t1~, .fffl«~mxQ c:-~I:~iJitl:il39 Q.

9-15: lI~all (46JJ~1148)

!lool:1a5 ~iJitl:.t:>lt)L!lOOo).~ljfi<(J)i1rftt~lt~ '5. t5tt1JI:Jt~ltltt1Ji?~*

~tt~ ~ C:~\~iJito)*¥.-c'~~n~, !lOOO)jfi < ~~j:*_j];?~*~ <, i1rfimlj:-~l:/J\ <! ttl.
~O)~*, tlttj]tt~i1rft:p~~~~~~~~*~<!~ ~ttO)~11~~~~~~~. II
i1rf~JIc: ~~"5 i5ffF~d::: ~tJ~ c; ~Ltt~QtJ~, f6tt~JI~:Q ttl~j:!lmC ~J:~ttl.~ ~ c:tJ~~

¢. Jli1rf~~~~, !lOO~S~imtl.®3¥~im~u~!lW~6®m.y~

Ulu~= u~/v llr='(ijp)J(1
O)mJf*~:~~. ~ z:. C' i w ~j:!lOOO)~~t~~1J'C'd!> t), V, p ~d:~tl~tli1rf~O)IJJt5tt$,

mll~~~. u" ~jJ'~imllcJ::~itl Lt-l~. !lOOn\ c; <! '3 l:lfttlo C, j]~d:~~bIg)Q

~f(ifll~tfjJllj I:{;f t, ~

Ulu~= A log (u~/v)+ B
T4x GtlQ. =z: C' A Ii 2.4-2.5 O)fjllO))E~, B 1j:~ooO)m<! l:mJ~G, !lOOt1~nt

G7J\t~<t ~~j: 5.5, filt,)c: 8.5 O)W~O))E~-r~~ .

...
9-16: ~7.f ~~2206-2207)

tt~~~~ (r@j~~ V1 .I )VAf(O) i1rfttO)1:J~~.~O)t:p~~~GtlQJ: 5~lJitt*0)~

mJlljtJ:iJittl~ {,~ '5. iJittlO)m~~d:-~l~, iJitttO).~~~9 o~~7Cf(-r~O v1 J )v
Af{ Re O)mc c: t> ':~ft9 ~. Re n~Jt~~/J\<!v~JI~~:~j:i1rfttld:lIJtIJ~tetJftiJit-r~Q

tJ~, Re (7)ti~-C*~tJ:fl«l:~fL L~d:~i1rfCtJ:o. lIiJit'b\ 6 ~i1rf~O)il3~d:J Re 0)(1; Q

.~t~ <r&w. V1 J )VA~) l~.t3t,)l~.~~~~JI~C, 1&i~fl«~J:0) Re O)fjO)~~i!
tm~:bt:: J -ct,~ <JtJ\O)t:pra,m:ISW~*Ilfl~tJ\~:~~JI~ cn~~~. F91fO)t:pO)lIiJit
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iJ~*~V1 / JVA'~~!Jl~: G-C!Lmt~:~b,'Q0)~d:~.t~~30)A~~t~f9iJ~~ tJ, rPjJL\
rPj$dJrqifO)rt:l'O)Jlmt7J~~;ff(7CJ\ 7 ~ -~-O)m1J[] c c ~ ~::, *-rAE1ittJ:ltWJmtO),ra]WJ~Ij~::

~b tJ, J v~~ ::tt~::15{)f:~15~ ~::,ra]WJ~tJ: v~ <J7J)O)tJt7J~1J[]b tJ, :fi~~::!Lmt~::3fT

9 ,'Q 0) ~d:~~iJ)t~~30)~f9iJ~ ~,'Q.

~~~:JlmtO)~~iJ~f*t~tl,'QO)~d:, ~tliJ~~$.!L~:~tG -c~jE~~,'Qtlft~~ tJ,
-15, JlmtiO~*i~~tlt~<t~,'QO)~d:~tliO~tI!L~:~tG-C/F~jE~:t~Qt~~~~Q. v~~

v~0t~JlmtO)./J\.!L~:~t9 ,'Q~jEJr1~d:i1rttlO)~jEJr1J11!fRB~:J: J -c~G<WM~Gtl-C:t:3
0, ~1:E, ~~~:m~t~~~C:IvC9~-CO)Jlmt~:JV~-C*~V1/ JVA~t~CO)~jE~
Jr1iO~).j(~ Gtl-CV~Q. JlmtO)/F~jEJr1~d:, mt'f*7J~15mJtO)JlmtmO)7t~~:~tJt\G-Cv~

,'Q. l:O)f9iJ~O)jE1itt~rtWJmt~ljo)~~O)J::> ~:, 7t~Gt~miO~jE1itm~~Qtlft~Jm1ito)

7t~, ::tl~::~t G-C, tJtJJJO)~~O)et:> ~:,ra]WJmiJ~7t~9 ,'Qtlft~* y 77t~c v~:>.

:: O)J::> t~v~ <JiJ)0)7t~~*-It~1~, !LmtO)~miJ~~~9Q. ::O)~~~d:*t~jJ~A c
~v~5iO~, jJ~A~d:!LmtJ: f] ~~<, ~F.W@J~, 1~~liJt\, ~~*t~c~::t:3~tQ.{t{

0)~~~~90)~:~fflv~ ~tl,'Q.

~Lmt~d:/FmJ{fjt~~~~~,'Q7J)G, ~tl~3t~29 ,'QJJj{J1I!~d:~~1*jlfjO)W~4x Gtl,'Q.
!LmtO)JmJ3t u = (u, v,w) ~lJl~JmJ3tu = Ii C:~tJJJmJ3t u= u - u (0: = 0) C: ~:7tm9tl~t,
lJlf-Tmt U = (U(y),O,O) 0)tift, lJl~JmJ3t U ~d:15fiJt

Jl(aulay) =puv + y(aplax) + Tw (1)

~:. J: J -Ci**G. ;::;: -c', ,u ~;t*'5f1$, p ~;tmJ3t, p~;tlJl~fE7J, Tw == ,u(dU!dy)y =0 ~;t,
11!!1'f*~ y =°~::t:3 ~t ~*5Jr1Jt\7J ~~9. Jt (1) O)tiJl1m-J;Q~d:~Li1rtJmJ3t~:J: ~Jt\7J ~~

G, ::tl~V1 / JVA'Jt\7J C v~:>.

11!!1'f*~ ~:l&:> !Li1rt!Jl~JI ~::t:3 v~ -C ~d:, ~~:~ G-c, !LmtJmJ3t u~ °~*~Jr1(J)f'pffl iO~fI

~9,'QPJi~iO~ff1:E G, ::tl~ Jlmt~JI C: J:v'S~. ~(J)9 <"~fJ{U~:, 7J)t~ tJ 0)i'B1m ~:bt~ J

-C V1 / JVA'Jt\7JiJ~~~~£-jE(J)PJi~iJ~ff1:E9Q. :: O)PJi~~~d:*~Jr1(J)~.~~fJl~~,
Jt(l) (J)tiJl1~d:~Ltl0)5§i~ltif C:~7J)GO)f@"y ti~t~:ft{ff9,'QC~XGtlQ. ::(J)c
~, ~7CmfJT~:J: f]

aUlay =A(iii1)1/2Iy (2)

c:~~t,'Q. t~ti.G, A ~d:~;ff(7CjE~~~Q. Jt (2) ~d:TIi~ ~:fl7t~~-C

U(y) =A(ltif)1/21ogy + jE~ (3)

c:t~Q. Jt(3) ~d:~t~JmJ3t7t1fJcv~v~, !Jl~JI~:~NG-r, V1 / JVA'Jt\7J-iE(J)PJi~':

:t:3v~L ~ G@>Q!Li1rt~:J V~L~J!m~~:PX: tJ tLJ~j{rj~~Q. -~O)!Lmt~::t:3v~L~d:, ]I
~t~~mJ1l!~{&iE~fflv~Lv1/ JVA'Jt\7J~lJl~JmJ3tC:~f*~'~t, Jt(I) ~mV)LlJl~Jm
~~).j(&'JQ.

!Li1rtJm~u O)kVC~t7t1fJ7J~~ra'~~:-f~t~-f~!Li1rt~:J v~ -C~d:, J: f] mmtJ:kVC~tJ1l!~
~m~~~Q. ~i1rtO)Jm~tI~~*~*~tJt~k0)7-0IPX:7t(J)ftPX:C~X,~i1rt

(J)X*'Jv:¥- Q =(1/2)ii2j2 O)A ~Jy ~ Jv7tm~ E(k) (k =Ikl) C:9tl~t
Q =JoooE(k)dk (4)

c~<~ C:7J~~~~. !Li1rtO)x*,Jv:¥-~d:, tJt~~ra'rAJO)tt~~{jftJt~O)PJi~ k ~ ko ~:

:t:3v~LUJJJ~~ tl, tJt~PX:?tra'O)~F*lWf§li{fffl~:J: J -C, ~;ff(, J: tJ ~tJt~O)PJi~~:&
~~ n, :fi~~~:~d:ti&'J-c~tJt~O)PJi~k ~ kd » ko ~:Sv~-c*~Jr1~:J: J -c1ft~ ~ tlQ.
!LifrtO)V1 / )vA~Re=(tat2)1/2pIJlko 7J~ti&'JL*~V~~'@J~::~d:, filijtJt~mko' kd O)ra'
~=~d:, *~Jt11ft~~: ~~.~~~tt~ v)~~PJi~7J~UJJJ~flff4~:~tl, ~:: ~~d::J )v:t::to 7
• A~!.J l'Jv
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E(k) =Ci13k-5/3 (5)

n\~~T~. ~ ~ l:', e= -dQ}dt ~'~d:*~Jt1~:J::~ X*)};:¥-fit~$~~G, c ~d:.~7C

)E~l:'~~a9~: C= 1.5 C~tlLv~~. :J)};t:i07· A~7 ~)};~d:, -fi!Lmt~:~i6

~~~O)~* ~"*tJ:!Lmt~:.t3v~L~JMia9~:PX:llT ~n\, ~ra'~~:=~7tO)!Lmt.t3J::tJ

~7t0) t 7 )};!Lmt ~:.t3 v~L ~d:PX:ll G tJ: V~.

9-17: !Lmtitti: (~JJM2207)

~Lmt~1m~:~~mtf*0)J:P~:7'iiT~*1l-T0).* ~ n~i1rttl~:J:: J LJAn\~~~. ~-TO)

~ilJJJ~:J:: J -C1:: c:~Jt-TiJ.tfitc ~}JIJ~ tl~. *1l-T0)_* ~ O)JA1J\ ~ O)*~ ~ ~~O)~
ra'Jt1fJO)Jt 1.2l:'~ G, 1.2O)mJra'.Jt~:J:: J LiJ.tfitf*~ D ~ D=1/6 (dl. 2/dt) c)E&T~
C, ~*O)Jt-TiJ.tfitl:'~D~~-TO).~~~fl~.t3J::tJ.~~~mJOO~~*~)E~~

~~1J\, !LmtiJ.tfito)~~, D ~d: I. ~:ft{f¥T~. 1926 if O. W. Richardson ~d:*~J:P~:.t3

~t Q~JJ1<~1<L1JEkO)iJ.tfit0)7-~7J)GiJ.tMf*~ D i:J~ I. 0) 4/3 ~~:ttf?iJTQ (D oc 1.4/3
) C

v~ '5 &~J{rj~~v~t~. z:.tli:J~ I) T~ - ~ 'J /,O)~J{rjCJ: ~~tlQ ~O)~~~. z:.tl~d:, *1l
-TO)~ra'Jt1fJO)JtM7J\mJra'O) 3~~m*TQ (1.2oc t3

) z:. C: ~:ft~T Q. Jt-TiJ.tM~:.t3v~

L Jtfit7J~mJra' ~:ttf?iJTQ (1.2=6Dt) 0) c:~t!ffia9~ ~Q.
!Li1rtiJ.tM~d:, i1rtf*~:7¥iiT Q 2MO)*1l-TO)ra'O)f§~ti§"l O)=~.~ <f> ~:J:: J L ~

M~~~GtlQ. ~tl~f§MiJ.tMC:J:Sz:.C:~~Q. *1l-TO)_*~O)JA~~~c:O)OO

~:~d: <f> = 21.2 C v~:> OO~i:J~~Q. §£~l..tt~~Li1rt~~d:x*)V:¥-~~JmJ3£ e ti~ti:J\~~

~x~2T~ /, 7 :j --~ --~~~ c T ~ :J )~t:i0 7 O)f§f~{&~~{&)ET~ C, ~7C$ffi

iJ) 6 <f> oc 8 3 7J\~7J)tl-C, I) T ~ - ~ '} /' O)~j{rj0)~*7J\4;tGtl~. !LifrtiJ.tfit~d:~

O)iJ.t~tJ: C B1tJ! GtlQ V~0 v~0tJ:~~~~~:~tl~7J~, M~:~f*~~~~d:*.a9tJ:~~

~U~TQ. ~f*~~d:~~ O)A-7--)vi:J\*~v~t~&)~:!Li1rti:J~§£1::G~Tv~~ C, *t~.~

:l:i~ J1t~:~~JJM. (ilJJJ.mJ3t, X*)};:¥--mJ3tfJ:c) 0)1\J~27J~~J L, ~::.-eO)~Lifrt~:

J::Q~~JJM.O).~, TtJ:b~!Li1rt~~7J~rJ:J'~~:tJ:Q7J)G~~~.

9-18:

!Ltltc.7°3.A'70)~m~J<~ tfj l..t, ~ ~ ~O)J41t~~Jlfi~~rjm l..t-C7°7 A'7~j]1J

~T~1J~. ~*JJ~d:, ~3 .A'7J:P ~:*mi1ri ~i1ri l..t, m-Tc1;t /ra'O)fl3~tilJJJ~:J::~ 1
;t /ff~/F*)EJt1*t~~d:=i1rtf*/F=tc)EJt1~:~~<7°3 .A'7~Ltl~~~l..t, m-T7J\~O)~L

tl~:J:Qm~~M~L~tl-C~~jjjj~}aj~~i:J~m;tQ, V~V~QJ41tgtfL 1]. ~:J: ~1l!f}[

f*fW~tc. ~ O)1JD~$ 1].j2 (j ~d:~i1rimJ3£) ~m1JD~itQ7°3 A'?j]D~~~~ '5 J::luti. ~
O)~~, ~7A'?J:P ~:m-T l::--~, 1;t:/ l::--~tJ:C ~tTJ6Jj-, ~t~r:qfp)~li21}[~1J1}[PJ

1J(rij0) E x B r: 1) 7 l' (B ~d:$dJ1J(rij, E ~d:~~1J(rij~:t:Pj]D) ~:J: tJ, fPJ~O)Jlfj~~~

~ itQ~ 0), ~ 6~:~d:7°7A'?O)~}aj~1JD~tJ:C ~:.t3v)L ~!Ltlt~ 7°7A?~fj~1rG
T. 0) 7°7 .A'?0)7MtJ3tl:~iO~1Tbtl~~ 0) ~~Li1ri1JD~ c J::~5~J:: '5 ~:tJ: J t~. ~~¥:7°7.A'

?-C:~7 A'?1JD~~c: GL~Jjm ~ tlQ O)~~tJ:<, ~m7°3 A'?O)1JD~Jlfi~: ~!Lifrt1JD

~~m~~tl~ ~O)i:J~~v~.
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Lesson 10: Thermodynamics I
(fundamentals)

:8
IJIIL ;t /' heat, warmth

~ t::.. t::.. (7J\ v)) cordial, warm; ~ t::.. t::..(* .Q ) to become warm {vi};
~t::..t::..(3b.Q) to warm {vt}

w..~ ;t /' ~ temperature
~~g -,n~'/ h"gh .raJum ~ '/ /.J .." 1 temperature

~ ~ -v!7 inverse, opposite, reverse
~ 7J\(~ *) upside down; ~ 7J\( G :» to act contrary to, to oppose

Jl1~~f~ jJ~~ !7~ /' jJ reversible change
~ifrf ~ ~ !7 I) ::L ry back/reverse flow

~ 7 -1 connection, faction, lineage, system
*~S9tJ: 7-11' ryT=f-tJ:
~*"* ~l:::3ry7-1

systematic
coordinate system

:J ry measuring rod, scales
~W1/A:;
J\''\I~

lflJj
thennal equilibrium
equilibrium, balance

it ~ official, civil service
--:J 1J\(;t~ ) to serve, to work for

ft1J ~1Jlt::..

ft¥ ~~'~

-. -:; matter, thing
z: C. business, circumstances, fact, matter, thing

¥~ :;-:;~

¥~ffl :;b.~3

~I~
1A :; 3 ry circumstances, condition, form, word

W~ 7-1:;3ry
~~ :;3ry~-1
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way, method, means
work

fact, truth, reality
office

form, shape
state



mi -e-1 flourishing
~ iJ~(Q ) to flourish, to prosper {vi}; ~ 1J)(Ivt~) flourishing, prosperous;
~ ( Q ) to heap up, to mark off {vt}

B5t § ~ 1:: -V !J 7~ / ~ ~ JJ centrigrade scale
§ ~ ~ ~ fJ scale, gradations, graduation

~ -1 appearance, condition
~~

~~*

form, shape, figure
ecosystem

*YT/~9*'Y 1) 4=-#!J

~ degree, measure, scale
tc.. (J. occasion, time

~~

m~

l' 9 and so forth, class, degree, equality
t~ C and so forth; D c(Gv) alike, equal; - t3 et ale

~1iffi t~ l' 9 fJ t~

~5t 1'9J/

T-1 among, inside, interior, within
'5 ~ among, inside, interior, within

pqf&fI~ T-1*,/4=-fJ/
pq~ T-139

*'Y enthusiasm, heat, temperature
~J(v) hot

~J::::~"Mi
J\\,'IA~

~-l...tI~
J\n/J T

strength, intensity [for light]
precision, accuracy

equivalent
division into equal parts

internal combustion engine
content(s)

heat conduction
thermodynamics

.iJZ l::: 3 9 level, peace(ful); A" -1 level, peace(ful)
tc.. v~ ~ (t~) calm, flat, smooth; D ~ (tc.. v~) even, flat, level

~f!:JJmlJt -"'-14=- /' '/ 7 ~ mean/average velocity
~fTt~ -'"-1 :J 9 t~ parallel

$ J copy (of an unbound publication), department, division, part, portion, volume
$db J1:: / component, part
ffB5t JJ/ part, portion
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10-1:

Reading Selections

I /-9 )v t:: - (~~218)

I/ ~ 0 l:::-cJ±7J~~m~~~:C Jt~C~O)~7J~OO~. ~OO~C ~et~ttlQ. r*]
$I*)v=¥-~:J±7J cf*fl0)3~1JD;tt~ ~O)~d!>Q. ~f*O)A J t~ ~ I) /Y-O) l:::A l'
/~:m~ W 0):t3 ~ t) ~O)itt~* ~::t3v~L, ~ I) /?7~-O)Jt€iJ)GiQtlJ t~:t3 ~ t) O)fftgI
*)v=¥-~d:, t:A 1'/iJ!':)t)~v~O)fftg~:d!>QtJ:G~t,~f*O)J±7Jpcf*3v0)3pv
~:~Lv~. ~ ~ -r:, :t3~ t) O)fftgx.*)v=¥- ~~Lt:~:Atlt~c ~o)*o)I.*)v=¥-~d:~

f*O)r*]$x.*)v=¥- U~: pV ~1JD;tt~ ~O)-r:d!>Q. ~:> GL~~GtlQIi H =U+pViJ!I.
/?7 )vt:--r:d!>~. ~ G~$iJ)G~0)*~:~liL1Q~1JD;tQtJ:G~1,~tl~d:x./?7)ve
-O)~f~L1B ~:~ L" v~. ~ L:t3 ~ t) O)m~ ~ w iJ) G w' ~:~;t Q tJ: G~t, 1::: A ~ /~d:.

tJ:QJ¥lifftg~~fft9Q. ~ G~ O)~fll:O)iMI~iO!~~l¥J, 9tJ:b!>~$cO)ra~~:~0)~

IJ c t) iJ~tJ: v~J: '5 ~:~ ~Q tJ: ~ ~t, ~fftO)WJf~~::t3~t QI. /?7 )v 1:::-O)f~~d:rmG-r: d!> Q.
L"t~iJ!J L~f*O)JE1itif,t~~J±O)$~iJ) G{ttJ±O)$~~.~~~l¥J~:It~~it~ ~.:L

)v· ~ ~ ~ /1t~-r:~d:X/?7)vt:-iJ~-JEfii~c Q. ~~?7- t: /~~3t~~tJ:c~::t3
~tQif,t1*O)JE1iti1rtO)!& IJ f& v~ -r:~ x. /?7 )v t:-~d:fl~J.JtJ:~7J~Ii-r:d!> ~. ~~H/j\iMI~~:

:t3~tQx./?7 )vt:- H O)~f~ dH ~d:

dH~ TdS+ Vdp
~~~9Q. ~~-C~m~~S, p~d:~tl~tlJ:/~D1::-CJ±1.J-c'd!>t), ,*te.T, V
~d:*fg~tWtll: c1*3-r: d!> Q. ~~~d:PJi2!~f~~:~t LLt~~t~ L~J: '* Q.

10-2: I/ I' [J t:: - (~m~218-219)

~1.J~l¥J*iO~Wtll: T (J)~tJjiO) G~1i L1Q ~~l&9 ~ PJi2!tJ:f,JX/J\~{I::~::t3v~-c, L1S =
t1(jT ti~tm1JD9~ *O)~!iJIi S ~x /' ~ 0 1::-- C: v~ '5. r~~J ~:li~9Q =¥ 1) ~7

a~ 'Cpon1] ~:1Jl:J -C R. J. E. Clausius iJ~ltjAGte. (18651¥). I./ l' 0 t:-~d:~0)J::> tJ: Jf1:
.~~J. (1) I/ l' 0 l::--~d:*0)~7J~l¥J~mt~~t~:OO~9~. (~~.) -r:d!>Q. 9
tJ:b!>~j\~ A iJ) G~!iJ B ~O)PJi2!~f~O)~~~:lBJ -C L1(jT ~37} Gte. ~0)~d:~1m~:~
~~~:, ~fiJ B, A ~::t3~tQI/ l' 0 t:-O)~ SB - SA ~:~ Gv~. 9tJ:b!>

fA B L1(jT = SB - SA
-Cd!> IJ, ~ 0) ~ C ~M!'J -C, d!>Q£~O)~~iJ) GiQU'J te.I/ l' 0 t:--~~~l¥J~:tJt&'JQ

~ C7J~-r:~~. (2) I./ ~ 0 l:::--~d:1JD~l¥J-c'd!>Q. 9tJ:b!> , * 1 c* 2 O)I/ l' 01::
-iO~~h~h SI' 82 -c'~~tJ: G~i, ~hG 0) 2 ~O)*~~bitt~*O)x/ l' 0 1::-~d:,

8 = 81 + 82 -c'~Q. 9tJ:V!>I./ l' 0 1::--~d:~.~~-r:~~. (3) 1*fi V7J!-JEO)~#
-c', *O)I/ l' 0 l::- 8 ~d:I*J$X*)v=¥-- UiO~m9~:JhLm*9~. ~h~d:~7J~

Wtll: T 7J~IE-c' ~ Q ~ C~~;tL (as/aU)v = liT O)OO~iJ)GI¥.J GiJ) -c'~Q. (4) ~~f±~

~~$cO)rf3'~:tfjA IJ O)tJ:v~* (00 C:t~*) 7J~Dc tJ l:'~:~9~{~-c'~d:, I/ l' 0 l::--
~d:~Q~:m1JD9~ (~1.J~m=i!J{Ij). t~ c;t~i~~O)$~C:: 0) rf3'O)f±WJ IJ ~1& IJ *Q C,
~{*~d:Dc: tl-r~=H~5~9~. § E8Jt5~1~0)~1*~ ~ c:0)~j\~~:~9~:~d:f±$~1JD~~~t

tJ: GtJ: v~iO~, I*J$I*)v=¥-~--JE~:1*--:J ~=~d:, f±~~f§~9 ~ t~~tO)~~~$~:Jtl:tfj

9~\~7J~~Q. t~iJ) GIt1~f~O)I/ l' 0 l::--~d:tt1~WJJ: IJ *~v~. (5) r*]$I*)v=¥--
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cf*fWiO'i-JEO)~{lfo)~-c'~d:, I/" 0 1::-O)ti*~:f§~T~~miO'iil~1<JE~~~.

:: 0):: c ~d:, t~ c;t~t~~O)$~c 0) rfl'O)f±-I1J fJ ~1& fJ*~ t~~O), 13 EBJJt5i0)iWr~~:

t3~t~5«.f*O)~!m~tt~T~ c~ t3iJ)-c'~~. (6) ~~t~~~::t3~t~I./"0 1::-~d:J

tJ.~: 0 -c'~~ (~tJ~m=r!J{rj).

~ c ~ cX/" 0 1::-c v~5.~~j:, ~tJ~~~:~A~tlt~~o)~~:QiO'i, L.
Boltzmann O)~~tJ~~~d:I/ " 0 1::- s ~d:, ~O)f**o)I*}v~--, f*fW, *1lT~tJ:

ciO'i.Ej.;t t3 tlt~ c ~ (J) IJJfj~tJ: ~ 7 0 tJ:~!m~ w ~ ffl v~L
S = (k) (log W)

c~~tlQ. :::: -c' k ~d:~}vY~ /JE~~~~. ~~::~m~ w ~d:

w= exp (Slk)
c~~tl, I/" 0 1:::-iO'i*~ v~~m~d:, !L~~ O)~~7J'im~mJ~~~::*~ v~:: c ~~
T. !L~~ C~d:, il*~tJ:.~-c'~fJ, ~tl~::£':5v~LJE.~tlt~I/" 0 l:::-~il*

~tJ:.~~~~. /F1JJ~1t1~d:, ~O)I/ " 0 l:::-m*O)r!j{rj~::J:: ~ L~2im~ tl~iJ) G::
tl~il*~tJ:.~~~~. f**o)I*}v~-E ~mJEGL, f**0)~ 7 otJ:~m~ W
~ w= W(E) c*~~::ciO'i-c'~tl~t, ~}vY~/0)~J:t~:J:: fJ x> "01:::- S iO'iI*
)v~- E O)mJ~c GL S =S(E) c*~~::C ~::tJ:~. ~tl~::~tJ~O)~J:t aS/aE =
lIT (t~ti.G, T ~d:f**O)m~) ~mfflTQ c, I*}v~-E iO'im~O)mJ~ E =E(D c G
l*~ GtlQ. ::tliJ) t3X/ "01::-, 13 EBX*)v~-, tt~o)J:::> tJ:~tJ~~.iO'i,

~ 7 0 ~:~~-C:~~. ~tliJ'i Boltzmann O)~~tJ~O)£*~~~. ~O)J:: '5~::

Boltzmann (J)X/ l' 0 1::-0)~J:t~d:, ~~tJ~~: c '":J Lil~£iI~~:m~tJ:~J:t-C:~G.

t>tJ:~~: Boltzmann O)~~:~d:, ~O)~J:tiO'i~J~tllv~~.

I/ l' 0 1::-cv~'5.~~d:, m¥li.~~T:: c~:~M!vtlQ. TtJ:Vt>. fl¥li.O)~t

~~ c '":J l ~tl~fl¥lix/ l' 0 1::- c v~ '5. ~m~:~d:, fl~H~~f*(J) A (J)X/ l' 0 1:::
-- S(A) ~d:, A O)7CA O)~~il*~P(A) cT~ c

S(A) =-L, {P(A) log P(A)}
AeA

10-3: ~gJ.l(~~258-259)

~iO'i 1 JO)~f*iJ) t3{ill0)~mf*~3JJJT GftJirm0)5i~ ~t~~T~R~. ~ c ~ Cm~~d:,

~v~, lfJt~ v~ c v~'":J t~Ara'O)~jt~.~iO) GlHJ£ Gt~ ~ (J)-c'~~iO'i, ~tl~d:ArJ:f'O)&:.

'::f§~t~~::, ~0)3JJJ0)5~~ ~~T~O)-C:~~ L, ~O)J:5 tJ:~jt~~~~tJ~~G-C~

.{~Gt~ ~O)iO'im~-c:~~. GiJ) G7 )v:I-)vm~~, *mm~~tJ:c, ~WO)f*~~::

ttfrtl G-C §!l£ Gtlt~m~~d:, ~O)~.~::M!m ~ tlt~MJ< 0)~WO)~JJt5i*1t1~:mJf* G-C
v~~. m{~O)~jt~:MA~iO'i~~ J:: '5 ~:, m~~: ~~t.~:M!ffl ~ tl~~~~:J:: '":J L~V)

i;'ilH-C <~. m~~wO)*It1~:mJf* Gt~v)m~iJ'i~~tm~-c'~~. ::O)m~AJ:r-)V~:

fJt '5 z:. C ~::J:: J L, t~ c;t ~t~W~:J::G~JJt5~O)jjv)~tt~Gt~ fJ, ~V)O)lHL <G~
EB~~ GIO)~::T~ :: C:iJ!PJtm~::tJ:G. ~1J~-C:~d:m~~d:, ~~l:0):: C: ~!~v);t~t, ~

?t~IcO)~Ic-C:~G. TtJ:Vt> , ~G1JZ~*~m~ T O)~tJjiJ) GPJ~~~:iJ,ttL~lvti

~~H/J\o)~.d'Q ~d:~~?tT~d:tJ:v)i;'i, ~tL~m~ T-c'WJJJt~~O), TtJ:Vt> d'Q/T~d:

~~?t-c'~~. ::O)~~?tiJ!*o)I/ ~ 0 e-O)~~H/J\~{~-c'~~.

~f*~JJJfnU-c'~d:, m~~d:?tTO)}1fLi1t~JJJo)I*)v~- c tt1?iJmJf*~:: ~G. :: O)t~~,
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mJL,O)Dll: Gt~~~,:t3~t .Q7tTO)~JJJ~~~JJJ Cv\ '3. iilll~j:~Q)~~JJJO).C~ ~

m~9~ Rll-c'~¢.

19C~JJ~I:t3~t¢~Ll~~1l!*l:-:>tt\-C~~~ C, 7tT(J)I*")II:¥-~lli: E- ':7t~2
I

~ hG7tTIt~J:~)~~x/~r exp (-E/kn ~:Jtgij9Q (k ~J:~)vYx/lElt). ~!l~J:7t

rO)3¥iJ7tm~iJt~Q/\ 7 ~-~ - -c'~~. ~Ll7J~iflj <t!G l: -:>tl-C, 7tTtt~ tt \I*"
)v:¥-~lli:l:7tm9QJ::5l:t!¢.

10-4: ~llu (~~259)

1ill3t~~lj~t~&)O)M~~.Jb. <ffl{;) GtlLlt\~ ~O)~t, (1) ~JS~~mtt)~~~!tA
n:;' AiNAIl~, (2) J±t1~ft~mIt)~fft1iNAIlm-, (3) 1I5[Hfm~ft~mIt \QHfmiffi\l3tBt,
~~~..J. ~ m L) Z. iA9Ii'~8 m: §.l.. fA -I:Jr B-1- r.. +lj FR + z. .ill.~ '8 §:!. l- -I:lr&+~ FtJ: §.l. -I- j;'" .;afl(4) ."" Eg.1''J '~m" rc:J ... ,,, Eg1JlB.~oI, (5) .,\\,u.x~J '<!: 11'1 m 'j rc:J ..ILraJtmio I c.. JJ.X.~J tmlJ.xo I I~ '- <:, {;t1

~9:Q~Il$i!lm~M!m §~l:J::? L~9Q 'b(1)~~Iv-cm ~)~.

~o)~In\O)iNAll~c: G-c, HftJif*~:1: t:Q.~tJ±O)*~ ~ ~:J: t]~Il~*<1)~~~

~ll~, ~ 5" /~A~-O)~-A • I~ 'Y ~ra'mJ±(J)~Il~:J::Q~{t~fljm l/t~ "7 /
~A~-iNAIl~t3J::U:, ~h~ Ie {tL,t~ Ic~ll--t/-Jt-, *AUrO)~~~Dtf{O)

iMtIl~{t ~flJm Gt~*A~Ll~, ~lrnmtijtPA~~(1)~PA~J&~DtIlQ)iNAIl~ft~fljm

Gt::. NQR ~ll~, ~DtO)~.ifllO)~Il~{t~fIJmL,t~m~~l&IlM, ::J l/AT I) 'Y

7 JefAO)~{g~ll ~flJm Gt~JefA~IlM, j:C: GL~JJ~~IlO)M~ l:m It \~5[~~Il
m-t!ciO'\~Q. -

10-5: ~ll.~ (¥lJ~259-260)

~1l~MQ ~ C ~lt)? IIJlEl:'~i~Il~7J'\m v) c;tl, ~0)!)t-fiL1:'1J:-7J!t t:: /' (!)t-fiL~G

~ K) *t~~J:~)~~r)All (.-fiLtia~OC) ~mlt:\Q. U~lqlEt>iBi.l\llmtJlE C:J:/ve'
t3 0, iNAll~O)!f!-fiLt>, ~LlC: IRJ C-7)v 1:: /*t~~d:--eJv~r) All-e~Q. ~llM~I:~1

1~~~j~l::iMtIlSt~~M~itQtiMitc, Itl~~t~n\£3O)~~M~mv\:Q~FtiMitn~~

~. ~MitO)~LlM~, ~Ll~O)~~$C:M~ti~~~~.&O)U~~, ~~ti~O)~

ll~iEG<m~9¢J::51::J< l3hlV:\~. ~.':~J:, ~O)~flI:lj:.t~~tl,:< <?cO)
~ cn~,*~ GL~~~~~t ~~i1!tl~:etQ~~t!ciO'\1:CQ. Dfj#Id:~J.I~rJ'JO)~O)

i1rtn~:J::Q~~, tt#~1~IlM~~$~1l0)~fiiBi1n~,*~9Q~~~~G-CS t], iNAIl
iftIJ~~:t3~tQ~~O)ft~~t~t>o)~~Q. ~tll3O)~~Ij:, jffi\IlMO)~~fI~~~ijj,

iJ!lj~~t~0)~3., ~~~, ~IlM cltl~~t~ c: O)~tiMt! c~fiO)M~~flI:':~ti~

h~. ~.M~~mG~#tiMitO)~Il~~, M~M~~~f*O)W~~~~M~O)~Il

~lE L" <mJJ' L", #~~O)4mf*O)talllftlJ~-r~d:1&M~iiiiE~~,~cTQ. ~.(J)laIllftlJ

~C'~d:, z: O)J:: 5 t!lE L, tt\jffi\Il(1)m~t1~~,~t!W~ l:, iE L, v\iNAlltl'\.~~:.m~~ tltJ:
<It>§~~~.~n~w~c:~~~.¥lJ~~~O)m~O)~~O)~t1.iNAllO)~~~,

~¥lJi1)EIl~iJt~Qt::~O)~IlM~tJ:ciO~Dfj#l::~G, tf#l:li, f*••~~, 1:B:I
~~O)M~t!cO)J:5t!, M~ti~O)~m, ~~, .~~§~C:9~M~~~9~.~

Ilm-cl~~~t~cO)~3¥&U~~~~~l:'lj:,M~~t~EJ~tJ~~.&Uli-e~::,=cn~~
*~ tl~tJ~, ff#0)3{IJ~-c'Ij:, ~~~t~EJf*O)~3JliIU~ld:~'~G t>~,~~~j:tJ: <, fJiJ
Gjffi\Il7tttin'\M~ ~ tttllt~~~O) § ~iO~itit Gtl~ (J)tJ~~.-e~~.
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10-6:

~'f~~O)pq$~~OO* t~ ~d:~rr:f~O)ilfftJ3tO)tjjm~tJ:~ft ~~T7ttfj ~ilfftJ3t7ttfj Cv~ v~,

~ O)ilfftJ3tO)7ttfjit~~~~tJ:ftfi~ ~ ~ Jtjjft~: ~d:, ~O)ftfi~ ~ilfftJ3t1\Jft2 c v~ '5. ~pq ~:~

O)i1rttliO~tJ:~ttlt!, ilfftJ3t~d:, ~O)~pq~~d:-.~, tjjm~~:~J:~iO~tJ: <, ilfftJ3t7ttfjiO~

f~tJ:~m~d:~O)et'5tJ:~m~~~TQ.~tl~:~tGL, ilfft~1\Jft2~~JtI\m~~d:, ~'9

~pq~:~O)i1rttl~~GLV~Q.

10-7:

ilfftJ3t~~fii~~Tt~~O)RJ3t. m1£O)ilfftJ3tiJ{tl~~d:, ~ti~~:~d:, ~7J~ilfft~O).$f}[:';

Jv e /*t~~d:-eJv~9 AilfftJ3t0).$f}[:-eJv~9A~~£$C GL (TtJ:V!>, .$f}[:O)tnJfff
~:~t~GtJ'~O)~fii~~T ~ C ~:et J L) f-TvtlGO)~, ilfftJ3tEJ!l£c v~ '5~X~d:*.~~:

~d:/f'~,~~:tJ:JLV~G. G7J)G, ~%i~~0) 1 J~~GilfftJ3t~d:, !ltf}[:~:etJL~tJ:< EJ
!l£~~e:tJL~~tL~At~ticv~:>~5t~llJfi~~~~ G, ~5E.~~~~d:, ilfftJ3t~d:reifg;O) rJm
{}[:J ~~~ tlQ~~t~ C v~ '5~X7J~%i7J)J t~O)~, 1Jt*, 77-V / /\1 i' EJ!l£, tJv
~9A EJ!l£, Ef7tEJ!l£, v~ ~ :I. - JvEJ!l£, ~7J~EJ!l£, '7 /~ / EJ !l£tJ: cO)et lt17n~
Jt; < f-TvtlLv~t~.

-17, .;-Jv e /*t~~d:tJv~9 AJ3t~!lt{}[: cTG (~.ct) ~ 0) ilfftJ3tiJ{tl~~IE.7J)

J~m~:~f-TTQ~ C~d:, ~'9G~1m.$~~d:tJ:v~n)G, ~~0)~.0)~~0)~1t1~:ft{~

T QilfftJ3t EJ !l£~~~~ G-C, ~O) EJ !l£~iJ{tlJ t~*s*O)~fiin~';- Jv e /.${}[:*t~~d:-eJv~9

AJ3t!lt{}[:-cO)~fii c-T7tet < ft3&T Get '5 ~:thbK0T Q ~ cn~~G. ~O)fjO)thbK0O) '5!>
mWX7J~lli~~v~O)~d: rOO~ilfft~EJ!l£ (ITS-90)J ~~G.

10-8:

*~n~llJtJl~~O)B M~:~'fG-C~j:~f!ij-c'~Qn~, !tf!~ilfftI3t-c'O)~~M (~$~*j) ~:

~'f GL ~j:/f'~f!ij-c'~ ~ t~ ~, !tf!~lli < ~ reiilfft ~~1*~~jj*. ilfft*0) jj '7 A iO~rPJ.O)~jj*~

~J~c~:E8*TQ. ffBJ)j(O)tjjft, *~£7J)G~~tQ~MI.*Jv:¥-~J:, *~~~~GL

!tf!~OO~1JO~T G. !tf!~OO~J:~O)ilfftI3t (K0 300 K) ~:ptGt~~~M~f-TJ LV)Qn~, ~tl

~d:~0)* *~E8~rr:f'~:~lli ~ tlG o)-c'~d:tJ:<, *~q:t0)71<~~c=Mf~ER~~:et J LV)
J t~Iu~l& ~ tlQ. -17::tl GO)~f*~d:, et 0 {g;v)ilfftI3t (K0 250 K) -c~E8~ra'~=ftiJ~tL
~~M~f-T'5. z: o)I.*Jv:¥-7J~!> J: '5 c B M~=J:: J -CffBJ)j(iO~.fiTGX*Jv:¥- CJ
oftJ LV)QV~t-c:, Gt~iO~J -C~ G~!-lt!J)j(n~ilfft~~jj*O)~~*~~ ~t~tJ:iJ)J t~tJ: G,
!-It!~OO~j: 250 K ~~tJ: ':J Lv~t~-c'~0 5. ~~~d:=Mf~ER~O)J!Jv~*~(95 atm) ~ ~-:JO)

-crg~~J.J*iO~~G<, *~O)Jt€O)rg~~d:750 K ~:JiTQ. ilIiF, EER~ErmO)1f&~~=et

~=Mf~ER~O)m110~~d: G&'J, 7l<E8. *if~=E8*T Q~ ~ /O)m110, AI~.-C:~Q 7
0/ (700 7 Jv~OjJ-~ /~) 0)*~q:t~O)fi30)t~&'Jrg~~jj*n~*~ <tJ: 0, !1B
*lli<O)~ilfft7J~J:~TG z: c:n~~~~ tlLV)G. m~7J) G~~TG c: 21 ttt*2WJ*~~~d:

ilfft~~jj*jj A 0)A~~m1JD~:e:t':J L, t~ C: X ~t!-lt!*~ilfft~d:~f!3-c' 2-3°C, ti!tf!17-r~d:~

~~J:~TGC~~~tlLV)Q. t~t!.G, rPJffif~:~~mfJJO)m~cGL*~q:tO).*1lT

7J~m1JOG, z:tl7J~BM~~!LGL~rg~fg;~~itQf~ftiJ~~xGtl~.
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10-9: ~:t.J~ (~JII561-1562)

x7DtJ:*(J)~9~~~~, x7DtJ:~JI.(J±7J, ilffi.JJ£, f*~, pq$J:*)v~-tJ:

c) O)JJ-~i!JL~Cim9~J1MfnBf**-e~~. ~~~~:~9~iit>~JiI~tJ:~••~~~
7J~m 0 ~j{Jj, m-~J{Jj, m=~J{Jj, m-~J{Jj C: v) '5 4 ~O)£*~J{Jj C: GL.f-J~~:~

ijl G, 9~LO)~fnB~ ~tlG 4 ~J{Jj7J) G~Jt.~~:~ < Cv) '5fnBJI.JiX:~:tJ:J LV)~. ~

ijl~0)~71i~d:x 7 otJ:~f*~.JiX:GLV)Q~F*~:t~ < ~ /v 0) 2. !7 0 tJ:f1l-T (7f-T, J*-T,
ti-TtJ: c) n~fr:>~5t~tJ:v)~jJj-e~Qn~, ~7J~~d:::O)J:::> tJ: 2. 7 0 tJ:f1l-TO)~tJJn~

fi1:E9~ z: C ~llfjf~ C GtJ: v)JIfnB-e~~. ~(J):lt~-e~7J~~d:~~fnB-e~Q c v)vtl,
~ijl~~~ 7 DtJ:f1l-T(J)~tJJ~:J:: J Lmf!ij GJ:: '5 C9~~M7J$C~d:-Jt\~!l!lltJ:JIfnBf*

*-r~Q. t~ti.G, ~M7J~(J)lltiiO)G~7J~(J)JIfnBf**~M.JiX:9G~ C:~d:l:iJfj~-r~

JL, ~tl~~M~7J~C:J::~~e:~~~.~~, ~7J~C:~M7J~~~~e:~.9Q

z: c t>~~.

~7J~0)~.~~9~(J)C G-C f2 JO)~f*~ft€f!k~itQe:~ilffi.O)~f*7J)G{tfilffi.O)~

f*~~7J~mttl, fJIij~O)ilffi.J3t7J~~G< tJ: J t~ C:~ ~:~O)mttl7J~Jl: ~ J L~3Jl1ti7J!JiX:ll9GJ
C: v) '5 ~Jm~~~jG ~ e:7J!-r~ Q. B*~.~:Jm GGL, z:tl~d:-Y!EI f!ij0)J:: '5 -r~Q
7J~, fnBJI~~:~d:~O)~Jm~d:mo~J{Ij, m-~J{Ij, m=~J{fj~~Iu-rv)Q. ~9, ~ijl~

O)JE.~tJ:~~O)~9:~d:ilffi.J3tMO)illl (18 fft~rfI ~'0) ~:Mi~ Q0)<:~Q 7J~, ilffi.J3tMO)
J*JIe:tJ:QO)7J~~7J~m 0 ~J{Ij-e~Q (t::.ti.G, m 0 ~Jlfjc:~~~tlt::'O)~d: 20 fft~~:

tJ:J-C7J)G<:~Q). 2 JO)~f*~ft€f!k~it-Ct:)< C:~7J!-C~3Jl1ti7J!JiX:llG, x7otJ:
~JI.O)ffifrt=l~~~ft:7J!~~~GtltJ:<tJ:Q.~tl~:Jv)-C, 3~0)*A, B, CO)Ac:
B, A C: C 7J!~tl~tl~3Jl1ti~:~QtJ:G~tB C: C t>~3Jl1ti~:~Q, c:v)'5~.~j{Jj7J!

JiX:ll9 Q. ilffi.J3te: v) '5.~~d:, ~O)m 0 ~J{fj~:~~v)L~7J~~:~A~ tlG.
ijl1:Et: t> B *~fflt:~d:~ e:ilffi.J3t7J~imrPJ ~ tl~9v)7J!, fJIij~O)(R}JIJ~d:~~.~M~~:~

9 Q J. Black O)~~ (18 fft~rfI ~'0) ~:J:: J Lilll~ tlt~. ~ilffi.O)~f*cftfilffi.O)~f*~

~f!k~itQ C:, frJ~7J) G1~~~tJ 0 I) 'Y 7 (A. Lavoisier O)~5tt~J(. 0 O)ifrtf*) 7J!~tJJ

9 Q c:f&~d:~5tt::.. t::.ti. G, ~.O)tJ 0 I) 'Y 7 ~1J&1& G-c t>, ~tl~:J:: J L ~G ~ilffi.J3t

l:¥f.~d:!Jo/.)f*O)~~.~:~tt{?iJ G-c IJ\~ < tJ: tJ, m~tJJ ~Q71<O)J:: '5 tJ:ti~~:~d:~~.

~d:~~i*<:ilffi.J3tl:¥f.~d: 0 t:~Q. ~~~mJ( e:Y!Q ~O)tJ 0 I) 'Y 7m~d:, ~mf*rt=l'-c'~QL!

~O)~E~~'5 ~ < mf!ij9Q7J~, ~~X*)v~-c:7J~~ (mm~~t::'~d:ft:~~) X*
Jv~-C: O)f§R~~, t::. C: 5t~t*~~tiifrt~:J:: Q9£~ (IEil~:~d:rMtJ3tJ:¥f.) ~:~d:Jlffl G
tJ: v). Rumford 1B~d:, *~O).:p <" tJ {~~O)~~:*~~: J:: J -Cv) < 6 '"C' ~rMtJ3tl:¥f.7J!~ tJ
:> G:: c:~9£Y!G, tJ 0 I) 'Y 7m~aJEG-C~0)*J(~d:~tJJti.C:±5~Gt::. (1798 if).
~0)1~, ~ ~ ~"~tJ:~-17°o)X*Jv~-O)f§li~~~:~G-CJ:*)v~-O)*,t.~J:--JE/F

~-ec15Q, c: v):> -~J*~c: G-CO)X*Jv:¥-f*fiRfJ7J!, J. R. von Mayer ~ H. L. F.
von Helmholtz O)~fnB~~~t:)J::LF J. P. Joule O)~.~~~tJ:c~:J:: J -Cilll~ tlt::. (19
fft~-¥~t). m--~Jtfj~d:, ~ 7 0 ~:Y!-cMtJl: G-Cv)Q~mf*~~~d:~~I.*)v~-, t> J

c iEil~: v);Z~tpq$I*)v~- ~ t> !>, :: tl~~ ;Z ~:Atltl~t~ijl~~: ~ v) -c t> X*Jv
~-f*fiJ{Ij7J~JiX:ll9Q ~ C:~±~ Gt::. ~ o)-c'~ ~. ~ 7 0 tJ:ll!~7J) GY!tl~t!Jo/.)f*n~r*J$

x.*)v~-~ ~J:: c: ~d: EI f!ij-ec15J -C, ~mf*~fMJiX:9 ~ ~ !7 0 tJ:*1l-TO)~tJJX*Jv~

.f3J::V'JF-r /~'V )vX*Jv:¥-O)~f[]~:~~n)tJ: 6 tJ: v). ~mf*O)~~~f(j~:{~:> r*J$X*
)v:¥-O)~f(jiJ)G, ~mf*~:1JD;Z 6 tlt::.~ 7 0 tJ:~7J (1:: A ~ / ~¥fJ97J~I1!!J{**iIfi ~ '*
fJ9~7J) O)tJ:97J~~tJ:1±.~5f*Jt::,9~tJ~, ~~~ft:~:~G-C!Jo/.)f*n!~$iJ)GIJ&
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1& L" t=.~. C: J: v'S~.

~ !7 0 tJ:li~7J\ 6 J!GtJ: 6 ~t, ~. 'b ~ !7 0 tJ:fjLT7J~liV~~: tJ ~Ii~£ L"~ :> ~ C ~: J:
~ -C 2 -:JO)~~rp~~:~G tJ~tJ9I*Jv=¥-0)31JJ~~G7J~, ~!7 otJ:~N~im. L" -c31JJ
7J~fTbttGt=.&)~:, (~!7 A r) xJvO).~~:~J:IJJ~~'b)fAt=. tJ ~:~J:~~~:ff1Ij~TG ~ C
O)~~tJ:V~~*7J~~~. ~tt~~1J~tJ9~:~~T~ 'bO)7J~~1J~m=r!Jlfj~d!>~. 2 J
O)~~~~M~ itt=. C~ ~:, m-r!Jlfj ~J:-j]O)~J t~~Ii7J~ftgj] (J)~1&Gt~~.~~~G
v~ ~ cti~t~~*TOO)~:~tL", m=r!JtIj~J:MirAO)~~IQ\ 6{ttrAO)~~~~7J~3IJJT0
:: c ~~*TO.•~{f.j••0)J::> ~:{ttrA ('-f1\]) IQ\ 6 MirA (.-~) ~:~~3T~.~J:~

07J~, :: O)~~~:~J:q::-~-~[EJT~ c ~:J: ~ LtJ~tJ9tJ:tt.7J~rRJmf~:tJ: ~ ttLV~~.
• ~{f.j••O).tJ¥~••~ 0 ~:T0 ~ c ~J:~~tJ: V~ c v~:> O)7J~m=r!j{fjO)±5I-c'~ ~.

m=r!~Ij~J: N. L. S. Carnot O)~~I./~/~:~ToJll!fR8tJ9iJf~(1824 iF) ~:M* tJ, R.
J. E. Clausius, Kelvin 9IP~:J: ~ -Cilli~ ttt~. ~I/~/~:~J:~rAO)~lJj(1J'J I) /0)
.~) c:fttrAO)~lJj({f.j~~J) 7J~~ tJ, lW~7J\ G~1& L"t=.~.c:~~~:t&ttlT~~.C: 0)
~l1n~tJ~tJ9tJ:tt¥~:Ji.~tt~. fttrA~lJj~:~-C 6tt~~Ii~ 0 ~~~~~tJ: 6, *7$
~*~~~lJjc:L,,-C~O)f1\]$I*Jv=¥-~v~<G~'btt.~:~.~~~(})~, I*Jv=¥
-r~'Jm~J:PR¥~TG. ~ 0) J: 3 tJ:I,/~ / (m=fl7k~tI~) ~J:~IJJ~ti c V~? ~~:m=

r!Jtfj~~~TG ~ c: 'b~~ ~. fttrA~lJj~~L ~ ~iin~ti/J\~:tJ:~ O)~J:, I /'~ /'~~
~fJ9~:, -:J* tJ~3JZ1ti7J\60)9ttn~~~i/J\c~tJ:it~~~c~~< tJ~JiTG~~-c', ::
0) c: ~~rA~lJjl:'~1&T ~~.C:fttrA~tJj~:t&ttlT ~~.c: O)tt~J:iIfij~lJjO)rA~t~~t-c'

tR:* G. :: O)tt7J~~tJjO)*fg~trA~O)tt~:~L" v~ C L" -C~tJ~~:*fg~trA~n~~A. ~ tt~.

I./'~ /'n~ff~iJm~l:'MJi~ ttG-~O)~~O)~.O)tt~J:, *fg~trA~O)ttJ: tJ /J\~ v~.

~ GfttrA~tJj~*fg~t~~~:T~:: cn~l:'~tt~t, ~:: ~:~-CGtt~~.'b0 ~:tJ: t),

MirA~tJj~~1&L"t=.~.~T~-Ctt.~:~;tG::C7J~-C:~~ ~J:9~~G. L"IQ\ L", ~ 0)
1JJ"~It!~J:, ff~i[EJO)~ltitlf'F~*fg~t~~~:~J~T ~ ~ c ~J:~~tJ: v~, c V~ 5 ~tJ~m=
r!Jtrj~:et ~ -C~~l:~~~ ttG.
m=~J{fj~J:LFm=r!J{Ij~J:, I/' l' 0 l::-~M!~-C~~f~TG z: C7J~-C:~G. ~~7J~

~G~3JZ1ti~tmn\ 6}J1J0)~3JZ1ti~tm~3G c ~o)I/' l' 0 l::-~f~~J:, ~~fJ9~fitJ: G
~t~~7J~~1& L" t~~.c*fg~trA~O)tt~:~ L" < (1JJi2:~N), -~O)~~~:~J:::' O)ttJ: t)

*~v) (~IJJi2:~f~). Z:(J)et:> ~:, ~1J~~J:-~~:~J:~~~G7J\4;ttJ:v)0)-C:, ff~iJm

~~~G~N~JJJ1J~tJ9~:~~9.Q z: cn~~~tJ:v). Z:O)J~-e~1J~~fJt~Get '5 C9
.QO)n~3-FIJJi2:~NO)~1J~~d!>G. ~ Jy otJ:li~n\ 6J!.Q c, ~~a:pO)fjLTO)~IJJ~J:~

~C:'b~.~~~tJ, ~O)N~~I/l'Dl::-~~~ttO.m=r!~~, t&~Ttt~~

!7 otJ:~JJJ~J:et t) -Jl~.~~:tJ:.Q z: c:n~~~ c: Iv cil~l:'~.Q z: c ~:li,*TG. *t~m

=r!Jtfj~J:, rA~n~rn~~~: Gt~n~~ -C ~!7 otJ:~JJJ~J:.~~mG, *fg~t~~-e~d:~~tJ:

.Ff~tm ~:tJ: G z: c ~:li,*TG O)~~ ~.

10-10: ~3" (~JlI!1561)

d!> G~m~O)rA~ ~Jfi{tLrA~~ft: ~ itG0) ~:~,~tJ:~.. z: O)~~n\ GVn\.Q et '5 ~:,

~Wm~d:~ c: ~ c~d:~~O)*~~ ~:etG.~~G7J~, tltffl c L,,-C, 1 mol O)~.~:~tT
G~W.-c' d!> G ~)vtt~ (d!>.Q v) ~d:~Jv~W.) tJ: c ~Jfi~:~W. c etv'S~ ~ c n~~G.
*~: 7 ~ 1) jJ -c'~d:t)~tt~~heat capacity c J::v'S~::' c: 7J~~ <tJ:~ LV).Q. tt~c: rPJ~~:,
~W.~d:~$~flF~:J:: ~ L .tJ:.Qf[i!~~J. ~ff~-~c: Gt~ c ~O)~WIi~~ff~W
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Ii, J±JJ~-~~Gt~~~O)~~Ii~~J±~~fi~lt~:>.*t~, mjj}-~d!>Qlt~~d:mf~

-~O)~~ ~::.t3~tQ~~Ii, .jj}-~d!>Qlt~~d:7}~-~O)~c~::.t3~t~~~fi~~ttt

tt~}JIJGLIN tJ 1& '5 ~ c ~ d!> Q.

10-11: ~.iJL1i (tto/.J~1560-1561)

f**O)§mll9tJ:~~~J:, t~ c:5t~tJ±JJ, f*fJO)et:> tJ:lt~ <JtJ\O)tto/.J~1i (~~~fx:)

O)m~::et J -C~~ tt, ~~tJ\GIDl11: Gt~f** (IDl11:*) ~d:, +7}£lt~Jtjr~,O)~~:: ~J:::tt

G~!i~fx:tJ!Jtjr~'ll9~:::iF~tJ:-~O)f~~ ~ J t~~~~::tJ:~:: ~tJ!, ~M:7!JtIj ~ G-C~ G
tt-Clt~Q. :: 0) C:~f** ~::~d:~1JllItJ!~ tJ 11: J -C lt~ Q C: lt~ lt~, ~O)~m~~1JlII~!i C:
lt~:>. ~*7J!~1JlII~!iO) ~ ~~::~d:, ~O) cO)$7}* ~~1JlIIO)~m~::d!>~. *t~f**

A ~f** B ~ ~~bitt~*7J!~1JlII~~~:: d!> Q~ ~, A ~ B ~ ~d:~1JlII~ d!>~ C: It ~ :> .
f** A ~f** B 7J1~1Jl1I~d!> tJ, ~O)[PJC A ~f** c c7J1~1JlII~d!>~ C ~~::~J:, f*
* B ~ f** c C ~J:~1Jl1I-r: d!>~ :: c 7J!~M:7!J{rj C G-C~Gtt-C It ~ ~ (2:. 0)7!J{1j~~JJ~
O)m 0 7!J{rj ~ lt~:> :: ~7J!d!>Q).~1JlII~~ G~::~ G < ~it~i~O)et:> ~::tJ:~. J±JJ
PA' f*fJ VA O)f** A cJ±JJPB' f*fJ VB O)f** B C7J!~~II~d!>Q c lt~ '5 ~ c ~d:, ~

ttGO)~~~f{O)f~O)r~~~::d!>Q 1 JO)OOf{OOf*!(PA' VA' PB' VB)=OtJ!~t)11:Jclt~

:> :: C-r:d!>~. ::0) ~ ~tJ\~, iffi\.~c: lt~:> ~~~f{O)~A7J!PJfm~d!>Q ~ C7J!~~ tt,
~1Jl1I~::d!>~f**0)iffi\.~~d:~G lt~ C lt~ lt~~T ~ C7J!-r:~ ~. iffi\.~(J).tJ:Qf** ~~f!I!~

itQ C~I*)v:¥-(J)3JJJ7J!~tJ, ~1JllItJ!~!jT ~ c7!!~7J!~ G < tJ:~. ~1Jl1I0)~

~-r:~d: A tJ\ G B ~ifrfttQ~lic B tJ\ G A ~mttt~~liC7J11it~::~G lt~. ~1JlII-r:tJ: v~

~~~d:~F1JlIIO)~m ~ J: ~tttG.

10-12:

tto/.JJt*O)~m7J!~~~f{(J)f~~::J:J -c CO)J::> ~::~G7J\~~T~~d!>G. 1Jl1I~~~

~v~:>::~~d!>G. ~~~f{cG-c~d:~Jm, 7!!~T, J±JJp, m~p, ~~7}*-c'~d:::

ttGO)~~tJ\~::~7}tttJ:C7J!C GttG. -~7}*-r:~d:, f~f!~::J: tJM!11:tJ:~~~f{O)f{~d:

Ni* 2 -r:d!>QtJ\ G, ~~~~d:=~7CO)1Jlun~::mtJ\ttG. S, L, G O)~~-r:~d:!!3-tJ:1!!!I

~, .~, _~~~!j~G. ~~o)~~~~-c'~~~O)~.-r:~!jTG~o)~#~PJ~

-r:d!>Q. ~~*l~d:~#BiJ*l~J:tfttQ. [PJC-~7}*O)~~~~ T c IIp ~~f{~::G-c

m< c, BiJ~O)~tJ!il:>. ::(J)c~, d!>Q~.-r:~d:*~d:!!3-tJ:f~cG-c~d:#ffG5ttJ:v~.

t~c5t~t, 7!!~7J! T1 -r:~!!3O)m~7J! PI C Pz O)r~~~::d!>Q.C:~, *~d:m~PI O)I!!!I~cm

~ Pz O)_ffj~::7}tJ\ttQ. =~7}*-r:~d:, 3!R11:t~~~~~0)f{~d:ji* 3 ~::tJ:~. ~~~

~ C: G-C~d:, t~ C: 7L ~t T, p.t3J:: r}~7} tl:: C ~ C:.Q z: C: 7J~-c'~.Q. z: 0) C: ~, ~~~~d:

T, p, C ~ 3 $fbC:~.Q_~7CO)~rJ3,~::m7J\ttQ:: c:~::tJ:Q. P ~-~C: Gt~~~O) T-c
un~O)~~~~d:*t~il:>~~::tJ:Q. z:. 0) ~ ~ ~ d!> .Q~.-c'~d:*~d:t$)-tJ:~ C: G-c#1£G
5ttJ:lt~. 7!!~7J\ T1 -r1Jlt$)0)~7}.rt7J1 c1 C Cz O)~rJ3'O) Co O)c~~::~d:, *~d:~7}tt c1 0)

_f§ c~7}.rt Cz O).f~~::7}"TQ. :: 0) c ~.f§ cr~f§O)~)vfx:O)tt~d: EF:DE ~::~G
<tJ:G7J1, ::tt~d: r-cz:.O)7!j1IjJ ~J:~ttt-C.t3tJ, ~j\~~7J145t.Qm~tJ:~¥lio)DC:J

~ d!> Q. -=.~7}*(J)jj}~, il*§ E8~~j: 4 -r: d!> Q7J\~~0) et :> tJ:jj}~~:: ~d:, J±JJO)~w
~~*Jl G-c § EI3~n1 3 -r: d!>.Q n\ 0) J: :> ~::l& tJ f&bttQ. TtJ:b t:>, 3 J 0)~7}~ lE-=.ftJ
~O)~m}~~::.t3~, iE_ftJ~pqo)}~~-c'*Jl~~~G, z:.O)IE-=:ftJ~~~c G-C, z:.tt~::~
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1l~:iIil~~~e$(b~: c ~ LlLf*ffJtJ:~g~iO~tliO)tt~. ~O)J:: '5 ~:~~.~T Q~7to)

~n!~< t~Q c, ~tl[t~~g~~O)~n!m;t, ~g~~j:~*7C(1)~rl=l~~:tliO)tt¢~ c~:

t~G. ~.~:J::~L~j:, ~d)~~n!~tI~il!tlO)~.~5!l<~~tQ~C;Q~~~.~O)J::

'5 tJ:tI'@j~:~J:, .tI~il!tI(1)~~ ~~~~~(1)DcJ~: c ~ L~g~iO~tliO)tt¢.

10-13:

~.(7)~n~ffJ~~~~2~9GJt-e,-~~:, ~n~ffJt~ rmeJ c rnJ (1)rl=l~(1)~

1Jl1ti-e(7)mJ~mJ-f*~~9~0)~, ~~1JmJt~GV~~j:~gJtCv~:>. !fl~ffj.t~f9iJ~j:,

-~7tO)~f*~t~~j:~f*-e, ~(7)c~~:~j:, iIil~ T ~/'7 ~-~-C L-C, ~O)J£n p
c~~ p O)mJ-f*~~2~9QJtn~~~1JmJt-c:, ~1l!~f*O)~g1JmJtp =kpT(k ~j:~Jv

~~/)t~), 7]' / · TJv · ?-)VA(1)~~1JmJttJ:cn!c fJ v~t J:: <~ 6ttLv~~.

iliJJO))t.n) c; Vn)Q J:: :> ~:, il!ttf*-c'O)il!ft cil!tlO)mJ-f*Jt, ~.f*-c'O).~7tfj c
.tlO)mJ-f*Jt~c~~~1JmJt~~~.

10-14:

1Jl1ti~O)~n~ffJ~~~m)tT~t~~~:f9!vtt¢g~JlffJtJ:~~.O)~ c ~v~ '5. ~f*

O)~~~~cLLJ±np cf*flv~cG~c~~v~n!, ~O)-1J~t~~j:fUij1J~, pC V
O)mJ~-c'~G~!RlLtJ:.-c'IR~;t-C~J:v~. ~7J~O)e~fj(]9l11J-c'~d:, I/ ~ 01::- S c
f*fI V, I./ ~ 0 l:::- s cJ£n p, iIil~ T cf*fI V, iIil~ T cJ£7J p O)v~-rttn)n!~m

~~O)tJlc L-Cf9!vttG. ~DiJ:-c~J:, 2 JO)~m~~O)tJ:n)O) 1 J~fi!!J)tLt~~f4:(})

r-C, fm(})~~~~~~{~~it, ~ (})~{~~:J::~ L~CQ ~Q~~.(})~f~~lltl)tT~

Cv):> z:.c-r~Gn)G, *UJPG~9v)~~.~~g~~~=c~O)n~fj!frJ-C~~. t~c;t·

~, ~f*O)~7J~fj(]tt.O)~)t~f*fI-)t(})~f4:(})r-efi:>J::fJ~J±n-)t(})~f4:-cfi

'51J7J!~j:G7J)~=~~tJ:~d:-r-r, f*flJ:: tJ ~d:J±n(})1J7J!fj!frjtJ:ffJrJJP~~-C~ fJ, Lt~7J!'"?

Lfj!ffJt~~~~~ti C: v) '5 z:. C~=tJ:Q. ~n~ffJEJ EI3~7J!m9~:JttL, ~m~~~~

~ c; ~=~1J[l9Q!£'~7J!~G. ~~7}*-c'~d:~~7}~.O)~)v~7J!, ~t~~J:~~7}~=~t9

G{~~~T/~~ )v~, .tlr~=~G~.*-C~J:7tf.i7J).tl7J)~~m~~C G-C~1JDL

tJ: ~ttt~ttJ: c; tJ: V1.

10-15:

~7J~~=:J3Vl-C, ~.(})~m~~O)'5 ~iIil~ T ~-)t(})f~~=1*J t~ c ~O)fI!!O) 2 -.:J
O)~~ (t~ c ;t~tJ±7J p cf*fI V) O)rff'O)~-f*~=-.:J V1L, z:.tt 6 ~m.$(b~= c J -C~~G
t~BB*l~~iIil*l~Q v)~d:~iIilBB*lc v) '5. ~1l!~f*-c'~d:, J±n~d:f*fI~:&itf9iJT ~ (~

-1 }v(})~JlIj) (})-C~iIil*l~J:JXBB*l~:tJ:~. m~O)~f*-c~J:, iIil~n!~v) C: ~~d:~1l!~f*
cIPJC:~BB*l~=tJ:G7J!, tlfi\.~7J!{~v)c:~tt7J)GO)-rtt7J!~C:G. Tc ~J:(i;~iIil~, Pc ~d:

~~J±, Vc ~i~~f*fI-c'~G. Tc J: tJ ~iIil-e~j:~iIil*l~j:.IDM~1>~ ~ tJ, ~ttJ:: tJ {~
tlfi\. -c'~d: V$(b~=1JlfT$7}7J!~ J L, 2 -.:JO)f§7J!~ff G-Cv)G~m~:~tJitG-Cv)~. il!Jt1f*
O)il!{~BB*ltJ: C ~~7J~fj(]~= ~d:~iIil*lO)-frtl-r~ ~.
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10-16:

3!>Q£~}i~;:7J)GiltlJ t~, fttlI: Gt~~JJ~ffJf**o)I*)v~-. ~~~~~I/' l' 01::
- cf*3~: CJ t~ C~O)~JJ~~~~ v) 5. ~JJ~m-i!j{fj~:J::tl~t, pg$I*)v~

~J:*O)cO)~JJ~ffJ~~~:~tGL~,~\-r.~Gt~fi~~J. g-tJ:V!>pg$I*)v~

~d:~~ill:'3!> ~. ~ G~:~JJ~m-i!j{fj ~:J::tl~t, ~JJ~ffJ*O)pg$I*)v~-~d::: 0)

*~ifrttl~lut~~.t~~tm1JoG, *O)tJ: Gt~tt.t~~t~1I'g-~. ~ G, 3!> ~1&/J\tJ:~m
~:J:: J L*~ifrttl~lut~~.7J~ L1Q, *O)tJ: Gt~tt.7J~ L1W l:'3!>~tJ: G~t, :: 0) c ~O)

pg$I*)v~-O)~f~ L1U~J:~ (1) l:'4ft GtlG. g-tJ:V!>
L1U=L1Q-L1W (1)

~3!>G. ~G*~DcJO)~JJ~ffJ~~~GWftG, 3!>Q~~~~CJLW~~CO)~

~~:~GtJ: G~t, pg$I*)v~-O)~f~~J: 0 ~3!>G. g-tJ:V!>-~O)~~~:rdJ LO)ft
f{ffJ~flJ ~L1U ~d: 0 -r: 3!> Q. ~;t~: ~L1Q= ~L1W.
PJ~tJ:~~i/J\~f~~~d:, *~:if,ttl~luti~.~d:~JJ~m=i!Jlfj~:ettl~t TdS ~3!> lJ,

*'t~*(J)tJ: Gt~tt.~J: pdV~ 3!> Q. :.:.~ T ~d:*fS~trAJJt, S ~d:I /' l' 0 1::-, p ~J:1±JJ,

v ~d:f*3. :. 0) c ~(J) u O)~~i/J\~fl: dU O)~

dU =TdS - pdV (PJ~) (2)
iJ) GrA~ T C1±JJ p iJ~~ (3) ~: J: J L>1<*' Q .

T = (dUldS)v' p =-(dUldV)s (3)
:. O)et 5 ~: uiJ~ S, v O)~f{c GL 4ft GtlQ c, ~~iJ)(J)~JJ~ffJ.7J~>1<*, J LV) <.
/FPJ~tJ:~~i/J\~f~~~d:, *~:if,ttl~luti~.~d: TdS J:: tJ /J\~ V). ~ft~:

dU < TdS - pdV (/FPJi2!) (4)
Gt::.iJ~JL, S, V7J~-~0)~#~~Q~~0)~f~~d:pg$x.*)v~-7J~~1I'g- GrPl~~:

~G. ~GL~~tJ:~JJ~ffJ~~~d:pg$x.*)v~-7J~~/J\O) ~ 0)7: 3!> Q.
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Lesson 11: Thermodynamics II
(applications)

1 T one, same; 1 'Y one, same
D C: (:J) one, same

-:to)
-~o)

unique
general

P(; :;t ry all right

Jit\Jfl
Jit\~

I/*'Y J) 3 ry71
bI/*/~3ry

flame calorimeter
smokeless combustion

application
response

:J hard, tough
ir~tc..(v)) hard, tough; 7J'itc..(*, ~) to harden, to stiffen {vi};
7J'i tc..(~ ~ ) to freeze, to harden, to strengthen {vt}

~1* :J~1

~)E :J-r1

:J ry consideration, thought
7J'i 1u7J~(x.Q) to consider, to expect, to suppose, to think

~~ :1ry7/
~~ :Jry~'Y

solid
fixed, set, immobilized

conception, idea, plan
discussion, consideration

~/ three
J.j.(:J) three; J.j.( J :J) three

~jfjfT~fj

m=~

~/1J!J:¥3ryV'Y

?f1~/~~

triangular matrix
a third party

~ ~ 3 ry birth, living; t 1 birth, living
vl (I'J'i9) to give life to, to revive {vt}; v)(~ ~) to live {vi}; '5 (*,n.Q) to be born {vi};

:> (ts) to give birth to, to produce {vt}; t~ *' raw, inexperienced
~Ji: 1::1 ~ / production
~~ J\ 'Y t1 occurrence, incidence

-145-



m ~ 3 ry burning
~(<)to bake, to bum, to print (photos) {vt}; ~ (~t .0) to be burned, to be tarnished {vi}

11~ -7 /'~ 3 ry smoldering combustion
1f&~ *' /'~ 3 ry combustion

JlIJ 'J -7 doctrine, law, model, rule
nlJlrjJ(1 ~ 'J -7 -t1
§~i!j{rj ~~/'$ry'J-7

regularity
natural laws, laws of nature

~ ->'1 number
~m~~

m-i!JlfJ
~->'1 ~~

->'117$ry'J-7
gradually
first law

t*1:
~I ->' /' cutting, judgement

z:. CV(.Q) to apologize, to decline, to warn; t:::.('J) to interrupt, to shut off
~~EE. ->' /'*' Y 7 '/ ~ ::L -7 adiabatic compression
*U~ J\ /' ->' /' judgement, decision

::. two
vs~t:::'(J) two

- 'h-l:tt 'lC
-/A1"-PJ)g

=*
=:J-::Jry'jry
=~3ry

secondary structure
second power, squared

~ *-/'buming
~(;Z.Q) to bum {vi}; ~(~T) to bum {vt}

PJt!&!fo/.J tJ*-/'7'Y
t!&f-l- *- /' 1) 3 ry

combustible (substance)
fuel

& 1\ /' antagonism, anti-, opposite
-i-(GT) to bend, to warp {vt}; -i-(.Q ) to curve, to warp {vi}

{1::~NJt\ tJ jj -7 J\ /' J ry chemical reaction
NM J\ /'~ "V reflection

~ ~ ry getting fat, swelling
v's~ <(tl~) to swell

Jt*tJ:
DYt5~

~ry->,1 tJ:
~ry73ry
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II-I:

Reading Selections

~t.J~~-;~Jllj (~J.l1562-1563)

~1J~O)£*~jtUo)DcJ. ~cv~5m~~~LI*)~:¥-f*#~±~9~~(J)-r:3!>

J -C, R. Mayer, J. Joule, Kelvin 9l!P, R. J. E. Clausius, H. Helmholtz ~ ~:J:: J Lilli~
tlt~. ~~:~~~*-£••~c L, -cO)I*Jv:¥-O)f{J.I:t3J::LF, ~tl~:£~v~-cJt~~fft

fnU~:J:: tJ ~~tfj ~ tl~~jtU~rg:}JIJ L,t~ v~~~1J~m-~J{1j C v~ 5 :. ctJ~~v~. fm¥O)t~

~, *'-9, ~W(J)tfjAtJO)t~v~f**~:JV~-c~~~. rft.wc~Qc~4xL, f*
*~~1Jl1ti~~ (I) iJ) G~1Jl1ti~~ (2) ~~{~~it~ C9~. (1) iJ) ~ (2) ~(J)~{~i&JN
~d:v~ ~ v~ ~ 3!> t) X-C, ~tl~:~ c: L W :t3J:: LF QO){OO:tJ~.tJ::Q. L,tJ) L, fItij~O)fO W + Q
, 9t~b~, f**tJ~~$iJ) G~l&~1J~~J:*Jv:¥-c:~~J:*}v:¥-(J)fO~j:, (1) C
(2) iJ~IE*J-cv~Q~HtJ*~:-IE-r:3!>QJ (J:*J~:¥-O)f{J.I). v~* (1) iJ)G (2) ~(J)~
~~1~~~~~i&JNcG, ~~t~~~~JtO)~ra~-r:~X:Q c, Z:(J) W + Q~d:3!>:Q.7tm

J:t0).~7t~~~ tl~. l:(J)*-£••~~d:, z: O).~7tO)fOO:tJ~~O)ii1ffj~:J:: Gt~ v~ ~ c ~
~L,~~O)~3!>J-c, Z:O)~~, ~(J).7tmJ:t~~X~~~~JtO)3!>~~~(z:tl~E

C:9~)(J)~.7tC:L,-c~~tl~ . • ~7t0)~9~b~w+Q~
E2 -E1 = W + Q

c:tJ:~. ~ ~ -r: E1, E2 ~d: E 0) (1) :t3J::lt (2) ~O)f~~3!>~. ~O) E ~f**o)I*)v:¥

- c:~~~~t, pq$O)~~~:J:: ~$7t0)~~:~ (39~ C: ~, ~tl~pq$I*Jv:¥- C: J:: lt,
itJm U-C:~9. ~1J~m-~J{u~d:pq$x*Jv:¥-c v~ 5 ~~.tJ~ff1£9~ z: C: ~±5~
9 .Q~J{rj-C: 3!>~ c ~ v~X ~. ft. W, ~ Q~j:ii1ffj~: J:: J -C f!tJ: t), ~!ij.-C:~j:tJ:v~ .
• /J\~{~~~X:Q~~~:~d: dU =d'W + d'Q C:~9. d' ~d:./j\.-r:~d:3!> ~tt~, ~.7t c: ~J:

~H Gt~ v~ z: C ~~9t~~-C:3!>~. ~~:, f** ~:~mWO)tfjAtl7J~3!>.Q~~~~XQ. z: 0)
~~~: ~Wfi~tFm ~:t!~~ <I*Jv:¥-O)~{~ d'A (3!>.Q v~~j: A) ~~X~ z: c ~:J:: tl,
~<(PJf~~:m-t~JlIj dU =d'W + d'Q + d'A, V2 -VI =W+ Q+ A 7J~JJX: t) liJ ~ c:iJ~7J'~tl
Q. *t~m-~Jtu~d:, J:*Jv:¥-O)*"i*B"~~~t'-9~:, {±.~tJ:L,~~t:QJJJ1JtI~, 9tJ:
b~, m-flO)7k~tI~~J<Q z: C: ~d:/FPJfi~-r3!>.Q z: C: ~1\~9 Q.

11-2:

~1J~O)£*~Jtljo)Dc:J~3!>Q. I/'I' 0 c:-iljej{1j C: v~ 5 z: C: ~ 3!>:Q. m-~J{Ij

7J~~~~f~~=:t3 v~ -Co)J:*Jv:¥-O)1*ff~~~-C v~ Q0) ~:~tG, m=~Jtrj~d:~!ij~1~0)

~~1J(1ij~=J v)-CO)£*~J{Ij-c'3!> Q. ~1J~m=~J{fj~:~J:~ * ~~~*t~~mn~3!> t), r~

v)rlfi\.JjtO)$7tiJ\ G{ltv)rlfi\.JjtO)$7t~~n~~JJJ9 QiM1fi~d:, ~~7J)~: {ilJ0)~{~ ~9~ Gt~ v)ti
~~:~d:/FPJ~i&JN-c'3!>.QJ , 3!>.Q v~~d: rft.7J!~~:~b.QiM1f.i~d:, ~~7J\~:{ilJ0)~{~~9~

GfJ:v)fJ: G~1/FPJ~i&!f~-C:3!>.QJ , 3!>.Q v~~'j: r4x Gtlt~f**O)ff:~O)~!ijO){£~O)lli

m~:, ~0)~~7J\G1tJT~~{~~:J:: J -C~d:JrJ~9Q z: C: O)-r~tJ: v)~~7J!1/'tJ: <C: ~ 1 J
#1£9QJ c:v)5m~:~m~tl~. l:~:~~t~3 JO)mO)J*J.I~d:v~'-9tl~~t~-r:(J5~.

fx:~~~:~d:J: / l' 0 l::-~m v)LJEJ:tf~-r:~ ~. H::t0)f**O)f£:t0)~1!J JV~::t3V)L,

f**n1e&1&9~~. {2 ~~O)~O)#t*B"VjO)r.aJjt Tn -c'~UJ t~ ~ O)O)~f[J~j:, !J 79:/9
AO)J*J.I~~,g&)~td.G~t
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l(Q,ITn) ~ 0 -c: C1!> Q :. C: iO~~~ tlQ .
n

:.tl~~Mt~i&Ifj~=ilffl G, ~fi7tO)~Jt~ffjfflTtl~t, ~.IiI/ l' 0 l:::- S 0)#
1£iO~~iO)tlQ. m=~RIj~d:, rf**~=~d:~.1tS iO~#1£G, ~O)~. (1) 10) 6 (2) ~O)
-~0)~.~1~~=SV)-C~d:S2 - SI ~ Ie d'Qlr e

) iO~~ lJ li'JJ C:~~ tlQ. fi7t~J:JifbC
~:rdJ -CO)~fi7t~jt~G, d'Q ~d:./J\~il (Q c v) 5 ~~O).7t~jt~TQ ~O)-C:~J:tJ:

v~:' C: ~~Tt~~~= d'Q C: Gt~), r e
) ~d:~O)f3t~lJjO)lAJ3t-C:C1!>Q.•/J\tJ:~.~1~O)jjj

-@J~J: dS ~ d'QIr<e) -c: C1!> Q. ~~~d:~1~7J~PJ~~-C: C1!>~ C:~ ~:~ tJ li-.:J. ~Mt~ilfj-e~d:

r e
) cf**O)lAJ3t T ~d:~ G v~iO) 6 dS =d'QIT ctJ:Q. Gt~iO!J-Cm-~JtljC: ~ C:~-C

dU=d'W+ TdS
iO!~ lJ li-::J. ~~~Mt~i&Ifj-e~d: dS =0 (I./ l' 0 1:::-/F~), ~~/FPJ~i&Ifj-e~d: dS>
o(I/ l' 0 l::-m*) iO~~ lJ li'J.

11-3:

m 0 ~RIj, m-~Jtrj, m=~j{1j ctJ: 6~S~~1J~0)~*~j{Jj. ~1J~m=~RJjfd:*)v/
A 1'. 77/70)~JJMc:~J:~tn, ~o)J::>~::v)v)~~n~. r¥-~7t~~':)~.tJ:

~f*O)I/ l' 0 l::-fd:, *fg~t~J3t~=J1I-:5< ~=~v~, ~.O)lim, ff), J±1J~=~~f*tJ:

~0)1~~=J1I-:5 < J . ): / l' 0 l:::-~d:~ItJt1O)Ii-r C1!> Q10) G, 1 mol ~ t~ tJ 0)): / l' 0 1:::-
~~;tQ C:l:0)-~0)1~~d:*ilm~~ctJ:Q. ~iJ{tl-c:r~'~C:tJ:QO)~d:I/ l' 0 1:::-0)~-c'

C1!> Q10) G, :. O)*ilm~~fd:{iiJ~=C: J -C~ J:: v~ ~J:~-e C1!> Q. ~tl~ 0 C: T Q C:
limS=O
T~O

iO~~ t) li-.:J. ~tl~d:m-~RIj~Jto)W~:~ Gt~ ~ 0) C: v~:> ~ C:7J~'"e~ Q. m-~J{rjn)G,
-~~~=, ~JtO)~~1t (Cp ' Cv)' J±1JO)lAJ3tf*~«iJpliJnv)' mf~O)lAJ3tf*~

«iJMlanH) tJ:ciO~, *fg~t~l3t~=J1I:J'< ~=~v), 0 ~=J1I-:5< :: ctO~~i:tG. ~t~, rcO)
J:: :> tJ:~Jt ~ fflv), cO) J:: :> tJ:i&Ifi~ I~ G-C~, 1f~i[§O)~fP'"efd:*fg~t~J3to)~.~

~~T~:' c:fd:-c:~tJ:v)J (*fg~t~J3tO)~J~~PJti~Jt1) ~ C:tO~*fi~~tlG. TtJ:b~,

C1!>~i!ftl3t T' (> 0) O)~.lOlG~~~ • ~~~ (~O)i&Ifjnt!ll~*~ < i!ftl3t~~-r~itG)

tJ:~f!P~fTJ -C, lAl3t T" O)~.~=~f~~itt~cTQ. ): / l' 0 t:-O)~f~~j:tJ: v~7Jl6,

Cp ~~~iiC: G-c, JoT' (Cpdtln = JOT (Cpdtln iJ!~ f'J li-:J. ;:;: -r*fgM~l3t-rO)x/t- 0
t:-0)1~nt~mJto)~~ ~= J:: 6 tJ: v):. c n!ffl v) 6 tl-Cv) G. T" =0 -c: C1!> Q C: T Q C:, JOT
(Cpdtln =0 -c:tJ:~ttl~ttJ: 6tJ:v~. ~1J~~~~Jt17Jl6 Cp > 0 -rC1!>QIO) G, ~n~d:~-@J

~-r C1!> Q. TtJ:V~ T" =0 C: T Q :: c ~j:-c'~tJ: v~. ~ t~l:O) (dMliJnH~ 0 (T~ 0) ~d:~

~~~m~~:J:: J -C T= 0 ~:~Jj~TQ:' C:7J!/FPJfj~'"eC1!>Q:'C: ~jt~TQ ~O)-rC1!>Q.

~~< O)~mJt~:~v~-c, ~f§, ~ff)-c'o)~.~{~, &}jt\tJ:cO)~M*5*n)G w.
Nemst ~j:, 1906 iF~=~O)~j{rj~mtfjGt~. rr~f~setltl!!lJf~-rO)~lA· ~J±~tJ:~m~

~, f~~~~f~~=sv)-C, x/ l' 0 t:-O)~{~~d:*fg~tlAl3tc c ~~= 0 ~=J1I:J'< J :.tl~j:

*Jv)-' A ~ O)~~JJM c J: ~:!tl, m-~.arjO)J*~ ctJ:G ~ 0)-c'C1!> Q. :. O)~JJM~d:, v) 0 v)
o tJ:~Jto)):)-' ~ 0 t:-0)1~ ~~.iJ{U~n) 6 ~tJJTQ~O)~~O)~~~ii~TG0) ~=m

~tJ:jt~~~ J ~ 0)-c'C1!>~ tJ!, *fg~t~l3tO)~rJ~~QJfI~JttO)rp,e~~~T~ t:::..~ ~::~d:~+

7t-c'C1!>~. *JJ&)~::iffi~t~, *JV/A l' · 7°7)-,70)~J1J!~d:~0)}~~~Iu-c'v)~.

:.O)m i:tJtfjO)jt~O)J1J!m~i~~Qt~&')~:~d:, 7tT~~tJ:~~, TtJ:b~~MJJ~~
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~(jjn\ GO)~~tJ~;(f~jj-r:3;~. Jf)~j1x /'O)J*~t:J::tl~i, f**O)x / " 0 t:-~d: s=
k log W(k ~J:~)vYx/JElt) -rlf7L Gtl~. =-:.c: w J1-1**Cl)Bmag (~1J~ag) ~~ (
f*fi, I.*)~~--JE) ~:.t3lt)-CWf~tl~.T~~O)a~C'~~. ~jtt: limS=O ~j:,

T~

*P'1O)~Tlt~fl cg-~ c ~ wtJ~ I' c:lt~-t-7t/j\~~)~ t: ~~~g-?;,tJ~, lim S = 0 tJ~
T~

.m~:1JX tJ liJ~:~j:, ~~t~ErO)Bmag~~~~J: w= 1, g-~t>!>-1**l:Wf~ tt~.T

~~tJ~t~t~ I :J-c'~~ttt~i~Z;~~J . • T1J~ag~:~~7L~t, -1**O)£JlE~~(1).~IltJ~

I C'~~ ~ ~ ~:~tJtg-Q. ~t1~mT1J~ag,:-~ag~:~~g-~z: C~d:-r~~lt)tJ~, 1*
*P'1O)f§1ifFffl ~*~lt~ ~O)tJ'~ GIJ\~ It) t>O)"'.':~lI ~ -Clt) <l:, -~~:.T~~O)

m~n~~1< C:f'R~tlt,.~<~ C7J~~ GtlLt,)~O)-r, to)it~~d:J:: <J!f'R'-r~~. *t::,
et>~4mjtO)5«.f*~~C'o)I/ ~ 0 ~- S2(T, p) ~j:

Sg(T. p) - So = lim fT. T(d'Qln-
TO~ 0

<:~~~tl~. So tJ:~~t~ll-c'(J).I/" 0 1::-0)_, d'Q ~j:1**l:AQ~.9/'(l~~

9. M7t~j:T~O, p~oO)~~n)G, T, p<l)5«.f*~~*~~Mtag~~Mi':J~)l1J[];t

ftb~~=l:~~g-. g-~b!>~m~~.~JE~6*~Gtl~I/~D~-~~~. 
11. -t-1ttaErO)iei~~m~O)~1*O)7tft2DU~ (Gt~;6~J -c, ~)Ltb*)LtYO) EJ mI*J!t
~-)~7t**~~••~-~~~C:~GTfi~g-~~c~~~~~n~~**~I~
~ 0 I::- (7t7t*agx/ "0 t:-cJ:~in~)~ Sg(T, p) c~;t~~ C:i1~ff~tlQ. =
O)~7L~:liT~t, ••fli;6\ 6 SO ~JE~Q z: c:;¢~-e~~. ~~O)4tJ.~:Jt,~LiIt~T ~

~ C, *~~(l)~O)~~J:So ~d:-t-7t 0 ~:jfi~~t1~, 0 -e~l.-~~~-JE(J).~7I'g-4I1J.t>~

~. ~(J) rlJRfJ'":J~~t~I/ ~ 0 t::-J " ~n~:~t~g-¢.T1J*ag~.~lI(J)fBJa~:::>

to ~ L~j:, ••ag~::~1lJR rJ :J v)t~ ~ (J)~~Iu Z; j)\(J)1jlJ;.-r:t!6tJ\g-~ C: tJ~1t l::iiJ~~ (J)tJ\ c
3 iJ~, JJJ!ifBag ~:: ~j:.~ ~7t~~ itQ J:: :>~••t1~ iit l::f¥ff L, :> Q t> (J)~ (J) tJ\ c '5 1J\, ~ )
~t~l:+7t~:f'R~~nt~C~d:t,) 5 ~ ctl~~~~lt~~l5l~:~~. ~(/)~~~z:t3lt~-C, ~=

$JlfJ ~~~tJ\O)£*lJ;.J{1j C ~d:fI1J9IJl:l& tJ.bt~ to)A~ lt~ ~.

11-4:

~1*~ff.g-~ C ~, ~I6O)~~ii L,-C~I.*)lt~-tJ~l:tlA t) g-0 ~ cfcI. <ffjfj9~
~fj~~):>. J!!l!~-1*~Iffi~agl:J±.9~C ~, JJJ!!l!~-f*O)~~11filt;c~I*)v~

O)l:tlA t] t1~ 0 C'~~ C~) 5 DU~lt;7J\ G, ff1J p c-1*M V C: (l)ra'l:~j: pVt =-JEO)mJi*n~

IJXli9~. ~~~y~JEfflt~c:JEMlt~®~~~O, 5«.f*7tT®t>J~~N~8c9

QC:: r=(2+8)/~-e47LGtl~. o=30)l:~~j:r=5/3 ct~Q. J±1J~J:~lIn cialiT
C:. O)M p =nkT -c:4 X Z; no tJ~, n ex; VI -r:~0 0) -C:, W-1 =-JE, ~Q t,.) ~j: Tn-<r-I) =-
JEc~~. Gt~:6~~ -r~-1*~f.fi~1±.9¢ cil1ltJ~J:Jl.g-~. /7Ax ~1Ji~agl:J±.

g-~ ~J!~5«.-1*cfl1J Cet 5l:~~¢*~~, -:17A~ ~1JD~g- ~~f!il:m~~ Z;tl~ -:17 A+?

(J)d1i~1±.I:t3tt)-C~d:, f*flO)J±.~ra'T
1IC
tJ~*1lTO).J!tii~~ra' UVT (L-VJ3

, vT ~j:~

ifRN) J:: t) fk <, I*)lt~-m~~ra' 1"E J:: t) mlt~ (EE.~ra'~o)~.I*)v~-m~iJ~~
m-r~Q) ~ C:t1~~,~-e~Q. -:17 AxQ)l*JT~J±.~j:M G~~m. Hz ~~rfJ,ag~:5jt,.)jj

(ti]':~ft~itQ ~ l: ~:J:: J TfTbtlQ. 77A?O)*"tI~a C9Q C, m*f*f¥O)m1~

1J\ Ga2B =-JE, *1l-Tf*f¥J:: t) na2 = -JE-e~~O)-c', Toc ny-I ex; n 213 oc 8.:213 t::.t~¢.z . ~
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11-5:

~JJ~fJ9~fi(J)~ t>-c'~$c(J)~mM~~~ -CfTvtl~ ~(J)~V)? f~~fJ9~:~d:~Mt

fJ9N1T~~fi c v) ~ ~ (J)iO~dij Q. ::.tl~d:~$ cf±.(J)~ I'J c I'J ~fT ~ (J)ti.iO~, ~MtfJ9~f~

-c'dijQ(J)-c'PJi2!-c'dijQ. PJi2!~fi-c'dijtl~~I/ l' 0 e- S e~. Q e(J)rp~~:~d: dS =
d'QIT e v) 5 ~i*iJ~~Q (1)-c' d'Q =0 iJ) t3, S =-~et~ t], ::. (1)jt~-c'~I/ l' 0 1::
~fiC: ~ v) 5. t~tiG1tv)jt~-c'(1)It1T~~fi~d:/FPJi2!~fi~~u. t~ c:;t~~~~iJ~~ft

V7J) 6 V + L1V ~efm~f3 E8.~9 Q~ft~d:P'J$I*,)v=¥-iO~f*ff~ tl, I/ l' 0 1::
~m*9Q~fi-c'dijQ(1)-c'/FPJi2!-c'dij~.

'*t~, JJ~(1)Jtlf-c'~d:~-r(J)J::~ ~:mv) t3tl~. dij~JJ~*iO~.mJWI~jJj~G-Cv)Q c
GJ:: 5. ::. (1)*~*f.~~t~/\7 ~-~-~+Jt~J < t] ~f~~it~ (t~ c:;t~~fJRjJj-T

(J)~(J)~~~m<9~). ~(J)~~~:~iG-r, *~m~9Q/\7~-~-a ~+Jt~J

< l'J~f~~itt~c~/F~~:f*t~tl~.~, fm~/F~.C:1j~~t J c_<. I*')v=¥-
E, fJRJJJIc v (1)lfifJR t] -T(1)~ft J= Elv-c'dij~. .mJWI~JJJ~ GLV)Q*~:~tG-C~d:-~

~: J =g,pdq C: t~ t], ftJt~d: 1 .mJWI ~:~t G-CfT:> .
MWI.-TrnB(1)~f~~:~d:I-v /7 XA l'iO!~~1&~~pm;t-C, .-TJJ~~PX:,*-c'(1)Jf&

ilftfJ91Ji!rnu(J)£lif~4;tt~. 9tJ:Vt> , *iO!~$iJ)t3+Jt~~ < t] c Gt~~f~~~~tt~

e ~ ~:~d:, *O)~f~~d:fJ~O)1Ji!~m v)-CrnB c: -C J:: v), e v):> o)-c'dij~. ~ 6 ~:~f~O)

~g:t~~~, *~d:'M~:.-TfJ9~~~:ff1£9G e, ~(1)~~-c''//?-7x)v l' 6 ~:J::~

-C4;t 6tlt~.-T~flF~d:, h ~77 /?~f{c G-C J= nh (n ~d:mf{) e v) ~ ~O)-c'dij~

t~.

I-V /7 XA l' O)fm~1&~~d:iI~tJ:~flF-r-c'~J.m~:¥fmGt~ : /\7 ~-~- a iJ~+

Jt~J < t] ~f~9G e ~~:~d:, *~d:1WJ C:.-T~~~: e C'*G. ::. 0)~J.m~d:~.:L 1/-7'~
/11-1Jf¥J:t~mv) -CIDEl!Jl~ tlG.
~ G~:~MJJ~O)Jtlf~:N1T~~JJl~~~9QC, dijQX*,)v=¥- E ~-r0)~~f{~d:

/F~.-c'dij~ ~ ciO!~it, ~)vY? /0)~i*J:t~tim9Qex/ l' 0 e-iO!-~ctJ:Q

~ C: iJ~viJ)G.

11-6: 1tJi~EI EBJE~ (ttmJ.m1241-1242)

~t39~= ~d:~~ cff31if'Fffl ~1tJTt> -wJ Gttt~ (Ifjf~) ~~O)J=f1J0)$~~:~~~ rtJ G)6&'J
-c:J3<. ~O)$~O)~~~~, ~0)~~~~0)7Aft.N~ Ti C:9G. tifltlO)$~~d:1t~~:

G-C:J3 <. tt-wJ~~l&t] ~< cli:fltlO)$~~:ft~G-cv)t~~~~d:tifltlO)$~~:~3JL
v)<. ::tl~~~0)~~f3E8.~ev)5. ~O)~~~~O)~fl~Vp ~~~~~0)7Aft~

~ Tf c GJ:: '5. ~0)* ~d:~~e~fJ9~:~d:Ifjft>-wJ Gtl-CS t] ~O)tI1A t] ~d:t~v) (Q= 0).
~ G~: ~ 0)~~~J:~$~=f±.~G-Cv)t~v) (w= 0). Gt~iJ!J-c~JJ~m-i!J{IjJ::t] P'J
$I*,)v=¥-0)~1~~d:~C:tJ:v). ~,*tJ dU=09tJ:Vt> U(Tp ~)=U(Ti' ~) c:t~Q.

*f~=J.mtl!~~~~;ttl~~ U ~d: V ~:(t(ff GtJ: v)o)-c' U(Tf ) =U(T) etJ: t], T
f
=Ti 7J!~~ G

tlG. ~ 0) ~ C ~~~t39~:iiiJ)~t~O)iJ!~:l- --)vO)~~eJ::~ttlG~o)~~G.
~1£~~-c'~d:~~V O)~f~~:f~J -c7Aft~~1l':7J!@G. ~1~0)~Uft~d:, ~~f3 E8.~

-c'~J:P'J$X*,)v=¥-- u iJ~-~-c'~G;O) G (dTldV)u -c'4x GttG ;O~, ~ O).~d:~fJ~O)

OOi*J:t~ffjffl9Q C (dTldV)u =-T2/Cv [d(PIT)ldTJ v C~9~ ciJ!T~G. ~ ~ T Cv ~d:~
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ffft)Lttt~-c'~~. ~~~~f*O)tJ\~1JN):\7J~ pV = nRT (1 + B/V) (n ~j:tJ1tIc, R ~j:~f*

~Ic, B ~d:~= 1:: 1) 7 JLtf*Ic) C_~t~ C~ ~d: (dT/dV)u =-l/Cy (nRT2/lfl) dB/dT ~:J:~ L
iA!J3t~f~])~4;t Gtl~. dB/dT ~j:IEO)f~~C~ O)~~1£~f*~j:~~EI EB.~~1it~:74t;t

,'Q.

11-7: IJi;.AE~(~J!1243)

~f*~~~7J\G~a9~:~j:~fII~tlt~~11l(~~) ~~f*~.~~it~~ C ~v~ ~. 1m
.00t~~J!m~f*~~;t L~J::>. ~1.J~~-~Jlrj~:J:tl~~ dU= d'Q + d'W~~:Q7J~,

v~ *O)$~ d'Q =0 ~~~iJ\ GJ::):\~j: 1 mol O)~f*~:~t L" L CydT= -pdV ct~o. :::.-r:
Cy ~d:~ffft)Lttt~-c'~~. J!m~f*O)tJ\~1Jfi):\~mV~Lfff7tT::' C:

pVt= -~ (1)
c v~ ~ ~f*):\7J~1~ Gtl~. ~ z: -c' r ~d:, ~J±t)Lttt~c:~ffftJLttt~O)tt (tt~tt)

r= Cp/Cy (2)
~~~~tl~iI-c' r> 1 -r~o.

):\ (1) ~d:~iA!i&1NO)):\ (pV= -~) c:tt~Lp-vEIB*lO)f~~iJ~J:t) .GV~.

):\(1) ~d:*t~

W- I =-~ (3)
c_< z:.c~~~,'Q.

v~9tl~:L"L~, ~ O)~~.~~:J: J L~f*~j:~$~:f±.~ L", tf'J$I*JLt;f-iJ~~

1/'To. L"t~7J~JLiA!lJt7J~~iO~~. ~~~O)EI EB.~O)$~~j:~~EI EB.~C: v~ ~.

11-8:

UliJ3t7J~-~~~i*t~tlt~**~mfiO)tJ\~7J~~{~T~ C: ~, ~tL~~Uli~{~*t::'~d:~UliiMI

fi C J::~S~. ~1.J~. ~~1.J~~:t3 v~ L~d:, ~t~CT 0 *])~~~.0)+7t~:*~ v~ft!!O)*

(~tJj) c:O)rJ3~~:~~~~i*t>JJJ±7J • f*ffftJ:ciO~~f~T~iMINO)Z:C:~v~~. J!m~

f*~:~tT~~1 )vO)~J{rj~d:~iA!~f~~:JV~LO) ~0)~~.Q. *t~, -~O)J±1.JO)r~,

~.O) 2 JO)f~ (t~ c;t~~~f~ c~f~) iO~~~~i*t> J-:J~O)wrJ~~~;to c: ~~d:, ~

f*O)f*fff7J~~f~ G, ~O)lliA t] ~~.Q7J~, UlilJt~d:--~~:i*t~tloo)-c'~iA!~f~O)-~Jc
v);to.

11-9: t::: - ,,~/ / (~J!1736)

{ttiA!~mf*iJ\ G~iA!~mf*~:, ~~ <~J:~f.Q~~~. 7--7--~~~~ ~~ffjmT.Q C: 1:::
--~JF/7~~tJ:.Q. TtJ:vt> , Jm1itO)~~~~i2!fT~E~it.Q. ~$7J\Gf±¥w~4

;z-C, ~tl~:J:: -:> L{ttiA!~tJjJ:: t], ({ 0)~~~1&G, ~Uli~mf*~:~ = ({ + w(J)~~4

;t~ (J!m~tJ: 1::: -- ~ JF /7°0)$~). G t::.iJ~J L, ~ 0) 1::: -- ~ JF /7°0)It1fj~ £ ~d:

£ =~/w = 1 + (Q/W) = Th/(Th - Tc) > 1
-c4;tGtl,'Q. t::.ti.L", Th ~d:~UlifJlUO)iA!lJt, Tc ~d:{ttrlffi.fJlUO)iA!lJt-c'~~ . • ~~tJ:c~:

J:: t], Iaff€ w~~O)* *~~:~~T.Q J:: t]~, l::: -- ~ JF /7°0)1JiJ~~d:~7J\~:~~jj-r~

~. ~illO){-fJQlm~tm~d:, ::O)~J!~:£~:JV)LV)~.
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11-10:

ifrt-f*(J)i$)-*Il~im~~~:MG-Cti\.~1Jlj2~43tt:: C~, im~~O)m~~:~{~~~C~

~•. ~~(J)~~c~~~c~M~G~~~~.(J)-~~,~(J)~.~~~~~~C~

t!}~~:~d:'Jv-~jj*cJ:: ~d:tl~. ft!!(J)~~~.~d:t.l~1JIfr!~:J:: ~~~(J)~~~:J:: ~-Cti\.

~1Jfi2 ~~ CQ~.~, T ~ 7 ~ -~jj* c J:: ~d:tlG. *,t::, ~~~~d: ~ O)1ij{J1M~:J:: ~-C

~ CG~~(J)7.t.NkfF~~~T G ~ c ~l>G. t:: c3t~d:, 1 f)((J)~"fi~~ti\.~:, ft!!(J)
~~fi~{ttti\.~:f*~ -C, ~"fira~~:Atlt::i$)-*Jl~(J)m~~~:ti\.~1JD2~~ C~itG.

~~~~:J:: tJ t.l~7.tm7J~~ C, fJij~~:l.~7.tm~:J:: ~ -CJm~O)~~7J~~ C, ::tlt37J~~

~~:~G-e, ~~fira~~::~~~tJ:.~7.tm, TtJ:b!>~7.tO)7.t.~~t;G. im~5a:-f*-r:

~d:rei7.tT.O)~7.t~d:{ttti\.fJ{tl, {tt7.tT.O)~7.t~d:~ti\.fJ{tl-r:t.l~7J~~ <tJ: t], ~fW~m~-r:

~d:.fWt.~~d:fttti\.fJltl-r:rei<tJ:Q. 5a:-f*im~~~ 71 'J ~ -7(J)7.t.~:mv) t3 tlG.

11-11: ~.M ({~~1046)

f!P~~~~mv) -C, ~Wt 0)~tJI{ (ti\.~TI) iJ~ t3~ (Q) ~ cO, {ttti\.0)~tJI{ (ti\.~ T2 ) ~:

~ (Q2) ~43tQ:: c ~::J:: tJ ~$~::tt. (W) ~T~. tJ)g G (M~~fi) ~:J:: ~ -C~~~

tl~.~~, ••m~, .5a:~-e~, ~~m~~~O).~~l>~. ~c3t~, .5a:m
~-r:~d:, ll<~d:~it t3 tl-Cll<.5a: c tJ: tJ, I ~~~ ~fJJ7J) L- t::O)!>.Wi6~Jm ~ -ell< ctJ:
tJ, ~17-~:~~. ::(J)flO)~m~-c'~d:f!P~~~~d:M~~tlil~~~:mv) Gtl~. ~

m~(J)~jj$~d: 11' = -W/Q1 -c'43t Gtl, PJ~m~(J)t!}~~:~d:, jJ)y / -(J)~J1M~:J:: tJ, 11
= (Q + Q2)/Q = (T1 - T2)/T1~43t Gtl~n~, ~1±T~~m~(J)7JJ$ 11' ~d:~~: 11 > 11' ctJ:
,'Q. ~/*m'b~m~-c'l>,'Q.

11-12:

2f1(J).~~~-f*(*,~~~~~(J)~~~.~G~M§~~~<~,~.~~~.~

,'Qti\.tEt~:f*~c ~, ~(J)§~~:~~T ,'QJEa.7J~ v) '5. *'t:::: O)JEam7J '::J:: J -e§~~:

ifrttl~mifrto) ~ c ~~.ifrtC v) 5. ~-f*(J)*Jf.~~bit':fimfltJ:~ O)~.~d:~-«'Y 7~jj

*c J:: ~ttl~. ~ (J)7JJ*~d:, .fI~-f*(J)f1€~}i~\':.ifrt~ifrtT c ~ ~:~ ~ -c'~.::z. - )y~~

~~:~O)~~~~1&n~JEa ~,'Q ~)V7X~j]* c, ti\.tEt1J~2~ ~ ~~-f*~:mi1rt~i1rtTc~-f*

~~:~~d: tJ :; =t --)v~~~(J)~O)mAtJ n!JEa ~ ~ l' b. 'J ~~jj*c~:J:~ ~O)~l>~. M
§~O)~f~fJ}i~O)iNAtEt7J~ T1 , T2 0) C ~, ~~T.Q~JEam7J v ~d:, ~{* A, B 0)~)V7

X1*~~nAB' SO)SO)O)l'l\'.J~1*~~aA' aB cT,'Qc, T2 7J)G T1 0)l>~~1m~~

~d:-~~:,

V =a(T2- T1) + (b/2)(T2
2

- T1
2)

O):m~:tJ:~(a, b~d:~-f*~:J::~tR:*,,'Q}E~). T1 ~-~~:f*~c, V~d:T2=-a/b(~tLWt

tEtCJ:'lF, T1 ~:J:: GtJ:V)) -c'~*ctJ: tJ, *'t:: T2 = -2a/b - T1 -C~d:JEam7JO)71rPl7J~~b

,'QO)~, i2!~iNAtEtCJ:~S~. ~G~:, dV/dT=a+bT~d:, M§~O)-71O)ftfJJ~~-~r.ffii

tEt~:f*J c ~ ~:, ft!!71O)f1€~J~O)!fiftz:iNA~~{l::~:~t G-C~C.Q~JEam7JO)~fl::~* G,
~mfi~l> ~ V)~d:~m$ CV) 5. ~JEam7J~~C~ ~ O)M§~~d:~m~t c J:: ~ttl, f1€~J~

0)-71 ~£~iNA~~:1*!>ftl!71~~iNA$ C: G-C, r.ffiitEttRfj~~~~~mm O)*T~::et <mv)
Gtl~.
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11-13: t!m (f~~1056)

1ltMf~It1~.7J~~c*~~GtJ:7J~G~G <Mlf~~nQm~. ~~:~d:~f*r*J1!&~tJ:cm

1ttJ:Mlf~, d!>Q v~~d:Mlf~~:~R G~~Gv~~~~f~ 5 im~7J\tJ:f~~ocJit-Jf&~:m v~ GnQ
~ c ~ d!> Q. 1!&~n~~ ~Q~:~d:ocJit~. c G-C O)1!&f-f (m1!&~) cftf~~J, :f3J:: 'ltocJit
~IJ¥JMi~itQ t~69O)~1<I.*)v;f-7J~~'~-c'd!>Q. ocJitn~IJ¥JMi Gt~O)!> f3~~:.~TQ
10\ C 5 iO\~d:ocJit~O)*~ ~~ocJit~J£~O)It1.~:J::Q. ~f*~d:~~d!> ~j-C1!&;t, ~f*~d:

~~~:J:: t], ~f*~d:7t$~:J::t] ~f*~~~ GL~~d!>~jG. *ERtJ: cO)~f*~d:~iiit!&~
T G. **ttJ: C~d:ft*#t~/FJEtJ:cO)tlti~d:7t$~:J::t] ~ c:t~tJAiO~1!&;t~.WGL~

ctJ: t], ERO)JJ-n~~~1!&~TG. ~n~tI~c v~ 5. ftf~~Jc G-C~d:jfI*~~*t~~d:Ml

*n~frJm ~ n Gn~, ilftf~~~~EtJ:CilflJft*~~u~ 0), ~~: ~d:=Mlf~~*. (? 7~

* ~'7~ 0)1!&~), Mlf~~ (7)V 3: '/ 1') tJ: cMlf~~O)ft*~ /\ 0 IT/n~M!bnG ~ c ~

d!>G.

11-14:

1f&~~:J::J -C~~ Gt~~.O), 1!&f-f0)~1~~:~tTGEf7t$. *~1!&~-c'~d: 100%. E
~0)1!&~0)J:: 5 ~:*1f&~$7t~mtf&lt1tJAO)~~7J~d!>Q c 100% J:: t] IJ\~ < tJ:G.

11-15:

~.O)1f&mTGim~~ v~ 5. f!ij~tJ:~*i~j:tJ:<, tlti~:J:: J -c~mn~.tJ:G. ~f*~

~f*O)tf&f-f-c'~d:, tf&in~:J::Gtf&f-fO)1lifft~r~~~t:: t] O)m.~:p.~mT~ C7J~~v~. ~

f*t!&f-f -c'~j:, ~~~ d!> G10\ c:~rmti G-C:f3 < c, 1f&in~:J:: J -C1<~iii7J~~J£~ n, :en
7J~-~O)im~-c'1Jt7J~J -cv~ <. 2: O)1<~iii O)f$Jhiml3t ~1f&~iml3tO)-~m-c' d!> G7J~, *f
~: ~n~j:1<~~tliml3tcJ:: ~ih, 1f&f-f~:J:: J L, *t::~~tt~:J::J Li** J t::.{~~ c G.
1f&.~O)1f&.D~O)rm~~f*O)#t~iml3t~, 1<~~tliml3tJ::t]*~<G~~n~~G~

v~. 1<~~tliml3t~d:, ~S~~5ffJtp~~-1')vfil3t-c'd!>~7J~, 2:n~~;t -C.*~:im< tJ:
J t::.tlti7J~t§J~~:: ~ t::. ~.

11-16:

ocJit~O)-fj. ~.7J~*~t!&.TG~~:~~TG~•. tf&inocJit~j:*~G~T<, ;rJ
ocJitO)~4 ~*~ < tJ: v~ ~ C7J~~ v~o)-c', 1f&in~~rJ~~d:~m.O)fJ~~~x/~ )v e-O)
~~I39I~~i!c GLm~-c' d!> ~. 1fmf~~~m ~::~t GL ~d:ftt*, ~mf~ti~m ~:~t G-c ~d: 7
'Y *7J1{~~l39tJ:Mf~~J-c' d!> ~. aJtf-}7J~r~{*d!> ~ v~ ~d:~f*O):l:~ti~: ~d:~~1f&in~.[t~ m
v~L~IJ~TGo)-c', 1f&.~~d:~mW*O)r*J$x*)v;f-O)~:P.~:~ Gv~. ~{*~m.~d:~

~.et~mv~L~EE (*~EE) r-C~IJ~TGO)-r!, 1f&in~~d:~m.*O)x/~ )Vt:-O)~

1>. (tf&inI. /:$7 )J.; 1::--) ~::~ Gv~. JE~1!&in~O)~~rJ{[l!~:: '7;t 'Y V::1-/'\- /o)~IE~
1ft§ GLfJ~1!&infAJ$I*)J.;::¥- L1Uc

o ~~~, ~ G~:ilI1.b{~ L1Hc
o = L1Uc

o + L1ngRT ~mv~

LfJ~tf&inI /~ )J.; 1::-~:~jt~. ~ ~ -c' L1ng ~d:JJI!~1f&inocJit~::f3 ~t ~5[f*{~~fjO)~m

••O)~{~-c'd!> ~. t::. c jt ~i, «/~/O):l:~~, JJI!~tf&inocJit~d:C6H 6(1) + (15/2) 02(g)
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= 6C02(g) + 3~0(1) -r:~.Q tJ) ,;, L1ng = 6 - (15/2) =-3/2 c. t;t..Q.

11-17:

PJ~I~~.tJ~~C:*~~Gt;t.i:J~,;il:G <Il{t~ tlQ C:~~:E~Q{t~oc~. ~~~j:.

~il<tJ),; ~,; tlt=.{t~OC~(J)-fj-r: ~ fJ, ilI{~{t~~j:~~(J)iJf~i:J) ';M* J t=.i:J~, :.
(J)oc~~j:~b&)-C••~~Qt::..&), m1£~~~~tJ:}~7J~~v:\. PJ~~~j:~~~:e:tt)ic~

t;t.ll{t~~:~bfJ, :.O)~*aO)~C:*~~~T Q. GtJ) GIl~(J)~$ft~,lEtJ: C(J)~~

~j:ic~t;t.ll{t~~:~j:~'; -r, -$~j:-Il{tm~, 7 Jv'7l:: ~, TTtJ: cO)*~~$7ti:J~
1J~tfj~tl~~~~~C:tJ:Q. ~~~j:~f*O)~~C:~f*O)~ititf&~C:i:J~~QtJ~,mO)~~

t~ C~1*~-~~:~J:~f*-r:~~TQ ~ C:i:J~~v:\. ~f*:t3e:t 'Q:~f*-r:~j:~~~:e:t Q~~~:

J:: tJ 1JD~~tlL~~*t=.~J:7tmG~f*c.t~':J L~;t, 7tm~t«~J:*mO)e:t 5 ~:~~~tm

O)~iti J:: tJ D1~~ ttLV~<. ~f*0)~~-r:~J:~ G'IJ) t;~~~c~~~ImP'JO)imft5(tf*c.
t;t. ':J LV ~.Q tJ), imfttJt1ft~: e:t tJ PJ~I~imftjj A c. t;t. ':J L~;t .QtJt1ft~ c. t;t..Q. ~O)~-r:

~J:i!t!jjtoc~~: J:: t] oc~i:J~if§fjT.Q. *~O)~~-r: ~d: H, 0, OH, H02 t;t. cO) JJj{-T{>:7
~jJ Jvi:J~i!!jjt c.t~ ':J Lif§fjT.Q. m{t*~O)~~-r:~d:~ 0)~~tJ)*~5(t&:~tJ:C ~:e:t tJ ~
Ct=.R-, R02-, ROOR', ROOH, Ro-t~C7J~i!!j~C:tJ:':J-Cif§fjT.QC:~;t,;tlQ. ~1<

WiO)~~Wl~:~J:ttfJtl¥Ji1!v~ll{toc~7J~if§fj G, ftl~:~J:l&lIl{t~, 7 Jv'7l::: ~tJ: cO)~~

Irff~:J:: t] {f.J~i:J~~G.Q ~ c. ~~.Q. ~~fBtmr*JO)im~~f*~:J~1< Gt=. C~, Imt&~ra~

~0)~~Jm13t~d: 2-3 mlsec 0) ~O)i:J~~v~i:J~, mM~-r:~d:tf&~Jm13t~Jm<tJ: t) .~~E:'

T~~~~.Q.•~0)1<~~.Jm13t~.Jm~~o)C~~.~c.e:t~-~0)~~C:*.

l¥J~:~d:~bGtJ:v~tJ~, .Jm~m;t.Qc.~'5 c.tJ: t], ~.tJt~f~':JL~.1J~~G<*
~<tJ: t), oc~~~bJ-C <Q. ~~~d:{t~oc~t~~t-r:tJ: <, ~~, ~.1JD~· t&~tJ:

cO)~3fJJ, ifrftl· tJt1fttJ:cO)~.3fJJ~f~v:\, f§1I~:~.G~5••tJ:m~-r:~Q.
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Lesson 12: Light I
(fundamentals)

iiI 13 ability. approval. good
PJIb$
PJ~~

movable part
possible, feasible

9i- jj-1 beyond (the scope). outside; '7 beyond (the scope). outside
-t- C outside; ~~9(9) to take off {vt}; ~j:9(.tt~) to come off {vi}: ~firi other, another

~~(J) -1 jj -1 (J) other than, except for
~~. t:f- jj -1 t /' infrared rays/radiation

PBt :f- :J.. r) inhaling. sipping
9(5) to inhale, to sip, to suck

~J& :f-J.9~.:L9

~. :f-.:l.97-V?
absorption
adsorption

vision
microscopic

ili :f- / close to. friendly. near
!> tJ~(l.t ~) close to, friendly, near; !> iJ)('~' <)to approach {vi};
!> t1)(:5~t ~) to allow to approach {vt}

ilI~~ :f- /--e:f- jj-1 near infrared
ililI -tr-1 :f- /' recently; these days

Jl J;r / hoping. looking. seeing
~(;tQ ) to be visible {vi}; ~(it~ ) to display.. to show {vt};
;Jj..(Q ) to look at, to see {vt}

a.au J-,,- ....~-l-r~ •• •
~m ''/ .", /.J - I opInIon, VIew
~Ji • J\ 'Y J;r :/ discovery

.U!.

.JL :J r) light
<.>iJ) tJ flash, gleam, light, sparkle; DtJ\(~) to glitter, to shine, to sparkle

7ta :J 9 -e :/ light ray
7t7t~ 7" / :J 9 jj 7 spectroscopy

m ~ looking upon. regarding as
m1t ~13?

.mtJ(JfJ: ~~T:f-tJ:
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~ ~ purple, violet
U G~ ~ purple, violet

~~~

.~~~

~jJ~t/

~/7r)~jJ~

ultraviolet rays/radiation
vacuum ultraviolet

19 ~=F color; ~ 3 7 color
v~ -0 color, countenance, kind, tint

fS1&~ V~-0 ~.:z. r)~

BfS7C /\7 ~ 3 7:J ry

!IX ~ .:z. r) income
~ ~. (~ .Q ) to be paid, to be restored, to be settled {vi};
~~(~ .Q ) to collect, to pay, to supply {vt}

1&. ~.:z.r)~.:z.r)

1&* ~.:z.r)V7

J/i\ -e=F crimson, red, scarlet
dtJiJ~ red; dtJn)(v~) red; dtJn)( GU) to turn red {vi};
dtJ n)( G~ .Q ) to (raise a) blush, to redden {vt}

m$~ :r./'-e=FjJ~

$~~~ ~=F*V~3r)~~

chromatic aberration
white light

collection, acquisition
convergence

far infrared
red-hot state

12 /' line, route, track, wire

*JR~
i1i~

linear
straight line

~ :r 3 r) head, manager, superiority, length
tJ:7J~(v)) long

!f1J~ :r3r)$r)7~

~!f /\:r 3 r)
rectangle
wavelength

5Sl. J\ wave
tJ:Jj- wave

mm~

~tJJ

T/~/\

/\ ~r)

electromagnetic wave
wave (motion)

~ /' inclining, left radical (in kanji), side
n) tc.. J:: (.Q ) to be biased, to lean

~I& ~/:f-3!7

~~~1J~~ ~/~J/$ryT~~:f-
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12-1:

Reading Selections

7t (4tJJJlI692-1693)

.ml1t(J)5~-c'l1t~;Q~~ 1 nm-l mm(J)i!fH)pgl:6!>~~O). =-(J)5~l:~~~£I-400nm

(J)i!fH)~~~., 400-750 nm O)i!lm~ iiJmJ't., 750 nm-l mm O)i!lm~~~. C: et~~
tJ~, ~l1t~IWW.(X.cO)ilW.), ~Dt~IWW.(~ IJDtCO)iJiW.) ':-:Jlt)L~j:6!>~m~(J)

a:~i1;Q~6!>~. MJ7t, iJ!IJ@~tJ: £O)7.r~-r~j:~~:iiJm7t.t=~t ~ ~ 9i1-@;~ 6!>~. J't(J)
~f*~:-:J v)l ~ ~lt)tri6)GA,q ~J:7tO)fFffl ~:J: J L § ~~7J~J!;t~ z: C:, 7ttJ~i!i!9 ~

:. c, 1iMO)t!j{IJ~~tt5 ~ C, *t~7tO)fFffl ':J: J -cfLt~iO~~~9~=C: ~9IlJ -ct,)t~.

:¥')~7, .T..~7a", 77e7tJ:£0)9c~~j:~~, f{~t~~)Gft~t¥i~~~£':LL7t

~!Jl~~!N t) t&-.J t~. 12 tttc ~'0iJ)G~~~Grosseteste ~~d: {;&) C: 9 ~e§~O)Ai:( l:
J: J l v /A'O)7t~~fFmO)m~, ~)(~~.fiJf~;Q~~Jll Gt~. 17 tttc':fJ:.g C: Galileo
~:J: -.Jl~.~.~ C:~0)f{~~~2~ ~£ ~:, *t~ R. Descartes t: J: -:> -C 13~fg~~~
~c:f{~~£~:, 7tO)*WI:-:Jlt)LO)!N t]t&lt)iO~fivtlQJ:: 5 ,:t~Jt::.. GaliIeo ~d:J't

~./J\~f-c~xt~n~, Descartes ~j:9~LO)~ra'~itM1t~9 UI-T)~" ~~bQiIa%~

1btJ:~) ~~d:~(7)illb~1:c: ~it~ ~O) c ~L C: £3 X, @O)~tii1~j: z: O)~~tJJO)ffiJfiii
f3f.tJ~.tI.ot:::.r/)e Gt:::.. ,mt1TO)$JtIJ~j: 1621 iF W. Snell van Roijen ~:J:: '"? -C, 7 .r.)~x

(J)Jl{J!!~d: 1657 ~ P. de Fennat ~:J: J -CijJ~ ttl <! ttt:::.. ii.t1~@-:5v)-cj!;to-T~(1)~

~~11665 ~ R. Hooke ':J: J L, *t~7tn~.fiiJ~~~O)$7.rJ:ffiJt) ibUffiJffiO)lJl.~J:fPJ
~ F. M. Grimaldi ~:J: J Lj!~)t~~ tlt~. Hooke ~j:J't~~~-m-l:iiv)ilIl-e~b~.tI])~

~b~l/J\~~)!iI1J~~X, ~W••a:pl:'~j:-~ii~\:~.Gl rDtmiJ ~.~9Q ~

~~. ~0~X~Hoo~J1mffi®lJl~~~0)~~~~~~ffi, ~(J)£*~tI.i1.ffi~

; 1))~:: ~ tlt~ (J) J11666 ~ I. Newton j~71) 'A'A l: J:~J't0)7.r~ ~~j! ~t~ C~ -c:6!>~.
Newton ~d:J'tt1~i!ilG-rtfDt0) J: '5 l: ~j:ffiJtfilJl~tt~J~~ Iu EflMJ~ tltJ: t ~ ~ C:, * t~fI
7ttl~tfl1t(1)J:'5 tI..l1t~~1~~~~tJ:v) ~ c'IJ);, J't~~J'tf*iJ\;~ttc!tto~f-c~

7Lt~. JIt(})ii~~j:1675 ~ O. R0mer J:et J -r*~o)~~J:J::~ft(7)flMJC'~j: L:&)-c3l<06
6tlt~.

Hooke l::et -.J -cft~~tlof}]mO)DtllJ~~d: C. Huygens l:J: J -C.aSv)J:~J.I L,t~.

~~d: 1690 ~=~Dto).~ <*'1 ~/AO)Jl{JJl) ~~J -rJXtt C:Jffit1TO)$j{Ij~~.'::iSl~
Gt::.. *t:::.15'IREO)~,mt1T~, ~~P'JJ::~d:~mi~~::~tJ~~1fimO)=~Dt~~J:ffiJfi~fIJ

mi~~:'JA;Q~¢=~Dtn~~1:9~ CIt)5f&~~~~ Gtc.. ~ £3 J:llJmt1T~7.riQ\tlt~7t.~
t> '3 -Il15ftRE~:im9 C, ~O)15'IREo)@]~l·:J::J L~~7ti1~~<tJ:~ z: en) G~ fG7f
~:-:J~)L*.~~j!~ Gt::.tJ~, JJl~~~i!ij~4;t~ *-c'~:~j:¥ GtJ:'IJ)'"? t:...
*iiX;~ Newton O)~ c~rJ-:Jlt)-r~1 fft~O)ra'~J!!~~(J)~~xft2Gt::.J'tO)fflf-iSlJ:

fitl~4xt~~)(~d:, 19 fft~O)¥Jj*c: ~ ~ ~:~-.J -c~t~. T. Young J11801 iFT~cft
.0)~l::Jv~l~.tJ:~1J)~4xt~. 1808 iF E. L. Malus lj:jj7 A~miC'1iM~tlt::.7t

n~15ftRE~~,mt1T~fiJt~~O)7tc:fPJC:i1W~~-:J ~ C ~j!lt)tiG, ~tl~flJltc~~

~tt~. 1816~ A. J. Fresnelld:-T~c=~DtO)Jl{J!!~~rJ:J~t, f7 v*}~(7)~Dt~ltfJ

~~Jl@t1T~~~£!ij.J:~~Gt~.*t:::.~~f*n~ilIlvC'jJJ<c~I-T)Lt~j: {l
(I1n2)}v(n 11Jffit1T~) 0)~~~3tJJG, Gt~iJ~J -c7t0)~1l:E>~0)7.rt~~t9t1~ ~ c~
j6~ L" ~tt~J: 1851 ~ A. H. L. Fizeau ~:J:: J L~.~~:.t1)cYJ Gttt~. Fresnel ~j:*t::.
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D. F. J. Arago C: C: ~~:~BpgO).ftBfJTO)~~~I& tJ~v~, 7t;Q!.?1t~~~ C: Gt~~/
?~O)~O)~Jtf~~:J5X:~Gt~. ::O)J:: 5~: Fresnel ~d:, ~0)~~7J)~< O)fRB)(~~~L, 7t
O)tJtJJJ~~~;~~ 007J) 6mlL~~tt~.
-1J.m~~O)?tlf-c'~d:, M. Faraday 7J!.~, m~O).~~~A G, J7j~t~~~~:J::

JL 1831 if.m~~~~, *t~.tfrtO)ElB~~~~t~c~~< O)jflJ!~fTJt~. 1. c.
Maxwell ~d: Faraday O)~.~*~.J.I GL 1864 if-i!!O)1JmJt~:* C:~~ ~j~ ~ C: ~:J5X:

~Gt~. *t~~~d:~tl;~0)1JmJt~~W9 ~ C:tJtJJJ1JmJtO)w~:tet tJ, G7J)~ ~0)?1t

JJJ, .m?1t~d:.?1t-c'~~ ~ c ~/f\ Gt~. 1867 if Maxwell ~d:*t~.m~~~O)~~7J);
~~ 6 tlt~~~O)fli~ ~ O)1JmJt~~Atl~ c .m?1tO)imJ3tO)J.lfRBfliiO!7tO)imJ3tO)~~fl« C:
et <-3j{9~ ~ c ~ /f\ Gt~. ~ tl7J) G~~d:7t?1t ~ .m?1t c fft~ Gt~ iO!, ~ tl ~d: 1888 if
H. R. Hertz iO!1<1Et&.~:J:: J -c.m?1t~J< tJ lfi G~.~~~ ~i1f~~ tlt~.

7t0)t&lfi~~UO)J::5~~WC:7t0)~li~m~I&~~5~ft~, ~~, ?t~O)pg$.

~~:JV~LO)~.~~'~C:9~. 1814-1817 if J. Fraunhofer ~J:~IWiA~? ~ JLtlfto) 7 7
r) /*-7 7-.CJ::~ttl~Iijf.~jflJ!G, ~tl~d: 1861 if R. W. Bunsen, G. R.
Kirchhoff O)~~~~et J -C~IWiO)*b ~ O){~t1ffi.tJA 1ft ~~IWi7J) GO)i!!~A~? ~ JLt.7J!
Jm.iM19~ ~ c~:J::~~U.C: G-C~f!ij~tlt~. M. K. E. L. Planck ~d: 1900 if11RJJJ9~.

~~J:.m7Jtc G-rX*JLt~-~i!!~~~:t&lfi9~ o)-c'~d:tet <, 11RJJJ~':tt{?iJ9 ~X*Jv

~-Ii~C:~~~tt~-~. e=hv(h ~d:7°7/?~~, v~J:11RJJJ~)"Jo)I.*Jv~-~

t&lfi9~ c G-CJl1*t&MO)J.lfRB~~f!ij ~.l:f?Lt~. 1905 if A. Einstein ~J: Planck O)~fRB~:

~~v~-r7tO)*ft~~~tJllfi Gt~. 9tJ:b!JI.*Jv~-.~':~~9 ~7t0)*ft~ r7t~J

7J!f¥1£9~ ci&:~G -CJl1*t&M, 7t.~j}*, ~~.~:J::~IWiIi.O)jfl~tJ: cO)~f!ij~f-j

Jt~. *t~~if~~d:~,*~~ttt~fRB~I&tJ~v~X-7JLtO)f¥1£~:a~Gt~. 1913 if N.
Bohr ~d: E. Rutherford O)~~m~ ~f*m G-rJ1<*O)*Ji!A~? ~ )v~:f!iji1ftJ:~f!ij ~.l:f?L,

1917 if Einstein ~d:=~{1l:~~* c7tO)~lif~m ~~et J 7:77 /? 0)t&M$Jlrj':~~9~

Jt~~~lfiGt~. 1922-27 if L. V. de Broglie ~J:~W*ft~0)f$JJJ~:~J:?1tJJJ7J!ff5 c G-C7Jt
JJJ~ C:*ll~~O)~fl1 ~ ~d:7J) t], ::tl~d:f~':W. K. Heisenberg, W. Pauli iO!~flf~i1fll G
t~ r~O).~fRBJ ~:J:: J L~-~tJ:-~O)~~~~fRBWJto)~':~W C:7tn!~fI~:I& ~

~btl~ J:: 5 ~:tJ:J t~.•~j]~O)jfl,mO)J5X:*C:G-r 1958 if A. H. Schawlow, C. H.
Townes ~d: v-~-O)tJl~~f-jv~, 1960 if T. H. Maiman, A. Javan ~:J:: J -C~tl~tlJv
~-, He-Ne v-~-iO!~d:t:~-rjfl11R~::J5X:~Gt~. ~O)~*m?1tc~fltJ::J 1::-v/ ~

7t7J!~~GtlGJ::5 ~:tJ: ~, ::O)?tlf~J:.~I. v? ~ o=? A C:J::~ttl, .iJi:t3:t3v~~:jfl

,m G-CViQ.

12-2:

"iij1J!7t0)~7Jt~tilMO)r-J750 nm 7J) Gr-J 1 mm (J)~1 ? otJtiJim~::~~7Jt~~~~:~tl

~A~7 ~)V~~~A~? ~)vcetv'5~. 1800 if~:: F. W. Herschel7J!~IWiA~? ~)vO)~

fS$O)~7Jt~fJ{U~::~.~jflJ! Gt~(J)~:Ml*~. ~~A~? ~ )v~d:~W~.J5X:9~?t~O)

11RJJJ~lillfiO)tt1ij~f~~::J:: J -Ct&lfi*t~~d:~U ~ tl~. r-J 25 Jlm ~l:(J))j~~~~~::

~J:?t~(J)~lillfiA~7 r-}viO!~~. )j~~A~? r-)v~J:±~:~!&-c', ~~~£~r~~~O)lillfi

J\/ ~A~!J r-)vc G-CmtlQ. lillfiA~? ~)v(J)iJ{tl~7J\6?t~0)~r~~~.iO!**~.

r-J 0.75-25 f.1m O)iJi~~:t3etltlft~~~~~:~d:?t~O)11RJJJlillfiA~? 1')V7J!~~. ?t~

pgO)J*~~d:3¥~f1l:~(J) *b t] ~:~~:11RJJJ~1-j':) -C:t3 t], :: O)11RJJJ~d:-)EO)Wc:11Rt1J~~
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'b :J£~~JJJ-e~T~ c iJ~-e~ ~ . .-'fO)~JJJ ~:Jt-TO) ~ti-T1::- :). / l' O)~f~iJ~f~5 ij}
~, JlI~~IJ.&l&A~~ r- Jv~:£*J\ / ~ C: v~btl.Q~v~lJ.&l&iJ~£~~IJJf(O) C::: -0 ~:~
tl, §~v~~aMJ1JtiJ~ft~T.Q. ~~JJJJ\/~~j:p, Q, RtJ:cO)v~<J7J\O)tt7J\J3JJX:.Q@J

fi_.~~'b:J. ~IJJA~~ l'JvO)?J{tlJEn\J3, Jt-T(1qJJj{-Tra'O)j), Jt-TO)m.~iJ~M.

-e~~. Jt-T(1q~: -O-H, c=o tJ:cO)JJj{-TffiiJ~d!>tl~t, .-'fO)JJj{-Tffi!M:1fO)/'/ ~iJ~$~
IJ.&l&A~~ l' )1tr:p ~:~tl~. £~~IJJO)fx::Set lt~tJJfx:~d:Jt-T.~~:et -:> -c#C* fJ, IJ.&
l&O)~I3t~d:~ti-Tt- ~ / l'0)*~~-e#C*~0)-e, $~IJ.&l&A~~ l')vO)?J{tlJE~:et~

-cJt-TO)JEttJE.JtfJTiJ~r-r ;Z~. $~A~~ l' )vO)?J{IJJE~:~d:~llfj~d:71) A'bJt7reHiJ~m
v~ 6tlt~iJ~, .JlI~d:§Jffim-TJt7reHiJ~lli$~, m$~~Ji t;-Clf& G-cV)~. $~Jt7re

~::S~t~tt~~r~'Mo)DcJ~j:~mHO) SN H:7J~/J\~V):: c-ed!>.Q. ~'1 Jr )v'J /~O)
T~Jt7reH~mv~, 7- I) XJt7re~~:et-:> -c$~A ~~ r- }v~?J{lJtl~t SN H:iJ~rfijJ:T~.

12-3: ~9}. (tto/.JJ.l1082)

IiJtJi7re_et tJ 'b1Jt~iJ~~<, ~ '1 ~ o1Jtet ~ 1Jt~O)mv~ 0.75 J.1m 7J\ J3f( mm O)fBlmO)
7re0)~l1F. 1800~, F. W. Herschel ~d:, ~EI JItO):J < -:> t~ttt~.*JJ0)71) A'b$~Jt7re

at-ej(~7reA~~ l')1t~?J{tlJEr:p, IiJtJiA~~ r-)vO)~O)$Jtn\J3~ G~:~1J~:~~~tl

Q~IiJ*Ji7rec G-c$~_~§eJi Gt~. ~~_~d:I&!I3t~ 'b :JTAt-cO)tto/.Jf*7J\ J3t&M~ tl~

~t&M-e d!> ~, ~fFmiJ~*~ <~_ C: 'b v~btl~. ~~*l~d:?J{IJ7rett~O)Il}~iJ\ J3 ~ J3~:

*HJJtf~ ~ tl, tJt~ 0.75-2 flffi ~lli~~*l * t~ ~d:tilli~~*l, 2-60 flffi ~ (lfJi) ~~_
(2-20 flffi ~r:p~~*l), 25-5000 flrn ~m$~*lc: v~:>. c:~ ~:~d: 25-60 f.1m ~r:pm$~

*l, 60 flrn ~J:~~ 7"~ 1) 1Jt c: ~ v~ :>. ~ tl G~d::S et.-'fO)~Jt~ d!> ~, M! 5 A~: et -:> -c
fitJ: tJ, ilJE G t~ 'b O)~~d:tJ: V~. ~ tJ:~~:tJt~ 50 flrn (tJtfx: 200 em-I) (J) hv (h ~d:7°7 /
~JEfx:, v ~d:7re0)~1JJfx:) ~d:I&!l3t T= 287 K(14°C) (J) kT(k ~d:~)v~~/JEfx:) ~:f§~T
Q.

~~c:lucd!>G~~Jt-TO)Jt-T(1q~JJJO)£~A~~ r-)v~d:-tfJi~~O)~~~:d!> tJ, ~~
Jt7CJtfJT~'j:It<-tf&GLV~Q. JlI~~, lfJi~~O)7C7fj~:~j:B~.f)j<, ~O--J\--, *
)v / A r- ~D--7--tJ: c O)~-f*ti~MiJ~, m~~~~d:if6J±71<m~TiJ~±c: G-cmv~ Gtl, !M:
~:iWiJtmJt7C~:~d:~~ v--~--7C'tJM!m ~ tl~. ~JlI-r~d:, ~ /~ 0 r- 0 /t&M'b~j)

tJ:m~~il~7C7fj C: G-Ct.± EI ~ tl-Cv~ Q. ~~~mHO):>~, ~~*lO)~{~m~frjmT

Q~O:)'--?7-, 1AAm~~mH, ~m~t, :fv-· t)vtJ:c~d:~l3tiJ~1Jt~~={t{ffGtJ:V~

*fm~ 'b :JiJ~, -f.N:~=~JEfx:iJ~*~ v~. *t~(1q$7tm~JJ*~frjmT ~ 'b (J) ~=7t~~t)v,

7t~mj)t)v, ¥.~f&tJ: ciJ~d!> ~, ?Pfj?Pf~tJ:~-c'rm§e~ tl-cv~~. v~9tl 'bM!mliJ
fj~tJ:tJt~fBlm ~:$U~Ntt~d!> ~ iJ~, ~JEfx:~d:mv~. ~~~~~~d:7t-To)X*Jv~--iJ~/j\ ~ < ,
*t~}ajlmiJ\ GO)~t&M~:et tJ ?J{U7t~H~iJ~$tl~H ~ tlQ O)-r, {.a:I&!~mH'tJIt < m v~ GnQ.
JlI~7ttJtcG-cO)~m~'tJmn-cv~.Q. Jt7tr!c G-C~d:, lfJi~~-r~d:7°1)'A'b., @JtJT
m-T~m v)t~Jt~~Jt7t~tiJ~?pv~iJ1, =. O)~~iJ\fll< (J)I~iJ~d!>~. ~~~lM!*jf-f.c Gl
~d:, tJ7 A, 7J<Mt, 7 'Yf~ 1) T'7 b, lltE, E~, ~f~jJ IJ '7 b, KRS-5, /\ o7/f~
~lJ'7b, J\D7/{~t~'7b, ~lJ:J/, 7)v~='7b., tV/'*tJ7A, ~IJIT

V "/tJ: C7J~.-'ftl~tl~lM!1Jt~~~~ 'tJ -:JiJ!, ~ '1~t /' ~ ~d:~~~~~ijij-c'd!> ~. ~~

*l~d:~~l:~j: 'tJ~ 01u, )M{i§ • ••tJ: cti6b-CItv~~mJtIf~ 'tJ J -CVl~.
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12-4:

I3Jmri~O)mi1tftYNiO)~400 nm J: tJ m~l~ft.~f:mtt~A~? ~ )v. L,]j) L" -
&:'::~d:, 200 nm ~TO)~~~~~~~~~lt~,400-200 nm O)~~l:mtl'~A~~ l')~

~~9~ C:iO~~tt). ~~A~?")V~J:Jjj{T~?tTO).Til3~:J:~A~? ")};-r~~.

&lJJi1t~Ii~-r~?tGt~z:.o)AJ'{?~JvO)ttf$~i, I3JmA~?")v, ~~~~A~?"
)v l: c t> l:, 4#JJ~(j(jt:~d:~~ tJ M:,*n~tJ: ~ l.

12-5: ~~. (~f='794)

~~ 400 nm <"G ~ltJ) GfX X ~~C'O)rt~0)7C~~) -5. ~~]j) G0)~M7C'd:~"l~~

~~~Iv-ettl~])~, !tf!~O)J:Hj*5[t:p~:~~ 03 ':I9k1&~n, ssJ:-t- 300nm J:: tJ ~
~~O)mttl~~.~d:!tf!J:l:~j:$JJ~ GtJ: ttl. ~~.~17Cft~&~~~ c: c!1t~. 200 nm

<" GttlJ: fJ t>m~:&O)~~.~d:~5[t:po) 02 ?tT, N2 ?tTtJ: cl:J: J L%i <19k1&~ tl~

(J)'1:, ~(J)Ii~(J)~~.O)if?t~d:~~~~O)t:pC'fi:>~,~n\~~ . .7c(J)t;:.~, ~O)ri~

O)~~:JR~~~:~~~~.c ttl5. 400 nm iJ) ~ 200 nm (J)ra'0)~:&.~0)7C~~~.C:

ttl5~ct>~Q.

12-6:

I3Jm7Cl:J:~ttl~I3':jix~7C0)l1tft.~(380nm-780nm)~:mtl~A~? ~)v. mt
T~?tT(J)A~? 1'Jv(J)'5!>, cT~mra'O)il3~:~~< :A~? ,,)v~J:JiJm.~t1~c;.

~J .~.~.~I::±cL,-cmtl, ~tl~tll3Jm.A"",? ")v, .~A~? ")~J .~.

~A~? ")vtJ: c c J: ~itl~. A~? ~ )viJ~&1IJ~tl~ l1t:&~.,::tt ~ -CJ~t c; ttt~ tt
f$-r~ J L J 4#JJ~B9I:Ij:~tl~~ c~jjIJtJ:~,*~J:tJ: ttl.

12-7:

ml:f!ij~~ ~~r::~7C.. i1t:&fBtm~J:mttljjO)IWJfn\380-400 nm, :&ttljjCl)IWJfn~

750-800 nm -r:, ~1rO)BA~;Q~~~.

12-8:

7C••, *t~~j:, 7C.~jj*':etJL~t;,t~§m.T~t·)5. ~-f*~~l;l~1~-f*l:~~

.~¢ ltl~j:~tlJ:: tJ i1t:&O)mltl7C (1;t /ftI.*)~:¥-J:fJ *~lt)I*)v:¥-~ t>-:J7C
r)~!fftMT~c, 5il~Jjj{T· ?tT-c'~J:7C••~~~=J:JL§mCTC:1E1~/c~1:
c:, ~~~~J:~$7fC~*l:J: J -eEl m.Tn~~tl1~tl~. ~<J.)J::> ~:7C~:J:-:J L~ c:
t~ EI mCT, 9tJ:b!>7C.To)I*)v:¥-?ttJi~jqll?ttJi~3{lJJ£G-C, Jjj{r· ?tT~~
ltl~J:~~J"JO).T~!il:OOT~tfft~~~;:.C~7CCT7t7C$c It) 5. ~t~lim~pq-c'o)

pq$7CC~*~:J:J-c~C:t~Elm.r-r,.~ffi~$0)~ft~~.1J(J)~~~cl:~4

90~0)'bJAltl.,*~0)7C.T~J::~ttt~.7C••, ~$7C.~1J*, pq$7CC~jj*t~c

'Z:J::07CCT~j:~l~tlt>miM7C0)~ttlt: t>ffJfflT Q =ctJ~-r:~, 7C.TO)~~TQ~;Qt

7CIilll:Jt~JT¢ C: ltl 5 ttl{~~ J -C, 7C%i1l0)mW;ilIJJ£;Q~~~ Q. ~ O)J:: :> tJ:7fCr
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12-9: 7t.~~ (~J!l667-668)

~.n~7t~~J&L, -C i3m.T~~9 ~m~, *t~lj:~tlJ:et J -C~~~iJ~(1)~ftJ\C',

~$7t.~:JJ~clt\]$7tilrJJ~;Q~~~. 1f1~:7t~~1J~C~):> C: ~~:~d:, 7t~~J& Gt~~l*

~min)£3.Tn~1&ttl~tlQ~$7til~jrW:~~9. mttl9.T~7t.TC~)~), ~O)~~

~7t.T1&ttlc:t>lt)5. Jjj{Tn)t;7t.T7J~1&ttl~n, ~0)~~~;t/7J~~9~C:~, ~

,:7t~ ;t /1t C ~) 5. 7t.~jj~~i, 1&.m~(1)iiJf~tJ)6, H. R. Hertz ~:J:: J L§EJ!~ tl
(i887 iF), ~(J)tl, w. L. F. Hallwachs, J. P. L.J. Elster, H. F. Geitel, P. E. A. Lenard tJ.
E ~:J:: J -CiiJf~~ ttt~. ~O)~~, 7t.TO).I*JLt:¥-'j:7tO)~~~:~d:~OOf*C'7t<7)l1R

Jb~7J~*~~)~ic*~tt):. C, 7t0)~~~*~<9~ t:7C.TO)B~7J~m1JD9Q:'~,

7t~~l*~mi~:~-C~ C:9<"~:7t.T7J~1&ttl ~ t19 =C:, tetC7J~~~tlt~. =tl60)~

~~~~, 7t~~Jb~GL~O.5C:~~~~~Tm.~~O, 7t~~Ttt~~~C9

~ A. Einstein (J)7tAT{&~l:J::J Lf)]69-C~~T~Q.

~O){&~t:J::t1tf, /7 /?JE~~h, 7t0)~1b~~ v C:9Q C, 7tO)~T (7tAT)
O)I*)v:¥-~J:hvC'~0, ~o)I*)~.:¥-~~J&Gt~7t.To)I*)v:¥-Emu ~j: hv
~:~L,lt)C~;t.;tt~. ~.l:~i, .T~i~l*pq':*.~t1Lt3tJ,~O)JR.tr~c;JR9

Qt::~~:~~o)I*)v:¥-i1~.~~tt.Qo)-cEmax = hv- wtet~M~t1~J£fJll-:J. W lift
.DU~cJ::~itl, ~l*~mi;Q)t;.T~~t) ttl9(1)l:~~~tJ.I*)~:¥--c'~~. ~l*It\]$

7J\ £31&ttl~ tt~7t.T~j:t ~mil:¥tJii9 G *C'~:-$<l).I*)II:¥-~9c5 (J)(!, ~(1)I

*)v.:¥- Ee ~j: Emax J:: fJ Ij\~ <tJ.Q (Ee < Emax). J:itO)OO~~d:, R. A. Millikan l:J:: J-C
~.(t(J~:.;Q\69£3tl, ~tltl) £3 h c W7J~*ab £3tlt~. ~:> G7:*69t:: h 0).~j:.l*1&

M(J) A~? ,,)),t1\ GJE~t~ h O)fIR CJ:: <-~G, 7t.T{Jjt~~J: ~~j:~~ {,\~tJ. {,~.~ C.
tJ.?t:::.(J)(!~Q. W~J:~a(J)tI~~:~1, ~ eV {:'~Qt1~hVo=W ~.t:::,9j&1IJ~ Vo ~7t

.IWJf~IIJ~, Vol:~t~9~~~ Ao=clvo ~7t.ISHJfi1t~c{,):>. 12.~mi7J\60)7t

.T1&ttl-e~J:, ~.It\]i3 mCT(/) 7 x)v~ If§.fiLMjfi~:~Q.T;Q~7t~~J& L, -Cmttl9~
ctJ~a,lt)7J~, ~.O)~~ TiJ~ 0 ~~t~ It) C: ~, ttiTtd: 7 xJv~ If§-fiLJ:: t] J:Q)~1I~:~

#1£9~ (J)-c' v< Vo (1)7t-c' t>7t.TtJ~1&ttl ~ tl~. ~Q)~(/)7tilT(J)~ (7t.mt) Jd:,
jfi~(t(J~: 1= ATt/(x), x = h(v - vJlkT c:l:fX Gt1~. z:. ~C:, A ~d:lt9ijJE~, t/(x) ~d:

t/(x) = Jo-In(l + tf-Y)dy
In (lIAT) ~ x =h(v - vO>kTO)OOf(c L,L/O ~ ~ 9tl~t, fj~Q) T, vO)m~~bitl:it

GL(J)t/(x)7J~1 JO)Elb.C:GL~~Gtt~. ~tl~7797-· /D~ ~C:~~~~, W~

tR:JE9~ o)l~~ll-:J. 7t.To)I.*)V:¥-7tttJ~j:, ~l*J1q$~~l*~miO).T~1I1::J

It)-e(J)tM¥Il~l:fx~(J)-c', 7tilT7t7t~ GlfltJt~~.¥~ctJ:?l~)~. 7t.T~hX

ttl9 ~mi~7tCoo* t:::. ~j:7t~ti c ~ )It), AM L, t~7tT~ <* t~ ~J:~ J& L, t:::.7tT~) l:M
9 ~7t.T~O)lt~.T~JJ**t:::.~j:~.~JJ*C:~):>. :&jfi~1, ft.IJU~O)/J\~ ~\~.;6t

1m§E~tt~#~.J:~~9:Q7t.mi7J~J< 6ttL~)~. *t:::., PJm7tl:~t90.T~JJ*

'b 20%£AJ:(/)7t.mi~~mtt-c~)~. ~$7t.~jj*tt, 7t.~, 7t.Tmm1ftJ.c7t~

.mtl:~.90=F~C G-eIt·< Jit;m~tl-clt)~.

X .(/)J: '5l:~~O)mlt)7tn~'*TpqO)fJLli.r~:J::J -eJl&J& c! tl~ c, CT117tilr
C: GL1&ttl~tt~. ~tl~j:7t~ ;t/ftc:et~ttt~7t.~jj*-c', 46JJ.a:pI:.s~t~ X.O)
~J&~~<tGLm~-e~~. X.o).I*)v~-tt~+7t~::~<-c, K fJLliO).-=F~hXm-e
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~GJ:::> tJ:JI~~:~J:, 7tilt;jjJ!:O)k0 80% ~J: K .T~:J:: J -C~G. ~tl~J:, 7tilt~jjJ!:iO~

~G tz:~ ~:~J:, 7t~~J&TG.T7J~JJJ{T~:*.~ tl-CV)L, ~1JJ1if*ffJ{ljiO~JJJ{T~~~

?/)t;:..*<:~ 'I) tLJ ~ c ~:~~G-Cv)G. K ~iltT~:J:: GJJJ{T~t;:.. 'I) O)7t.~jjJ!:~itiffl~d:

(1= (1T 4(2)1/2 (1/134)4 ZS (mc2/hv)7/2

<:4ft GtlG. ~ ~ -r: crT ~J: l'A '/ /~!LO)~itiffl-e666 mb, m ~J:.T••<:~G. L
tz:iO~J -C (1 ~J: hV7J~/J\~ <tJ:~ c:~~~:m*T~7J~, hV7J~ K .To)*.I*)v~--~:

~ Lv) c: ~ 0 -eli* (K ~J&ttIffl) ~:tJ: t), ~tlJ:: 'I) IJ\ ~ v) hv ~:~t L -C L, M, ... • TO)
~7J~~4T~~c~:tJ:~. L, M, ...•T~:~tT~~itiffl~, hV7J!/J\~<tJ:~C:~~~:

m*T~O)l:, hV7J!/J\~<tJ:Q~:Jtll, L~J&ttIffl, M~J&ttIffltJ:C7J!~~c:mtlQ.

J* 'I) ~J&ttIffl-r:~J&7J!~~~:mft, ;WjI.*)v~-{J{tl~:~~5Iv)t~tfj~:tJ:~. ~J&A~7

1')v~~*HI~:~~ c, ~J&ttIfflO);WjI.*)v~-{j{tl~-teV0)$)t~:~J:, .TO)~~{ftO)m

~)tm~oc~L tz::J 'Y -e)v.~ cet ~ttl~1I*HIff4~7J~~~. ~ G~:~ ~ 7J~ Gk0 1000 eV
O)fBlm~:~J:, 70-= 'Y t:.~*t;:,,~J: EXAFS (X .~J&ilW1I*BJ.~)C:J::~ttl~1I*HIff4

~7J!~~. ~tl~J:~J&ilW~~C ~itGJJJ{TO)pg~7J~ GJjj}j~~ tlt~7tiltTo)JJ1<iti~7J~)aJ1m

O)JJJ{T~::et J -C~!L~ tl, ~ CO)JJJ{T~::~JL~tz:tJtCT~G~v), ~J&0)~3.$7J~

m~T~ ~ c ~:J::~. EXAFS 7J~ G~J&ilW~:n~7J~b~JJJ{TC~O))aJImO)JJJ{TC O)Jl§riI,
l!2fft~tJ: CO)tl~7J!1~ Gtl~. pg$7t.~jjJ!: c ~j:, *&af*~~~f*~:7tn~~J&~ tl, ~
tl~:J::J -C~25f1f~:iltT, 1dfi.TfIf~:iE:rL7J~J <Gtl, ~0)*5J!:, .m~~$7J~*~<
tJ: J t~ t), ~~v)~J:.liC:O)~~$~:ia.1J~~Ctz: 'I) T~~~-r:, ~tl~n7t~~,

7tia.1J~jjJ!:C: v)btlLV)~. *~~iltltl!~j:pn ~~~:~9~~.1J ~flJmT ~Jt4~fJ9tJ:

Jitm{?iJ~ ~ ~.

12-10:

7t~O)ilt5<\(~~ v)~J:m5<\)~7 1')vO)1JNIJJ1J~O))t~iO~-f!R-r:tJ:<, ~J LV)Q ~

O)-r:, ~ 'I) c: ~ v):>. ilt5<\ (*t~~d:m5<\) ~7 l' )vC:7tO)i1§fT1J~~~uifliti~ilt5<\(*
t~~d:mm)~7 l' )vO)~lJJitic: v) v), ~lJJitin~-iflitipg~:~H GtlLV)~ ~ 0) ~Ul*j~7t

c: v):>. m5<\~7 l' )vO)~lJJiti~~7titic: J:~S~MfTn~~ ~n~, ~1:E-r:~j:~7t0)*~~:.

m~7 l' )vO)~lJJiti~mV)~ O)n~Jmfrtl-r~~. 7ttJt~j:, 7tO)i1§fT1J~~:~Ul-r:liv)~:Ul

3tT~ ilt5<\~7 l' )v~7}O)fllC: GL*~ ttQ tJ~, fiIIj~)tO)~~MO)1:t C fftfl3~tJ~ffifra~ ~:~

~f*,:1t,:-~tJ:~~, ~O)7t~7'G1E:~7tc v) 5. ~~M1:t· fftfl3~O)*~~, TtJ:b!>
.5a:~7 l' )vO)~}~n~tI<fJt~O)tfj~: J:: J L, 7'G1E:~7t~d:~ G~:Ul*j~7t, t)J:: lJti*
b ~ • b:*b 'I) O)rq~7tc~rq~7t~:7}~~tlQ. {ftfl3~tJ~7 /?fb~::~1~G, -1lir~

G +n *-e0)~ G~~f~~ C~~~, -t7}~v)IliJ{Uffifra~-r:IliJ{UTQ c, CO)J: 5 tJ:1Jfft
O)~lJJiti~ifl~~:~ Ivti7t ctJ:~. ~ O)J:: 5 tJ:7t~ §~7t*t~~J:~F~7t c v):>. 7'G1E:~

7t c: § ~7t0)~~ C: ~tJ:it ~7t~$7}~7t c: v) v), 7'G1E:~7t~7}5~~ c: 1E:5~J3t 0) 1:t~~
O)~7tJ3t C: v) 5. 7C7J~3fI3T~~7CT~Jmi&!Gtc. 'I), ~~iti-rocM Gtc. t) g-Q C, ~7C

~~7J~~{~T~. ~ 0) ~ c ~ffjm GL, ~7t~7\Ji~~~)aJ~tc.t), !fij:~O)~7t~~~J<J

t::. ~, Blt~0)7C~~~~D9~~tIc~Q z: ctJ:cn~-c~Q. ti?/)LtJt~O)~V)7t-c~~

x *j~::~t G, z:tl~-c~::PJ1Jl7C~~-c~ Gtl~J: 5 tJ:7C~fflJt1:f* (~JJJitiO)@J$i~ ~t::.

Gg-~.) (J)ff1:E~.~£ Gtc.~~~J:tJ: v). Gn1 G, Ul*j~7t Gtc. X *jn~*5m:rO)~ifliti-c'

~7 'Y 7"ocM~iaT C:, PJ1Jl7C0)~~iti-cO)ocMO)j:~~(J)J:: 5 ~:~7C~~n~~bQ. ~

G~::, 7'G~*am:rr:p ~~7 ~ 7"ocM~f*v)tJ:n~ GJmiMIT~ c, ~ifliti~:~UltJ:~7}c:iflfT
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d~®~~~®.*~~~~~.~~.~~~~, ~~~~~~AM~~®~#~~,

~lMI'&MfJfij x .~:~tG, ~~~!J ~)};®(ffiE • ~P:]tfil7t®~~n~JtGtl~. ~/'!J 0
l' 0 /'~M~j:ii-T®$JL~ool*J~:tfil7t GLV~~5iV~Jr~.*O)7t~~Qt::~, X .~$j\ x
.~~-eO)tfil7t®~.~:~~jjtJ:.71]{l:'~~.

12-11:

-~~~~d:, mJrf3~~*t~~d:~rf3~~~~*v~rf3~IWi~~ot~~ Lfftm7J~mJtIj~~~r.t~9:fJ7t, 9
tJ:ot>::I 1:: - V /'A O)~ v~7t~ v~ 5. IE*~:v~;t~t, 7tO)~O)mJrf3~(*t~~J:~rl=l~)m~

~~~*f.:J~tQm~fJij:rl=l~1"(*t::~d:m~~.8) 7J~ti~-e*<, mJrl=l~~ (*t~~J:~ra~~)

~:*~ <lWtlt:: 2 J(1)$~~mtd.~OitL~~ v~T~It1~7J'97t-c'~Q. fJij:ra~~:J 1::
v /' 1'7t~j:jlv~lf!f~!/t1~, ~rl3~~:J 1:: - V /' ~ 7t~J:jlv~m~It1~~J. mfra~~:J 1:: - V
/'A ~~ra~~:J 1::- v /'A ~ ~j:-Jt\~ll®lt1itl:'~~ L, -~7J~J:.<-efm~7J~~v~7t~

~Q. ~iE:tJ::J 1:: - v/' 1'7t~ ~d: 1" * t:: ~j: 8 7J~~~N*O)7t-c', r3 ~~~: ~j:ff1£ GtJ: V~nt,
If!-~- ~ v-~--7t~j:~tl~:JJiv~7t-c'~Q. m~7t/\)VA ~J:~V~A~!J l' )v~MI*JO)}aj
.~d~7JtRv~~:T~G, }aj.~m~~MO)ti~-e*~v~, 9tJ:Ot>}aj.~:J1::-V/A
O)~v~7t-c'~~ -e, Z:tl~~v~i\~-c':J 1:: -- v/' l' tJ:7t-c'~Q.

:J 1:: - V /' r-7t~d:, d:U4!fo/.JJ]!~ffJ~:~d:J]!~ffJtJ:lf!-IE~.O)iim.-c'~~tlQiOt, •
-T1J~ffJ~:~d:l~~l~~-TO)mJ~~Jij~~~:J 1::-v/' 1'~~cG-e~~tl~. Z:O)~~

~d:7t-T~n O).tJ:Q~~O)It-T~JijO)mtd.~oit~~~ tJ, n ~:~ G~'O)~Q~~-c'~

Q.

12-12: A"'? I'[];(-9- (!fo/.JJ]!1046-1047)

7t~, J*-T, ~-T, *fft-TO).*, itIt, I*)v~--, ~JJJ.tJ:c~~fJTG, ~O)A

~!J l' )V~?ltl~9Q~~O)*,tf/J\~, ~tl~tl®~If~~~~O)JJJfFflff~t~c~:Jt\C-elf!
~:A~!J 1'D~-~-c~~S~~~iJ), ~7t~, ~7tM, A~(J 1'D!f77t~cO)IP¥f/J\~M!

otl-ev~~.

[1] J*-T~~-To)I*)v~-~f1LO)?lJj~~7to)A~(J l' )vmfJT~:~v~-e, ~O).*?ltl~,

I*)v~-~fJT~fT5~~~~v~~~-c'O)A~(J l' 0 ~-~-*t~~d:~7t~c~~S~. §
!l£O)W't~iO) G?lIJ~Glv~~7tO).*iOt(1[~oiJ)~ J: 5 ~:J <GtlLv~~~7t~~, *f~:

~7C~tc ~ v~:>. § !l£~d:~'\~G ~.*(1[W't C ~d:~H 6 tJ: v~. _* §!l£~ 'b J 'b (J)~d:MtfjA

0~~~J~~c~/~D~-~-CGL, *~AN§~~'bJ'b(J)~~••-T(~~
m-T~7°1JA'L) ~l& ~ ~< ~:i=:t~--~-c G-emv~~:: ~iJtl:~~.

[2] J*-T~~.tft-TO)~.~~~v~-c~d:, a*J, fJ*J (ii-T*J), r*JtJ:c(J)iJ{Jj~(J)~~7J), ~~

-T, q:t Jt1-T, n ~rf3'-T, K ~rf3'-Tt~c.fft-TO)itlt, I*)v~-, ~JJJItO)~fJT7J~~\~

~~tJ, z:tlGo)I.*)V~-A~(J 1')v~iJ{1J~9~~llf~~f/J\GLA~(J 1'D~-~

~ ~ Iv -c'v) ~. ~It~-T~ r*JO)~ 5 ~: ~1t1O)*-ft-To)I.*)v~-?lIJ~~: ~d:~tl~tlO)tft-T

O)f§lif!PmO)Jt1it~:~tJt\Gt;::~tfjO)¥~7Jtmv~ Gtl, ~tl~:Jt\ClA~!J l' 0 ~--~-

O)fjtl~~~~~.t~~ L <~. a *J, f3 *J~-~O)~ii.fft-TO)~JJJIi~fJT~:~d:iim!i
~fIJm9~:: C7J~~<, *f~:m~~ffjm9~~17°7J~jl~-~~~~~. ::0)~17°~

~~=7!f*T-{ 'Y (JA~~ ~ O~-~-C: v~v~, ~O)~fflv~ 6n~lImE~A~~ ~ 0
~--~-iimE CJ::~S~. ~ G~~, ~.fif&tJ:c~~c~j(~1*c G-C, -mf~:~fBtmO)A~
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71')~~i2~~~~~et5~:Lt~~0)~*f~:A~7 "Oif77c:etvS~. a_, P_(J)X*
)~~- • ~JJJ.~i'iIi7tmfj~~7ttITT~~.~d:, *f~:~tl~tl a_A~7 l' O~-
~-, P_A~71'D~-~-~et~tl,~c:LT7if*~~~7A~7~D~-~

~mv~~iO~, f§~t~a9~~~:~LtJ:v~{ttx*)~~-P_~:~d:MtC~A~7l' 0 ~-~
~mv~Gtl~. a_, P_o)I*)~~-iJ{UJE~:~J:, ~t~~/7l/-~3 /1Jr)/~-~

~~f*~lli~~mv~Gtl~iO~, 7tmtmO)}~~?7'"*T~ ~7A~71'O~-.~-~~&~t
tJ:v~. r_o)I*)J;~-~iJ{UJET~ r.A~7I'O~-~-C:GL~d:, ~c:GLGe~

Si tJ: cO)~~f*~lli~n~mv~ Gtl~.

-164-



Lesson 13: Light II
(wave properties)

tJ 1 inning, round, time
*V(T) to forward, to revolve, to transmit {vt};*V( G ) to be distributed, to go around, to rotate {vi}

@1!& tJ1~~r)

~J1l@1Im 0/ 1) tJ 1 0

tJ!J angle, comer, square, target
iJ'~ C angle, comer, edge; J (J) antlers, hom (of an animal)

~~~~ tJ!J~/~r)Ar)

Ui~ T3'YtJ!J

recovery, retrieval
logic circuit

angular frequency
right angle

*& tJ !J capacity, character, rank, rule, status; :J r) capacity, character, rank, rule, status
ftm ::Ir) tJ !J success, passing, eligibility
*m~tJ: */ tJ !J T4=- tJ: full-scale, genuine, real

T tJ/dry
D(G ) to become dry, to ebb, to recede {vi}; ~~(T) to dessicate, to dry up {vt}

T~ tJ /'~ 3 r) interference
T~It1~~L tJ /'~ 3 r) 121 ~ /' '7 /' coherent scattering

ftB !J 'Y bending, submitting, yielding
Jffirfi !J 'Y 12~
:flJffirfi 7 !J !J 'Y 12~

refraction
birefringence

;x ~ / dispersing, scattering
!> ( GiJ~T) to scatter (about) {vt};!> ( G7J\~ ) to be disordered {vi};
!> ( GT) to disperse, to scatter {vt}; !> (G ) to be dispersed, to be scattered {vi}

~~L ~ /' 7 /' scattering
7t~ ~/'~ /' distribution, dispersion

M ~ -V archery, shooting
v)( G) to shoot

lffiM
1i~Mfj~

~3r)~~

*r)Y'~Jr)
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~ 3 ry crossing, ferrying, fording
~~. n/~3ry~*

~~~*H n/~3ry~/~ry~

~ 3 ry burning, scorching
d!> it(Q ) to be in a hurry; z::. (iJ~T) to bum, to scorch {vt};
z::. (iJ~n Q ) to yearn for; ::. (~jQ ) to bum, to scorch {vi}

~r!:i ... y-t.,- ....
~Jn' ~ 3 './ 7 ./
~i(lWi ~3ry~1~/

~ 'Y bending, breaking, folding, yielding
~(Q ) to bend, to break, to fold, to yield {vt};
~(nQ) to be folded, to break, to give in {vi}

@1tfi n1~'Y

Jmtfi !J'/~'Y

interference fringe
interference spectroscope

focal point
focal plane

diffraction
refraction

random error
efficiency

'J 'Y coefficient, factor, index, rate; I) 'Y coefficient, factor, index, rate
D~(v)Q) to lead, to command (troops)

~$~~~ n!J0'YT~3~
5Cj)$ :J ry I) 'Y

tp ~.::L ry center, mean, medium, middle
tJ:.7J) inside, middle, midway

q:tJL\ ~::I. ry ~ /
~q:t ~~::I.ry

~ " ry penetrating, penneating
T (7J)T) to leave a gap, to make transparent {vt};
T (<)to be transparent, to have a gap {vi};
T(~t.Q) to be transparent {vi}

~~* ~ryn:Jry
~ ijij tJ: r- ry ~ 1 tJ:.

center, core, heart
during, in the midst of

transmitted light
transparent

an ~ 3 ry next, tomorrow; :A1 clear, shining
d!> (7J) tJ ) light, lamp; d!> iJ)( Q vl) bright, cheerful, clear; d!>~ (Gtr~) bright, clear, distinct

mijij n1 ~ 1 elucidation, explication
Jef!J=] J\ 'Y ~ 1 invention

*ll I) .::L ry drop, grain
J ~S~ drop, grain, {counter for tiny particles}

*Bl*ft~0) ~1 I) :J. ry ~ 0)

*ft-T I) 2. ry ~
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13-1:

Reading Selections

V /.A (~~2298)

jj:;; A~77AT 'Y? (J).J:::> tJ:~IJj••~ 2 --:Jo)f~OO~l&lmlvt~~O)~¥v /'XC:: ~~
'5. 2 J(1)~OOO)dIJ$t:pIL'~fa~~iff.(J) ~ C: ~ lfi 1/ /'A'O)$dJC {,~ 5. 1 M(J)lt! v / X!>
~a~fi(})¥~/A~m~ftb~~~ftv/~~~~GLV/XC~~. V/A®tt~

~d:~.,~fie.~::J:JLFa)£~tl~ . .ijil/o/AO) 2 ~O)1ffifJT~itiO)dIJ$*~~ TI , T:!., ~~ij

~jtO)~5<\~::~t9 ~1ffi»T$~ n~ 2 --:JO)~itiO)J§tJ~ra'O)fiem~ d C:9~ C:
l/f = {(n - 1) (lIT} - l/r:!)} - {(n -1):!d/(nr1r:J}

-c'4x t;n.QIi,~, lfi V /' A(7)~~~~*c:v) -j. ,0)1~n'\iEo)¥~'/A'~8L/ /A',
fto) ~O)~[!!JV /'A'C It) 5. 1.~J:(l)!1f 1/ / 7~'n~fIb~~Jml: GLm~fttJ~ ttt::mft
L/ /A'C'~j:, ~,,~~.'(J)*~)tJ\t::~i~~-r~~. ,;o'\iEo) C: ~~lJ: V /'X', ~o)c~

~~v::/A'clt)5.

!liv /'Ac~ft v /'A'l:~imt~tt.~v/' A'<J)tt. c Gl~2~9~. ¥f:r7t.tt~v:/
A'O)fIb~:¥fT~:AM9~ c, lEO) v /'A'C'~j: ~/ / AO){~lltlO).,~~:~*G, ~O) V/A~-c'

'j: J,- /' AO)ilfj1ltJO)I~;Q\fJ~1k9~J:5l:i1tu. =.nG O)J~~~tt-tn<7)v:/XO).{M~
I~C It) '? ilI.7t.~:J")l~ XQ ct, 1 J~tJ\ Glli~ L t::7t.*~iV ~/A~Jm~ Lt::-(J)
!>, ll~l:~*~t::~d: 11~t1\G~1k9QJ:'?~:~U. 7tt1'\m~9~1~~4'JJI~' tlfi"(})I~

~.JA\c. v~ 5. lilt)l:~}i~c{iI~O)OO~~:~~}aO)m~~~~.;~, ~nt;O)I~Jd:ltt,~~:~

~~6;0 Ct- ~ '5. ~}:aJj:flbJ:~lSHilO)J~Q){iJ~-c: 6; Q. 7t.(J)rPJ~ ~i2! l: L,T~x Q C,
j£(J) v /A-eJj:ilfj.O)~ra'J fto) L/ /'A-r~~.~{fttlO)~ra'~:J t '5 (}c-::J0)~J~tJ1fft£9

Q ~ ctJ~btJ~Q. ~tt~~f*_g~l~c It) '? ~J~ ~Jm t) fdJl:~iitJ:3JliiiO)~ C~~~ii
clt~5. ~J~(l)~ft~~.f*c~;t~cJ fiJ~(J)~ftJJ:.~6;~. l//A~im~f~J 7tfJt
~* L,{j0) C ~:s-e_*~ c ~, ~0).~~{i, 7t;Q~~M L7t.~i2!rPJ~ l:jg~9 ~ c
{i~~b~c~, ~0).~~.C:{,)5. 7 ~ )vb~~.0)-fiL~l::.s~t~i.~j:t2ij~n¢

tJ~, ~.O)-fiL~~:.sl;)L t>~2.~ nt~ It). fIIJ~:~m:tJ:~.f*O).O)*~~ 0)~.f*(J)*~~

~:~t9~Jt~.ffl$*t~~j:¥l:ffl$ct-~:>.•m~7J~+1 t:t~~.J:(l)~~I~O).~3:

I~C lt~ '? 3:1~~JmJ -rflbl:~iitJ:3JlOO~3:¥Ufi C: lt~ -j. ~~~J~O)-1i~:AML,t fm1i
t1~t;mM9Q7t.0).l:M9~M~<7)~ u, u'O)Jt u'lu~, ~0)~~J~(I:.~t90~ffl.

~ lt~:>. ~ffl$t)'~ +1 C'6;~~~J~~(1)m~IJ.,~, 1J1~~Jm IJ ,*~~~ifftJ:¥iti~lJ¥iii C
It):>. ~.f*il~IJ.,~I:AtfGt::7t.~j:, v / A'~imil~{iiglJl~ ~Jm tJ t Atf7t.I:¥rr
~:ltiM9~. ~J:O)1fJffl$O)JE~~j:, 7t~~~tJ:c-c'ffl v) t;ttQ~m~O))£~c:Ij:iI-:>
Llt~~.

~I~' 3:1~' 1JF.a~V/AO)3:~I~Clti5. 2 J(J)~J~IJ:1ilt)I:~~C'~j:t~lt). ±Ji1:
n\ ~~I~*l:'O)m.~~I~m.C lt~:>. 2 JO)3:.,~, ~~~tJ~6;~ ~ cl:~f~ L" 2 J(J)

~F.am.~6;~. ~~., ••(l)~(J)~~h~h~.f*.~F.am.fi••~F.am.,~
~9. 'Q) ~ c ~¥~: v /'A O)~I~m.l: J:: ~s~.

~.,~, {i1~*\:(J)m.~~n-ttt~~iJIg, {i{JIIJ±I~7i\ 6&IJ'J L S, S', V / A(l)~I~

1!.~,C9~C

(IIs') - (lis) = llf
7J~J£1L9o. ~O) <t ~flb1J(R]O)~.lj:, 7t.O)~ultil~ l·::~ltlJ t~ C~~lE~: C~.•m
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~~d: m = s'/s -r:47L Gtl~. m 7J~IEO) C ~~J:.~J:IEll, ito) C ~~J:ffJJll-c'~~ .
.$V/A'O)J!j!~ d7J~, rI , r2~=tt~L.~Jl-c'~~c~, z:tl~~V/A'CV~V~, d=O

ct) <c~V / A'O)~J:t7J~lt Gtl~. ::. O)~~, ±1~t)J: ltW}~~J: v /'A'O)qtJL\ c-3&
g-~. JffitJT~ n ~J:, ~.O)5t~O)t~~~~~:J: ~ LJ£{~g-~. z: O)t~~ V / A'O)~J~i!

lII, fff~tJ:c~7GO)~~~=J:~LJ£{~G, E3157G~M!Jf.Jg-~c.~=15J&~7J!~C~. 15
J&~~~*g-:Q ~:~J:, 5t~O).tJ:Q 2••0)717 A -r:':) <~ t~ 2 ':)0).$V/A'~.~V
/A' (?7+7v~ 1') ~.JJX:g-~. 2~O)v/A'O)5t~n!tT~~G~~-C, 2 JO)~~~:~tg
~~J~(i!lII~-3&~it~ z: C7J!-c'~~. z:tl~7!J o-:x- "c v:\ '5. 15J&~~tmiE Gt~

V /A'(J) z: C ~15~~G V /'A'C v~:>.

~~c.~~v/'~~, 5, 6~~~0).$v/~-c'.JJX:~tlLt)O, 15J&~0)~~&

.0)J&~~~Jf.J ~=~x7Lt~v~fiJJt~=*-r:/J\~·<GL~~. Z:(J) '5 ~Jj(ltiJ&~c ::r-:XJ&~

~~* Gt::. V / ~(J):: c ~7777-1' C V~ '3. *t::,3-~J~J&~c:.lti(J)dtJtJ! ~ ~::~'fGL
tmiEiO!t~ ~ tlt~ V / ~O) z: C:: ~77AT -1 ij"-:x- l' C v~:>. v / ~O)tt~~£(g-flc G
L~d:~J~i!lII(J)~~iJ\~=, ~l~i!lIIc.~R~~=~tg-~AMDcJj-O)smO)tt, F 7//'\
iJ!Jf.Jv) Gtl~. ::'O)fI~J: v / A'~ii~g-~7G0).~)E~~ ~O)-r:, 'FJ~ V/A'O)~~.

lli~rl3'~d: F 7 / /'\-O)=*~=tt{9iJg-~. *t~.ltiiO!7t~~:.~O).lti c-3&GtJ: <-C
~:CO)M~~~TO)fBlmpq-c'~J:~~-7~=*5. GLV:\~ c~7L~::' ciJ!-c'~~. ::.tl~~

J~~JJtc It):>. ~J~~JJt~J: F 7 / /'\-~=&tt{9iJg-~. ~J~~~~t~.J~O)::' c ~~J~

*t~ ~J: 7 ~ -tJ A C J:v'S~v:\ v:\iO\t:..iO!~ fJ, ::.tl~=~t~ GL~J~lti C:: v:\ '5 ::. c ~t~ ~ ~.

13-2: T~ (~~389-390)

[1] 2 J~~O)~JJJiO!IPJ~~= 1 J~~=~fj~Gt~c~, :CO)J~-c':ctlGO)~lJJiJ!liv)~=~~

~lt~, ~~ It)~d:~~~~'5~~~~O)T~C It) '3. T~~~~d:~IJJO)£(g-~.a9t~Jtt.O)

DCJ-c'~~L, ~lJJfI~=~tGLmtJ~bitO)J*~n!JJX:0 ll-:J::' C:: ~=£~V)LV)~ .•
~1lt1.$t~~~C::GLIPJ-1JrtiJ~=J1§u, ~~, ~JJJItO)~Glt), f)J:f§~ aO) 2 J(J)IE~

~ 1JI1=A1sin (kx-mt), 1J12=A2sin (kx- rot + a) O)mt~ IJ ~~7LQ. ::O)~~, ~JJX:~~d:

IJI =1JI1 + 1J12 =A sin (kx - rot + 8)
A - (A 2 +A 2 +2A A cos a)1/2- I 2 1 2

tan 8 =(A 2sin a)/(A1 + A2cos a)
-r:£(~tl~iE~~ctJ:~. ::tl~J: If/l' 1J12 c:1PJ-1JrtiJ~=J1§Jj-, ~~, ~JJJIt~IPJC-r:~

~. 1JII , 1JI20)f)J:f~~iJ!a=2n1t(n~d:~It)O)c~~d:, 8=0, A=Al+A2-r:5~~~lt), a
=(2n+l)nO)c~~d:, 8=0, A=1A1-A21'"C'~~~~'3. ~O)~~, g-t~b~~IJJO)~J

I*)v~-~d:fJN~MO)2 *~=.l:tfrtlg-Q. If/l' If/2 0)5i~ ~~n~tl II' 12, ~PX:1Jt If/0)5i
~~I cg-tl~t, locl l +12+2(III2)1/2(cosa) ct~1J5i~~='Jlt~-r~d:1JD~Jtt~d:JJX:lJllt~tJ:

v).
1JtO){~f§~~d:~J.qtO)~ImO)~~ ~::J:: J -C~~Q. 2 ?O)~7J~T~g-~ z: C:7J~'"C'~ Q

t~~ ~=~d:, J:.acO)1lt1.$tJ:~~~=J! GnQ J:::> ~={; IJ, ~O)J1§fT1JrtiJ, ~~, ~1JJ1t, {~

*§fiEJ, ~*O)It7J~ IJ O)ra'~=~)E Gt~OOf*7J!PX: IJ llt~tJ:~ttl~tt~ GtJ: lt~. ~tl~~O)T~

Jttc lt~ 5 .. v-~-7G~d:T~JttO)~lt~7GVjO)~£(a9tJ:~O)'"C'~Q. 7G~T~~it~t~~

~=~J:, 1 'JO)7GVj7J) Gllit~7t~tJ:1v 6 7J)O)1Jiti.-r: 2 J ~=5t~t, ¥iltmtJ~bitQ ~ c::i:J~

~.-r:~~. T~0)~*~~J~~~m~~tl~OOcGT.~~.~1JJ0)5~fJ~~Q.

*t~, ~~~=J:Q E3157GO)T~ (t~ c:;Z~t, 7k[ijO)rmO)~~, G~ ~£Iv3it~ c) ~~J:,
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~-R:~::J:: J l{tlffi~n~.tJ:~ t~~ ~:-=f~{5~{5O)J v)t~-=f~.;¢~J! Gtl~. x .~~T
.00*aMr~:et ~ lIDffim~ ~1a!L~O)-=f~m~-c'~ ~.

[2] X.O)-=f~ : X .~.m~ (7t) O)-fl-c'~~n) G, ~O)-=f~m~~d:fmO)7t.O)tJjft

cJ*~~~:.tJ:Qb~t-c'~d:tJ:v). t::-ti, ~-R:n~~< (fXX.-I0A, il!x.-IA, y.
~ 0.1 A), *f~:il! x .0)~-R:~d:!to/.JJi~."*9 ~J*Trl:J~mlllc ftijN~-c'~Qt::-&)~:, ~~;O)

O)7t~?tJf-c'~d:J! GtltJ:v)-=f~m~n~mtlQ~:9~'tJ:v). *6Mr~:et Q-:/7 'Y !J"&:M (lID
ffi) ~j: X .00-=f~m~0).~*f.~tJ:~0)-c'~ t), ~tl~mV)lJb<!to/.JJiO)J*T~ • ?t
T~.~0)~~n~1TbtllV)Q.*5Mr~:et~ lIDffi~J:, IJ\~ v) (~ 10 Jlm) *6Mr~:~t G-c~J:

iM~1a!Lm~ e: G-CiibtlQ . G;O) G, ~QfiJ3t*~ v)jC~*sMr ~:~t Gl ~d:7t~~~~

(lWffi· &:M· -=f~ ·lIDffi) ~:{~t~l&t)iiv)0)1Jn~~;t~9v). ~~, AM~~d:-:/7'Y!J~

~#~~t~9 e:*6Mr£{oo-c'-flO).Jmffi~~ G, *6Mrrtt~: 2 flmO)~7J~~~9Q. ~ 0)
~n'tB.. v) ~:-=f~ G, -=f~.~J <Q. ~ tl~d:~ /7)v.c J:: ~t'tl*SMrjC~Jr1 ~~fiffi9 Q
DCJO)EI=ti:ctJ:~. ~O)ff1:£~d: 1917 ~9-c'~:: P. P. Ewald ~::J: IJTJ!~tlLV)t~7J~,

Si O)jC~*aMrn~-c'~~ *-c', ~~~~IDE;O~il!tlt~. fm1J, ~-R:7J~~v) ~ C, iM~O).

tJln~~ JflJ< O)ilJtlK0, Jmffi$n~ 1 ~:i!iv)t~~Jm~O) v / ,A'n'tJ <tltJ: v) ~ e:tJ: cO)~fB
;0) G, ~~7J)O)7t~?tJf-c'~d:~~ ~::J! GtlQ-=f~m~n~ X .00tJjftll~G.v). G;O) G,
A lJ 'Y l' ~::J:Q7 v*)vlIDffi., 01 ~.~::J::Q-=f~., lIDffi~T~:J::QlIDffi.n~ll~

~ tl-CV)G. X .~~O)~O)-=f~M~d: 1964 ~~:tJ:J l~j: t;&)l,,*~Gt~. ~tl~d: 3 fa
Mr~mV)-C1~Gtlt~n~, 2 *5Mr~mv)-C~*f~tJ:~#0)~-c'-=f~.n~1~GtlQ. ~O)fI

O)-=f~.~d:Jm~~7 v. c et ~itl-C v) Q.

13-3: ft~L (!to/.JJJl778-779)

~fJJ*t~~j:~Tn~"~!to/.J~1a~Lf*tJ: c~::J:: J -C ~ fB~fT~!L~ tlQm~~-~~::1a!L

c v) '5. 7t, X *l, .m~tJ: c O)~fJJ~~~Jl~tJ:~T~d:1a!Lm~~~9. tfiM, m!L~

~-c'~d:, ff~H~~~::fiU1:£G -Cv)Q1aELf*~=, -T?t~1J7J) G~-ktkO)~fJJ~~T~~A
G-C1a!Lm~~5r~G, fl91J~::1a!L ~ tl-C te-c <~~fJJ~*ftT~, 1a~Lf*7J) G-T?tllltl
t~tJjm~::-t3v)t~~te~~:J:: J -ClllU9G. AM~- k0)5m~ (!li{tl~ra~~:!li{tloofl~Jm

J&!9Q*ftT~*t~ ~:tI*)v=¥-) I, !li{tlf*~~t~ tJ O)~!Lf*O)~ N, AMe-~1JrPJO)

~!Lf*O)~~ t, AM$fb7J) GliftJ 0, 1J{tlftJ qJ O)1JrPJO)~/J\1Lf*ftJ dQ f1g~:!li{tl~ra~~'

c ~=A J -C <Gm!L~T~*t~~j:I*)v=¥- dn (0, qJ) tJ: cn~1a~L~~7J) GlR~llJ~~

tLG.-cd!> GiJ't, ~tl G0).10) G1~ Gtl~ (da/dQ) = dn(O, qJ)/INt ~~~LO)~?t~oofl
C v) '5. ~?tl'JToofl~d:, 1a!Lf*~=AM9 G*ftTiJ~ (0, qJ) 1JrPJ~:~EL ~ tlQ~$~4;t
Q. £lI139tJ:t1~i!j{U~~fJJ1JNrt7J)G~?tlfJfoofl~f:I~~~::~teGet '5 C9Q ~O)iJ't

~!Lf:I~-c'd!>Q. ~1Jl~ (~!7 0) ~TO):t~ft, .Tt1~7J~~~~tJ:t1~$jlJj-cd!>Q7J)

G, ~!LJJl~~d:~:J- V-7~ /jj-O)~fJJ1Jfjrt~~ c~:: G-C.,,*~ tl-CV)Q.
m!L~j:~O)mffij~f~f~ ~= J:: J -C?tli~ tlQ. 5ij!Jt11a!L e: ~j:, AM~T C1aELf*~TO)

f1g$tk~~=~f~~~:: ~--r, G7J) ~~JTt~ ~=~T~7ttJ: c~~~ GtJ:v)~ELO) ~ c-c', ~
!LlW1~~=-t3 ~t Q~JJJI*)~=¥- C: f1g$I*)~=¥-iJ!JJfJ J:< ~::f*ff9 ~. ~tl~~~~FWJt1

m!L C: v) '5 iJ!, f1g$tkJij~=*~tJ:~f~iJ!~~ :t~ft~*ftT · JJ&1&tJ: ciJ!d!>~ :l:jjft~:: ~d:, ~

~=&:JJtc:J:~itlQ ~ cn!d!>Q. fij~c: v) '5 mMt~d:, tt~~tJ:~TiJ!.~~::~S~~7J)Q C v)
51 ~ -~7J!5~v)iJ!, ~~Lc:ftij~~::mv) GtlQ ~ C: ~ d!>Q. t::- c ;t~t, J*T~~*~T

0) &:JJtl:'~j:, ~F5ij!Jt1fij~C: v) '5 maftiJ~ G ~tG~tm v) GtlQ iJ!, ~ 0) C ~~:: ~j:~F5ij!Jr1~~L
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~ tc. ~J:liJt\O) ~ C~~ g-.
~!L ~d:~!LftJ ~~ J: J -C~7}~~ n.Q . AM*1lTiJ~ 90° et t] /J\~ v~ ftJ~~~~!L ~ n.Q c

~llfj15ft!L, 90° J: t] *~v~ftJ~~~ft!L~nQ c ~f~15ft!LcJ:~~n.Q. ~t~, ~!Lf*

iJ~~ < O)ft!L*1lTO).~f*-e~QtI~~~, AM*1lTiJ~~~Lf*O)J:f=r-e 1110)ft~L*1lT~~J:

J-Cft!L~n.Q llill~!L, f{1I0)ft!L*1lT~~J:J-C~,q cft!L~n.Qf{lillft!L, ~f{0)

~!L*1lT':J: ~LD tJ~Gft!L~ n~~mft!LiO~~.Q.

~< O)ft!L~.-e~J:, ~ll:_~~:AM*1lT~~A g-.QO)~, ft!Lf**1lTO)~}]m~lJJ.

iJ~ 0 ~~.Q&_*~~.~*c v~ 5. ~n~:~tGL, ~~IJJ.iO~0 -e~.Q&_* ~mJL\

* c v~ 5. jJIij~O)~f*~d:O-V /y~~ (~tc.~d:jJ IJ V1 ~~) ':J:~ L 4;t Gn.Q.
1It.Jl~*1lTO)J:f=rJL\iJ ~~J: Q~!L~d:, fi ~~~~tJ:ft!LrJ:J,m-e~.Q. J:f=rJL\iJO)tI~'~~d:,

*1lTO)~~IJJ.iJ~f*t¥~n:QO)-e,AM~.t3J:vtft~L~~~~I1J.O).Tf{f ~~Mg-Q
$7}~~~7}mg-QO)iJ~{J!flj-e~Q. AM*1lTO)~~~ Acg-:Q c, ~~l1Ja f O)*1lT~d:
f:ij~mf{ fA ~~J -Cv~.Q. ±c G-Cft!L~~~t~O)~d:, ft!Lf*O)~mJ: tJ /J\~ v~ fA 0)

*1lT-e~.QiJ~G, *1lTo)I*Jv=¥--iJ~{!t < -C, AiJ~ft~Lf*J: t]*~ v~ C~ ~~~d:, ft~L~

~~tQO)~d:±~~A=OO)*1lT, g-tJ:b!> s~O)~-e~Q. AM*1lTo)I*Jv=¥-iJ~~<

AiJ~/J\ ~ v~ C~ ~~~J:, ft!Lf*O)f~15~~~iJ~~~Q. ::.n~d:~ft!L~tc.~d:lillffi~!Lc J: ~~
nQ. ~~AM*1lTcft~f*~~~~~~~<QtI~~~t],~n~~~~~cJ:~n

.Q. {!t.I*Jv=¥-O)~T~liJt\~ J! GnQ.~~~*-lEBg-.Q 5!liJrtft!L~d:~0)1~~~tJ: ~

0)<:, .~~5!liJrtft!Lc v~bnLV~Q.
!to/.JJlJ:f=rO).T'~J:~X *JRO)~!L~d:, T~Jrt~~L (5!liJrtft!L) c~~T~Jrt~!L (~~5!liJrt~

!L) 0) 2 fj~~*)JIJ~n~. T~Jrt~!L~d:, ~!LO)ftjf~~~Sv~-C X .0)~~iO~~1~GtJ:v:)

~~L~~Q. ~O)tI~~:~d:, ~!L X .~d:AM X *JRO)~JJJ.tI~~J:J -C51~~n~.T

0)5~*,J~JJJO)*6*c G-ct&ttl~n~.mtlc~;t -c J:V~. AM X .00~~iO~~T~m

J: t) ~d:~n)~:/j\ ~ v:)tI~O)ft!L~d: l' b 'J /~!LcJ: ~~n-CS t), fAii tJ ~ ~tc.tJ: v:)~~ 10

0) X *JRiO~, 1110).T~~~tC.~ C ~0)1I7}~WfJ~d:

da/dQ =1/2 (e 2/mc2
)2 (1 + cos2 0)

=3.98 X 10-26 (1 + cos2 0) [cm- 2·sr- 1
]

<:4;t Gn~. ::.::. <: m ~J:.T(1)ijt1l:Wfi, c ~d:7tJm~-e~J L, (e 2/mc2
) ~d:liT~m

cJ:~n~fi-e~~. ~~O)~~WfJ~~*~~c

aT =8n/3 (e 2/mc2
)2 =6.66 x 10-25 cm2 =666 mb

c:tJ:~. ~n~d: 1'b 'J /~!L(1)wrWfJC:J::~~n~. ZOOO)liT~~~~T~:~t9Q~W

fJ~d: Zl1T ctJ:.QiJ~, ~n~J:n)'":JL~TO) z ~~~tfJ~:#t~~O)~:}fjv:) 6ntc.. X *JRO)
~~7J~JJj{TO)~~J:: t) ~v~~~~:~J:, X *JR7J~ 1OO(1).T~:fFffl9~ C: v~:> ~;t~d:J1i~<:

tJ: <, ~TJ*J0).TiJ~(PJ~~:5~*,J~I1J~~~t.Qo)<:, liTn) Gt&ttl~nQ.m~~d:T~
GL5~~~v~, ~!LX*JR0)5~~~J:*~<tJ:~. ~tc., x*JRO)~~n~~v:)tI~~~, ~

!L~mWJ*J(1)~T~2~U~~mJ{fjJrtiJ~~n~~, ~!L X *JR~d:T~g-.Q 0)7:, ~n~ffj}fj GL,
~T~2~1J~~&'J~::'C7J~<:~~.

~~T~Jrt~!L~d:~v~~~-c'o)::I/7° l' /~!LT:~ J L, ~!L~(1)~~~d:~v~15~:9n,

AM~~:~tG-c~JEO){}[f§~1*~'bt~tJ:v~.:J /7° ~ /ft!L~d:*i&If~cG-c~;tQc,
7tTC: EJ Et3mTO)5!liJrtf:ij~<:~~7J~, 7tT7J~~TJ*J.T~:f:ij~9 ~ C, f:ij~(1)~*, •
T~d:JJj{TJ*JiJ\ G~~~d: C:~ C: ~t~ n~ 0)<:, ~T~f*C G-c~d:~F5!liJrti&1fi-c'~~. :J /

7° ~ /~!LO)~WfJ~J:, ~1jtJ:7 71 / · i-l40)0A~4;Z Gn~iJ~, X *JRO)X*'Jv=¥
-iJ~m*g- ~ c C: 'b ~:~1>G, ~~:, X*,)v=¥~O){!tv~ c::' -0 -c'~d:, ~ b 'J /~!LO)wr
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iii~~:-~9~. #.JJ(* ~:e:t ~ x _O)1tt!L~d:, #.JJ(O)fMi!~.&~9 ~O)-c', X _~d:#.J

J(fMi!~m~9~m~~¥~-c'~~.

13-4:

~/7'"A !'o-bmJjt, ~Qlt~~d:e:tt]~lt~~~~~J~'h(X_,g_, 1i-T_, ~

1t1-T_) O)@]ffi • 1tt!L • ~1&~~~Jm ~-C#.JJ(O)fMi!~J*-T • 7t-T v~)1t~~ 6iO)~:9

Q~r~'7tlf. @]ffi*6Mt~~~O)~JJmiO) ~, ~tI· ~tlO)IRJJIJt~ <, JJA#.J, fil~, ~~f*,

iNi7t-T, ~ G~:~d:?T /1'7J(~~u~f*~il#.JJ(~:¥Q~~i1t~#.JJ(n~~'f~c L,,-Cflb
n-Clt~~. *6m,~O)~~:iO)iO)b G~, 3-~MtJ(, ~f*, ~f*~ ~if~~'f~~:~~Q z: cn~
~lt~. ~n~d:*5MtIt1#.JJ(~~'f~C9 Q~~ C~O)fmO)~~ C-c', 1J~1B0) 5 X~*J(fJ9

~n~t~lt~t~~~~~. Z:0)J!jj~9Q C, @]ffi*6Mt~~d:if~¥~~:e:t J -c~~~nt~~
r~'7tlf-e~Q c lt~X~. Gt~n~J -c, ~O)if~ffl'h~d:~~fJ9It1mn~~ <, ~O)JiX:W:~d:I

~, ~~, ~~, .~tJ:c~:ilI~· rf3'~O)~1k;jj:W:~~J.

*6MtIt1#.JJ(O)~~, #.JJ(fMi!~~JMfJ9~: C GXQ C, fMi!¥{ftO)J*]rtBfMi! c~rtBfMi!
~:7t~tGn~. lW~~-~fMi!, t~~~=~fMi!ce:tv3~. z:O)7t.~:~'fPC\G, @]tfi*6Mt
~~*~ <2 J~:7t.~n~. -~fMi!~liJf~~t~C9Q7tlf~d:.~mffice:t~1n, =
~fM~~~'f~C9Q7tlf~d:, d< ~d:*6m,tJl~O)if~cJ:~tnt~n~,if~~'f~~~JL\O)~

!)jjO)~~~:f~lt~, )l[1:F~d:fMi!~fiffiC: e:tv3~A ~ lt~Q. -~fMi!if~O)jllW_~~d:, ?T /
J\7JtO)J: 3 ~:¥{ft~J1'J~: 1 JJM~l:O)J*-T~~u.~n~~ ~iO)~: ~ n'J'Jd!> t), ~ 0)
7tlf~*f~:~~fM~mffic:e:tv3~. -jj, tt~fJ9M¥tJ:#.JJ(~:Jlt~-CMmfMi!mffin~fTb

n-Ct3 t], *6m,~.JiX9QJ*-T0)*5~.-T7tw~mtlJEGf~Q~~~:i¥G-Clt~Q.=~fM

~O)if~O)5!), fM~~fiffiO)7tlf~d:tt~fJ9jG~lt~O)reilt~*5m,~:~JL\n~d!>t], m-Tj{~raO)

if~~J*]~c:G, ~~f*, ~~, 7CJm{~ffl~tI*tr-+O)~fiffi~:~mxG-Clt~~. *6m,tJl~o)

if~-c~d:, J±~fil~O)tJl~C:7J)rei7t-T*5m,0)*5m,{~Jjt, ~7 ~ 'Y 7 AtJ:CO)*6m,It1~f*

O)tJl~n~~)aJ~ Gn, 3-~m,J(O)t.~O)if~~:JtJ:7J~J-Clt~Q. ~ O)7tlfO)if~~d:*6MtJiX~

O)~Jf~cmf~tJ:~f*~~J -CltlQ. -~t.~C:=~fMi!O)if~O)~rf3'~:~d:, *5m,0)f§~

~~, m-T~'hO)if~tJ:c, ~mlt1tto/.J~~O)£fic:tJ:Qif~~fTbn-Clt~~.

@]ffi*5Mt~~d:, ffllt~GnQ~'h~:J:J-C, Jm1it, x*j*Eim,~, ~1t1-T*j*~Mt~t3J:lt

1i-T*j*6m,~~=7t~t GnQ. G7J) G, ~7tlf-c'f~ GnQ*Ei:W:, ~1Bt3J::lt~~fJ9¥~O)

3Cifrtn~ffl~-c', -liJf~~n~ 2 JO)7tlf~=*t~n~~ ~ c ~1>tJ: <tJ:lt~. ~~O) ~ c:tJ:n~ G
~7tlf~:~d:~n~n*f~i01d!>~. X *j@]ffi~d:Jlffl~Jm~:~i!mIt1n1d!> tJ, JE.fJ9if~~fT

lt~~9ltlffjl~~iO~d!>Q. g:t1t1-T*j@]ffi~d:mlt1O)if~, H J*-TO)fft~#cJE, m-T~'hO)'hfJ9

*flt!O)~Jf~~=j{ <~ C: iO~-c~tJ: lt~. .-T*j@]ffi~d:.-TDm.~ c: c: ~ ~:tiJm~*6m,~W

O)if~ ~~~~iO~ d!> ~. ~ ~~ ~7tmfj~.-TJJl~.~d:, ~o)~~-c'~mJt 0)1IfJlfJ9.~O)Sl~

~1:iJ~~~~ G-CVl~.

@]tfi*am,~~d:, M. von Laue, P. Knipping t3e:t lt W. Friedrich 0) X *j@]ffi~~~J!

(19121F), W. H. Bragg C W. L. Bragg )(T~=e:t~!\ 0 l:I /1~7 )};jJ I) O)t14i!mfJT (1913
1:F) ~:tiftij~~9Q. ~v~-C c. J. Davisson, L. H. Germer t3etlt G. P. Thomson ~=J::~.

-=r*j@]ffiO)~J!(19271:F)~, m=:J(mJf.*~f~, J*-T~7J)G{~Gn~~1t1-=rVj~ffl v~
-c~lt~-=r*j@]tfi7J!fTbn~ e:t 5 ~=tJ: t], @]tfi*~Mt~O)J*]~7J~m~c:-='~~=tJ:J t~. *t~

ftgO)~il4~~ ~ (P] G-C d!>~ 101, *f~:f~~mfJT~d:Jt*tJ:T--?T 0)~3 c:~~~~\~C9 Q

o)l:'.-T~t~lIO)ifg~~:~ 5 ffliJ1*~v~. 2: O)et 5 ~:@]ffi*5Mt~~~0)~5t! ~t~ C~ C,
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~lJj~iltl)E~ThI. 7-?,0)9}1J!!fm7J(J)l1!~c C~~:~.~§e~~~~jLV)~. ilI~, ;t
l1!~iOO-c'~ /!/ 0 l' 0 /t&M~ x ~7't1Jj c G-CfrJJf.JT~ ~ C~1~ EI ~ tt, V~100l:'~

@1tfi • 7t7't~ItiO)t::.liJO)~Jf.Jnm~~11}L~iJf~~lIIffS*(J)~I*)v=¥-1JD~HiJf~.~~
~1tJa:p-e~~. *t::'~T1JD~H~M!J L 1')VA~a:pJI1TlJj~J < tJ, *f1X~tJ:a:pJI1T~

@1tfi~fT5 :: C ~tla* ~ LV)G. ~.~~O)m~~J:~.l~~O)~fi~tJ:T~o)-c'~Gtr~

l3, ~.f~~~) l3 O)~~~:f~v), @1tfi~Mr~~j:~~ GJJ§e~T Q~\?&JI1~ ~ J LV)~.

13-5: [E]~Ji (~J!!271-272)

~m~, 7't, x~, .~~EO)~~~ ••a:p~~MT~c~, ~W~O)~M~~~O)
$7t~:@1tJ~Iul:'~MT~~~. ~W~~1tJ:<L~, .Jta:p~:~~tJ:E~1~Q ~ c~:J::

J-C~~Q. *t::., r5A7J~~~:~;ttt~t~.*ftT~:~j:J!l3ttt~v)~~~~~~1, .tJl
~tJ:*ftT~j:*ftTJl1cc ~ ~:~~JI1~ ~ J -Cv)Gt::.liJ@1tfi~~~7l'T. -~~:@1tfi~~~1

~~~:J! l3 ttQ iJ) E 5 tJ) ~j:~O)~~ c ~w~0)*~ ~~m~~: J::: J L#c* Q.
7'tO)@1tfi~~~J:, 1Jjli~:J::: J L@1tfi~~1::~G :: ctJ) l3 1665 iF, F. M. Grimaldi ~:J::

~ -c§eJ!~ ttt::.~1, ~~~;t l3ttLV)t::.7'tO)*ftT~-e~j:::O)~~~~~l:'~t~tJ)Jt::..
1818 ~ A. J. Fresnel ~j:7't~~~c~;tGC C. Huygens O)=*~(J).~CT~O)L§{J!!~ .
M!~ L@1tfi~~7J~~~-e~G :: C:~~ G, ::tl~j: 1882 iF, G. R. Kirchhoff ~=J:: ~ L~

A{t:~ ttt::.. @1tfi~~~~!/ A 9 x)VO)1Jf~AiJ) Gte§e GLtJi~~{lFO) ~ c ~:.m~:m

<:: c~j:f{~~~:miffrJ-c'~J L, A. J. Sommerfeld (1896~) O)M1ttt~f9iJ~:JV)Lji~m

~1~G~ 0)0), -ffJM~j:ilIft{~l&tJ 1& v)7J1fTVttG. @1tfi~~~j:, ~W~ (*t::'~J:fmD)
O)*~ ~ C, ~1Jjt3J:::V'llillJli~iJ)G~W~*-c'O)fi§. c O)~f*-e 2 J ~:7tm~ ttQ. ?Jt
lJjclliltl}~O)iJtij1JtJ1~W~tJ) G~~H* (i-7tmv)) O)fi§.~:~ tJ, AM~c@1tfi~~1JZ

mi~c~;t GttG~'@J~ 779/*-7 7 -@1tfic v) 5. ::tt~:~tGL, iJtijtf*t::'~J:D

CJ~1~W~tJ)G~~HO)fi§.~:~tJ, AM~ c @1tJT~O)iJtij1J*t::'~d:v)~tttJ)~~1JZmi~c

~;t l3ttt~v)~'@J~7 v*Jv@1tfic v) 5. ~~~:779 /*-7 7-0)@1tfifi~llilIJT

G~'@J~:~d:, ~W~ (*t::'~d:fmD)O)lK~1tJ ~ 2a, ~O)~~~ A C: GL, ~1Jjt3J:::V'1l

il1J1~C.~w~O)m. z iJ1, z» a2
/).., C c.tt~tJ::: v). fIJfm Dt3J:::V'A I) '/ l' ~:J:::G779

/*-77-0)@1tJTfiO)~.7t~~,fIJfmDO).ft~DcTtt~

[2J1(kDw/2)/(kDw/2)]2 -c:4;t l3 ttQ. :::: -C J1 ~d:-~O)m-fl« '/ tJv~~,
k = 211:/}.." w ~d:AM~, @1ffitltO)1JrtiJ~:~f*T:Qfi-c:, AMtlt~~lmDmJ~=~.~=AMT

:Q~'@J~d:, AM~c.@1tfi~O)l1!fT1JrtiJO)tJ:TfiJ ~ () cTtt~t w =sin () ~~G. @1tfi7't
5~.iJ~~~JJ~: 0 ~:tJ::Q:nrtiJ 81 ~J: J1 0) 0 J~iJ) G)j(&) Gtl, 81 =sin- 1 (1.22 A/D) c:t~Q.

Gt~7J~~L, @1ffitltO)lK7J~tJ~J:, tlt~}"'7J~*~v)~~E*~v). ::ttiJ~, 7'tc:tt~L.

tlt~.~-c'@1ffitJ1~~ ~:Il~~ tt:QJ!!EI3-c' ~:Q. *t::.1m D O).ft7J~*~ v) ~~ c@1tJTtltO)
lKi01 tJ ~j:/J\ ~ v). ~O)~f*A~j:, ~m.~j]•• O)~t!fo/JV / A'~rm tl c~t~GL, 7tm
fj~~~1iffiT:Q0) ~:Jf.J v) Gtt:Q. * t::., @1tfifiJO)illJ)EiJ) G~W4~0)*~ ~ ~)j(~:Q :: c. 7J1
-c'~:Q.

@1tfif!TO)J:: 5 ~:}ajWl~tJ:f.~~: J:: G @1tfi-c'~d:, ~}ajWl-eO)@1tfi~O)T~5?:1J*7J~mtl

'@J~ tlQ o)-c', @1tfitltO)7t~7J~jl<t~Q. :: 0)~~~d:7t7't~:~Jf.J~ tlLV)Q. ~m.mT

~=J::G X *lO)@1tfi~, ~1To)~:Qm.tltf!T~:J::G7t0)@1tfiO)J:: 5 ~:}ajWl**~O)}ajWl

~=tt~L~l.O)~fT (J!j{~) iO~i-7t*~v~!~~~=~j:, -;1'5 ~ if@1tfi7J~~Q. ::n~=itG

L~fTiJ~~v)miftltmTt~C-C:~d:, 5~/· j-A@lffiiJ~~Q. =.tll3O)IR7t~d:v~V~Q
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Q /, 7 ;{ -:$7- Q =2n:M1(nl\=] C'~* t), Q > 10 ~ l3 7~ '7 'Y ?~l!!JfJT, Q< 1~ ~77/ •
TAl!!JfJT~~~. z:.=-rd'j:.JtO)J¥~, n~;t1WfJT$, A~j:f3.rrl=J'~-r~~. 7~7··/?~

l!!JfJTl:.t3~~lJd:, f3.rim~ffilfJT~ftI:~i\1J'@T~t~~tC'tJ: <, fPJ~l:iE.&MO)~ftl:t>i\1J,@
T~~~~~~O)~, ~A®ffilfJT~V~~~~tt,n~~~tt~~G<~Q. ~O)~~,

~~®~~, ~~O)AMPJ~m lt~tJ: It) c~lt~ffilfJT~n~~ ~tt~lt~. X.{>~TiJi~ C~J:,

~O)~~n~~AO)7tJ: tJ Jd:~~)~:mv)t~69, ~A, Jjj{-T, Jjj{-T~~cl:J: J lffilfJT~~

~~T. X., .~, ~ttr.~E~ffilfJT~~mGl,~AO).~~.~~O)~ffilfJT

~A~-e~~.

~.I*JLt:¥-(J)~r, ~ra'rtJ:E O)~f.ftt~O).7tttJfiiiM~d:, Illlfjn':jltt)LlJt1'\~ J

-c, tt~PJ;6~!tlx~ ~:--:>tll, ~/j\, ti*~::tJ:~7CO)@]t1fi1tO)~~7t{fj C: fPJ t:/\:$7-:/
~~9. ~ttJd:AMi1ttJ)~~f!J3tJ:~t¥J~=~!&~ tl-CC'~~~0)$7t~::, ~t¥J~:~t::G~

v)~1ltlO)i1tn~*bt) ~IuC'-:J < ~ l!!Jt1ffiC'~ -:J -C, @]t1f/\:$7-:/ et J: tInL~)~. ~.I.

*JLt:¥-O)/\ ~ 0 /Wl~~~tt~L~ J:~~0)~d: ~ "5lt) -5 tJ~t-c: ~~. ~ 0) C ~(J)ffilfJTi1to)

~~7t{fj~7CO)~~~~G~~~~, M7tttJfimM~,

(du/dQ) == (1 - 71)2If(Rq)2 e [11(qR8)/(qR8)]2
~4jt ~tt~. z: z: -c, ~t¥J~j:~f!J3~ 1], ~~ R 0)F9t1ie: G, q ttAM~(J)~lt, (1 ~d:

tt~PJ -r:~ .Q .

13-6: @)fi~T (~~273-274)

7fO)ffilfJT~"Jm Gt~7t7t*rO)-lI. ~iiijj7 Afi~: Al ~cO):i:~~~.G, ~(J)

~iiil::~rfl'IfMI~.~~J.Gt:: 'b 0) ~~iii (ffilVT) f3.r, [!!]~iti~:::i:.~~~G~I::iGJ

-c~rfl'IfMJ~.~~J.Gt~ tlO) ~l!!Jiti (ffilfJT) f3.rc tJ):>.· l!!Jitil!!JfJTf3.r~j:#~~J&~~ c.
J&~~'f*~t,~0)~, ~0)j{.,~~1mIE9~t~69~ 01 ~t)Ltiti{>fftF9itiO)~.JI:l!J.Gt~~

(J) t>~0 . ~ (J) J: :>~ t> (J)~1~~iti ffil tJrf3.r~ It ~ :>. ~itiffilfJTf3.r(J)~~ , ilfJJJ#.Q)

~itil:~rfl'JM(J)~~~J.G, ~if&ffilt1f7t~flj.mT .Qmit(J) t>0) t>~~ . .&M7f~"JmT

~mit0) t> 0)~.&M~ffiJt1ff3.r, ~~7t~flJ.m9 ~ t> 0) ~~if&~lilltJrf3.TC ~~ '5. 7t7f
B(J)7tIt*rc GL mv) l3t1Llt)~@]tJrf3.r~j:~~c Iu ct1'{.&M~l!!JfJT*3--Tl:'~~.

ffiltJrf3.rJ:~j:.~t¥Jl:~~1~.:c:/ ~ tJ ':J :$7-~~J. Gt~.tft~J.@]fJTf3.rl: 7 * l' v
:/A "~:T~.~m~M~tLl'lfFGt~*Dif77.{~?l!!Jt1ff3.rC;Q~~~. mJli~t1L

It)~l!!JfJT*3-T~j:~I) ~T)It@]fJT*3-r~Jjj{~c:L,t~~I'l~(1/7 1) tJffilfJT*3-r) -e~o.
ffilfJTf3.-T~d:.&M7f~ Q ~ )~1~if&7C l:161WJt¥J~~• .t3J: (J«t:tlIO)~f~ ~4 jt~ t> (J)-C:~Q.

~Aftfi~:T~.~m~M~tt~~0)~j:~il7CO)m.l:161WJt¥J~~f~~4jt~.~(1)et"5

~::~.(J)~~~{~~i!Q@)fJTf3.r~m;;f3.rct,,):>. ~f!J3tJ:f&0)~iti~:~rl=J'~l::1!!J8~

J~tt~~(J)(J)~~~:~d:, ~~7t(J)«t:«Jn~JSJWJtJ(J':~ftG-Cv)o. ~ (J)J: 5 ~ffiltJr~-=r~

fY:t1If3.TC: tt~:>. ~imf3.rl:'d:-~~:~fi7t*~ AM~1t~. ~itiffilfJTf3.r-e~j:D-7

:/ ~F9J:l:AMA') 'Y "~lR< C: 0-7 / ~~':rdJlA~? ,,}vt1f~.9Q.

ffilfJTf3.-Tt1\ ~ O)l!!JfJT7C(J)~~ (1)7t{fj~j:M~l:J:: J L*~<~.~ ttQ. ~~O)jjrtiJl:

*$7to)I*)J,:¥-i1~@JfJT9~ J:: :> ~:M~ ~~fj~~:9 ~ t~ c (J)Ixn~. c; ~ tlLV)~.

13-7: Imfi (~~523-524)

[1]~lJJn~.tJ:~.JtO)ilW.oo~Ail9~~, -fi~:iftfijjrtiJ~~;t~. ~O)m.~ftB
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ffi C: v):>. fpJ-••q:.-e~, tAl3t~mJiX:O)~!$)-7t~~={,v)Jmffi.iO~tJt~~=tt~L~~

~iJ)~:~v~c~, tJtI1JO)~fT15rtiJiJ~im~a9~:~v~. :'O)~.~JmfficJ::~~:'ciJ~~

v). ~15'~•• 1 iJ) Gfl!!O)~15t1•• 2 ~:~ootJtiO~AMT~iI~, !Jl~ooiO~tJt~~:tt~

+7tMGiJ)tJ:Gtf, JmffitJt~~ootJt-e~~. -~~:~d:, •• 1 ~:.&MtJt~f'v), ~tl~

~ootJt~~~. ~O)c~, AMtJt, JmffitJt, .&MtJtO)~fi15rtiJ~J::~!Jl~O)~.~T~

-CfpJ-~oopq ~:~ ~. *.t::., !Jl~oo O)~.15rtiJ cAMtJt~J:: ~JmffitJtO)~fi15rtiJO)tJ:T

jIj, TtJ:V!>, AMjIj (Jl cJmffijIj (J2 O)ra'~:~d:*J:t~~~tl~A*J!tO)~JlfjiO~JiX:t]llJ.

(sin 0l)/(sin ( 2) = A1/A2 =nl2

~ ~ -e, AI' A2 ~d:~tl-:etl•• 1 ~e:t~ 2 ~~~~t.QtJt~~, n12 ~m~tJmffi.C:e:t~~.

*~=•• 1 iO~.~O)iI~, n21 ~.~:•• 2 O)Jmffi.cJ::~~. Jmffi.~d:-~~=tJt~~:ft{

fiT~. AMtJtcJmffitJtO)~rJriO)~f*~d:tJtJJJO)fjm~:J: t] AtJ:~iO~, *~=Jilm7'ttJ: cO)
.mtJtO)iI~~=~d:, A. J. Fresnel ~=J: t]~G<WIJ~ GtlLV)~. ~15i1~.7J)GA1Jt1
~. (t~c;ttf, Jilm7't~=~tT~*5Mrf*) ~:AMT~ C, JmffitJtiO~ 2 JO)1JrtiJ~:7ttlo

iJ~, ~O)~.~~JmfficJ::~S~.

[2] X .O)e:t:> ~=~G <tJt~O)~v).mtJt~=~tG -C~d:, *5MJ'f*~.~~=-fi•• c:J!~

~ C:~d:-e~tJ:v)O)~*~tJ:~.]j~~tl~.~.O)Jmffi.n ~d: X .tJt~~~~~d: 1.0 J:
~ V97J)~=/J\~ v). 1- n O){il~d:)i1it 10-5-10- 6 fil3t~, X .00tJt~ A 0) 2 ~~J:~~.
q:. O).-T*l3t~:ttf?iJT Q. AtJ:Q~.r~~O)~oo~ X .]j~Jmi&1TQ C: X .00imfT1J[ti]~d:

~f~T0 iO~, ~ tl ~d:Jilm7't0)iI~ c fpJ fi ~:A* J!t0) ~jtlj~: J:: J L if{~ tl0 . • ~ q:. iJ) 6
~.q:. ~:.[ti]7J)J -C X .7J~AMT~~ft, n < 1 -r:~Q O)-r:Jil*Jl7'to)~~ C: ~d:i2!~:JmffijIj
~d:AMjIj J: ~ *~ <tJ:~. 7°1) :A'b ~:'J:.Q X .00Jmffi~d: 1926 iJ:~:*~tJ:AMjIj (/J\~
tJ:JmMjIj) O)~~~:~}]&)-Cll~~ tl, ~-T.~~-TO)A1it7tft*,"iEJJ{O)mtlJE~:~Jt\Jtj~

tlt~. ~~.~Mr~:J:~X .0)7~7 '/ !I.&M(J)~~~:~d:, Jmffi(J)~jj*~:J:t] .&MO)~
~jIj~~d:7"7'/ !l0)~J{1j2d(sin 0) =A (d ~d:@Jffi~-Tmira'~., (J ~d: X .00AM1J[ti] C:~
-TooO)tJ:TjIj) -r:if{~ tlQ 0 c:f))fil3tAtJ:~ ~ c:]j~~ Gtl-Cv)~.

[3] q:.'~-Tn~••q:.~:AMT~ c, .mtJto)~~c ~d:~ GAtJ: J t::'~-c'Jmffi~.iO~~o.

mft: G-cv)tJ:v)••~:AMGt~q:.'~-T~d:, f!&l& ~~*JlTtl~t, Jmffi.
n =1 - [(A2Nb)/2n]

~~T. ~~-c'A~AMq:.i1-TO)tJt~,N~••O).~~~q:.O)~-T.O)~,b~~5

,~.ft!L~~M-r:~~ (mf~Gt~••q:. ~:'AMT ~ c ~ ~:J v) -C~d:, q:.'~-TO)~Jmffi~J!

J:). ~)llm=JJ{~d: 1 ~:ttAt-C-~~:IO)tJ: ~ IJ\~ v)(J)-r:, Jmffi.~d:~~ C: Ju c 1 ~:ilIv).

*.t~ H, Li, Ti, Mn tJ:C~~<*~~O)~-T.~:Jv)-C~d:b O)~~7J~iE (ft!L(J)~(J){M:

m~7J~ 11:) '"C'~~7J\6, 7CO)JmfJT(J)~'@Jc:~ J::.:> ci2!~= INbl (J)*~t~~.~~c (lfJ'tt-T)
7C~~~:.lEtctJ: ~, 7't~~~:.*tJ:•• (~~, ~5{tlfJtJ:c) 7J\ G, ~0)J:::> tJ:•• ~::~l

G -C-JE(J)l?&~jIj~~-r: AMTtl~t~.&M]j!~.Q. ~(J)~~jIj lfJc ~d:

lfJ
c
=},.,{Nb/rc} 1/2

-r:4ft Gtl, mmtJtO)tlA~J:: tJ~ 2 m~1:/J\ c! tJ:{il C: tJ:.Q. ~ O)OOf*J:t~d:, ~ (J)7tlfO)
Wf~O)~JJWlO)~~-r:~d:~~-T.O) b 0)~-1~ (~!LO)~0){M:f§0)9tl]j! n-r:~.QIO) o-r:~

.QIO) O)7*JE~:fIJJtj ~ tlt~. TtJ:v!>~.&MiO!~ ~tl~t b (J)~~7J!lE-r:~ Q ~ C:7J~1Jij G
10\ ~:.tJ: Q 10\ G-r:~Q. G7J) G b O)*f§~t{W!~d: lfJc iJ!~ *. ~ IJ\~T~'LJ:: v)m~7J~t;J. GtltJ:
v~O)-r:JjIJ~~&I) Gtl~ J:: :> ~=tJ: J t~. ~-c'~d:, U G 01fJ'tt-TtJtO)~.&M~fIjJtj G-C, ~

~--JE~*~l:O)lfJ'tt-TO)~~~tR~~:'I& ~ lliTlfJ 'ti-T7f '1 ~tgO)~~~t~~ C: G-cm~
ctJ:JLV~~.
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13-8:

.~q:.O)J'tO)imJ3tC ctlJiq:.O){fttNimJ3t v cO)tt C/v 0)::' c. *&~tftBfJT$c~ v)v),
lm1¥.; n ~~-g-. :ft3Ji~~1JIf1O).Ji 1 C: 2 O)!ji~~J't7J~ftBfJT-g-Q C:~~:~d:A*)];O)J:\7J~

PX: tJ fl.!;, AMPl i cftBfJTPl r ~:JV)L~O)IE~O)tt (sin i)/(sin r) =n12 ~d:AMPl~:J:: 6
~-)E~d!>Q. n12 ~.Ji 2 O).Ji 1 ~:~t-g-QtN~tftBfJT$C:v~v~, .Ji 1 C: 2 O)*&~tftB

fJT$~~tt~ttnl C: n2 c:-g-~c: n12 =n21n1~d!>~. ¥~:ftBfJT$C:v)5J1~~:~d:~~tftB

fJT$~~-g-Jl~7J~~V~7J~, ~1*~~1*~:JV~L~d:~m (n =1.00028) ~:~t-g-Qf§~tftBfJT

$~*lmftBfJT$cJ::lv-rv)~. ~f!ij~Ji~:-.Jv)-C~d:, ~.$~ E, ~m$~ IJ c G-C,
~ 7 A r) x)];O)1JmJ:\~)G n =(EIJ)1/2 7J~~~)tt~ (CaS ¥{)[:*). J't0)J:::> tJ:reiv)tJRtJJ~

O).mtJt~~d: IJ =1 n~*lmtJ:O)~ n =(E)1/2 C: GL J:: v~. ftBfJT$~j:-~~:tJRtJJ~, -g-tJ:V
!;tJt~O)OO~-r, z:O)m~~7t~c:v):>. ftBtJT$c7t~$cO)OO~~d:, D-v/~· 0
- v /'A O)J:\-r4;t GtlQ. *6MrO) J:: ~ tJ:J41JIf1tlJi-r~d:ftBfJT$~d:1JIRJ~:J:: ~ l J4tJ: tJ ,
-~~:~d:T/''J )];~~~tt~. ~l&~{$:>.Ji~J't~~~If11*~:mI-g-~ftBfJT$~d:, ••
ftBfJT$~:J::~ -C~~ ttG. ::.tt~j: Ii =n - ik -r~~~tt, J't7J~::'O).Jiq:. ~{ftf§imJ3t c/n
~~fiG, ¥&~~~ktJ~J3t~~~L4d~0)~~-r~l&~tt~::,c:~~-g-.::.::.
~: Ao ~j:.~q:.O)J'tO)tJt~~d!>~. n ~j:~lmO):lt~O)ftBfJT$, k ~d:l~a~~~d!>~. iJlijtf
~*C:~lJ't~)E~C: v) 5. n C: k O)rf3'~:~d:7 7'";7-A • 7 0-= 'Y t: O)mI~J:\7J~PX:tJ
fl.-.J.

13-9: !1J1SlW (~o/.)~1468-1469)

UHF iJ) G~ 1) tJt*-c'0)'";717 OtJtO)~z~:M!vttG, -fitJ:~iti~~O)~~~~v)

:>. v'Y~)];.~(PJ$(I)~z*~o)J:: 5 ~:ttfj[O)~.mt~x;tG 2 -.JO)~1*~:7tttLV)tJ:V~

O)~, I*J$~~VQ .mtJt~d:, ~~7J)mj:$}O) v)-rtl7J)7J~~fT1J1RJ z 0)PX:7t~ ~ --:J 2: c:~:
tJ:~. lWtf~ TM ~-~, fitf~ TE ~- ~ C: v):>. TM(TE) tJto) E z (Hz) ~d: ('1 2

, + Ym)
lfI= 0 0)fiR. lfI-c:4;t GttG. t::- ti. G '1 2

t = (a2/ax2
) + (a2/ay2), Ym > 0 -c: d!> tJ, ~O)!ji~-c:

TM ~J: lfI= 0, TE ~J: alfl/an =0 (a/an ~d:~*~1J1RJ0)1I7t) O)!ji~~#~~t::- ~ tJ: ~ttt~ttJ:
GtJ: v). lfI ~ Jf.J v) -CfrnO)PX:7f7J~~~t Q 7J~~0)~-- ~ ~J:~I*J ~ dUJJt - kz) (k2 = JlEM/C2 - Y m'

J,t, E ~J:~I*J~~Ji(J)~m$.t3J::lJ~~$, c ~d:.~q:.(J)J'timJ3t) O)J:: 5 ~:~fi-g-Q. z 1J
1RJ(J)¥{ft«7 ~ )1t~ ez c:-g-tt~;!tl1J1RJ t O)~m:l:$}~d: TM ~:JV)l

E, =(-jk/ym) V,lfI, H, =wick (Eo/JlO)1I2 ez x E,
TE ~:JV)l

H, = (-jk/ym) '1,lfI, E, = -wick (Eo/tto)1/2 ez x H, (V, == a/ax + a/ay)
(Jlo' Eo ~d:, .~JftO)~m$.t3J::lJ~~$)

ctJ:Q. ~$(I)~:mmrtJ:~wl*J-c:mrPl~.(J)C:~ x, y 1J1RJ, F9fl6~.(J) c:~ r, o1JIRJO)
mm:l:$}O)rnO)~7J~~tt~tt m, n -c'd!>tt~;f, ~tt~tt TMnm tJt*t~~d:TEnm tJtC:J::v'S~. ~

fi~-~~~~~OOtJtffi~~-C:••RM~.~~G~bcGL~fiR.~tlQffi,~<
C
2Ym/EJ,t= M em ~ k 7J~••~ctJ:Qt::-~~t!~~tJ:<tJ:G. ::.tt~J:~O)~W~:tt""~ ~

~rf3~tJt~ A = 2nc/(EJ.l)1/2(J) n~/J\ ~ v) c: ~d: v);t tJ: <tJ: G t::-~ -c' d!> G. (J)em (Aem =
2nc/(EJl)1/2(J)em) ~~-- ~ m O)iJiwr}aj~~ (~~) c: v) ~. ~l*JtJt~ Ag (= 2n/k) ~d: 1/A2

g =
1/A2 - 1/A2

c -c'4;t Gtt~. OO~O)q:- ~ ~:Jv)-c Em' H m O)tJR~i~:ttfrtl-g-Q~~ Vm,
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1m C9tl~t, &z.c(PJfi~::t&x, ~~1 /l::-?7"/A Zm = Vmllm 7J~~.~~G. im
1itm~~ooO)~iJt1f~ me 7J~l1l/J\O) TE1o.:c- ~7J~J:: <M!btlG. Ex' Hyoc sin nyla, Hz
oc cos nyla, Ey =E z =Hx =0, Ac =2a ~~.Q. rq~~iJt1f~:.t3~t.Q TEll ~- ~ O)!lti,
z: O).'E- ~ ~d:~m}ajiJt~~~-eO)~a.n~*~/J\~ ~~. I) 'Y .y~iJt1f~d:, ~~$~::.m

!I~.~~~T,~~m~~iJt~O)~=~~~*~<~.Q~~~~~. im1it, &.~
~~¥-~:9~t~~m 2 ~- ~O) me J: ~{~~~}ajiJt~fff-eM!m9~.
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resonator
common

Lesson 14: Light III
(applications)

~ q:. awaking, occurring
t3(~ ~ ) to awake, to occur {vi}; t3( ::.9) to begin, to raise up, to promote {vt};
t3(::. ~) to break out, to happen, to spring up

~tJi q:.-7/ origin
~~ J. r) q:. inducing, evoking, causing

~ q:. 3 r) all, as well as, both, neither (with negative)
C: ~ all, as well as, both, neither (with negative)

~~B q:.3ry~/q:.

~JmO) q:.3ry'./ryO)

~S 71 firefly
~~t~ ~ firefly

1lt7t
1lt7t~T

fluorescence
fluorescent lamp/light

~ -7q:. agitation, excitement
~d: ~f(G v) intense, severe, violent

~tlit~ q:. .:z. ry -7q:. t~
wUtli ~-7q:.

IJi :J ry clause, item, paragraph, term {math.}
lJiEj ::Iryt7
~~JJi :i~:Jry

abrupt, sudden
stimulation, stimulus

item, article, section
error term

M ~1 again, twice
v'S"t~t~(rJ) again, twice

~mlt1

~M!m

~1-7/1::1

~-1~3r)

reproducibility
reuse

*IJ ~ calling card, piercing
~ (~ ~ ) to be stuck, to stick,{vi}; ~ (9) to pierce, to stab, to thrust {vt}

~S"JWUtli jj-1 7-q:. ~-7q:. external stimulation
~~wUtli ~ /71 ~-7q:. nervous stimulation
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~ ~ 3 r) few, a little (bit)

9 <(t! ~ ) fe\\', scarce, seldom; 9 ~ (G) a little (bit)

M~ JT/~3r)

~D: ~3r).Ar)

decrease, reduction
slnall number, few, a minority

Jtij ~ 3 r) shining
-C(G9) to illuminate, to shine on {vt}; L (~ ) to shine {vi}; L (.n¢) to be bashful {vi}

~!ffl -!T:/~ 3 r) referring (to something)
!ffiM ~ 3 r) ~~ irradiation, lighting, exposure

tJi ~ /' shaking, swinging, waving
..,,5,(~ ) to shake, to s\ving, to wave {vt}; ..,,5,(~ '3 ) to brandish, to shake, to wield {vt};
.."S,(tlQ) to shake, to swing, to oscillate {vi}

mJJJf{ ~ :/ ~ r) A r) frequency
mfM ~ :/7° Jy amplitude

3§
~ ~ :/ drifting, moving into, shifting

ilf$~~ -t :/1 =t: :/ 'J~?
~iI ~/-e/

~ ~ many, much
~~(t,) abundant, frequent, many, much

~*3tJ: ~~1 tJ:
~fif~ ~ 3 r) tJ

~ 1\ 'Y departure, discharge; *'Y departure, discharge
~JI /\';J ~'Y

~J.i J\YT/

transition metal
change

various, varied

diversification

development, progress
development, growth

Ml. *r) fIring, releasing, setting free
~d:tJ:(9) to let go, to release {vt}; ~j:tJ:(-:J) to fire, to release, to set free {vt};
~d:tJ:(tl~ ) to free oneself from {vi}

litttl it9 ~ J- 'Y release, emission, desorption
lit. *9 T / (electrical) discharge

IiiJJ v1 diligence, stimulation
~d:~j(*9) to encourage, to inspire {vt}; ~d:~j(tr) to be diligent {vi}

~~~ -* 'Y v1 =t: thennal excitation
J't~~ (}tJ\ t] V1 =t: optical excitation
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14-1:

Reading Selections

I/-tf- (~J.l2285-2286)

~~t&M~:et~ -c, 7tO)m~i~~i1N~fT:> ~fRO)~Jj\. ~ -~-O)lbfFM{J.I ~7t0)~

~~:tlt~ Gt~ 'b0)~, r~~t&M~:et~7tO)m~iJ ~:a~9~~~ (light amplification by
stimulated emission ofradation) 0)1=~~}1;~ c ~ -c"'.:) < Gttt~~. a, < O)t.lfiv-~
~i1N~~:a~9 ~. ~}]WJO)m:~'1:'~1, ~117t c 7c0)Ja])ll0)l1t*0) 'bO)O)~~~~ Gt~7J~,

7c0)~~d!> G~~l1t*0) 'bO)O)~Jj\ctJ:~ t~. ~-~- crRJ~~:, ~t1il~••t:p'1:'.ml1t
7J~m~i~tt~ ~ c~~m Gt~ 'bo)'1:'d!>Q. 1958 if C. H. Townes C A. L. Schawlow ~:J::

~ -c~ti~Jt17J~.:ymtl~tt, 1960 iF~: T. H. Maiman 7J~}1;~- v-~-O)~i1N~:, 1961 iF~:

A. Javan ~ W. R. Bennette, Jr. G7J~~ I) r) 1>. • *;t /' v-~-O)~i1N~:7ctt~tt~~G
t~O)7J~Mi*. t) '1:'d!>~. 7c0)1~, a,fj~O)~f*, ~f*, ~f* (~~tJ:*6Mr~jj7A ~:1;t

/'~mMGt~ 'b 0), ~21ff*7J~v-~-•• c G-C~ Gtt~ J:: :> ~:tJ: ~ t~. 110 nm 0).
~~~7J)Gf{mm0)2. I) ~-I')~~~:&v'S~J1:v)l1t*~~~:a,f{0)~i1N~7J~~J!~tt-c~
t), 7cO)tJ:n) ~:~J:d!> ~ ¥B1ml:'11t*~~Jt1 ~ 'b "'.:) 'b 0) 'bptJ: < tJ: v).
v-~-0)~.~1, mJJ~ ~ ttt~~.n) GO) 13 ~t&M~:J:: ~im*O)7tVf c.tJ: t), 7t0)

~i1N~l:'d!>~~c'1:', Gt~7J~~-Cv-~-n)GO)m7J7t~1, lfil~!/t1, m~Jt1, !&*Jt1,
T~Jt1tJ:C~:~ll~ -C.tt-Cv)~. v-~-O)£*.~~J:, 7t~i1N~t:p~:~t1il~?t~~

'bJ•• ~iilv)t~'b0)~d!>~. $tt1ilJ3t••t:p~~~9~ 13~t&M7t7J~~i1N~t:p~tt1lG
tJ:7J~ Gm~i~ tt, flj~~7J~tj~J::t)*~ v) c, ~i1N7J~ll~l:7J~ t), ~~~£mf{~f{I¥J~:i1N~i

7J~m*9~7J~, rRJ~~:~fO~:J::t) m~i$7J~~~~:~PG, t~~cflj~~7J~"'.:) t) fi~ t~ c ~

o~-~0)i1NmO)~1£l1tctJ:~. ~~t&MO)£*l¥JtJ:Jt1.~:J:: tl, m~M~ ttt~7t~J:AM

7tcrRJ-~m, rRJ-Ml1t~~'b~0)~, d!>~Dc~O)~-~~I3~t&M7t~Gft~l:~

J t~7tO)~1:E~~J:, f}[mO)7c0 ~ t~:J 1::: - V /' l' tJ:7tl1tl:'d!>~. *imO)*~~ 0)7t~i1N

~~~J:, jWjv)Ml1t~m~l:'t-~7J~?t~G-Cv)~O)l:', v-~-~.O)~7tA~!J1')1;
0)~MO)tJ:7J)~:a,f{O)t- ~7J~fj1£G, 7c0)*. *.l:'~1v) <~7J)O)t- ~l:'rRJ~~:~i1N7J~~

~~. lfi-Ja]~f{O)~i1N~fT:> ~:~d:, *.-rjti1N~t:p~:~tl ~Att~tJ:cG-C, £*t-
~o)~l:'~i1N7J~~~J:::>~:~,M]JrJGL~<.~tt~lfi-fjtt-~~i1NC:v):>. ~G~=, I
7' 0 /tJ: C, ?tMfj~O)~v)~*~ZIJ~~~i1N~1*J ~:iiI <::. C: ~:J:: J -C, lfi-O)t- ~ 0)

~~~i1N9:QJ:: '5 ~:I7c Gt~O)iJ~!li- (.) t- ~ v-~-(!}i-Ja]~f{v-~-)'"C'd!>
~. v-~-~i1N~~=~d:, 3 M~J:O)1ZM.~~~ t~ 1) /'~~~i1N~~mv) Gtt, I) /'
~v-~-C:J::~ttt~. I) /~v-~-~~d:ti*.btl O)t- ~ clc*.b tl O)t- ~ c.7J~

~!Rll~:fj1:EG, ~GVl:Jti1NJa]~f{~ ~ J -C (9tJ:b~.~ G-C) vl:Q. :Jti1N~iJ~@1Ji G
-Cvl:Q C:~ ~:~d:, .~7J! C: ~t-c, jti1NJa]~f(0)~~J:@1Jiim~~:ttf?iJ9 ~ 0)'1:', ~~ 1 0

A ::1-7
0

C. GL~m ~ tt~. Gn) G, jti1N~t:po) v-~-•• ~=J:: J -C.~ Gt~t- ~

7J~iifi~i1N~fTv), m7J7J~/F*~~:tJ:~O)~, *~tJ:~i1N~fT5 t~~~:~d:, 7777
tjj*~fIJmG-C, -jj~~:*.b~t- ~ti~t-c'~i1N9~J::> ~:I7c9~~\~7J~d!>~. J.I
ml¥JtJ:!}i-t- ~ v-~-O)m7J~d:, jG~tJ:1JlOOl1td!>~v)~d:J.1<OOl1tc:tJ:~0)-c', 7t~*

~~J-C@1tJT~H3'f.*.-c'm7tGt~ tl1JlfT7t*~:Gt~ tJ 9 ~ ~ C7J~-c'~~. *.t~Ja]~~'tm

m~O)~ G~'~: J:: J -Ctk: *.:Q b-riJ)tJ:~M G10) 't t~tJ:v)(J)-c', ~bOb-C~ v)!}i{~~/t1 ~ ~--:J.

G7J) G, ~~O)!}i-:C~ ~ v-~-O)tfj7JA~7 1')~~d:, jti1N~O)tI~I¥J/F=te~~:e:t:Q
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~ &3 ~~:J: J -rlJtrIJ Gn~. =n~~~ft9 ~t~rIJ':~j:, jtli~O)P'Jit!>~ It)~~~~:~lt)

1.91J&.A~7 l')v~ t> JI.91J&--e)v~mll~:f*J t':I~ 0 /tJ: c(1)J61~~tI~~.~, v
-if-(1)~IiJ61~~~ttlt:frbit Q J: -5 ':jtli~ ~*,J.9o. :: (J) J: 5': GL, v--if
-O)~IiJ61~fl~10-7 ~l:, f?i:~:~~~ ~J{!& ~t~ t>0)C'~J: 10-12 ~J:l:JejrIJ;;' ~ C:.iJ~

~~~.

v--if-(J)tf:Lh~m~j:, -~liti(7)il!~lliiJ~~1=:90 t>0) (CW v--if-) C, f.fi
~90!\)VA~mlliiJ~~1=:90 t>0) (!\)VA v--if-) ~l:*BIJ~no. CW l/--if
~J:, J61~fl~~i1':9<"tl, *t~~~lliiJ~~<CQz:.ciJ~-r:~OtJ~, itilt~t::-?lliiJ

7J~~'~~JI~~:~d:, I\JLt:A v--if-n~ffllt) G.tl~. fj4 (J) v--if-.O)~tf~~:~j:, CW
~Iit>/'~)VA~i1Rt> IlItmtJ: ~O) ~1>tJ: <tJ: ~·)tJ\, 1\)VA~i1Rti~ttJ~llItm~ ~O) t>~lt).

~'=rO) v--if-~lli:O)~$tJ~J:O)~fftJ:: ~) ~v)JlfJ'j:, ~~~~~litJ~l*JI~~:~1lI

tmfJ:O)C', §c~1J:~v--if-CJ::~ttl, mJ~)VA~~O)Jj-n~llItm-rit!>Q. ~~Gt~m

/\}LtAlliiJ~m=~t~Q)~:~jJlJtJ:I*=~ Gt.: t>O)C G-C~d:, Q A1 ~Tv--if-~t-~
fJilJVj v--if-n~m~-e it!> ~.
7t~i1R~O).tJ:~t- ~ (1).mJl~j:, 1it-)':~li-r:it!>~n~, v--if-••n'{fiff9~

C~ ~:~j:, to)~F.mi1~im c:L.:c- ~ ra'O)fl]lifFffl7J~1=: c: Q. m1LfFffliJ~~lt~Jlfr~J:,

~t- ~(J)fJilm¥~litJ~~~~:~Qt1~, ~v)Jlfrl:~j:, ~~~C:~O. CW v--if-t3J::
It!t~~~tt)I\)VAlliiJO)v--if--r~d:, ~ (J)J:: '5 tJ:t- ~ftfrl:et t], lliiJO)}\']
t3J::ltA~? ")V~j:~~~~:tJ:QJlfr7J~~v).~t- ~ v--if-(J)lliiJlj:, fPJm¥I:~1t

O)JliJ~fl(J):J t: - V / ,,7t~~Jj-, lliiJ~m~:~d:T~ (7t 1::- ,,) l:J:: oJ61JVj~J£f~tJt
J!GttO.

v--if-••cfJ: fJ '3 Q,,ff-tc GL~d:, ~l*, Jlll*, ~l*O)lt\9n t>n'{}fJlt\ Gn-rlt\
¢. ~nGO)~;6\l:, ~l*v--if-Uf-l-~d:, ~ti~~~ lli1J, ~O)tmQ)i1JlI~:Jlt~-r.

t>~.~it!>~~, ft.~~t>~~GT~I~~~-, .#~1~~J ~~~b·*~~

lm~*, IIF, CO, CO2, ~o, HeN tJ: cn~it!>o. Jll-f* v--if-Uftc:' G-r~i, ti.~

.~Gt::..~.{S*n~m~-c' it!> Q. ~tlJ:7 ~l*v--if-~tftC:. J:: lin;;, (J) ~d:, ~~~t6

A it!> 0 ~~Jj:# '7 A~:~i1-1;t /~~MGt~ t>0)-e, ft.~~ t> 0) I:Jlt1::- (A~031:
C~ ~~MGt~t>0), =J-~ / • -!t7 717 (Al20 3 I: Ti 3+), YAG~#7Al: N<f+ ~~
MGt::.. t>(J)~CtJ~it!>~. ~~l*~j:, ~~J.tv)ltffltJ~JVj~~tt~ v--if-Uft-c'it!>~.

v--if-~:t3~t QftlAll5t1fj~1=:it (~/ t: /~it, Dih~it) C G-eJd:, *9~l* •
• 00Jlfrim~it!>~ ~~~J:/\)vADiC ditC~~l* v-~-, GDL)~ 300 keV-I MeV O)CT
• <m~fiB~.T-1::-b, REB) (J)!!ftM (1I-T t:-bit!>o ~~Jj: REB Dih~v--if-), {t~

&ItO)fIJffl ({t~v--if-), wr~~~O)fIJffl (#A~~1T~ 'Y? v--if-it!>Q~~~d:

GDL) tJ: cn'{it!>~. ~flO)Di.iJ~ v-~-~m lt~t::7t~ / l:: /~itJd:, it!> c;~~fI.
(J)v--if-.W~:~tGL1t< mlt)Gt1~. ~~-f*v-~-~JJ:, .-Tl:-A~7t':J::~

Dih~ t>ffllt) '3n:Q tJ~, ~ffl J:m t>m~tJ:O)~d:, po fl~':m1JrPJ.l1tf~l1tfT ~ C:.l:J:: t)

flfr$l:ftllJj£O)C-T5ttti ~~1=:9~i±A~ v--if-~it!>Q. *.t::.., ~f*v--if-l:it
9~~~~1Jitl::G-C, r:pi1-T~:J:J-C~~~~&It(l)1=:t£~l:J::J-CbJb~~fT5 t>Q)
~Dih~ v--if-) ~it!>~.

v--if-(l)Zffl5t§~~b~T~<,5t7t~, m*M~, ~I, 7t~m, *D~5

7 ~ -, tRft9l1J:!, .I*~~, I*)v~-I~tJ:cn~~*tto.
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14-2: =F~i*I/--if- ~~1675-1676)

GaAs tJ:cO)~~-f*:~A~, i1t~O)m~)7t?T.~c-c'JiJJJ~T~~, M.ra(l!J~O)m

7t~~9Q. iJJ~~+7.tl:B<9~C7 ~~m:l:<~l:~jc;tlt~mT, fiJ6CTm:~:J<

Gtlt~iERO)mJjtn\*~ <~ t], ~)tJlg>¢&~7.ttfjO)fX~l:~o. &~7.ttfjfX~-c'~d:,

m7t~:i1I~)i1t~O)7t:6\~7J)~~t~c~~:,~*7tl:~~c!tlt::~7tJ ~ijJ1RMn1~QJ::

'5 ~=~Q. ~~1RMJj~~~tl~i, 7tO)tmMn~PJtmC'J tmlfri~ tlt~7t~ 7.{ - ~1\':1 79
~.m~M1JD9tl~tJ 7t~~~9~t>!>v--if-n~-c~Q~ C~:~Q. ~O)et5l:(l!J-f*:
{J~-f*:0) v--if- C~tl, *-ijJ-f*:~mIt) -C::J l::: -l/ /' "~~7tt11-c'~~ ~ C: ~j:, 1962
~~= GaAs ~=~ tt)L~IDEc! tlt~.~ijJ1RM~~-r ~~ftF~J:, ~*7t(})I*)1t=¥- hv l:
J ~ ) l Eg < Iz v < Efc - Er"

t:.tJ:~. z:.:. -r: Ea ~J:~ijJf*o)J\ /' ~:¥~ 'Y 7=I*')v:¥-, E rc' Efv ~d:~tl~tlJiJJJ~fX1m

,:s~t~eijJm:*t~~J:fiJ6.Tm:0)1I7 :r:)~~ • I*)v=¥-C'~~. 9~b!>&~7.t1fi0)
~ftF, Eg < Erc - Efv n~~ tJ liJ lv)~fI~~=, J:J:t~=/F9~0)IIV ~ ~J~*7tl:~tGL
'J:, ~~1RM hv' (J)it~n~, ~J&O)-t-nett) ~*~<tJ:~ ~ C~~GL{,-)~.

~ijJf*(J) v--if-Wffl ~d: GaAs, InAs tJ: c~~(J) ill-V~, ZnS tcf. c(J) II-VI~, .7c(J)
~I7J)~< O)~ijJf*~.ra~:J~)L~IDE~tlt::. et <~: G~_~lxAs O)J:: 5~im~~A~fflt,.)
~ c, m~!tx ~~jt -c, l/--if-~~i1t~n~JiJ~l:<:~~. v--if-~.t1~~~t~~

~= ~J:, 7.{ - ~ /\ '/ 7 ~ nt::7titiO~ld: t; r/) J:: t) * ~ ~), 9tcf.V!> (tmM) > (m~) c~~
~,~:6~~:Q. il!~il3~ijJ-f*:<:tt, 100 cm-1 (100,urn (J)~c!-c' e ftf) mllO)tmti\\~~~l:
q,c;tl:Q(J)-c', 2 ~O)s]zfi Gt::~.ra(J)~~tmmil:~j:~ *tlt~J't~.~~fflft)--C7.{ - ~

I\'/? c!itL~v--if-fFffl;6~m=c;tl~. ~<l)J:5lz:, ~-f*:~1I-f*:0) v--if-l~!t~~7

~AJt~tlEJ-f*:~ffl{,~t~.&)L IJ\c! {,\ (l00prn ~-~._) v--if-tt~~~¢~ e:ntM=.
-e~Q. c! Gl:~ijJ-f*:t:pl: pn ~~~~~ttl~t, .li1irPJ.IEl:J:: 0, .~f'filI~, n.
;6) c;ilrtAT o~ijJ*t:pO)~T~ p llg~); < ofiJ6.T.(l)lEJLl:J::o&fi7.tt6~~1it9~

~ CtJ~-r:~~. 9tcf.b!>~Q G~ft).Ci1rfmll~J:(:'~.])1~ tJ«~tJ(jA1J (eIE, «
iIrt) ~m:~ v--if-7t~:~.-C~:Q. Jl1:E~fflftc!tlL~)~~ijJ-f*:l/--if-~d:, T~-C

::.O)J::>~~~ v--if- (~·1~- ~ v--if-, v--if-~·1~-~, ~~~\~J:i!Av

--if-c ~~) '5) C'~:Q. ~~ v--if-~J:, Ci1rft~~t~, v--if-J't~.~l~ (ns~

7'._) ON, OFF ~~~o)-c'J'timffi~c~:fi~tJ~J::ft). *t~J\/ ~=¥~ '/7 (1-2 V) mll
O)CJ±clc+rnA Wll(J)Ci1rf-c', Ic~{,) GIc+ mwmllO) v--if-ttl1Jt1~m=c;tLQ.
~O)~jj~~j:, fmO) v--if-~:.Jt.r{Lti~L~~) <Ic+ %).

fiilI*-el:, G~_~lxAs*(i1t~ 0.7-0.8 JIm) C, Ini~Ga~s'I_Y*(lnP ~t&) (i1t~
1.2-1.6.um), c! G,: AIInP * (GaAs ~f1i)(~~ 0.6-0.7 .urn) O)=m~TDm~*ijJ-f*: V
--if-tJ~iffi~ft~tlt~. 1.3-1.6,um * v--if-~d:fttm~jj7 A 7 Y1/'-cm~~vit,

OOP'JO)~i{imffi~.*, ~ c; ~:OO~ra'O)#i~imffi, -t(J)fm CATV ffiI.~E. (J)J't 7 71
/\-imffi~:JA<ffl~) c;tl-C~)o. *t~tt*O)~~J.t(1)~. (v::I - ~) l:ftJ -C, ./J\
l:.J'tc! tlt~ v--if-J't<l)£t~fflIt)t~~.~tI(::1 /'/\? 1'7~ A? *t~~j:CD) ~j:JA <
ffl~) c;tl~ J: '5 .:fJ: J t~. =tt~:ffl ~\~ GaAIAs * v--if- (0.7 JIm) ~d:*i\:~Mc!n-c
v)~. *t~::J / t:.:L -5'-O)Attln, 9fJ:V!> v--if-7 IJ /'~-, *~flO)7t;{-l:

1)-, ~7~7~ 'A7tJ:C., ~ijJ{i.$:v--if-~flJfflL,LW6tt-C~)~. *t~$~Ii.(1)

5-+~.um (J)~~'(J)~~~J: PbxSn1_xTe *tJ:cO) v-~-C'rr5~ t..n~C'~, ~fI~~jj

A tcf. cO)~nJ l:flJJfJC'~ ~.
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14-3: .58l1&v-~- (lfmJ.lI469)

v--!f-•• (~f*, ~f*, 1i!iIf*) ~~1JtIm~::MCib~t~ v--!f-O)~ c~, /J\~O)

v--!f-~J <~ ~ ctJ~~~~. ~f*~~f*~d:g:t~O)~1Jtlm~::.t~ ~ tlLmV~ 6tl, Ii!iI
f*~d:~tll3f*tJ~~1JtImc GLfljm~tl~. g:t~O)~1JtIm~::~d:~ititJ~F9m, ~m, 1Jlfj1Jl
fi~O)~O)tJ~~ tJ, *t~~1Jt~~::~-=r~~Jluti tJ Gt~7t~~iit~O)~O)~~~. g:t~0)

~1Jtlm~mv~~ v--!f-c l,,-C~d:~f*v--!f-c~f*v--!f-(*f~::{g*v--!f-)iJ~

~~. ~f*2i1Jt~O)lffitic G-CF9m~mm~O)~O)iJ~mv~ 6tl, *t~7t~~ii!~O)~O)

~~Q. ~O)f?iJ~::, /J\~Ii!iIf*v--!f-~*~f*v--!f-iJ~~~.2I1Jt~cGL~d:, ~Q

1Jt~O)7t~::~tG-C~~ ~ti~t~.fjl~o)/J\~ v~ ~ 0)~f*mTQ!.IZ'~tJ~~.Q. t~ c x~1,

F9~g:t~~1JtlmO) 5!>, ftl~It~1Jt~~~.f.ft~O)./J\O)t-~ ~d: ~-T~mO).tj}7t

~~~JTEol ~- ~~~ tJ, 717 A~E~cv~J t~~.f*It~1JtlmO)~tl~d:i1r.{,;7t

l"t~ EH1l t- r-C:·~Q. t~ cx~1, J:: <mv~ 6tlQ F9mlffitiO)rmt&~v--!f-3t~H

O)"*"~ a ~~m~::/J\~ <l"L~~, 7 V *)v~ (F == a2/b)." ~ ~ -c: b ~d:3ttJRHO)~~,

)., ~d: v--!f-7tO)1Jt~) tJ~ 1 J:: tJ ~ /J\~ <tJ:. Q c, rmt&~3t~Hc l"L ~t~tj}~, [EIffi
m~iJ~~F1it~::*~ <tJ:.Q. c ~ 0 iJ~, if~O)~.iJ~1lt€ljl-c:~tJ:. <tJ:. t), 2I1Jtlm c GL~
m G~d:C~, ~.m~~d:MCib&)~mO)t~~~::/J\~ <tJ:. t), v--!f-3t~HcGL~X

Q ~ C: ~~tJ:.Q. -~~::, ~1Jtlm v--!f-~d: F < 1 O)tj}~~::m~ GLV~Q. *f~::, ~f*0)

2i1Jtlm v--!f--C:~d:~~O)~1ftiJ!*~ v~t;:.&) ~::(@jfrjf~iJ!~~~ tl-Cv~.Q.

14-4: *[J ~'"77 ~ - (!fo/.}fJI!2044-2046)

1JtIJJO)T~Jt1~frjm GL~ cO)~~M~TQfJTGv~~Jtit. 1948 iF D. Gabor iJ~ w.
L. Bragg 0) X .[EItfi~::J::Q~sA.~#cJE (*f~::7- 1) x~~it) O)if~~ 1::: /' l' ~::, ~

~J)j<iti!&~O)*~7J~Jt~.-=rIQ••O)~afc~~§l19~::~~Gt~. =~~7J~6tJ:. tJ, m
~~-c'~d:}i~tJj7J~6-~ffiTQ.-=r.*O)g:t ~::lfmf*, *t~ ~tl7J~ 6+7t.tlt~fftfll~::~fi~

t3 <. lfmf*iJ~*$7t~ijgtJ:. 6 ~t, ~fil::0)1:E~O)J~~::~d:J~tJj7J~ 6 teLlfmf*~~O) * *~
~T~.-=r.c!fo/.}f*l::O)ffi~~-c'[EIffi, ffi~G~.-=r.~~~G, ~tlG(~·~D~

1Jtc:~XQ) ~d:liv~~~T~GL~fil::~~-fjO)T~/'\?7- /'iJ~j2~~~tlQ. ~tl~*o

~~bc~~. m=~~-c:~, ijg.~&&G~*O~~b~~7ttJj~~ijgTQC:, T~

1'\?7- :/tJ!-fjO)[EItfim-=rc: G-r~m G-c7tO)~fT1J~~~X, ~0)1J~~d:~ c:O)lfmf*
~= J:: J -c#c~.Q (J)~~ C (J)lfmf*~iJ!M~TQ. ~ tl~1JtOOM~C v~ ? ~~* 0 ~~
7 -1-~d:~fJTtJ:.L§={fJI!~i± § ~ nt;:. ~ 0)0), (1) *$7t~ijgtJ:lfmf*~=GiJ~ilm-c'~tJ:v~,
(2) &&9l1fJI!tJ: c~~9l1J.1iJ!~J iJ~v~~~Q, (3) jf[ti€~ (Jto)~c:~ v~ 5), 3tf~~c:v~

5 2 --:JO)~7J!M~~tl, -1J~::i±§ Gt~c~ftll1JO)~£~tt~~tJ~mtJ:.J-c~X~, (4) ~
~~d:T~Jt1 0)~ v~.-=r*jtJj, 7ttJjiJ!f~ GntJ:. 7J~ J t~ tJ:. cO) fJI! EB -c:, ~O)f~~ 10 iFrl3'*
~jtJ:.~MtJ~tJ:.7J~ J t::-.

1962-1964 iF E. N. Leith, J. Upatnieks ~d:~mf*~~O)**~~TQ1Jt1JJ0)1~ tJ ~::, lfmf*
~Jm 6 -ri1lti€~fiOO ~~~TQ~~1JtC~~tnQ7t1Jt ~, ~fiOO-c'lfmf*7J~ 6 O)1ft~L, [EItfi
1Jt (~mf*1Jt * t::- ~d: {~ ~1Jt C: v~ 5) CT~~ it:Q=7t*j*it (;t 7 7 !J ~A * 0 ~~ 7 -1 ~
C~ v~ 5) ~~~G, *t~~~J::5~<~mPJffl§~:tJ:J t::-T~Jt1O)~ v~ v--!f-~~m

G-crooWll19~::~.tJ:~M~~:~~Gt::-. m-~~~:t3v~-C, ~~!fo/.}f*~~x, ~n~:J
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l::: - V / ~ 7t-r:Jffi~T~ c~t&Iti~: ~J:~f*-r: 7 v *)~lEIfJT Gt:::.~f*tlt7J~AMT~. ~t&

Iti~::t3~t ~:. O)7tO).~ti~i~d:-~~:

qx, y) =o(x, y) exp{ -i(p(x, y)
c~~tl~. itt~T1J(ti]7J!yz ItiJ1'J~:~J L z $die (J ~tJ:T.lflItitlt~~JffitlteTtl~J:, ~

t&Iti-r:0)~ Jffitlt0).~ti~M ~d:

R(x, y) =rexp{ -i(21£/A)y sin (J}

-r:4~Gtl~. t::.tiG r~d:iElt, A~d:mv\t::.7tO)tlt:&~~~. ~f*tlt, ~Jffitlt7J!T~Jt1

~ ~ J c ~, ~t&Iti~O)7tO)5il3t I(x, y) ~d:

I(x, y) =Iqx, y) + R(x, y)12

=Iqx, Y)12+ IR(x, Y)12+ qx, y) R*(x, y) + O:(x, y) R(x, y)
=[o(x, y)]2 + ,J- + 2ro(x, y) cos [(2n/A) y sin (J - (p(x, y)]

~~~*~~m.*~~~TE~~~~.~~®••®~~®m=~~T.~~~~h
~ ~®~, x $Ib~:.lflfT~rt3')aJtlt~ v= sin (fJtA) ~ ~J~rt3'~T••7J~.j!tlt~:tJ:JL,
::tl7J~~f*tltO)ti~Mo(x, y) :t3e:tltfftfB (p(x, y) ~~~~tll~tl~tl.o):I/ 1':7 A
~:t3e:t ltrt3~IWi~~~, ~f*tltO)ti~i, fftf§7J~~7J) ~:~t&~:~2.~ tl~ :. e ~:tJ:~. 87t
~rt3' ~iI?11 ~:iBlt, ~.~~rlO)~t&, TtJ:V~ * 0 if7 b. O)ti~M~iMl$ T(x, y) 7J~

I(x, y) ~:tt{?iJT~e:t5~:TG. m=~~eGl, :'0)*Dif7b.~~eO)~JffitltefJJl

C7ttlt~Jffi~TG~~~~~G. :,O)e~*Oif7b.~~~TG7t0).~ti~~R~,

y) T(x, y) ~4~Gtl~O)-c'
R(x, y) T(x, y) oc R(x, y) I(x, y)

=r{ [o(x, y]2 + r} exp{ -i(2n/A) y sin fJ}
+ ,J-o(x, y) exp{ -i (p(x , y)}
+ ro(x, y) exp{i(p(x, y)} exp{ -i(2n/A) 2y sin O}

m-~~J:z$dJc fJ ~tJ:T1J(ti]~:ittU, TtJ:V~~®**il{ittT~7t~~G, v)~O)~~

R~7J~tJ:v)~-c'~~. m=~~J:!:t{?iJiE~ r ~~~t~i~ CO)~f*tltc * J t:::. < fJJl C~-c'
~~ O)-c', :: O)tltIti~J:~ c 0)~f*7J~~ J t:::.{ftlif~:dfi.~M~TG. :: O).~J:ill~.cJ::
~J:tl~. m=~~d:Jrl 0' =sin- 1(2sin 0) O)1J(ti]~MteG*O if7b.O)lW1J~:~.~M~T
~. :'O)~~, M~T~.*ti~i~d:~mf*tltc~1~tJ:o(x,y)exp{i(p(x, y)} ~:!:t{?iJTGO)

-r:~m.ce:t~tl~. ~-r:~~~m-, =, =~~ittfT1J(ti]~~50)-r:, ~c~~~O)

{ftlif~: EI~:t3<e, ~~tr~O)1J(ti]~:ittu7t~:$Jfi~tl~, il{~.t~~tn~*oif:7 b. ~Jm G
-cdfi.c G-cJ!~~. *Dif77,{ --O)~fi~j:, ~m~t¥J~:~d:m-~~7J~T~.O)~~~

f£, m=~~~d:T~.7J~-f1O)lEItJTmTc G-Cflpm G, ~O)* *~~T ~7ttlt (0 'lAO)
lEI tJTtlt) O)~;t7J) ~: , Jffi~ tlt0)1J (ti] c ft.RJ!tlt0)~rt3~)aJtlt~~: e:t J -C~* G1J (ti] ~: lEIfJTT G
2 JO)7Ctlt (±1 'IA(1)lEItJTtlt) ~1:~~iMlf~e Glm~~tl~. ::O)@JfJTtlt~d:~f*tlt~~

~~h-c~~, .~., ~m.~M~~hG®-r:~~. ~f*cGT~~~f*~~~~~,

v---if--O)~ '5 ~::T.ttO)3-F~~::J:v)7CtJj~mv)~ c-'lA7Cli9tJ:JXM~f*, G7J)~.®

J:: '5 tJ:~f*t~~t-c'tJ: <fJt~JXM~mf*~mV)L't*O if7~®fF~, tltOOM~7J~Jl1fj~~~

~.•n~lif*l¥.J~:M~G-Cv)~:. en~V7J)Q. *0 if7 b~d:mv\~tlttJ1,~c~~ • M~1J
~, ~2~1(0)'lA7C, fF~~2lifO)f§~~:J:: J -C~ < O)f1M~:7}~t GtlG. *0 if7 7,{ --~d:

1t1~~~, ~7ltl, T,{ A7°v-tJ:c~:Jt\m~tlQ. *~fiO);t7°T,{jJ)~~-tlJ--~m
~T--7°O)f~tJ~:l::=--)~T--7°~:m!flfJG-c'--:J<~ HoloTape cJ:~!tl:Q l::T;t~AT

b ~~~ Gtlt~7J~, ~tl G~d:~m ~:¥ GtJ:7J)J t~. ~7lIJO){?iJc GL~d:*O if? 7 ,{--T
.7J~~mf~~tl, *t:::'T,{ A7°V--~:~d:B{g7C-c~M~Jl1"~tJ:IJ'/7°~/· *Oif7A,
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1/1 /~-*o7~7b., ~ )v771/,/ 7 A*O!:l7 b.t~ciO~iiill~m~tl-Cv~Q.

1969 if, S. A. Benton iO~~~L-t~1/1 /~-*O7~7 b.~j:, fF~1J~~I7cL- -C, J~

7t1Jj~:J: J -C*O!:l7 b.ifiill <~:~f*0)~fi~¥J~9Q c(QJm¥~:, 1l7l1J:tfc¥J~.O)qt
rJ:l'~:l:r1Jrtu~:~J:~MiO~~<, ftti1Jrtu~:~d:*~O)*V~A I) '/ 1'~0)f#.JDO).~¥J~9~
J: ~ ~:t~J -CV~.Q. *O!:l7 b.~d:l:-r:~im~t~J:~ ~:-fjO)@]tfimT(~O)tlfj~O) 1 J
~d:7tO)A~7 l' )v7tm) -r:, :::: -r:~d:E31S7t1Jj-r:*O!:l7b. ~ffli~ Gt~ c ~, ~f*O)fi

0)~~iO\~:#-~O)A~7 1')v~:7tn\tlt~A I) '/ 1'fiiO~l:r~:]fLIu-r:¥J~9Q. ::O)t~liJ

t~ c;t~t~O)A~7 l' )vn~J!;tQA') '/ 1'fiO)rn:1~~:fttio)13 ~llv~-C~f*O)¥J~.~
J!Q c, I/-~-O)J:~ t~.1S7t1Jj~mv~t~v~-r:~, ~O).1S-r:m1JrtuO)tJl~(llf*~)

~~~~fi~~~~. 13~~~9tl~$~.~~~~fi~~~~~~,~1~~-~)

*O!:l7 b. cJ:: ~ttlQ. ~t~*O!:l7b.ill <~:~fiiO~~~9~1 ~ -V*O!:l7 b cd:::
~ttl.Q ~17-r: l>.Q o)l!, ¥J~~:mv~Q E31SJ~7t1JjO)*~ ~ iJ~l> .Qfil3t*~ <-C ~fiO)

mfit.J~d:~tl~~ cfftrit-r, ~Qv~¥J~fiiO~f~Gtl~*f.iO~l>Q. 3 fto)*O!:l7 b. ~
m~~G~*O!:l7b.~J<tl~~7-¥J~fi~~6tl.Q. U'/7~/·*O!:l7b.c

.t~ ~, 7°7 A7'/7 A ~:~ff¥G G-C*O!:l7 biO~J<tlQt~cO)fIjJ~~l> ~, 7-1 A
7°1/-~:~m ~ tl-CV~Q.

14-5: *[J tI'"7 A (~JJM2046-2047)

*O!:l7 7 -1-~::Sv~-C, ~f*~~~~t~~d:&:MGt~t1f~:~fflit1f~1J[J;t-cT~~it,

::'O)T~/\~- /~~2~1<~tf-t~:~2~1< L-t~ ~O). ~ o !:I 7 b.n\ 6 ~ cO)~mf*n~, =~7C-r:

l>J -c~-~7C-c'l>~-C~, ~~~:¥J~~tlQO)-r:, ~f*~:Jv~-CO)M~, 9t~bt>~

~j, {ftf§n~9~-c~2~~ tl-c v) Q c v~ 5~~-c', D. Gabor ~d:~ I) ~7mn~m1Jj0) r9At

-cJ ~~~9Q b6los c r.7J\tlt~~O), ~2~1<~tlt~~O)J ~~~9Q gramma ~tJl~
~bit-c ::.tl~*D!:I7b. c1ffl~ Gt~. fF~~21l0)f§~~:J:: ~ -c71/*)v • *O!:l7 b.,
779/,*-7y-·*O!:l7b, 7-UX~~*O!:l7b, 1~-~*O!:l7bUc,

~2~1<1J~0)f§~~:J::~ -c~~i*D!:I7b c{ftf§*O!:l7 b, ~2~1(0)~7CO)f~~~:J::J-c
¥ifi*D!:I7 b Cf*fJ*O!:l7 b, ¥J~1J~0)f§~~:J:J -C~~~*D!:I7 b c&:M~

*O!:l7 b. ~:7tm~ tlQ. *O!:l7 bfF~~:~d:tfJmT~J~O)J:v~7t1Jj-c'l>QI/-~-n~

mv~ Gtl.Qn~, ~17 ot1f, ~t1f~, ~ G~:mT*l~mv~Q::' c ~l>.Q. ~t~mTat~

~~~J-C*o!:l7b~J<Q~~~*D!:I7b~l>Q.

14-6:

)v~ *~ ~A (J)-fj'"C' , )v~ *~ /'A c 1Pl~~=m v~ Gtl~ :: c ~~v~. ~S'"J '5 ~J:7t~

WU~~:J: Q~7t~ v~ v~, {tE*~d:WU~7t ~1& ~ *.Q C t~ti.t> ~:1~~9~ ~ 0) ~m7tc G,
~7tn~t~:S~~9.Q ~O)~ 0 lu7tc Gt~. ~1:E~d:, ~7tO)tI.~:J:J -C~~~ tl.Q::' c
~~<, ~tI~mc1ftl~-c'~:P.tJ:Q. ml3t~{~~d:m7tl!~J:/J\~ <, ~tI~l!~1ftl~m

'"C'~OIu7t'"C'~D.'"C'l>~. DT, =DT71"T, :SJ::~.tlMAO)~~, ~7tO)m¥oo~

{t:it~, ~7C~:ill~~49.QmTJWJ@tk~O)~1ffl'"C'#C~~tlQ ~O)~m7Ccv~:>. ~7t0)

~1ffl~d: 10-9 s 7J\ G 10- 1 s -r:~~~d:m~~~t¥Jt: l> Q. ebZl& Gt~7tO)t1f* c IPlt1f*O)7t~
1lt7t C: GL tfj9~~~:J:t~~1lt7t C: v~:>. -PN:~: ~d:WU~7tO)t1f*J: 0 1it7CO)t1f~~d:*V~.

~ 0) ~ C: ~A l' ---7 A O)r!JlJj c v~ '5. ~~~d: X *l~lJiti.~m7t~tfj9tt~, PJtJl7t~
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~~7t~~d:§£7tGtJ:v). 1ftl~~~d:1PJ C:A 1:: /'~mJJt~ t>J.-r~~ra'0).Til3~:J:

Q§£7t~1Jt7t c v) v), ~ffrr~d: 10-9 s iJ) 6 10-6 S f~~~~Q. -~~:£JtE~~~d:-mJj~

~~~ tJ, ••f§~~d:hifttUlb~-mJj~~iJ)G£JtE~~~(J)il3~:J::J L1Jt7tiJ!.iltl~

tlQ.••f§~~d:, hiftt»l1J~~~O)~iJ)6§£7tiJ!~6tlQ:: C~tJ-~t' O)i!J{U CV):>.
t~t!.G, »l1J~~~~fftO)ra'~~:J: J L~d:, 7 A'V /'0)tJ!~0)J::>~:m=»l1J~-mJj~m

iJ) 61Jt7tiJ!tfjQ tJ!~ t>~ ~. ~f§ ~:s v) L~d:ilftt»l1J~-mJj~tmi'J) 6 0)§£7t C ~d:~H 6 tJ:
v). »l1J~=mJj~~ra'O)il3~:J::Q§£7t~d:=mJj· =mJj1Jt7tcJ:~ttl:Q. 1Jt7t~~~

~.~~t Qm~tJ:*Jt1~d:, 1Jt7tA~7 ~ lv, 1Jt7t»l1J~A~7 ~ lv, 1Jt7tJ&$, 1Jt7t~a

*Jt1~~Q. ~JJtO)~v)1li{g7t~¥-~.~fftO)~~»l1J~GLf'6tl:Q1Jt7t~ SVL 1Jt
7tcv):>.

14-7: )v~*-I! / A ({~~1545-1546)

E3~.fj(o)J::> ~:tto/.}.~~rAl~:T~ c7ti'J!t&tfj ~ tl:Q. c:: 0iJ!, tto/.}.iJ!~rAl~:tJ: <
L~{PJ GiJ)(J)wU.~:J: J L7t~t&tfjTQtJ!~iJ!~ tJ, ~tl~)v~ *~ /'A C v):>. §£7t
c t>J:~itl~iJ!, ~~f'btJ:v~§£7ttJ:(J)~~7tc t> v~ 5. tto/.}.iJ!~J&Gt~I*,)v:¥-~

7tcGLt&tfjT~~~(J):>~,~t&M, ~xv/'~7.*, ~~/'.*, v~0-~&

~d:~~tJ:v). wU~I*,)v:¥-(J)4;t1J~:J:J L, * ~ )v~ *,--e /'A, fIiti)v~ *,--e /'A,
X *JR)v~ *'~ /A, t&M*JR)v ~ *'~ /A, ~)v~ *' --e /'A, ~)v~ *'~ /'A, *~)v~*' --e /'A, {~~)v~ *'~ /A, ~~§£7ttJ:C ~:7.tm~ tlQ. )v~ *' --e /'A ~1Jt7tc fJ Iu
7t~:7.tJiTQ:: C7J!~Q. ::(J)7.tJi~d:~It~mC:1ftl{~~~ml:'~d:.tJ::Q. ~tI§£7t1*~:J

v~-C~d:, ~~~d:* ~ * ~ <:, *~:1Jt7t~d:)v ~ *'~ /A C: 1PJ~~:ffl v~ GtlQ ~ ciJ!~Q.

1ftl{~~~-c'~d:, .Til3~:~4TQ=J(J).T~~(J)A1:::/~m~~:J: J L~ZIJ G,
IPJ c:~mJJt~ t>J.T~~ra'(J)il3~:J: Q§£7t~1Jt7t C: v~ v~, ~:> ~tJ: v~tJ!~~ tJ 1u7t
C: v~:>. lmTiJ!»l1J~~fft~:»l1J~ ~ tlQ C:, ~tlJ: tJ fttv~I*,)v:¥-~fft~:fi~, ~Q v~

~d:~ 6 ~:fttv)~fft~:fi~, jlr~~:£JtE~~~:~~. ~ (J) c ~»l1J~ ~ tl~ c ~ ~:~J& Gt~

7t(J)I*')v:¥-- cr~(J)lIfi-c'ti~M~tlQ7t(J)x*,)v:¥- c ~d:-~GtJ: v). 7tT(J)tJj~~:

~d:, ~J& Gt~I*,)v:¥--(J)-$~7t-T~JJJ(J)W~~~.T Q ~ C:iJ!~v~. ~ (J)J: 5~: GL,
-~~:~J&7t(J)~JJJ~~:tt«L§£7t(J)~JJJ~~d:/J\~ v~. z: (J)~JJJ~(J)~1* (~Q v~~d:~

*(J)~1*) ~~MfJ9~:~v~t!.Gt~ G. G. Stokes (1819-1903) (J)1;~ C: J L, A 1'--7 A(J)
i!J{U C: v~:>. )v~ *'~ /A ~d:~tI~~ t>1ftl~m-c' t>mTiJ!»l1J~~ tlQ z: C: ~:J: J -C~~

~~-c'~Q. A~7 l')v, m7t~Jt1, Jt7C~Jt1, ~a~Jt1, mtJ!~m:l:~(J)~:iJ*, rAl~{t{

ffJt1, »l1J~lkjra~{t{ffJt1tJ: c ~d:§£7CtI.~§£7tfj~: ~: J v~ -cm~tJ:~~~4;t ~.

14-8:

{~~liJit\~:f':»v ~ *,--e / A. {~~§£7tC t> v~:>. 7t{t:~liJit\(J)~(J)lIfj c~tJ:it Q.

~<~d:~~, ~, ~ti~~Q. {~~liJit\~:f' 5 liJit\~m. (J) »l1J~, »l1J~7tT * t~ ~d:»l1J~lm

-T7J!fttt(J)7t-T~ Q v~~d:lm-T~:jj~ GL ~tl~»l1J~T~ z: ctJ: c~:J: J -C~~.

14-9:

)v~ *'~ /A (J) tJ:iJ)-c'~ ~:7t (~~*JR, PJ1J!7t*JR, !JF~*JR)~: J:: QwU~l:'~GQ)v~
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-*12 / A. :m7tf*~Qv~ ~J::m tJ 1u7tf*O)7t~J&ftf~O) s:p~: ~QtJt~(J)7t~wtlil:TQ~ C:
iO~~\~-c' ~Q. * ~)J; ~ * --e / A~: ~J::m7t, 1f) 1v7t, ~~:m7ttJ: C;Q~~*tl~. * ~)J;

~ *--e / A O)5t~~llmtl GtJ:;Q~ Gjfitlil:7tO)tJt~~~~LV~ < C, jfitlil:7tO)~tJt~~:~tT

~)J;~ *-.e / A 0)5t~~1~;Q~~tl~. ~tl~Dlb~A~!7 ~)J;C v) v), ~7t.M~~7tm

O)rm)E~:m~-e~:Q. )J;~ -*--e / AO)tJt~~d:-~~:jfitlil:7tO)tJt~e:t 1f) ~~tJt~ctJ::Q.
~tl~A ~-!7 AO)$j{ljcv)5.

14-10:

.~a9x-*)J;;f-~fimf*~.~:1J[]~~~ C ~:e:t --=>L~ C:Q~7t~~. ?fiEM, 71<i'Y.,
71< A, ~ /71 /-c'f'fm Gt~iff1~!D!~:m7tf*tJ:c-c' e:t <J! Gtl:Q.•~a9x*)J;;f-O)1J[]

~~~*~T~, ff.GLD~*~~, ~.T~~cm~~1f), ~a9~3~!7~m~~

~c~, D~~, ~~tl3, m~1t~4~m~tJ:=¥~~~Q.~.$1t~:~CQ.filf(J)t&

.;Q~1*~ C~~ Gtl, fimf* 13 $t0)~7t0) ~~n\~:, }aj Im~: ~Q~f*0)t&.~:~ ~~7tiO~J!
Gtl~ ~ C~~~.••~:Jv)L~d:~~clvc/f'~~~Q.

14-11:

~~~:e:tQ~7t~~~V):>. §£7tTQ~~~d:, ~M, ffI-TM, 1*~tJJ~, m~0)1~~

tJJ~tJ:c~fBiI~:bt~ 1f)~~a9~:J!GtlG;Q~, 13 $t;Q~~7tT~-*~7tc, ~~~~~

T Q~~;Q~~7tTQ-*~7tC;Q~~Q. ~7tO)~~a9tJ::l\~~d:/f'~tJ: ~O);Q~1bv);Q~, ~

a9jfiUil:~fEft*IwU~~:~tT:QJiC\~c GL~7tTQ ~O)~, :m0)e:t:> ~:lm{~=¥~c GLV~~

f;iJ~~Q. -~~:~~~7t~d:, M~~~*TQM1t~7t0)-fj-c', 1l-TJ&$~d:~b69L

ffliv). :m0)~:> ~:, ;t~~~j-~~0)-fj~~~)v~7 x '7-~ (~7tM~) O)fFm~:

J:JL, )v~7XI) /(~7t*) ~M1tGL~7tTQt>0);Q~1bv);Q~,~~:, {tt1t-T~.

O)fFm ~:~ --=> L I!7;t I) /O)J::> tet.§£7t~ / /,!7 .;Q~7t~tJjT~O)~ ~Q. Gn\ GI7
;t I) /O)§£{gffi~J:, 1) ~ ~1 ~ 70))v~7x I) / crm--e~Q. :m0))J;~7.r. I) / • )v
:Y7 x '7~~*;Q~ ATP 0), *t~X7;t I) /tJ~ Ca2

+ O)~tl~tlflll)EIl~:fljm~ tl-Cv)
G.

14-12: ') 1v7t (1~~1534)

)v~*t/ AO)-m-c', v$",J:> ~d:7tDlb~~:~G§£7t~v~'5. ~ I) /0)~7t~ 1f) lu7tc
v) '5 7J~, ~tl~d:f~~)J;~ *-.e / AO)-J-c'~~. Ut*~d:fUil:7t~l& tJ*~ ct~ti~ ~:l~

~T~~O)~:m7tcG, ~7t~~~M~TQ~O)~1f)Iv7tc.G~. ~~~§£7t0)••
~:e:t J -c~lJIJTQ~ C7J~1bv). Gn\ G~O))Efi~d:, ~7tf*;Q~~.~O)*6A-e~Qn\~M

~-c'~Gn\~:J: J L1b:P~tet.~. ~tI~AO)~~~:~d:, §£7tO)~ra~~ft7J~~~)E.-T~

mn\ 6, *t~~d:*aAO) l' '7 ~ 7°/?\ 6, ~a9i~Jttfttet.c~:J:J L~7t~:iOC~~4TQDlb~

~m~il3T~il$~:J: J -C3Z:t;2~ tl~ ~O) ~ v) '5. Ttet.b~, Dlb~~tlt~.-T~d:*~

-~~~)E~m~J:7J~tJ, ~tl/?\ G~I-*)v;f-~1~-C§£7ti&!fi~3G. 7Mt~7J~{tt< tet.
tl~t~~)E~mn\ G~7t~m~Dlb~~tlQil$tJ~M tJ, ~7tO)1L~J:tJ~ 1f) c~1frl~d:~<
tet.G. tJ 1v7t~d:WU~~~~tLV)Qra'-c''b§£it6tlG G, tJ lv7tc:m7t~rm~~:~TQ~m
.'b~Qo)-c', fU~S:PO)~7t7J~:m7t/?\ tJ Ju7tn\~~ZIJT Q ~ C~d:~b~-c~.tet.~~7J~
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~QO)~, wu.r:p0)~7t~1It7t, WU.1~0)~7t~7l7t~ G-C~ZIJTQ ~ C:~ffE~G-CVl

QA~ V~Q. ~O) ~ C: ~oc~ Gl, ~tI~m~~d:1It7t~t=.~d:t] 1v7t~~TQ ~0)~1f£ t] Iv
7tf.t'*t~~d:.~:1lt7tf.t'c J:1u~v~~. ~trt~d: 1(J3- s 10)G~c ~ -r 1 day ~:&~~~ c ~~
:Q. 1ftl{~~~O)~~~d:, .TA ~/?pm~O)NttJ:Q.T~~rp'O)il3~:£~<~7t~

t) lv7tc V~ 5. 1ftl{~~~O)£JtE~~~j:-~~:-mJJi~1ii~~t], il{~Ulh~~1ii~j:=m

JJi~~~~Q. t]~7t~.gUlh~=mJJi~1ii~G£JtE-mJJi~~~o)A~/~~O)il3

~:£::j'<~7t~~Q. ~f§~ t] 1v7t~~TQ ~O)~j: l::7--eT-JvtJ: c~'<IW Gn-C:t3 t],
*$7}0) ~0)~J:••f§, *~:7}TO)~JJJ7J~-t7}~:t!lJ;t GnQfliIf*O)~~~ t] 1v7t~~T
:Q • ••f§~~j:il{~Ulh~~~7J)GO)~~7t7J~~GnQ~ c~:b-~~(J)~J{fj~ V~ 5.
~1ffl~d:-~~:10- 3 s iJ) G 10 s m~~-c'~~QiJ~, ~7t7}TiJ~JJj{Tjf~O)*~VlJJj{TTtJ:

b~mJJj{T~~tril~~:~d:, 10-6 s ~~~:tJ:Q:' C: ~~Q. IPJ_O):. C:~d:m.c: G-Cffl
V~Q~.n~mJJj{T~~tr~~~: ~J!GnQ. M~(J)~~~J1'J$mJJj{T~jj*~ VlVl, 1~~

O)iI~~~$mJJj{T;jj*c:v~5. mJJj{T~jj*~d:mJJj{TO)ff1£~:et~-CA ~/ • $JL~f§li
f'Fffln~*~ <tJ: t], A ~ /~*,JO)m~n~*Ifll ~nQ ~ C: ~:£~' <. ~~tJ:1ftl~Mt~j:

~~::~b&)L~~Vl t) ~7t GiJ)~GtJ:Vl. ::n~j:~~Mil3n~D~~~Q ~ c ~::J::Q. t]
lv7tijl~~*.~~tQm~tJ:*Jt1~J:, t] ~7tA~!J 1'Jv, t] ~7tUlh~A~!J 1'Jv, t] ~
7tl&$, t) 1v7t~~*Jt1~~Q. a t] lv7tc Vl:> O)~j:~~m7tO)-fj~~ t], f3 t] ~7t
~~~~~~Gkt]~7tO)~C:~~Q.

14-13: 111 £) 1v7ti* ({~~425)

m7tc t] ~7t~~TQ~.~Vl5n~, ~tI~c1ftl~m~~J:m7tc t] Iv7tO)~~n~?pj>
NttJ:Q ~ C~oc~GLi\~~:~MiJ~~Q. ~tI~m~:J v~-C~d:, t] 1v7t c1f£7t~IPJIfif~:tfjT
~.n~?P <, 1f£7t. t] 1v7t0) ~ZIJ ~j:ft Gv~ 0)~, m7t~ t=. ~d: t] 1v7t~~TQ~. 0) ~ C:
~VlVl, m t] 1v7tf*~t=.~d:1}i~:1f£7tf*cetv'S~:: C7J~?PVl. *~:7~7t7J~*Vl ~(J)~ t] 1v7t
f* C etv'S~ ~ c ~ ~Q. 1ftl~~:J Vll~d:, t] ~7t C1f£7t(J)~)JIJ~d:*Ij~ C: G-C:t3 t], t] Iv
7t~~TQ~.~:~d:1It7t~~T:Q ~(J) ~?PVl.

14-14:

~~~:~d:3tmtm~Ulh~~:J::Q.iI~7t.~-c'{tr~~nt~ron{~lffi~m7tf*7J~.~1f~-c'

~Q7J~, ~n-c' ~~:1J$7J~{~ <~1ffl7J~~Vl CVl 5 X}i~~d:ter:7J)tJ:7J)5lij~ ~ nter: Vl. ~7J't&~

7tm~M~~::fflvlGnQ. ~fnBa9Tfl!1fi!et t] t> 1 m/J\~vll04v/cmmJ3t(J).iI-c'~7tTQ.
~~f*0) pn ~~~:Jm15rm~:.ifrt~ifrtT C, .TclE~L(J)M~~~:J:: t] ~7tTQ. ~n

~ pn f~~x v!J l' OJv2. *t/A c vl5. ~7t-Y1~- r c GL~fflf~~nl:t3 t],
.T~:1J$n~I9i<~~7J~~Vl.•~{~~~7t~t~~d:.m{~~~7tC:GL~J:, ~~7=~/

c:bT-~/(J)rp~(J).T3JJJoc~~:J:':)l~ C:t~Ulh~7}T7J) GO)~7t7J~~~jGnQ.
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Lesson 15: Sound I
(fundamentals)

.:a:.a -1 /' sound" tone; ;t / noise, pronunciation, sound
t3 ~ noise~ sound; tl sound, tone

~~~~ ~/t1~?t1

~~~~ ~/t1=/'~~

~ ;t? horizontal, sideways, width
J:: =side, width, woof_fib et=:;7

tl?1! J:..=tJ:.~

~ .7J l' grade, stair(case), step, story (of a building)
ISWlt7J-1:A?
f!i~ ~~/tJ1

speech synthesis
speech/voice recognition

horizontal axis
transverse wave

order; rank
stage, phase, step

3* jj IJ music; '7 7 comfort, pleasure
t~ O)(L, v) cheerful, joyful, pleasant; t::- (1)( GU) to amuse onself, to anticipate, to enjoy

~~ ;t / jj7 music
~i6 jj 'Y~ musical instrument

§ ~ 3 ? might. strength; =J? might. strength
J J: (v ~) mighty, powerful, strong; J J:(~~ ) to becODle strong {vi};
J J:(?IJ~ ) to intensify, to invigorate, to strengthen {vt}

~~ ~ 3 ? 7- 3 ? emphasis, stress
~1l ~ 3 ? ~ strength, intensity [for light]

;Jii IT:/ decline, decrease
~(69) to decrease, to reduce {vt}; ~(~) to decrease, to dwindle {vi}

~ft JT :/A 1 attenuation, decay
¥~~p ~ /=.J- 3 ?JT:/~3? monotonic decrease

;Jj JT :/ origin, source
;}j..t.;.~ l: origin, source.1{

~im{
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~~ :/ -v !7 weakness
J::b (v ) feeble, weak; J::b (*~) to weaken {vi}; J::b (~~ ) to weaken {vt}

%{i5j =f: 3 r):/~ !7 strength
.i5jtJ: ~:/~ !7 tJ: feeble, faint, weak

t::..-c:/!7
t::..-ctJ:Jj.

-:; .:z.. r) height, length, vertical
t::.. -c height, length, warp

.$(b

.~

~ :/ ;J.. /' innocence, net (profit), purity
~I3t :/J./~

l1!~tJ: ~ /-:;:::J.. /tJ:

a A 1 decaying, declining, weakening, withering
~ C: -0 (Jt .Q ) to decay, to decline, to weaken, to wither

~a$ 7/A1 1) 'Y
ffia~~ ~3r)A171Ar)

vertical axis
longitudinal wave

purity
pure

attenuation
extinction coefficient

~!i! ~l /' bullet
t~*bullet; ~J:9(U) to rebound, to become animated, to tip generously;
D( <) to play on (an instrument)

5iji1t11ij~ 31 /1::1 ~ 3 r) l' 'Y elastic collision
5iji1t1~~ 31/1::1~/71 elastic deformation

iA T /' biography, communicating, legend
J t::..(5 ) to follow, to walk along {vt};
J t::.. (Jt Q ) to propagate, to report, to transmit {vt};
J t::.. (V .Q ) to be circulated, to be transmitted {vi}

~zJmI3t T/,/r)'/!7~

~~~ *'YT/~r)

i¥ /\1 go-between, intermediate
~1* /\1 ~1
m~t 3r)/\1

transmission rate
heat conduction

medium, media
solvent

J\ / carrying, transporting
JlftR
~ftR

r) //\/
T//\/
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15-1:

Reading Selections

if (!fo/.JJ!236-238)

tffiHl~:~j:~~t:p 0)r,t?1t~, ~O)JaJ?1tlkn~.t3et~ 20-20000 Hz O)$ftlm ~:l> '"".) L, Ara'n~

~O)!l=-e~Jt~~~ ~0)1t~C:v~ 5 ~ C:n~~v~n~, Ara'O)!l=~:Pfl ~;tQO)~j:, -~~t~

1\~~0)~0) Z:=' <-$7t~l>Q. ~~t:pt~~t~:~H)EGL~, IiJ.JaJ?1tIk~J::O)m~?1t,

~tl~rO)m{ftJaJ?1tift~ cn~l>Qn~, ~ 6 ~:i1rf~~~~0)t:p 1t&b~;tii1?1t~:~J:~<0)
ljmn~ l> Q. *tJ: c~~O)t:p~~j:, ~~t:p c ~~~:.?1tti~tn~ff1±TQn~, ~~t:p~~d:

.?1tO)~~n) ~:It?1t ~~~Q. ~O)J:: :> ~=if~J:, ?1tJJJ1t&;tQ~.~ JaJ?1tlktJ: c~=:J v~-c,

**~~*~=JAv~fBImO)~~1tv~:> ~O)~l>~. ~~t:p~=l>'"".) L Ara'O)lf~=Pfl ~;t~}aj?1t

1k$ft~O)if1tt:pJL\~=~;tQ c, ~~j:Ara'~:c'"".) L~Pf~:etQ ••&~O)¥mcL-C, ~F

1it~:.~tJ:{~trJ1t* LL~t~. ~t~if~c LLO)if~=~tTQ~JL\~J:, Ara'O)~5EC: c ~
~:l>J t~. *2nWJ 500 ~~ 0~: Pythagoras n~fTJ t~5iO)~JJJ~if~~::JV~LO)if~~J:,

if.~O)~~t~<JA< EJ~f4~0)1k~~I&t)1&v~O)tH~J~\~:tJ:Jt~. ~O)ri, ~H~~

~1ittJ: c O)~O)r~,m~j:, 1it~:~<0) AO)~JL\O)~t~~:tJ: '"".) L~t~n~, ~O)!fo/.JJ!~i1.~:

JV~LO)*~~tJ:if~n~M&IJ Gtlt~O)~j: Galileo O)Jfi¥{~n) G~l>~. ~O)ri 17-191it*2
~:n)~tL, M. Mersenne, I. Newton, P. S. M. de Laplace, H. L. F. von Helmholtz,
Rayleigh 9J!PtJ: ciO~, 1J~O)r~,mc LL~?1t1tI& ~ 1&J -c~t~. ~ '5 LL~O)!fo/.JJ!~Jti.

O)if~~d:, 191it*2O)ri~~:£*~tJ:$7t0)~~1t~t~ c V~ 5 ~ ciO~<!~Q. 20 1it*2~:

.t3~t~~~· ~-rtt~O)§£~~j:, ~~:JV~LO)~~~tJ:if~~tt~~tJ:pt\m~:*~tJ:~

{~~~t~G Gt~ . • ~, ~}if, t&ztJ:cO)tt~~d:, x1 ~ 0*/, A t::-n-, z~~
HtJ:c.~~.~.HO)§£~~::m~~tGtlt~~o)-c'l>~. ~t~~-7,{ l' 1) 7 b., A~
~~tJ:cO)if.*fJti, f±~ tJ:cO)ifO)!i~~~G~=-~~tJ:Hif!l~O)r~,m~:~d:, tt
{;f\j[ifi C~Iv-c'JL\J!~tJ:~O)~fiffiiO~m~tJ:{~~U1t* LLV~Q.•~MeHO)rm§£~J:, Jt~Jt

~~~~:ifO)1it~~rmv~t~C V~ '5 J~-c'*~tJ:l\~~ ~ J -CV~Q. ifPfO)if~~if.~O)

m~tJ:-7tIf~:tJ:J -C.t3 ~, ~~=i!ili-c'~j:, .-r~tJJm~~ljm~O)~Pf*,J~, .~[EJ

Im~m v~t::..ifPf~~tJ: cn~~m{~~ tl-CV~Q.
~iO~l>~c ~, ~~~d:i1tfT1Jftij~:rdJ -Ctl:flJlJJJ1t L, :: O)~!iiO~~~t:p1t&.TQ.

~ O)d:: '5 ~:~.O)~JJJ1JftijiO~&fjRO)1Jftij~:-~T ~?1tJJJ~.?1t C v~ 5. ~~n~*~=tJ:J

t::..$7tO)J±1J~d:J:~ G, &~t~:iEt~:tJ:J t~$7tO)J±1J ~d:{ftrTQ. TtJ:bt> , ~iO~l>G

tJmO)~J±~J:, *~J±1tt:pJL\~: G-cm~1t. t) JJZT. :: '5 Gt~J±1JO)~{~$7t1t~J±C:

v~ '5. ifJ±~J:tffiHl~O)~~jj{li-c'~~ tl, ¥f~~:~d:Pa iO~M!btlQ. iHl1it~d: 20 ,uPa 7J) 6
200 Pa fj!~O)ifJ±fBlm~ifC: v~ J -Cv~.Q. ~t1~J: 2 x 10-1°_2 X 10-3 attn ~:.f§ ~g-G ~ 0)

-r:, Ara' O)!} ~=Bfj ::.;t.Q fBrm O)ifJ±7J~3-~?it~:/J\ ~ v~J±1J-c' l> t), ~ G~: ~O)$ftrmn~3-F1it

~:JAv~~c~~G-Cv~.Q. I~O)7tIfl:~j:, ifJ±p O){~tJ ~:ifJ±v"")vn~~btlL,

dB -c'£{~T.Q.

ifO)§£~mfM~J:, v~ <Jir~O)if)v-7°~:*)jIJ~ tl,'Q. tffiiO)A t::-n-~5i~H, tT
~HO)jjj}~~~~d:, ~JJJT Qf&~~~:tj€ Lt~~~7J~~tl~:pt\~-CJlJJJ L, l>G~flf:O) C~
~~~~0)J±.Jt~i~~9Q. ~G-C:: O)~~O)J±1J~{~iO\~?1tC: LL JaJIm ~:&ffRT:Q.

~JJJT .Q~m~iJ) G§£~T .QifO)lti~~=~J:, ~JJJO)~7\!itJ: cn~~f*T GO)-c', -~~~:~j:

3-F?it ~~fl~ ~: t~G.
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·®~~.~~G~~5~~~m~~®~, ~~®~~~~~<~.®-$~~~~

t~~fJJt:et~ ~O)<:~~. 5mlt)!1O) C: ~C.;6\ t; l::::2 -1:: ;-c It) '5 tf~~~~o)Jj:J ~

.00i1rftln~.W~I~~t~ J -C1rflO)$5tI:~tl~~ t::, ~ z::.../J~ 6tf~~~~T ~ ~(J)-r:~

~. ~J±(J).~:6~~~)T~ra'~1\tJ\ t;~~lliT c~O).~ z: ~ l:~*tl~ . • ~if6fE.

~~:J::Q.~J:, -C:l:.~W)n~~{,)~Ib-c'~ t), Jk{,)~~Iti!tm~:bt~~I£~~~-.:>t~.

'"C'~~. t~t~.Difn~-fl-c~tl~tm}lUj£Gt,)jJ)vx/~~~~~,~O)c~C1).Ij:J ~

. ~lcf=O.2 vld(v l;t~~O)imJ.l, d ~j:.~~0)l!~) l:±~~I£~~~J.l:tJ:~. ~tl

~I;t)VA.C~\5.

~.Jft~:~~ ct::~~j:, -JEO)imLt-c'~.TQ. Mt1J:~.Jft-r®.O)~.imLtJj:.Lt

~:OOf*G, fC (J) c ~O)imLt'j: c= 331.5 + 0.61 {mls] -c47L 6tlQ. ~fm~:.~~(1)*~

t~ <tJ:lt)rm1&~ra'l:/J\ ~ tJ:tfl1jn~~~ C: ~, z:tli1\6~~Gt~tf~j:9.r(lO)jjrPJl:~~

,:~.G, tfi1f1tJftJL\': Gt::H:~o)ftiIDl:O)tfl£~j:-JE':tJ:~. :: '5 Gt~tf~~~iID~

t:.lt) 5.' z: O)JI~l·:~iID(J)!fiociIDfW~im~9 ~.o)I*}v~-~t, tf.n\ t;O)m.(1)=
*~:~lt~JGL~1>9~. tfJ± v~)vC'tt);t~t, Jle.i1~ 2 «5~:~~ ~'C ,: 6 dB O)~J~

C'flt~9 ~ z: C ,:tJ:~. =-tl~~=*JtIj C: (,) lt~, .00~.l:.t3~t ~m~tJ:mtJ!!\:~~.

~~~:~~C'tt, ft!!iID, }l~~, ft!!m~Cl:J::JL, .00~.~J:~*~·*~~.~~~t

~.•~~JlW.iii~.~~l:~t~~C, ~~ -r&M, ~!&, ftt~l>Qlt)~j:@tfitJ:citllJc

G-cO)~m*7)~~~. ~tl~(1)it~'i, ~~~~CO)-ti!c.O)~IfC:C1)A~~~*o.

PJlft!~~IcO)tfO)If!f~d:, ~1~£ 1.7 cm n\ &3 17 m (1)ra'~:~-.:> l, Ara'(J)~m~ra"::t:>~t

¢~.-ti!C:fPjmlll:tJ:~. 7c(J)t::.~l:, .~~(J)~O)$~~:~@tfi~:J::J -C.t1t~b

:Q::' C:1:t~:Q. *t~tfn~~.J£5t~~lu-c'lt~:QC, &Mfic(J)T~~:J::-.:> -C.lEO)_*,
ti/J\~~mtl~. ~-c0){f(J)~., ~l:ilm.~.-c'~j:, ~ 5 Gt~~lIJm*O)J&.O)I~

lO~l:, .*~{tf9~b!>.Lt7ttfj~Mn~*~tJ:J&.~ ~-.:> ~~)Q.

15-2:

~jt(j(]~tfO)*~~n~ 2 «5, 3 «5~:~Jt~l::~, It{m:n~ 2 m, 3 f&l:tJ:QRJjt~~.

(j(]~:}j(~-ctfo)*~ ~ et etlu-rlt)Q. ~(J)¥-fiL~J:'.l-/'~~~. 1000 Hz, 40 dB Q)~

{f0)*~~~ 1 'J-'/ c~O)-c{,~oO)-r, ~0)2mGl)*~~~:PfJ~X0.~j:2~-/,

10mO)*~~~:M~;t~if~d:10 'J-/ ~~Q••O)*~~~t, 1JD.it~~-':>-C~)Q.

9tJ:b!> , *T~tto) 2 ~~l:O)tfn~fPjmJ~:~J t::..l:: ~O)tfo)*~ ~ Jt, ~tt~tl(J).

O)*~~(1)fO~:~~. -fil:~~lco).~Q 2 J(1).~::J{,~~~d:, .l±v~)v])~IPlt::-e

~.O)*~~ ~1fPj t:1:tJ: 6~lt~ ~ c;6~~lt). ~·O)t::.~, fiiJG*~ ~ O)tf~:fPj t::ltfi~4

jt~Rllc G-c, tfo)*~~ 0) v~)~~~M!btlllt~~. ~~tfo)*~C!O)v~)ltcJj:,

~(J).cfPj(;*~C!':M~jtQl000HzO)~fiO)tfJ±v~)vc:fPjC:lcfm:~,.oc~*
/' c Gt::. ~O)~~Q. t~ Cit~f 1000 Hz, 80 dB 0).1£ v~)vO)tfC fPj {;*~~ ~:PfJ ~

7L~.~i, ~(J).J±v~)v~:OO~tJ:< 80 */ O)*~~O)v~)vO).-e~~.•(J)*~

~O)v~)v~J:, fl~tf~i!J!~A~?~)v~~Jt::...ttc~.O)fi~::J"~Llt)'5~cQ)-r:

~~ ~(J)-r~ot1~, ft:':~fil:Jlt)-C~J:, ~tJJlfc, .(J)~~0) v~}v, tfo)*~~Q) V
~)v(7)OO~~/J'9~7 r) ~ *.Attb.n~, H. Fletcher C W. A. Munson l:et J l1933 ~l:

~£(~tlt::.. fi(J)*~~(1)v~)vL{*/]c:tfo)*~~ S['J-/]c:(J)A~~j:, Lt1~

20-120 '* / (})i!1H:J-r~0) J:: -5 ,:tJ:~. loglo S= 0.03 (L - 4O>*t::..Ji S= 2(L-40)ftO
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15-3:

~~n!~~r:p~~.9~ t: ~, fI,q O)M{(!;J ~:J:: ~ l-t-O)§~ ~d:id~9~. -t-O)m-~j:,

~=*O)l*ltlt:J::Q bO)<:, ~./\'7- v·,.,j},t;6t L.,. 0)~1Ii:Q) c3 EI EI3~tI~:~n~1itM~
tlLlt~~tI~, ~lIin\G r[m] O)}~~::t:>~t~~1±v~)v(*t~~j:~O)§~0) v.l'{)v) Lp ~j:

4 =Lv,. - 10 loglo (4nr)
= Lv,- - 20 loglo r - II

C'~~tl, I!.;Q~ 2 m~::~~ ~'c,: 6dB 9JiJta9~. ~(J)rw~~i2!=*idact,~'5.

=- O)J:: '5 '=, ~l1jn\ Gij~"i1\~ ~=Jtl-C~;6~~a9 ~;: C: ~-~l:.fiiJjt.idft, ~Q

~~~j:!f!~:lle.iJta C ~):>. :: 0)'~7J\~:, Jt!!~OO~~*O)~.I9kJ&l:J:: ~idft, ~5[0)~

.I9kJ&~:J:~iJta, ~~~~:~~@ItfiMfttJ:c])~~ C;~.

15-4:

~(1)~g~ ~g-Jl}~(j(]tJ:~*C', ~O)~JJJf(':B< ft{ff GL#t*~. l::~Te t>lt)lt~,

~JJJ~iO~*~~ttl'i~<, IJ\~~ttl~ig<~C;Q. GtJ\G, ~JJJf(n~IPJt:~~-:JLt>,

~J±v~)},t~, ~(J).~~ra'iO~it5 c~O)~~ c L,l~j:it-:J-C~G¢tI~t>~fJ, ~(J)

rfli ~ ~j:~JJJ~t~~tC'-.(j(]l:#t* ~ t>O)C'~j:tJ: v~. ~~O)et 5l:m=tf.~~ t> J t::..~(J)

~~ ~J:, ~O)£*~tJJltc:1PJ C~JJJlto)~~O)~O)~~ ~::~G<~C~(J)n~lfil~~~.
~O)~tJJlt~~ 2 ml:tJ:Q C:, ~O)~~n~ 2 m~::~Q c:~j:1SR c;~lt~. t::..l:,itli, 400Hz
~~O) 2mO)~~~:~G~~~(1)~JJJIt~j: l000Hz-e~Q. ~0)~~~~9ll!fiLI1;()v

7:, ~l£v"",jviJ~40dB (J) l000Hz~~O)~~~ 1000 ;{)VC~.L" 2fllo).~I::.

CQl:~ 2000 ;{}v~~~C:lt~'5.

15-5:

~tlo)r:pO) 1 }~~(,:t3lt~-c, ~O)i1tffjjrtiJ.~:~L«~!f!fiLoofl~, !f!fiLl¥ra,l:iiil9¢I
*j},t.:¥-~~O)§~c lt~ '5. a2~c L, L~J: I *t~~J: J ;Q~M!btt, ¥fiLlj: W/m2 -e~Q.

~I!O)ilIm~~~)-c~J:, -jjftij':i1tff9¢~O)~l£p l:fjLrilll u 1J:lPJfiLml:~QO)~,

~tt~ttO)~~jj~<:~xtt~t, ~(J)§~~J:I=pu=p2Ipc=pc'; l:~¢. ~~-e pl~••
0)mIl, c ~j:~il-c~~. ~1l20~ O)~~~:JV)l~J:, p= 1.205 kg/m3

, c= 343 mls-r:
~~ (J)(!, ~EEv~)lt(J)~i£~::B~t~~J±O)£~mpo= 20 lppa] l:m~T~~O)Ii~ ~1,

0.968 pW/m2 c:tJ:Q . .:c~~ Po ~:~t1t'g- :Q~o)~~ O)£~c L,L 10 = 1 pW/m2 ~l:

J -c, ~(J)B~ (J) v~)Ltt1~ L. = 10 loglo (IIIJ [dB] ~~I£~tl~. ~(l).~0)v~}vl:~

J±v~)vc<l)lcm~j:, ~~,£-~g-~.

15-6:

~-f*l:§v)m~~~!mMGt::.c~~:J!Gt1oll~~~7tJJl~. ~7to).~Ij:~-f*(1)ft

me ;:ttl:~*tlQiiff5[-f*':etJ -c.tJ: tJ, ~5[fE(J)~~)~-f*~, mff~.f*~R5[ l,
t::. ~0)~j:~7t GfJ:v). ~7tO)tI«~d:, m~~O)~1±~:J:: J -C~.f*r:p~::f-~ l::T-~3 :/
~r&n~~~L" z:ttiO~1iX:&: GL~~~:¥JlGJw"S~~ tt~ c~ l:~r&pq(1)~.f*~'{fJi~I£.~

tt, It=fIlo)~~':t~t), /'\)VA~7tg-~ ~(J) c:~;t Gtl-Clt)~. mff~.f*~j:••~~
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*et ~ ~;f.--e./ /' (J) et '5 tJ:mv)~P-$:(J)1J;¢~~7t;¢~5!iV). ~~~mff C, LV)~)v ~ / - )v
(J)7 )vtJ I) *m~(J)if~:et~~7t~;]:t4!~~P-$:O)~7tet~ Ii~L5!iV);Q~, ~tt~J:;f.~1::7
-~ 3 /'~~iO~¥fJL,'"".:)v"S~~ tt~(J)~:f$'5 Mi7A~:.et ~ L~ t:t=. ~02 tJ: CtJ~, =~~~:)v

~./ -)V~mt{t~7t~it~ ~(J)-r:, if{t~)v~ *' 'Y-e/'A C c,L~BIJ9~.

15-7: fiJ± (~~248-249)

••(J)J±7J~d:iftJ~d!>~C~ ~::~d:if(J)tJ: v)~m~O)J±7J ~qtJL\~:: C,L~{t9Q. ~ O)J±
7J(J)~{t$7t~ifJ±c v)v), i2~ P -r:~9. ifJ±(J).~fii~d:~r~~(J)~It~::tJ:QO)-r:, if
J±~V) '5 c~ ~:~d:, ttiDl, ~r~~ T ~::J V)L~O)~~fii [(lIn fo

T p2(t) dt]1/2 ~~~ tt, ¥
fft~~~d: Pa (/\:AjJ)v) iO~M!btt~. ~~t:pO)if~~JV)L, *f~~I~O)7t!lf-c'~d:, ifJ±p
O){~ tJ ~: Lp = 10 loglo (p2IPo2) l:)E~~ tt~ifJ± v«)v Lp iO~M!vttLV)~. ~ ~ -c' Po ~d:

£~ifJ±l:, Po = 20 [,uPa] C9~. ifJ± v~)vO)¥f}[~;]: dB (T~«)V) l:d!>~.

15-8:

if~O) § ~~::iO)tJ: '5 et '5 ~::tIc&'J t;ttt=.~f1O)ifm~f*~ L~~ (J)Jm~:~2~1j~ ttt=.if0)
*~J-c'd!>~. 1it~O)~~~:~tt~ttJl~ t::. ~mtJ~d!>Q et '5 ~::, ~~~~:~J:~tt~tt~!R*f

O)if~tJ~d!>~ L, if~~~O)if~iO)t;~\~~~::'1/iX:~ttL~t=.~(J)-c'd!>~. tf~*~O)

if~~::~tt~tt*ffgtJ~d!>QO)~,if~O)JI'5C~0tJ~*~V). m1£, ~Jm~:M!vttLV)

Qif~~d:, liifif~, ¥if~, ~if~tJ:c-c'd!>:Q. ~1$if~-c'~~$tilItJ:~0)~d:, ~7

~-7~ 5 ii(J)~ifc 2 iiO)¥if-c''1/iX: GLv)~~if~~, ¥ifO)f}[fifO)mJl~::et ~ L
*if~c~if~c~:7t~tGtt~. *if~~d:5f1=ifc5f1llQifcO)r~~, 5f1tifc5f1i\ifcO)
r~~~:¥if~~ tJ, ~o)~;fn)O)ifm;¢~~if-c'd!>~7 iiO)ifO)if~-c'd!>:Q. ~if~~d:5f1=if

c5f1=if C: (J)r~" 5f1liif c5f1Aif c O)r~'~:¥if~ ~ tJ, ~o)~;fn)~d:~if~d!>Q 7 000)if
O)if~-rd!>:Q. ~ t; ~:, fD~~~if~, ~~~~if~~:~zrJ~ttLV)Q.

15-9:

if~~~9:Q~It~*I~tJ:C~$~ffJ\G-CiftJ]{c v) '5. ~~O)iftJ]{~:~J:, A t:-tJ-~

~~tJ: Cif~~~9Q ~ c ~ § ~ c Gt::. ~O) C, *lfJ1t~.fJlijtJ: cRifO)J*(2g~:tJ:Q ~O)

c 7J~d!> Q. iftJ]{O)Jt1~~d:, ~~if /\1)-0))aJtJt~*fJt1, t~IRJ*fJt1~::et J -C~7J'~ ttQ.
il'b!}i~tJ:iftJ]{~d:, J~~tJj-cd!>~. ~~O)iftJ]{~d:, J~iftJjo)~~~ G-Cl& tJ flkbtlQ.
~f1if.iJtU)EO)tJ:n)-r:~;]:, ~.O)§~~::~~9Q*f)EO)iftJ]{7J~M!vtt~~ ciO~d!>Q.

15-10:

~.tJ:*HI*V)~~~~t:p*-c'U ~~~:IiB~f, ~ ~ ~:m~J~tt::. 'b0). t4!if~:ilIv)~

)E G t::.if~te90)-c', )aJtJt~O).~ c GLtf <10) GM!vttLV) Q. ifX~d:?P~O)fi!ll~1JN

th~ 'b J LV) Qo)l!, 1JNthO)l:j.;Zn)t::. ~:J: J L~~9QifO)$7tifO)f./iX:7J~~f~9 -Q.*J 9 <"tJ:~O)fjl1JNth~:tt«L, J:ifO))aJtJt~;¢~~*ifn) G~d:Q 10) ~:"tt -ev) Q t::.~ ~:,

1JNth~l:j.;ZL7J) G~F~~:~V)~rl=J'-c', £*1JNth7J~*$7t~ S&'J-Q J: '5 ~:tJ: tJ, ~if~:ilI

v)if~te9 ~ cn~-c'~ Q. *t=.m7J~J v)Lv)Q$7tO)1JNth1JN~M7J~/J\ ~ v)o)-c', m~¥-c'
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~J -r ~tJilh~:~;f~~~.~J:/J\~ v). ~3Z(J)~(J)JaJtJtlt~)EJf1~J:, .±C: L,-rlA~~:m11*
~Q. M~~~3Z(J)JaJtJtlt(J)lA~1*It~J: lo-4/°c m~-c'~Q. lA~1*It~/J\~ <~Q~:

~d:, tij:~~~~M!m~ Q.

15-11: ft. (~J.l255)

~V)i\~(J).5U" tI~, 7t, ~.&i!* (imrn-~~J:~ eJ: tJ, x17D*/, A e
tJ-(J).5U,~.tI~, .-r@l~, ~2._~tJ:c)~~LMm~ttt::.~O)r§fiJt~v)'5.~

<(J)tI~, ~~0) ~ 0) ~:~;f~~fdfi{iR*1j~ e II:1J mf~:, ~O)~ ~ J <fJ t~ L, t::.&i!*0)&ffdfi
~i\~~~. -~~:~~:~J:~tt~tttij:~tJ:~{giO~~QiO~, ~{g~J:~Jt~ ~~~~ :Q-JI
~v).~c:~;t~ttQ. tfim~:~J:, r::0)/\1;t1) /O)~{g~J:~L,v)J e~J:v)'5iO~,

r~Jtn~J::v)J e ~J:v)btJ:v). ~Jt ~ftti~ Q~*~J:, &i!*O)tJi~MJaJtJtlttij:tt, D-r
~tij:Jf1, {}[fEltij:Jf1, ~~tij:Jf1tJ: C C: v)btt-rv)Q iO~, tij:~:iftimtJ:~Jt~&ffdfi~QtI~~J:,

7Jt1J)E C:~~~~* ~:::f1Y} 0)giO~~<9! J LV) Q .

15-12: ftit (~J.l255-256)

~tJtO)ff1:E~~~rl3~. ~tlO)Jf1~~d:, ~Jvb*Jv'Y1imlt (V2+ k2 )l/> =0 O)ffj/.C: L, L
4;t GttQJml3t~T/~~)v l/> ~:J: J -C~2~~ tt:Q. ~~O)~tI~d:, tJtmiO)~~~:J: J
L1JZmitJt~tI, J$mitJt~tI, F9fi6tJt~tltJ: C ~:, * t~~tJtO)l1§fT~m~:J: J -C 13 ml1§fT
tJt~tI, )E1:EtJt~tI, iJA~~tltJ: c~:~7t~ tt:Q. *t::., ~tJj7J) GO)Jl§liI~:J: J -CilIJl§
liItftl ejjJl§liItftl~:~7t~ttQ.

15-13: ftil (~J.l257)

tftJt (~it~:~d:5ijiJf1tJt) n~_Jtr.p ~ .l}i{}[mfrl3'~:&b ~Jl§liI~tfJm*t::'~d:tfJm~ C: v) '5.
~tt~: ~d:{}[f§Jm~ c:~Jm~ c:n~~ Qn~, {ftfElJm~iO~tJiJJJIt~: J: GtJ: v)$BIm-c'~d:, {}[fElJm
J3t c:~Jm~~d:~ Gv). {}[fI3Jm~~j:~tJtO)fftfElO)&.Jm~-c', ~tJt~ ctJiJJJlt0)3 c GL
* ~ tl:Q. *im, ~Jm c: v);t ~t{}[fElJm~~ ~ ~.
~~H_Jtr.pO)~Jm~d:_Jt~:[1!!J~O)~Jt)E~-c'~Q iO~, lAl3t, lEtJ, ~O) ~;IiJ)O)~flI:~:

J:: J L~{~~:Q. 5U,~c:~~-c'~d:~tJt (JfAimtJt) t~~tiO~{~fiG, _JtO)ml3t p, ltff~~3

5ijiJt1$ K, ~~lE.$ {3 (= 11K) ~mv)-C, ~Jm c ~d:~lt-c'4;t GtlQ.
c = (KIp)112 = (I/{3p)1/2

tij:~:, J.lm5U,~-r~d:, 1JZ!J~~O)lEtJ~p, )ElEtt~e)E~H:~O)H:~re~Qe

c =(yp/p)1/2

ct~:Q. ~~O) p c: p ~d:ttfrtl~Qn)G, c ~d:p ~:J:Gt~v). L,n)L" lA~~:J:J-C~{~

G, ~MlAl3t~T, l~l~~tJ(J)5U,~O)Jt.~m, 5U,~)E~~RC:~QC:

c =(yRTlm)1/2

ct~Q. -~~:, _JtiO~i1rt~O)tI~, ~O)lEtJ p c:m~ p eO)m11*~*~~~1imlt

ti~biJ)J Lv)tl~i

c2 = (dp/dp)s
~~:Q. ~~~.~s~ltff~~~~*~.

[1!!J~ r.p~~d:~tJt 0) ~;IiJ).tJtn~&t1R-r~ , ~ G~:, ~flI:~: J: J l ~d:fItij~iJ~im~ Gt~5$Jf1
-195-



C =(M/p)I/2

-c'~Q. 1R€~H(J)~1JlttrntIf*~-c'~d:, r,t~~~C1 c.~~~ Ct 7J~ff1±G, r,t~5ijiltt$ E (
5iji1tt$-r / '.J )v/iX:5t CII C: (PJ C), IMJtl1tt$ G (5ijif1$'7 /' '.J )v/iX:5t C44 c (PJ C) ~ JtJ V) L C

1

=(E/p)I/2, Ct = (G/p)I/2 ctJ:Q . • 1JlttrntIf*~-c'~d:, *f~(J)$dJ1Jrtu ($iI!~-l::- ~$dJ) ~::~d:

$iI!~O)RI~c.~7J~~flG 5 Q7J~, -~O)1Jrtu~::~d:~~-c'tJ:v)i1§~~, t$.~7J~~tlG,

~o)J:*)v:¥-(J)~fl1Jrtu ~~mi~::~i1l C: ~d:~H GtJ: v). ~~(J)~ Q~Jt~~d:, ~~H~Jt

~ C:~d:.tJ:Q-l::- ~(J)5ijiltt~7J~~~~::rd-:> L~tlG, 7c0)~< ~J:tJNjJjfx: (~t~~d:~*)

~::J:: -:> L{ftf§~Jjt7J~~{~g- Q5tftltt(J)~-c'~Q. ¥1R€~H~f*0)~mi~~b0 v-11)-~

~J:3-F5tftltt-c'~Q7J~, 7J~~, f&~~bQ 7 A~, ~~~b~5ijiltt~tJ:c~::~d:~< 0)

-l::- ~7J~~ ~, v)9tl~5tftltt-c'~Q. ~~*J:: ~ +5t~::~v)~ (f*~) ~~bQ~~

O)~~ Cb ~J:, ~ /~$~ y C: GL Cb =(Y/p)I/2 l:~Q. ~7J~~<, ~~ v)~j:~~*7J~m

<t~Q C:, {ftf§~JjtO)*~v)~~-l::~ ~7J~~tlQ. ::.tlGO)5tftltt5ijiltt~O){ftf§~Jjt~d:

~~L*~<~Q::'C:~~Q~, 7cO).~Jjt~1R€~~Jt~O)r,t~~~~m~Q::'C:~~
v).
~~O)~~~c:GL~, &~O)tJNjJj.l:~~*~~Q1J~~, &~O)m.-c'~flqOO

~7J{IJQ1J~C7J~~Q. ~~7J) G5!liltt$~~~Q1J~~d:, ~a9~::5!liltt$~7J{IJQ1J~J:: ~,

~~ ~::~mJjt7J~1~ GtlQ ~ ~7J) G, ~mltt7J{IJ~O)5tIf~J.1: < JtJ v) GtlLV)Q.
1R€~H~Jt~(J)~~~d:, iffim~d:tJNjJjfx:~::J:: GtJ: v) ~ c 7J~~v)7J~, ~JtI*J$~::5ijiltt$~:~

ifg-Q~fDtI.7J~~ Q C:, 7cO)mfllJa]~fx:(J)f"1ilI-c'~~~~!&7J1~f~g- Q. ~tlG~:'J

v) L O)~fnU ~d:~~!fo/.)ltt~5tT~.~O)5t1f ~::.t3 ~tQ±~tJ:::r- --::( 0) (} c::J -r:~Q.

15-14:

1l~~~~tG L~1J~tJ:!fo/.)JtJ:P ~~~fJn~1JobQ c, .~1l~O)1l~n~tJNjJj1J(tij~~J::':) L
b97J)~:.t~Q.1Jltt7J~~ C:, ~~O)~Jffiffi7J~~:Q. 7C5!li1tt C: O).f~7J) G~5!lilttc: J:: ~t
tl:Q. t~c:~~t, 1JZ1-T1JZmifiO) 1 mi~:.~JJlbtJNJtJyjJ~ 1'J1<~tJNjJjT~~d:~:J~t, fx:
MHz O)=t:~ 1) ~--~~'J/')VA ~~Q. /'\)VA~d:f&O)~-r:~mJXM~. ~ Jgg-O)l:,
-i!!O)/'\)VA X:J --~J7J~(PJc:tJNjJjT-r:~{§~ tlQ. fi~ ~:~fJiJ~~Q c:~Jffiffi7J~~ 0 ,
ji~)]@:*~tm~l:~J t~.~O)tm~mi7J~~ftNg-Q c C ~ ~:§J~9Q. y jJ ~ 1'tJNjJjT~d:*f

~1JrtuO)tm~O)~JJlbtJN G, ~t~7cO)1JrtuO)tm~/iX:5t~:O)~~Jjt ~ ~JO)~, 7C5!liltt~~

'~s~t:Q ~7 7-1-if~ C: 7j-7-1-if-0)1~~U~*t~9. ~fJO)1J(tijn~ y jJ ~ 1'J1<~0)

rtu~ C: 1JZ1-T~ t~ ~d:@:~g- Q C:~ ~~, ~Jffiffi7J~~ GtJ: V~o)-c' X::I -~U~d:im*O)flj.OOfx:~
~&~~g-iJ~, 450 fij1v~-Cv)Q C: ~~d:tm~mi7J~!> J:: 5 C 900 §J~G-CWff-:> L < :QI::I-
~d:~~~tLt~v~o)-c', Ja]Wla9~:L1J~~~ 'JI:J -~IJ7J~~~~tL~. ~ O)Ja]Wl~d:.1Jltto)

*~~ cfiO)/!J~ ~~J:: J -ctk:~Q. 450 £A~O)-~O)rtu~-c'~d::: O)L1J~tt~d:/J\ ~ <tJ:Q.
ilIiF ~ O)1l5!liJt!~fJjJtJ G-CrntIf*J:P O)~fJ ~~~~.~'~iPJJ~if~7J~f-TbtL -CV~~.

15-15:

--IN:'~, ~f*, ~f*.t3J::lJ~{*~0)5!liJt~~~*,,~fIJ\GL~~cv~5.1l~~d:JXM, Jffiffi,
T~, §JffitJ: c~jJj~:J v)-CO)g-~-CO)lttJt~~ G, ~t~blJtO)fI • .t3J::lJ~jJjO)Jf3~
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~:~t:t~E~JmIJt~ ~ ~ -CV):Q. 5[~t3J::'lt~~J:1:t~~j:, ••00~tJJ1JrtiJi¢~~J.JJO)E~

1JrtiJ~:~fTt~~~O)~~~~ ~ t~~~t~~ti¢~ff1:£9:Q. ~tl~:~tGL, li!lJ~J:1:t0)~~~d:

~~o)~~iO)~:It~o)~~~~~-Cv):Q.~iI~:~~cv)'5c~~:~d:, ~5[J:1:t0)~~~0)

Jaj~~n~ArJ3~O)eJt~:J::~ -C~C G-c~-r:QfGrm~:~:Q ~O)~ v) '5 ~ ci¢~~v). JJJJI!Jaj
~~~J:O)~~~m~~, JJJeJaj~~~~O)~~~mfttJaj~~cJ::Iu-r:, ~v)~~-r:O)

~~ c ~}jIJ9 :Q z: c iJ~~ :Q .

15-16:

~~iJ~••J:1:t~E~9:Q~:Jtl-C, ~0)~~M~~~i¢~~~9:QJJj{~CG-C, J)j(oo~O)

J:: '5 ~:~O)~ooiJ~~n~~ z: c ~:J:: ~~~~~, /Fi$)•••J:1:t-r:O)~O)~!L~:J::~~~O)

~~iJ), ~o)J:*)),~-i¢~••J:1:t-r:~I*)),~-cGL~Vtl~~ c~:J::~~~i¢~~t),

~~tf~~~~J&cv):>. ~oo~~~:Jv)-C, ~~}~~O)~O)~~M~Po' ~~~Io C9
~c, ~Z:7J)GIi"xO)J~~:t3~t~~~MPc~~ 1 ~d:

P =Po e- ax
, 1 =10 e- 2ax

ctJ:Q. z: Z:~, a ~d:.fV:~~ ~t~ t) O)~~jO)~~~~ G, ~J&f*~c v):>. Ii,. x ~:

t3~tQ~~iO)~~~d: ax neper ~~:Q Cv)v), T~~)V-c'~9 c
20 loglO (pIPo) =10 loglO (1110 ) =-8.68 ax [dB]

-c'~~. tJ:S, 'Z:..(J) a ~t~tf$c~t.t~~.

5[~~~~J:1:t~:t3~t~~~~J&~d:~A~J&c7tr~J&~:*}jIJ~~Q. l1fJtf~d:±C G-C
-rt)*~J~c~E~~=et~ ~o)-c', ~O)~tJJ~O)=*~=ttf?iJG, rAIJt~=ft{ff9Q (7)),::f

/, ~ ') '7At~ cO)/FffiJ~5[~~*.O)J:::> ~=~f~~o)J:: v)~~-c'~d: z: O)lIO)~J&iJ~3Z:
~2Et9~~G). ~1J, 7tr~J&~d:••7trO)*lfllm~~:J::~-C1::GQ~J&-r:,t~cx~t,

~5[~~j:02 t3J::'lt N2 7trO)~J.JJ*lfllm~~:f~5 ~J&n~±~t~ ~o)~~Q. z:tl~d:~

A~J&et tJ*~ <, ~J.JJ~, rAIJt, r1mIJt~=*~ <ft{ff9~. 5[~~~~O)*lfO~J&O);u}f

~~d:m~~~~~fTvtlQ z: ciO~~ <, J:~2~~~= ~fI"q O)*lflltl.iJ~~ t), z:tl GO)
;u}f~~t7tr~.~O)±~tJ:7tlfctJ:~ LV)Q. li!lJ~••-c'~d:~ G~:~< O)~J&tI.n~~

~.

15-17:

tf~O)JmIJt~~J&tJ:cO)EttN~J~7J)GfiGtlQ~l.O)~mJ~. ~~~d:~G~Q!J"o/.).J:1:t ~

E~G, ~O)J:1:tO)7tr, JJj{r, .r~co)~~Dt3et'lt7~o~~Ncmli~m9Qk

liJ, tf~~mJ~~J:~~7J)(J)~< (J)!J"o/.)Jt17tlfc ~~i!!7J~~v). ~< ~d: 17 iit*C~: I. Newton tJ~

~~q:t(J)tfJm~-YmGtc.7J~, lli{~Et9tJ:tf~~mJ~~~t, 1925 ~~~ G. W. Pierce 7J!mtf~T
~~t~J < ~ L~~J:1:tO)tfJm7t~~iJ{fJ}E Gtc. z: c ~:~*Q. iJ{tl}Et5i~jO)jfg~~=f~v), ~

~7J) G~~, li!lJ~~cjfg~, Jaj~~iBrm~m1£-c'~d:~ Hz 10) G~Ef GHz ~:*~~7J!J
-Cv~.Q.

tfJm c~J&~d:~tl~tl ••O)WJ~*tc.~d:J±~$c*~Jt1~iR~~=Bt~GLV~G tJ!, ~tl

G0)Jaj~~ft{ffJ~~, ~O)rAIJt, J±f.JtJ: c~: ~.Q ~{t:~d:.J(I*J-c'1: t: QJ.JJf.J~Et9tJ:~N
~::J v~L(J)ff¥li~~5t-C <n~. ~JJj{r7tr~~q:tO)~J&O)±tJ:JJj{~~d:7tr(J)~JJJmfo

c@lEmfo-r~Q. tf~~::J:JL~tJJ9.QttjfgX*)v~--c7trl*J~J.JJ· @lEx*)v~

-- c O)ra'O)~~~tlo) tc.~, ~O)iM1fiO)*ffD,Jej~~O)ftlli-c'tfJm7t~ C: ~1&~{~ti~~ Q.
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z: tl;6) G~'h • @I~mJJ~••;6~>K*~. ~f*~~d:, ~'h.fIl, @I~.tt{t&:Jt\, ~ftM

.~7D l' /3'htJ:c~:et~{t~&:Jt\, .~~~, .7tTm~(J)*6"ttt~cl6~~7Jt~J&

~~~~~~.•f*, ~f*~~7Jt~tt~~7tT~M~~~~~~~G7tT~.~~~et

~itl~.

~f*O)Jlft~d:3-F1it~~~ < O)MaiO~~J&~:~4~~. ft~a9tJ: ~O)~j:, *6Mrf}L-r~:et ~

~a, ~~~U~~, ~"tt••, ~.fIl, 7t-r*6Mr~O)~~~J&, 7*//~a, ~

f}[~J~j{~, 5i~.f*~0)7t~~0)3'h~f§~3, *~f*~~.~O)~~.T~:etQ~

J&tJ:C~~~. z:~~~tJ), .-r~ t:/~~~ t:/~~f§1tfPm~:et~~7Jt1itmtt~~~,

~7Jt~m.~~~tJ:C~~ ~.

1j{tl)E=¥m~J:Jlm ~ tl~JaJ7Jtf{~~:et ~ L~*~"*tJ:15#i;I6~~~. fitJaJ7Jt;6) GJm~:*~j
~ ~, 5iffjlJtJR'h#i;, ~tJR#i;, 91W#i;, m~7Jt-T~~, ~Pl#i;, m~7Jt/\)v ~#i;, -:f7 'Y

~~&:M#i;, 7+ 1)::L7 /~!L#i;, ~1 ~ D7Jt~7fiJ~tJR~~mv~~15#i;, ~/\)v~#i;tJ:CtJ~

~Q.

15-18: ft. (~J]!262-263)

tfiO~t> -:J LV~Q~rJ:l'a9*~ ~ ~jt,*~ QJL\J]!a9"'It!. A~ v;ttf.~v~ '5 tf.O)It-n~

fJ ~~d:ZIJ~jt,*~, ~~Vf~~ v~~d:.-~~ t:-jJ-tJ) Gttl~ tlt~~~~~rJ:l'a9tJ:It7J~

fJ ~~C:, ~0)5i~ ~mit~i, ~Q v~~d:~fJJf{~f~< ~tl~i~rJ:l'a9*~~ ~d:m1JD~Q.

tf~5i~ ~m~~~, ~~ v~~d:tJRfJJf(~f~< ~~ ~ ~~d:, v~-rtl~f1\]!I=~£~~~OO_

iJ~Itv~fBrm~:tJ:~ ~ ~ ~:~tJt\~ ~ (J)~, f1\]!I=(J)OO_(}) GiJ)t~~:OOf*;6~~~ ~~ ft Gtl-C
V~Q. ~O)~~ ~et~~~ C: ~~Q. -15, ••jlfi{~OOf*~~d:, ~(J)5i~~tf.~et~S~~

m~~QiO~, ~ ~ ~d:~.JL\J]!(J).~~:E8*~Q ~(J)l:, tf(J)5i~ ~mit~i~rJ:l'a9tJ:*~

~tJ~mGJ±JJ~iJ~m~t~~~~.Q. *t~, jlfi{~@I~~:t3v~L*f)E(J)~~~1j{tl)EGt~~ft

~{§fj-(J)*~~ ~~.~etLJ, ~(J)*f~(J)~~~~.~~ v~ '5.
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influence
acoustic, acoustics

Lesson 16: Sound II
(applications)

II -1 enclosure
tr~ ::. (5 ) to encircle, to enclose, to surround; 1J\ ~ (U) to encircle, to enclose, to surround

}aj 1m Y :J.. r) -1 surroundings, environs
$i]1m /\ /-1 range, span

-"f 7J inferior, last volume (of a series); If inferior, last volume (of a series)
<t~(T) to let down, to lower {vt}; <t~(~)to come down, to leave the capital {vi};
~ (iJ~ :Q ) to abate, to hang down {vi}; ~ (~j .Q )to hang, to let go, to reduce (rank) {vt};
Gt::.. lower, bottom, down; ~ C: under (conditions/jurisdiction)

f3 EBfi-r ~::L r):;' 'Y 7J free fall
{II;-r 7-1 7J decrease, fall, decline

~ 7J fruit, reward
tt(t::"T) to achieve, to complete {vt}; ~J:(-r) end, fate, result;
~d:(-C~ ) to end, to be finished {vi}

~* ly 'Y 7J result, consequence
~jj* ::I r) 7J effect

1m 7J -1 opening
Cf>«) to be open {vi}; Cf>(~t~)toopen {vt};
D G(<)to clear (land), to convene, to open {vt};
D G(~t :Q ) to be open, to become modernized, to develop, to grow {vi}

fm§£ 7J -1 /\ 'Y development
1.& fm T /'7J -1 development, unfolding

II ~ 3 r) echoing, reverberating
D'lt(<)to become known, to echo, to reverberate

~. X-1~3r)

~.~ /.f/~3r)jj(J

rtiJ :J r) approaching, confronting, facing, opposing
U(iJ) :> ) to confront, to face, to move toward{vi};
U( <) to look to, to tum (one's face) toward {vt, vi};
U( ~t~ )to direct toward, to point at {vt}; U(::. :> )destination, other side

i~ (ti] ly -1 :J r) tendency, trend
15(ti] *r) :J r) direction
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~ :J t7 benefit, efficacy, efficiency
~«) to be effective

7JJ* :J t7 J)'Y
1=f7JJflJJtj :J.. t7 :J t7 J) 3 t7

efficiency
effectiveuse/utilization

..t :; 3 t7 superior, first volume
d!> (iJ~ Q ) to rise, to go up {vi}; d!> (~jQ ) to raise, to offer {vt};
5 ;t higher, top, up; (J) ~£(9) to bring up (a matter),to raise {vt};
(J) ~£(Q ) to ascend, to climb, to go to the capital {vi}

[tij1: :J t7 :; 3 t7 improvement
t-¥1:11 7 :; 3 t7 J) 3 !J buoyant force, buoyancy

-==F ~~ tone, voice
~;t cry (of an animal), tone, voice

jEPi J\~t~

~~~Pi v/V!J~/t~

~JT ~:t- analyzing, dividing, tearing
~~m~ At77n~t:t-

~~mfi 73t7ryn~t:t-

speech, utterance, vocalization
continuous speech

numerical analysis
harmonic analysis

l' !J particular, special
*fJt1
*f~0)

characteristic
specific, specified

ljc /\~ allotment, distribution
<~t(G) to allocate, to distribute, to serve (food)

~2. J\~7

~2~U J\~ v'Y

13 /\1 double, -fold, times, twice
~~1& t1 At7/\1
1&~J: /\~1 ~ 3 t7

iB /\ /' example, model, pattern
iNftJ3t1iH1m ~ / ~J\ /~
~JtjliHtm T:t- 3 t7J\ /~

}jIJ .t'\ 'Y division, separation
btJ)(nG) to be divided, to diverge from, to part from

*lJIJ ~1~'Y
*flJlJ 0) l' !J~ 'Y 0)
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arrangement, layout
array, arrangement

integral multiple
at least twice/double

temperature range
range of application, scope

general classification
special



16-1:

Reading Selections

ifll7 v-{ (~J1I!249)

IJ\~(})~7Jj* t::. ~d:~7JtB ~flfx:OOft2~J Gt::. ~ (}) -r:, ~*T(}){ftf§ ~PJJ.T Q ~ c ~: et
J L.~ (})mrtiJlti~~t~itQ z: C7J~~~Q. S.J:~~D2~UGt~ ~0)~J:.~7 V1 cet~d:

tl, ~*T~(PJf§~mjJJTtl~d:, i§2~JcUljg(})jjrtiJ~~mrtiJlti~~~Q.*t~, ~*TO)

{ftf§~~7JtO)~fTc-~~itQc, ft29UjjrtiJ~:jlv)mrtiJlti~~C, z:tl~ end fire 7 v
1 cet~~z: C7J~~Q. ~7Jj~lJliiiJ:~~ft2~JGt~=~7C7 V1 ~~d:, ~*T~(PJf§~mjJJ

T Q z: C ~~J:: t) ft2~Jiii~~~LRtJ:jjrtiJ~~mrtiJlti7J~~c, *t~, iI~tJ:{ftf§ffjlJ~~~J::J L~

7Jte-bO).*~~rtiJ~~7J~PJfj~~~tJ:Q.~7Jt7V1 ~~J:~*TO){ftf§.¥Il7J\G~7Jjjj

rtiJ~~.~~~~~~. z:tlG0)7V1~~cGL*~~.~~~~mm~7Jt.~~.

~~mV)GtlLv~~. D2~Ui!~~~J:~ra'lw.iti~t~tJ:<, /F~ra'lw.i, t&M~12~JtJ:cO)~~7J\,

=~7CD2~J~ ~Q.

16-2:

.jt(})~~:~Qiii~~;t, ~O)iiiJ::-c'O)~J±pc1*~il~Su (S ~J:iii~, u ~J:~Til

1Jt) cO)ttza=pl(Su) ~~.1 /t:-~/ACv~:> . • {ft~d:Pa-s/m3 -c'~Q. p C: u C~J:

-J'N:~:~d:{}[f§7J~-~GtJ:v~O)-c', Za ~d:fl*.ctJ:Q. ~O)~~$7t~~.t!tm, &'Iifx:
$7t~~.I) 7 ~ ~ /A c v~:>. ~.t!tm~J:.jtO)*~lt1~:et~I.*)J;~-1Jt~~~0)t&

MO)E~~.T. ~.07~~/Ao):>~, ~O)~7t~~.~~mtt~.G, z:tl~jg

}aj7Jt~~~Gt~ ~0)~~.1 :J--~ /A ~t~~d:~.jt.cv~5. ~iJt~J:: tJ+7t~~/J\~

v~1\~, fPijttffijO)rmv~t~mv~WtJ:c~d:t!tm~~luti1:J--~/A*T-c'~~. *t~, ~.

I) 7 ~ ~ / AO)~O)~7t~d:~.~tJ:~lti~.T~O)-c', z:tl~~jg}aj7Jtfx:~* Ct~ ~O)~

~.A7-7*ACv~v~, ~0)~~~~.:J/7°717/A*t;:~d:~.~.cv~:>. -ttffij
~MC:t;:mv~wO)pg$O)~1*~d::J/7°717 /A*Tc:tJ:~. ~.1 /t:-~/Ao).

~~d:, ~.*~.~~fiffi@J~-c:.mG, ~tl~~J:: J -C~.*O)jJJ{"P~mfJTTQt;:&'J~:M!

btlG. ~J±~.J±~:~tpt\~it~c:, 1*~il~~d:.im~:~tpt\G, ~.t!tm~d:.~t!tm~~,

1:J--~ /A~d:1 /~~~~ /A~:, :J /7°717 /A~d:=f1"'/\~~/A~:~tpt\T.Q.

16-3:

-~O)~iii~~c'fi!~~ J t~W. WpgO)~!~7J~J1I!~~~:J& tJ 11kv~~Tv~ 'bO)~:tJ:~

J: 5 ~:, WO)~~~*~ <G, pgiii~lJlm~:f±J:~ft~if7J~M!btl~. ¥m a O)F9~~iii

w~J::rF-mO)~~ I o)IEjj~~iiiWO)~ir, ~tl~tl 0.61 cIa, 0.50 ell (e ~d:~il)~

r O)~jJJ~-C:~d:, ifpgO)~7Jt~d:$fb~:liUltJ:7Jtiii ~ ~ J t::.lJliii~7Jtt~~t~:tJ:.Q. ~O)t~~

~:, ~.W~d:lJliii~iJtO)~~~J <G~~~1i: C: G-C, ~.~.MllJ~:J.t <M!btl-Cv~

Q. * t~ z: tl GO)~I:JJ~~J:~:tJ::Q C, ~O)lf)Tiii1JrtiJO)-t::- ~ ~ 'b J t~~iJt7J~ff1:ET~

J:: ~ ~:tJ: Q.
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16-4: ff.tt~JlIJH(~~250)

ifO)~~a9*~~, )aJ~rx:A~~1')V, Jt¥ra'~'h*f't1tJ:C~mtlJE· 7tfJTT~tJ.j~, ~

if~filc G-CO)?-1 ~ 0$/, m-mtlmm~iH, 7 ~ )v?7-, )aJtJt~7tfJTH, v~)vm7J'

~m, v~)v~c.~filtJ:c7J~mv~13n~.?-1 ~ D$/c G-c~j:, ~~O)~JE117J~i1i<,

3flffitJ:)aJ~rx:*f11~ ~J:J /T/~-~x-1 ~ 0 $ /7J~-~~:m v~ Gn -cv~~. )aJtJtrx:
7tfJTHc G-C~j:, 1~~ ?7-7, 1/3 ~~ ?7-7~J\/ ~7tfJTH~ FFT ~d!>Q v~~j:~7D

~-1 /~tJ:c(1)JEJ\/ ~~7tfJTH7J~mv~ ~n-cv~~. m7l'~fiI~:~j:, ifJ±O)~7JJf~~T

~~)vf3!l£J::~: v~)v*7l'T~ ~ -?7-~~mv~ ~n, v~)v(1)Jt¥ra~~f~~~2.T~ ~:~j:,

ifJ±O)~7JJf~~~trx:{~L,-c~2.T~ v~)vv:J-?7~-~~mv~ ~n-cv~~. 7 ~ -)v ~~:

:t3~t~HifmljJEtJ:c(1)tJ.j~~:~j:, mtlJE&~~v~Jt~Iv~2.T~t~69~:, T-7v:J-?7~

-tJ:C~fjO)T-?7v:J-~-~mv~~~ C~~~V~. A~a9~:if~mT~,~(1)d!>~tJ.j~

~:~j:, ~if, Elf5~ifd!>~v~~d:~n~~~7~ )v?7-~:J::J -cfff~flJfJ~H Gt~J\ / ~ /-1
A', Blif, ~fjo)J')VAtJ:C~A e:-jJ-7J) Gt&MTQ . • ill~~d:, ~fjO)T~~?7)V

f~~m~ttf,t~7J~if.m-mlJ~: ~fljm ~n~ J:: 5 ~:tJ: tJ, FFT 7tfJTH~~d:C:ab~fjO)T~ ~

?7 )vm-mtlH~~Jk< mv~ ~n-cV~Q. tJ::t3HifmIJJE~'±§a9c Gtc.ifWmIJJEHc G-CHif
m-~~d!>~.

16-5:

if~~~7t~::&~£T~jj*, ~t~~d:if~c7ttJtO)f§1[fFmO)~ c. JHi*~d:mif~~:J::~7t

O)iRrm, @]ffi, ~wm, )aJ~rx:~7 1', ~JffiffitJ:c~~T. iftJt~j:7t~a9~::~j:Jffiffi~O))aJ

ma9~'h~~if~-c3'hT ~ ~(1)-cd!>~7J~, ifc7t(1)tJt~tt~:et J -c 3 mO)~jj*7J~mn~.
(1) if~~~~tt~a9~v~C~, +7t~:*HIv~7t*~ifO)jfgfT c I!Pl(1)1Jrm~:JHiT C, Jffiffi
~~lE~:J: J -c7t~7J~r~HB G, if(1))aJ~rx:~7t*j7J~iRrmjE~~n~. (2) iftJt~~~~<
tJ: tl, +7t~:Jkv~7t*~if~~:~I!AM~it~~flf:-c~d:,if~~d:7t~::~tL, -c{)]:f§f$-Tc
G-CfFfflL" 7X/· TA@]ffi~~~~. (3) ~G~:if~~7J~~<tJ:Qc:~iliAM~~j:
@]ffi~~GtJ: < tJ: tl, *fJE(1)AMPl ~:::t3 v~ -C5~v~@]tJT7t7J~~~~n~ J:: :> ~:tJ:~. ~n7J~

77 'Y ~@]tJT (ocM) -cd!>~. )aJ~rx:f(1)iftJt~:J:~ m ~O)@]tJT7t~d: ~ 'Y 77--~jj*~:

J: tl mfti~t~(1))aJ~rx:7J~~n~. ~tc., ~O)@]ffiPl Om ~j:7ttJt~~ A, if~~~ A c
9 ~ C sin Om = mAlA C tJ:.Q. v-~--7tO)iRrm~~~Jj ~::m v~.Q if.7t~~wm~ (AO 1::
:; ::L v-?7 --) ~j: ~ O)~jj*~ Jit\m Gt~ ~ (1) l:' d!>.Q.

fi!!J1*g:rO)m~tJt-c~d: ~n ~ O)~jj*O)~~tr~~::, m~~O)Jit\7J-r~@~ tlQ7t~a9.1J't1

O)tc.~ ~=, 7tO)iRtJt1Jrm ~::J:: J L Jffiffi~7J~.tJ:Q~jj* (~JffitJT, *tc. ~j:7t5!fi't1~jj*)~
~ c: Q. ~ 0) J:: 5 tJ:~Jffiffi~j:j@j*5't1r~1*, j@j7t-Tm~, ~~~tc.~j:f&~fJ&*1l-T(1):J 0-1
~ m~tJ:C<: ~llmlJ~ n~.

16-6: ff.A~? i'Jv (~~250-251)

if~f}NI:JJrx:~'C: 0)~7t~:7tmG, ~~7tO)ifJ±d!> Qv~ ~d:I.*)v:r:-- ~~0)f}N1:JJrx:~:~

v~-C*:iJ' Gt~ 'to). ~.A~~ l' )v~d:, if~7 -1 )v?7--'"e'7ttJT Gte. ~, 7-- 1) I.~'&rx:.m

rm, 7 -- 1) I~7} Gt~ tJ 9 ~ ~ c ~:: J:: J -C)j(~ 6 n~. ~ifO)A ~~ l' )v~d:, 1 J 0)f}N
l:JJrx:t~~t~:~7}~ ~ J -CV~G. ~tc.~~tJ:~~~ 't J t~~<:~, ~~tJ:)aJm't1~ ~ J-C
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v)~ c ~ ':~J:, 7c(J)A~!J l' )v~d:£*~'h~(J)m~{fi(J)J£Jt~~-::>~A~!J l' )V~:tJ:~.
fl~tJ:iJt~-c'GtJ) ~~mJtttJ~tJ: <tJ:~ C, ~.A~!J l' )V~d:9~L(J)~JJJ~~:bt~'?-C
J£Jt~ ~ -::>il~A~!J l' )v,:tJ: ~.

16-7:

~iJt(J)#.J~a9JtttR(J)ref!i, ~1*. ~1* • ~1*(J)#.J11liJf~, H~(J)Ara' ~:~t9 ~~.~
fiffitJ: C, ~fjO) 13 a9-c'1Tbtt~~iJt (It <~d:5ijiJttiJt) ~:~9~mtl~. -~~:~~q:t~71<

q:t ~:::t3~t~~iJt(J)mtl~~~d:, C~~.~.H~::J:: '?L~J±~C~{~~~:~.9 ~1J#i:tJ~

M!btt:Q. *,:~~q:t-c'(J)~J±mtl~~:~J:, ~iJt~*Jtt~ill~Jtt~::f:ltt-cv)Q ~ c, m.~

*JtttJ~~~tJ:~ ctJ: c(J)~mtJ) 6, :J /T/~-x-1!J 0* /tJ~M!bttQ~ C7J~~lt).

~ '5 Gt~~.mtl)Em~-1!J D*/':Jv)L~J:, iE~tJ:~~~iEtJ~~\~~3!>Q. ~(J)t~~

(J)~lE1J#i: C GL, m1£-c'~J:f§1i~lE#i:7J~£*,:tJ:'? -CV):Q.
x -1 7 0 * / mJJ ~J:, ~J±iJt~~:: tt~J Gt~.~{~ i% ,:: tJ: -:J LV) Q ;¢~, im~O)~.mtl)E

-c'~d:iJt~~O) 'b O)-c'~d:tJ: <, ~J±0)~~:JJ1~ (rms 1~) -c'~7J'~ tt:Q ~ C 7J~tbv). ~~O)~

(J)~J±iJt~~J:, ff.j¥tJ:IE~iJt~-c'~J:tJ: <, -~~::fl~tJ:iJt~~ ~ -:JLV) GO)7J~ttii~ 3!>
Q. *~::iJtrFli$0)*~tJ:~J±iJt~~mtl)E9Q c ~~: ~d:, ~0)~~jj{~~JJm9G~ c (J)-c'
~ ~=*fJJt3flt!3~IiI~M!'5 ~ ctJ~m~-c'3!> G. ff?jra'~~~:::t3~t Gfl~tJ:~J±iJt~~l&

~ fi '5 t~fJJ ~::~d:, ~tt~~iJt~ ~~ e (J)~J±J£Jt~::J:: '? -C~7J'9 Q~ ctJ~~v). ~*~d:7

TO if~O)7 -1 )v5'-~:J::~~iJt~JtfJTtJ~1Tbtt L:t3 ~, *~:~ma9tJ:~.mtl)Et~ eX
~d:M~(J)~iJt~JtfJT~:~d:, 1 ~!J5'-7'*t~~d: 1/3 ~!J5'-7~(J)m~~~'?t~7 -1 )v5'
-tJ~M!bttLV)~. ~ 6~:~*HJtJ:~~~JtfJT~:~d:, ~TD?f-1 /1JJ:ttJ:C~M!bttL~

t::.. t::.ti. ~ (J)JtIf~:-::> v)-C~T -1 ~5' )v~tmtl=F#i:7J~~m{~~ tt, i@iJm7- 1) I~.ti~

~Jlm Gt::.~iJt~JtfJT (/\ r;-A~!J l' )v(J)mtl)E) 7J~It <1TbttQ J:: '5 ~:tJ: '? LV)~.
::. 5 Gt~T -1 :/5' }v~tmlJ=F#i:~d:, ¥$iHtJ:~iJt~JtfJTti.~t-ctJ:<, ~fiO)~.MmlJ~:flj

m~ttG. ff?jra'~~~::t3~t~f§OOOO~, ~iJt~~~~::t3~t:QI\r;-A~7 ")v~!J OA
A~!J l')V~7Jttl)E9:Q::C~:J::JL, H~(J)tJ:7J)tJ)6*)E(J)~~ti~t~HlImGt~~, ill
.~c~M~c~Jt~G-C~)E9Q::,e~-c'~G. ::''5Gk~~m~=F#i:(J)~mcG-C,

~(J)5~ ~ O)7JtIJ)E7J~~m{~ ~ tt-c v) ~. ~0)5~ ~ ~j:, ~~7J) 6 O)~O)~~M~rnu~~~~rnu

O)£lifll:c G-cM!vtL-cv)~ t~~ ~~, l5<1J) 6~0)5~~ O)ill.7JtIJ)E~~J v~-c, tb <0)1J
#i: 7J~iit~ 6 tt-C~ t::. . t::. ti.~0)*ftrJmJ3t0) illf~7JtIJ)E 7J~~~t -c: 3!> GtJ: C0)~m~: J:: J -c,
AlJlI~:~G *~~mJt10)3!>GmlJ)E1J#i: • mIJ~H~d:rm~~ tttJ:tJ)~ t::.. rFliJttff~? -1 !J 0 *
/ e{~~m~ti~O)~i¥~:J:: J -C, J: 5~<m~o)J:: v)~O)%i~ O)~tmlJ7J~-r:~ Q J:: 5 ~:

tJ: J -c:t3 tJ, Itv~~m~Im7J~'O 6 ~t-Cv) Q.

~J±3!>Qv~~:t~0)5~~~£lif~~G-c, ~~OO-C:O)~fI~.7JtIJ)En~fTvtlQ. A e
tJ-, ?-1!J D*/~r:pJL\~:Gt~~.tlHO)*Jt17Jt1J)E, ~fllj~-tO)~.*Jttmtl)E, ~

T-1~0~A~A5'~~~C*~~.*110)~)E,H~O)~)E~c~7cO)M-c'3!>G. ::.
5 Gt~~.7JtIJ)EO)tJ:7J)~=~d:, ¥~=ff1£G-cv)Q~J±~~0)5~~ ~mtl)E9 ~ti~t-r:tJ:<,
A l:::-tJ-iJ)Giit~~~~~~it, -to)~~7JtU)E9~1Jr*n~3!>Q. z:. ~ Gt~iit~~c G
-c~d:, ~~O)~~iJ)~~ B15~if~m~7 .{ )~5'-'""C'~-wJJ t::. 'b O)n~M!btt:Q.
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16-8:

~~~&b~B~ffi, .~~®m~~m~A~TC~*~~E.~~~~~~~~•.
B~~7~//~-b~~x~~,7~J/~-A~~~~®.~~.~~L,.~~

~-bO)&tCn{ti]l:51~Q. ~®~~C:L,L~tl~.~~B••~.~~J::~~. BII.
~.~t1~mtttat,)J:::>~:GLt3 <l::, ji\f-l-O)fiijYifii~:~.7J ~~9¢. ~tl~B.E.7J

CJ::~~. J;A...t0)J:: -5 aB~~:etQ3t~liX7tl:et -::>L~9Q=~®a~~jj~~~.O)B •
• ~~jj~~J::1u-r~)G. B~n~~jfiMilI~&tl9~~iW~f£~(}).~l:Jd:, ~O)~.n

~O).B••~~jj*~!n\t) -ca <, &tln~~:~il!l:.B ••~7JJ~t1~~tlQ. *t::..,
=~(J)il!mt7JJ*~itJ\ t] -ra <, b.:tJiJ\ G&tC G-c~t:: 2 JO)~ifi~ (~tilblt : m) ;?~~

*.tI-rJj~C-C, 2m (7)tiJfJItO)ffi~~~-r~. ~O)ffi~~d:!> J: :> cb.:tJO)~ifi~/\

)vAO)t~t~~=~fi7t(:J/iFl) .:L-~3 /) ~:~tJit~LV~Q. J;Al:o)~I:6\~:, ~ifi~

O)ffi~~-~~ctlGL:B~, ~ljO)~ilfi~-r~~m9C, mm1ffi~(::l')V-~3 /) ~
C~~~~~~~. J;A~0)J::5aB~c.~0)#.Bm~~m~~~L,-c~.O)B••
~;jj~cv~tt), .:ctl~fljmGt::"TJ\1 A ~B••~TJ\1A (:1 :/iFJltJ\, :1 I) v-?7
-t~C) C:J:Iu-C~)~. B••~~jj~~:~f*L,t::,,~.O)(}cJ~:Bflm~.~~iJ~;Q~3;

~. WJ~~ AEWJ*, ~~~ AME ~jj*c:J:~~:: cn~3;~ . • ~clERi?~'~l£IPJIt3;Q

~f£*~~~*~~~~x, B~O)&.n~ffiyn~, m~O)n{ti]ffizn~~9~.•
~':J:~0-V /'Y7J':J:: -::> L, .~Jj: -x, iER~d: +xn~~:51~r;tl, x1J~I~B.

m~~.7Jn'\~-r~. ~tlt1~ AME~jj~-r3;~. 1 JO):f-~ I) ~-0)~0).~1:11, fij
¥~:~x~c, AME~jj~~d:~C:t~lt). aifaG~i, B~O)~.n~(y)I:AE~.~nt

~~, :f-~ I) ~-Jj:y 1i~l:lIJ~tt~ tt~t1\ G, m.~~J::Q 7J~~~ta v)iO\ r;~3;Q . • ~
~iER;6'\IPJIt3;~~~~:Jj:, .~~lERO).mt;6~tTl~ ~3; vlatJ~ r; y 1i~I: t: lJ 7 1'-e
~GO)C: AMEWJ~iO~l:'QO)~3;Q. ~iJ\~, 1 :J0):f-.y I) ~-0)~0).~1~~ AME
7JJ~t1~~tlQO)~'\~ii<:3;Q. ~O)J]!EHlJ:~r(1)ii0 -r:3;~ . • litI:J:: -:J L y 1ilPJl:51
~Gtlo7J C: y n{ti]O) AE ~.7Jl:J:-::> L -y 1i~l:¥PG~~tlQ~lj:.~*~~l::G
llt-:J tJ ~-::> -r~~Qt1'\, M,q O).~l:~ G-r9~L~~ lJ)b~tl:'Jd:tJ:~). ~(J)t::..¥J, Ii
~O)afD~ra'0)I*Jlt~-{t{fff£l:••a AME ~:lJ~iO~~tlQ ~ cl:ao.

16-9:

J±C~*~~tpl:B~~&.~it, ~(J)&tl1iftill:r«mt.~~W1JDG-rfl~(1) ~ I) 7
i'imJ3t~BimJ;Al:l:1JDim9Q)-, B~O)m~tJ~~-r~. ~tl~B••~mtic:et~~. ~

$n\GB~~AtltJ:<-c'b, f£.~*~~l:r«mt.~~f.fl1JDGL,.~(1) ~ I) 7 ~~J3t

~BimJ;AJ:~:9~C:, ~7~ / /O)m.n~~9Q. Z:(7)~7~ / /O)m.~:J::-::>L, •
mt~fDijl., ~tit1\C;~ti~O)rei.JJB.7t~O)~liX, &., l~ilt, ~tll:f*5.mt.

IIJtJ: ct1~.lJ!IJ~ tl~n~, ~tl6 ~~~ ~LBfI.~a9~~~tt~J::Iu-rlJ~~ .•~~J3t

t1~Bim~mx~c, ~I.l//:J7~McfQjC:<, 7~ J /~7"I v/:17 · ::J-/~I:
~m9Q z: C:l:a~. B~m4Jil:~ <O)~j:.~(})*¥3O)~~~a<, ~(J)~~c t,-CO)
~ I) 7 i'im~-c'3;~. J:O)aiBl:J::tl.~i~1JliI~~-e~ 7 ~ / /~mO)~3()Ett7)'S~ {;
-c~)~5-c'3;~t1~, 3;~.~t1~7~ / /~~m (tm4Ji) L, -C'b, 1~t1\O).T~~~J&(M
ft) G-r:, :%~c GL~j:tc~~1mI:tJ:J -clt)~. ;;'$.~~:J:: J -c7t~t1~~tt-r:, ~(J)

9n;6~Bim~:it ltt::c ~~}]~L~~C:G-c0)~tc)Ett;6~~9Qo)-c'3;Q.
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16-10: -3./~'J -l/~JLt ~JJl252-253)

~lfi7J\ ~1itM~ tt~¥lli:~ra' (I~) ~t~ fJ (J)~O)I*)~:¥-~~.J'ry- (¥m~j:

TJ'Y l' : W=J!s) ct,\~\, ~tt~~Jt(J)J::5~:T~~Jv~7J'L,t~.4~~.J\'7-v

~)v (!tim : dB) c to) :> .
4 =10 loglo wlwo [dB]

t:.ti.G, W~J:~./\'7-, Wo ~d:£~~.J''7- (10-12W) ~~T. ~.J\'7- v~)~O)

i!!IJ:iE/Jitc ~ll1, (l)~.*~rm~tt~~~~cO)13m~JJ~, ~ifi:6\~-~O)I!. r

~:s~t~~1± v~)v ~ ~iJ!IJ~ G
4 =Lp + 20 loglOr+ K

t=t~G, K= 11 (~lfint~~~:®~JJ~), K= 8 (~lfj{~~JXMooJ:~:~~JJ~) O)m1f*tr~

G*&)~/Jt! (13 m~JJt!), (2) tIAM~JJO)~ftJ:;6tjfrf.g{a9':~t] Y::J9!.~(~fJl V) ri'J
':~lfi~~ft)t~ c ~0)~P'J0)1Jl~~1±vJ'\)v ~ C:9!.~ra' T ~?JtIJ:iEG

4 =I p - 10 loglo T + loglo V + 14
(J)~f*n\ ~*~~/Jt! dJ!M~JJt!), ~ I?J ~:, (3) ~.I\TJ- vr{Jv~tftJn(J)tJ~~lfi
ciltl:iE~t~~lfi~~tt~tt9!.*l:Atlt~C: ~O)*P'JO)1Jl~fiEE v~}lt~M~~, ~(J)

v~)v~7J\ l?J~t~o)~.o)~.I\r;- v~)~~ra'~P9l:*~.Q/Ji! (••~.i!)~c
n~~~. *t~liljfr~~1, ~ifiilIm~::S~t~~O)~~(~fEcttlTimll(1).)~.)EGL

~.I\TJ-v~)lt~3J(~:Q/Jt!'btm~~tt-clt\~.

16-11: -3.7.{ )1,9- (~JJl253)

~.1fmo)~~l~ftATQ~ c~:J:: fJ, ~i!}i§jl1t~M=f£~~f~~it~~II. ~.7'.?

~*~I/,:;/'~~*~c-r:~O)~WJi~EJ P9 C ~ -c.m ~\ I?Jtl~W~I:~j:m~16 C: J:: ~ttl
-Cft~~. il'b¥f4!~ 'bQ)~J:, ¥-.~~iFaJ~~.7,{ Jlt7'--e, A1J.al±C:lH1J11lIJ~

J±O)v~)v~ (~.f1) aL ~J:, WJioo-tt!n~~O)l1t~~:!t~L+5t/J\~ ~\~ftJ:-e~1~Jt-c'

~~tl~.

!:JL =10 loglo [1 + 1I4(m - I/m)2 sin2 kl]

t~ti.G m=[.~~iFaJ$(})WJiooM]/[1fm(})WJiooM] =sIsI' k =211j1c (f~j:PiJl1t~, c ~J:~

im), I ~j:.~~iFal$O)~~l:'~~. ~(})~.~d:, ~.1 /t:-?7~/AO)~.~':J: J-C
~G~JXMl~J::~. ~O)fj.l:~9~~.7.{)v7'-c L,L~j:, J:.fi2(})~~.~.ii~J

l: Gt~~O)n~I~~nLlt\~.

16-12:

~~~(})~~~~A~~m~~~~~••ttlTO)~~O)~~~~O).mfi~~G~m
~-c', m~l1t.mfiC:~~)t,~, ~.~~~jj*O)(}CJ-c'~o.~~-e~j:, ~l1tO)/JrtJJ~:

~tGL 450 ~:M~tt~ii~{G7tT-r~l1t~ ~J: ~~, ~O)i!il7t.n) I?J.Jmfi(l)*~ ~ ~M

~. ~~~~~~O*G~(})~5~~~f£~~~~~Tm~~~, i!~7t.~m~l1t®

~lIJMcl&tb~(1)m~:ltgiJ~, *t:-. ~O)~jj*iOt~f£':!tgiJ ~t~.~~ra'~ 'bJ ~ C;O\ 6,
~rtJJfFm~j:~tt1Jl:~~T~t>0)e: ~tt-Ct;~~. -/J, v20S~ w03 O)J:5~.~*t~
~d:f1i~fjLTQ):J 01 t:m~~~d:, ~O)l&lfrMn~/J\~ft~:> ~~d:, 7tfl~d:~O)B~l:ltfJiJ~,
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~ O)7J.J*n!~MJ±~::J:: Q ~ C:~~GLV~Q. *'~7- '/ 7iBiAJI~::~~~£~fil~:mtfiJt~Jm
MGt~!j}~~::~d:, J1O)J¥c7;J<1J~O).Jmffi~d:tfO)%l~ O)=~~::tt.giJ G-rt3 fJ, z:tl~d:mtf

iJt~:: J:: '"? -CiBiMJr:p ~::~ t; t~mIimilrf~::J::~ ~ 0)c~X 6 tlLV~~. fimf*r:p-r: ~mtftJt~~ J::
'"? L.Jmffi~~ t; Q n!, ~tl~d:Jl:1JIt1D-r~~::J:: ~7t5ijiIt17J.J* -r: 3!> Q.

16-13:

tfiJt~Jijv~Ltto/.Jf*O)IJ*"~f'Q1Ji!O)5 t>, tf.v /A't~c~:J:: '"? Lfil~~:IJ*"~f'

~O)~~<, lJ*"m~~0)~.~O)tfO)~~~~~0)~~($D~7A)~~frC:GL

1J*"~f~~1Ji!. 7tO)$D~7 7,{ -O)~~~::ftl.~tlL, 1965 iFZ: 0ir~ 67tC:1i~
O).~~if~n!im~ 6tlt~.

iBim$o~7 7,{ -i!-e~d:, 7l<r:pO)tto/.Jf*~:mtfiJt~JmMG, ~O)~!LiJtC:JjIJ~:::J< '"?

t~~JmtJt~m~~itL, iBim~::vlJ-7~J< fJ, z:tl~$D~7AcGL, 7t~~~::

tto/.Jf*O)tfW..~M~T~. *t~, JjIJO)1JJ:t c GL, tto/.Jf*iO) 6 ~!L~ tlt~tfiJtO)~"'i c{ft
~O)=~7L~~~/J\~~'1J;J o$/-r:~te G, ::.tlc(PJmG-CjE1!t~tl~ 7~79 /11*
t~ ~d:/J\~7t7Jj~.~~~Gt~ 'b 0)~~1(flleGL $ El ~:7 A~J < fJ, 7t~~~::M~"

~f~~1Ji! 'bfTbtlt~.
ifW$o~7 7,{ --c'~d:7t~$D~7 7,{ -J:: fJ *iJt*O)ifiJt~Jijv~~t~~, $0~

7 brm D7J!~~t~~::/J\ ~ < t~ fJ, ~ O)t~~J:~O)J:::> t~1JJ:t-e~d:+~tJ:m"7J!f' 6tlt~

V~. ~::~, tt~~~~0)7-~7J)6tto/.Jf*"~M~T~t~~~:rmD~~1JJ:tO)tf.$D

~7 7,{ -7J!rmj£~tlt~.
7tO)~i&17J!~v)rJij7l<r:pO)tto/.Jf*O)~1!t~§~cGt~miftJt$o~7 7,{ -~UI-r:~d:, ~

mJ:~::~[HmGt~~OOO)j!iJt~iO) 6mifiJt/\)~A ~1i)(MG, (PJ t;~m~::~2~J Gt~~~O)~
tJt~~&MtJt~~~t, ~0)~7-~ *,)~f~~7J) Grm D~~MJJ~::J:: '"? -ctto/.Jf*"~M~ G,
~7 9 /1f~::~:tJ'TQ. 200 kHz O)mtfiJt~Jij v~L, ~+m O)ml1l*-eIJ*"{~~~ ~.

~~r:pO)JiJ_~if~Jij v~t~ 'b0) C: GL~d:, &tf~te G-CJJJfF GLv~~tI~O)r:p7J) C;, ~)E

O)if~mT~~$~~~GteTif7Jj~1!t$D~77,{-~3!>~.

16-14:

ifJmO)Jl:tJ:Q 2 JO)~m~O)~m-r:O)iftJtO)JmtJT~frjJij G-c, iftJt~m*Gt~ t) 1JA~~

itQ*T~v):>. %liJmiftJt-f:)J::rt~t?JlIJ~IJ*"f~ c~!J!v~~m7J) 6Jijv) Gtl-C~t~. ~

iiiO)~~7\~::~d:, 7t~V/A'O)!j}~c:(PJ*~, J51<iii, nj{tto/.Jiii, JIl1t6iiitJ:c;6!3!>Q. iftJtO)m
*Jij ~=~d:, I!!!J{$O)[!!]m v / ;A'7J!Jij v) GtlQ. t~ C: ;t~t7°7 A 7- 'Y 7~0)~[!!]V / A'O)~

iiifJllJ~=~~~O)~tJt*fi ~1rG-C7l<MJ~J±mlt1~ 7 ~ 'Y 7 A ~jt~'"? t~*T~d:, miftJt~

flJijO) MHz ~m*miftJttf7JjC:G-cJijv) c;tl~. V / A'lj~ C: G-c~d:7 7 IJ )~*t~~d:
~ 1) A =J- V /7J!~v). *t~, miftJt$o~7 7,{ -~tf!j}O)JiJ*Jl{~O)~!If-c'~d:, 7 )~~

=- 9 .b.tJ: C1tl~~0) V / A'iO~Jij v) Gtlt~{?iJ 'b 3!> ~. .mJtJtfx: 100 MHz ~J:O)miftJtD•
• -c'~d:, 'tT7 7 '17ll1*sMJO)[!!]J51<m~ Jij v) Q. ::. O)ftf-+~d:~iliO~/J\~ v)O)-r:m~.mJtJt~

-c'M!x, *t~ifJm;6~*~ v)o)-c'l&~iO~/J\ ~ v)tJ: CO)~tlt~~*~ ~ J. Gn) G7l< C: 0) if
.'1 /1::-7'/A O)~iO~*~v)t~~m~iO~~\~c:tJ:Q. v / A'~f"F~= ~(\jj~tJ:~*1J[]I

~~\~C:T.Q. 'tT7 Y'170)1~ tJ ~=E~tJ7 A ~Jijv)Q ~ C 'b3!>Q. if.v /;A'O)m.
f.J~~}~(r~J3f.tJ:c 0)It1tl~~{[ffi~:: ~d:, 7tO)tJt~ ~miftJtO)tJt~ ~::UI~;ttl~t, ~ViJ7t~~
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7- 1) I7t~O) v /A(/)~iti1\-~M!;t~. t::.t:"G, .*~-A;Q~~t*':AM9~ cW
rm-c~?1t••?Pi • iJijitt~oo~fJ:cO)t-I~~!ttt~~{;, ••tJ:~.n~E~t~~, ~ttff

O)~fi, M~, I*)V:f-~mtJ:C~~ijl9~if.~/.A*(f)~~l:tt,~tt?1t~flO)

- ijlj<t>~LlGtJ:~t.n~ifJ:t;tJ:~).

16-15: ~~ (¥lJJ!256)

tJhbtlJd: i§~~M! J l EI 7.t(7)~~ ~ fO =F l:~X.L ~) ¢ tJ~, ~ 1i~j:iI0) t:p ~: f1\jtE9~
HBj<~t~ t>0)-r~-:> -C, ifPi~x*~:J: J L Jt.ft;9Q ~ C-C:, iJJ~-CfO=F~:~;t~ ~

t.tJ)L~~. RJ{(J)l:tJ t:J1'lff9~~~~, ~?Pi~=~;t~ <t~O)~~{to)~*~~Pi C:J::-S~.

*.t:-, -jjC'~d:tf.ijl.CG-C, AO)~Pi~gn:\ t;~it t;.n~Ii1Wm~tt~ tlt~if, 9
tJ:~J~tfPi?1t~ifPi l:J:IvC'~)~. <L,~~~it~tJ:c, ~J!~ijl~c L-L~GQ~~
~O)tf~j:ifPi C ~J:J: ~itJ: ~). § 1i~~7C*.~B9tJ:1Wm~~¢ l~ t>t1:\;Q:\b G9, ifJ1l?1t'j:
~~ C III c~fJC~fJ:~J!ijlj( C: l, L~ijl~ tt-Cv)~O)t> Oc:-:JO)~.~~~.

16-16:

jt,*O)~Q z: ~ ~t, ~~ v)~d:.:th~~9if~0)¥~c I., l (.:to) z: cJt~-mOOIiC9
~An~).~ C¢ ~ co)~~:Qet:> tJ:if~, lltl, Ao)~~I:J:t;tJ:t,~-c':J<fJ ltl9;:
C: ~ifPiftJ£c~):>. ~ t;tJ) G~~,,~tJ:!ltliifJlf~ifWlif~tJ:cifJlf¥~~.ifG-Ct:3
~, ~ht; ~~tRfj.9~jjit, ~ Gn:\ {;~ifPi~7.ttJTG-CifPit1im~Hbltl I., -ctl~,
~G.GL ~~ftjtj.Mm~~tRfljffl9Q7.ttJTftJ£O)ti~, ~¢ ~~Ij:ifPi~7}tJTG-c~t~tI

m~oo:tlflJffl9.Q(1)-C~j:tJ: <, .:ttl t; ~m.f~G-C-Wi~tJ:~.~ltl~.~~~ftJil~fi
5m~~~~ftJiltJ:cO)ti$ffi~~. ijlff~~, ~Jil~n~if~(1)EI~tt~.Z~~~

~v)O)*~ ~, tmlJ ~tJ~, ~tli9Q~.c I.,Lif~~Jil1iJ:tO)~tRO)~~~~tJ:o.

16-17:

bhbhffi, ifPi~~.~~g~~AhT~t;,if~®~~~~,~~.®~~~~

~J!fR9Q, 9tJ:b!>if~~~.9QiI~~d:~.-e, ~®~~Ij:BJjt;tJ~<:tJ:,,~. L,~\Lt,
-Wi l: ifJIf~ilC: ~ ~ -:J t~.~ ~d:, tlf1t l: J::~ ifPi (J) EI Ib~il ~ ~)? .~nt~~). if~ tJ\
t;, tlf1tl:J: t) to)~,*f1\j~~HBtfj9~~J}l~~)? ~hld:, I,~-/~.O)m~tJ:

7.tJfC'~fJ, 1960iF~0~:\6m~~:@f~<!h-C")¢.9'"C'1:, ~")~IWJEGt~¥liif

~~fil~j:, ifPiAJJ~fRc: L,-C~m{t~tt-ctt)o. if~~.~d:, ElB9~~{lI:I~~C, ~

O)J: 5l:7t.~tlQ. (1)¥m~Pi~~: ~filO)¥~~g-ID-:>l~~~ttt~¥mC:9~.

~fil~t. O)~ ~) ~IWJE9 Q C:, if~O)~fil ~~am GL ¥Ii¥~0)~.1\7 ~ - ~-l:et
tJ, m~)~.gIJ9~ ~ ~t1tiiJfjg~fJ:~. ~.1'7 ;{-~-~ I., -cld:, 16Jl1tltA~?" 7
be, .~7lJl1J~lt, tfJDUDUf(tJ:cn~M!btl-cv)~. ~filO)Jil~*~~.1\7 ~-~-~

ra' t: 7 ~ - ~ J\ ~ ? 9 ~ ~ C: .:et t), ~. ;::'l: l:¥~(J)~./'5" ~-~~~~fi9 Q z:
C t>rrbttLt,.)~. (2)~fJCtfPi~fil: ~.;Q~~fJCGl~9X~~~1, ¥Ii~cl~g-lJJ

Gtl-r v)td. v) ~t~\ tJ -r:fJ:.<, ~ (J)!f!mO)ttlijl~~~: J:: -:J L ~if:6~.~~ O)t1~tfJm-e~~.

Gt::..tJ~-:> -C, ~lXifJ1lO)5C~tJ:~.~:~;t, -t(J)X<7)tf4~~~ C:~iO).~, ~a5(1)J1q~~

c(7)J!fRtJ~/fiiJ~-c'~¢. ~tl~M¥ft9~t::..~, ~t;n:\r;~a5m~IWJEGltl~, )(
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tfFf~=~*tlQm~~.rp,O)~~~mTQtfFf~.~ATA ~if~~tl-Cv)Q. (3) ~
=If(J)~~. : tfFf~mV)L, d!> ~tJ) C~~.~ tlLV)QA(J)t:ptJ) ~~O)~Fi=lf~.}jIJT Q.
~- O).aa~mV) Q~=lf.}jIJ c, ~mfra~0)~~0)*f••~mV) Q.ZlJr!;¢~if~~ tlLV)
:Q. mv)~tlQ*f.J\7~-?T-~J:, ~mfra~1JZ~A~7 ~)v, .MTl~~Ic, A~7 ~

)vI\?T - /t~ c-C: d!> ~.

16-18: if}li1t~ (!to/.J~256-257)

tfFf(J)*fJ('1, *f~=~aaffl~~~5t~:> 5tl:'O)~.~tfFf?1ttJ) ~flIJmT Q z: c .•-Tat
JJtltJ~mM!~tlQ.l2AiW~=~J:, tfFf(J)A~7 ~)v*fJ('1, ~~=~tl~~~.:j~tQ*)v~/

~SJ::a*)v~/ ~,Jaj?1tIc;¢~±{~~~~LV)t~~~l:', tfFiO)A~7 l')v7}f)T, J\/' ~
I'A 7,{ )v?T-~::J::~tf~JiX:7}O)7}fJT, £*tJRlJJlc(J)flIJmtJ~±i1rtl:'d!>Jt~. *t~, ~tl

G~PJ;j)~=~1fai G t~ 'JT!l7 7 ~J:~ill:'d!>J t~. ~GL z: O)i1rttl~J:, .-T~JJtI(J)fflm

~::J:: J -CiWiJm7- J) I~~ (FFf) ~::~b t), ~JiX:~=J::~7}f)Tr!~::£:jv)t~*)v~/' ~m
JJJIc(J)flIJm=Fr!tJ~~~~tlt~. AlilI~d:, A~7 l')vO).~~r~,~~~=L"tJ)M!btJ: v)tfFf
(J)~.1'7 ~-?T-O)flIJmtXf;f1, v)b~Q.M-Yltl, ~t~~J:ifii§cf§~ (J,-::J-)v)
~=J:: :Q7}fJTtJ~rm~~tl. Ii~Lfl~jjtJ:tf~?1tffl~m~=Fr!c L"-C~~ L" LV)Q.

16-19: '.)j-- (!to/.J~1160-1161)

sound navigation and ranging (J)~~. tf?1t~mV)LJ1<t:pO) l3f1*~O)i!.~nrm~~:Q
t~~(J)WdlfJBm (J)~tltl~. tf.ltl~tI~~$~~tI ~~*tlQ tJ~, ~.l:'~d:tf?1t ~J1<1JZ~::

mTnJ:\O)~(J)~~Tz:. ctJ~d!>Q. (1) -ij--T71 ~ '}T-~d:mrmJ('1(J)jlv)mtf?1tz~

?1t~~mv~, ~,,$tJ:C~=rm~tL-ij--T71l'(J)J:::> ~::mtf?1t/,)vA~JmML", &:M?1tO)
~Jj~mfr~'tJ) Gi!1iI~, *t~~?1t~l3ttJ~Al*~::tJ::Qz~?1t~(J)rm~tJ) ~n{}[~~:Q ~(J)l:'

d!>:Q. ilIi!1ftm~~J: 200 kHz, 500 m .l2Al:(J)~i!.m~:: ~d: 24-75 kHz (J)mtf?1ttJ~mv~ G
tl:Q. z~?1t~~@J~~it-C, v-~--O)J:::> ~::, :/7ry /~l:~==~n~/FTQ~ c
~ d!>:Q tJ~, 7J<t:ptfJmtJt~ 1500 mls c~v~ t~ ~, ilIi!l1Im~:: L" i))M!5ttJ: v~. (2) A:f- 't' /
=/!I'}T-~J:~tl~m#c Gt~ ~o)-c', ~<O)z~?1t~-T~P:]~~2!tG, z?1tmf~::~J:~

~-T~mlJJG-C~,Jajnrm~::mtf?1t~m G, ~?1tmf~::~J:P:]ffjJ:O)~~-TO)m1J ~~Jm-c'WJ

~;Z, t:pJL\i)) G~~::rm~t-C7rWJ~fijJ5r GLv~:Q:/7 ry /'~~.l3t~~JJ G-C&:M!to/.JO)i!1iIc
nrm~=~n~~T:Q. (3) -ij-1 ~)v 'Y:f- /,!I'} T-~d:mtf?1t~Wdl:i))~ ~4-~~n~=rm

~tL~MG, #ij~i)) G0)&:M?1t ~rdO)ittfT c c ~ ~::Jlm~~2~T~ ~ C ~:: J:: J -C#ij~M~

O)~.~~~.Q ~ o)-c' d!>:Q. (4) ~ 'Y 77-'} T-~d:#ij~~ j¥~t~ ci)) GO)&:MtfO)mlJJ
Ic~fti)) ~rd0)3JJJJml3t~~~ ~ o)-c'd!> ~.

::tl~ O)'JT-~d:v)~tl~~~fJlijmfj~~ ~J -CS ~, 77 T ~ :/'JT- cJ::~ttlQiJ~,

~tl~=~tG-C~?1ttl"~ti~t~ ~J ~0)~/, 'Y ~7~'}T-C J::'lt, tftJjO)fj}JIJ~nrm~~

Q0) ~=m v~ Gtl:Q.
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Lesson 17: Magnetism I
(fundamentals)

~ -1 difference, strangeness
::. c (td-~ ) to be unusual, to differ, to vary {vi}; ::. c(~:T ~ ) to differ from {vt}

~*td- -1 :; 3 r) td- abnormal
~~J~ ~ ? -17- / singular point, singularity

3 -1 drifting, shifting
5 J (T) to divert, to pour into, to transfer {vt}; 5 J (~ ) to move, to shift {vi}

f§$'i~ 'J r)7- /-1 phase transition
~~'h *' 'Y -1 ~ r) heat transfer

~ =t- 3 ? end, pole; :J? extremely, quite, very
~b (~ ~ ) to be in a dilemna, to reach an extreme, to terminate {vi};
~b(riJ ~) to carry to extremes, to investigate thoroughly {vt}

fi~H =t- 3 ? J;I / limit
fix =F 3 ? ~-1 maximum (value)

~ "!t-1 fine, slender, thin
~ ~(iJ~ v) detailed, fine(ly divided); ~~~(v)) fine, slender, thin;
~~~(~) to become thin, to taper off

*HIM ~ -1 =F / bacteria
~*HItJ: ~ 3 r)"!t-1 tJ: detail, in detail, detailed

=r ~ child, fruit, master; A child
~ child, small

7t-T ~/~

*ft-T 1) ::L r) ~
molecule
particle

Hi :; magnetism, porcelain
m~T-7°

.m~

:J=FT-7
T/~/\

magnetic tape
electromagnetic wave

;ej ~ -V? jewel, pebble, rock, stone; t =F jewel, pebble, rock, stone
v) G pebble, rock, stone

mE :J~~ ? magnet
ErIB ~=F:L petroleum, oil
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.f..§l
~ "Y 3 ? grounds, place

~~ place, scene, seat, site, situation
Itj)} :l?"Y3?
illtj)} "Y~~

,X 'J ? pair, set, {counter for pairs}
it'S" t::. pair

JX~T 'J?q:.3~~

JX1.i 'J?*?

factory, plant, mill
magnetic field

dipole
both parties, both sides

'J ~ bundle, sheaf
t~ ~~ bunch, bundle, sheaf

ill*_
k0*

"Y'J7-t/
~~'J7

line of magnetic induction
arrangement, promise

h T / changing, turning
~ ~(n!9) to knock down, to roll {vt}; ~ ~(n!~) to rollover, to tumble {vi};
::~(~j.Q) to rollover, to tumble {vi}; ~ 0 (;S~) to fall down, to tumble {vi}

~E ? /7 / operation, driving
@IE):\; jJ -1 T /' ~q:. rotary (type), rotating (type)

Ib r? laboring, working
~d:t~ G« ) to act (for forces), to be conjugated, to commit, to labor, to work

~fIfJ$ jJ ~? I) 'Y operating rate
~fIfJ~ D? ~? ~,., worker, laborer

m 7/ south
~t~~ south

WJti
WJffB

~t *7 north
~t::. north

ill~t

~tti
~*~
*'Yq:.37

south pole
sourthem part

magnetic north
north pole

!i2tI-LI ~ 'Y density, fineness, minuteness, secrecy
~~m 1::: ~ 'Y
m~ ~'Y~

-210-

secrecy
density



17-1:

Reading SelectionsS. (~J.l800-801)

~.O) ~J Ltt~~m5it~t~Jf1.~m5itm~O)m7CC:t~~ ~O)~m5itC: tt~ 5. ~0)1i~

m5itliC: tt~ ~ ;Q~, ~tl~j:gm~t~lil:~~. m5itm~O)tJ:7J)~::~j:Ci5ff~::J: J L~~~ ~
O)~~~~, .m~~~~l:,J:O£*~~O)~~.~.d~~C~~.~.O)m5it~

--~ /' l' l:~~.
m5it~d:, ~5I:!~~::~d:, ti< 10)G~GtlLt3 0, ~7ClW 51ftKCO) ~ 0 ~::~d:, l' )VJ O)x

:7'"*A O)IBTO)ili <l:f*tm~ tlt~E~J~~ C:-~O)/Jrfij ~rfij <~ C:;Q~~ GtlLtt~t~. *
t~, II1ftKCc0~::~d:r:pOOl:~d:m~;Q~M!btlLtt~t~ctt~btl-ctt~~. 1269 iF, 77/'A
(J) P. Peregrinus ~d:mE~:~d: 2 JO)m8iiJ~ff1£~~:: c, *t~.fj(J)8i~J:51~~ tt~(JJJfj(J)

8i~J:Bi§e~~:: C: ~~c~~:r! GLtt~~. 161ftKC~:t~J L, w. Gilbert ~d:m5it~:Jtt~L~
*OJtJ:if~~rTtt~, ~O)~*~*c&)-C rmEJ De Magnete ~§e~Gt~ (1600 iF). ~(J)

*~j: 6 $;Q) GdJ Lt3 t], ~O){~~~;Q~§tt~mJf1~~J:: c, !1BJ)]<iJ~*~tJ:mEl:~~

~ c, ~~mEc!1BJ)]<c O)r~~~:ifJ <1Jt~ c~:J v~-C~G <im~-Ctt)~. Gilbert ~J:, ~ G
~:~;Q~SE~: J: J Lm{~~G ~ C:~, m{~ Gt::.~~~~~G C:mJf1~~ 5 ~ C: tJ:cm~
tJ:~~~ G-Ctt:\G. ~~~:t3tt:\-C~d:, ~ G7J)~:m5itO)if~~d:.5itO)if~J: 0 ~Iu~tt)t::.

tJ~, ~tJ~LCrmO)§eJttJ: c~:J:: J LC5it(J)if~~J:~Jm~:~~, M. Ampere, M. Faraday
G~: J: J -CCi5ff Cm~(J)~f*tJ~m~ ~ tl, J tt)~:: ~j: J. C. Maxwell (J)cm5itJ.ljB~:J: J

LC5itc:m5it~d:~~~PJ7t(J) ~O) ct~J t::.. -/J~:t3tt)L, ~.O)mJf1~:J tt)LO)if~

tJ~~~, ~.O)t~tJ)~:~d:, ~$m~O)tJ:tJ)l:~(J)J: 5 ~:5i<m{t~~§mJf1f*, m~(J)

/Jrfij ~::5j~ <m{~~~1itmJf1f*, m~ c Bi~t/Jrfij ~::5j~ <m{~~~BimJf1f*;Q~fftt~G :: C:
tJ~/F~ tl, ::tl G~J:~.*1l~(J) t>Jm5it:c-~ /' l' c:~$m~c:O)f§1if'pm~:J:J-cta
:Q c:~;t Gtit::.. ~1ft~~:tJ:J -C, .~.~tJ~f!ij GtJ) ~:tJ: J -c, .~(J)m5itt- ~ /' l'
~J:.~rf'J~O)C~O)j1jJJ~:J:J -C~~~ c~;t Gtlt::.tJ~, ~tlt~~t~~d:~f!ij~~~, ~

~d:C~§ Jft;Q~*~tJ:m5it:c-). /' l' ~ ~ J -Ctt)L, ~tltJ~.~O)m5it:c-). /' l' (J)m~
tJ:drzg~~ ~ :: c iJ~/F~ tlt::.. *t::., C~~:J:t~-C~d:Q tJ) ~:/J\ ~ tt)tJ~, .~.~m5it:c

- ~ /' l' ~~J -ctt):Q.•~.O)m5it:c-~ /' l' ~d:, ff4d*1l~~~Q~~~cr:pJf1~O)m

5itt-). /' 1't3J::lt.rf'J~O)~~O)j1jJJ~:J::J L~~Q. Gt::.tJ~J -C, m1£l:~d:, m5it
~: C J l J: tJ£*~tJ: ~O)~d:, ~tlG O)*1l~O)~Jm5itt- ~ /' l'~~Q. -~~:, *
*1l~~d:rf'J$§ EBJ3tO)DcJ C Gl A e /' (§$i) ~ ~J -Ct3 tJ, A e /'iJ~ 0 -r:tJ:tt)~~

~::~J:, S5it:c-). /' l' ~~J -Ctt):Q. C5it(J):t~~~::~d:, IE~ 2 fjO)C5itiJ~~ t], iEC5it
C:~C5ittJ~~tl~tl.~~:fftt~ Q ~ ctJ~-r:~ ~tJ~, ::tl*-r:O) c::: 0m5it~j:, 1it~: 2
JO)8iiJ~jtff G-c tt) -c, m5it!lt8i~d:§eJt ~ tlTtt~tJ:tt~. GiJ) GtJ:tJ~ GJ.ljB~~:~d:, m5it
.1i00fftttJ~.:yi§ ~ tlTt3 t], m5it.Ii~~m~Q~MtJ~1ft~~OO~rTbtlTtt)Q.

17-2: Sf.! (~J.l842-843)

~$tJ)G1Jo;t Gtlt::.mtJl~:J:: J -C, ~m.tJ\~O)~~~~;t, ~ Gt~~:m~~J < tJ m
~m~~mJf1C:tt)5. ~.~f.d~Q**1l~(J)~< ~J:.fpJCfi!tl~(J)A t:/'m5it:c-~ /'
1'~~J-ctt):Q. ~tJ:b~, .fpJ~~J/J\~tt)mE-r~JL,m:t~~J< tJm~. ~iJ)

-211-



~jJIJl:mJlt1~1JDjt 6tl~ c, *fjL-T(J)ilJhet~O)m~t- ~)' r-O)1JrPJ])~~f~~~~t,

~O)M*, ~tL-To)-:J <~mJln~~ft9~. z:ttt1~mttO)£*a9tJ:••~~~. ~;6) L"
iiti~J mf!c~)5 ::et~i-cl&fJl:~j~O)~d:, 1 BO)tL-T~~J:tJ:<l, ~tt~t1~~B:B.

J l-C~l~)¢gma9~.t1~, mJlO)fFm ~~~t-rmft9 Q~~-e~Q. ~0)'±tJ:Jjj{~

~m:> O)lj:gma94#lJ.~.J£ GLlt)QI!-T~c.-TO)?!> (J)ti~-e~¢.•-T(J)m~-t

- ~ / "~d:I!T~O)~ttl~Jt~l~d:Qi6)l~*~ <, ~t::.t1~J -C, ~$O)mJl(J)~.t>,

~tlEJ ~O)J<~mJat>*~lt)t1\ r; -c'~~.
mt-T, ~Q ~)1d:1;t )'O)tJ:tJ)-c''lLiiilllJ~ G~lt)Q 1BO).-Tl:i£§9~ c, ~tl~d:

./J\tJ:M t:t~.Dltc:~jt ~ttQt1)r;, ~tl~:{f 5 'lLiim~~-~ / l' t1~ff1£9Q. ~ 0)

~~n)l:~flO)Al::/m~=c- ~ / ~ ~ t>J L~):Q. ~tllJ:.-TO)EJfi':~'5.i1rt~:J::~

c~jt¢ z: ctJ~-e~:f:J. ~ (J)it:-T':~t9 ~mJlO)~jj*l:~J: 2 JO)••tJ~~~. (1) C-T
~d:mJl':J:: ~ 11 ~st~t, 'lLiiilIlJO)J:: 5 9tJ~~0~. mJltJ~~* t] 5m < tJ: ~)IW t], ~ (J)

~jj*-c~j:'lLiiO)m~;t~~-c, ~O)1JrPJn~mJlO)1JrPJ(l) *0 fJ l:lmfi9Q. ~O)M1ma9tJ:
@Jfi~:e:t 'J lffit~t:~ t;QCi1rt~d:, ~t1) r;1J[]jt ~tlt::mJl~~i2!rPJ~O)mJl~-:> < ~rPJ~

~ t>'J -Clt)Q. ~.t1'j:cm~(}) 1/ )'~O)~jtrjl:J:: J LJ.lfW~tl¢. (2).-TO)m~t

~ / "lj:mJll:J::Qf~11~~~tl, mJll~lJlfTtJ:1JrPJ~(p]~ :>et9Q. t> G, ~O).~

ft~:t~~I*)~;f-O)~lN t)=FiJ~~n~t, m~~- ~ / "~j:~.~:rPJ~~~x~ ~ C::..tJ~

C'~L, DllX ~tlt::mJll~lJLfTtJ:J£ft~Jl9. 9tJ:b!>, (1) c~l:, ~$t1\~ 0)1!J1
.,C: IPJ t:rPJ~O)mJl~J <QJ:: 5l:~f~t1~i1!U'.

~tl~O).-TtI~~J LJJj{-T~J< ~ C ~l:~J:, /\ryl) O)JJj{J.ll:J: J L, IPJ CfJLiiO) 2
JO).-T~1A l::/m~:c- ~ / "~j:i2!rPJ~~:t~ t), *t~, IPJ t:*~~, ~-r, NttJ:orPJ
~~t>Jt~ 1mO)fJLii~~$.-Tt1~t5&90 C:,' fJLiim~.:c- ~ /" t>fTm~l>-:JL~*

:>. ~ 5 ~LJ 1!-T~1;t/(J)tJ:n\~, M1Q~::>< -:>Llt)o.-TIj:~'i*C:~TJ. l>*.O
mf!~~~1j.GtJ:~). ~6l:, ~ttr;;6'f{t~Mft~~-CJ 7t-T~MA~-:J<¢C:, ~fI

0).-T(J)m~:c-~~~~n~~~5. ~~, ~m~~.(J)m~~~1j.~~m~~-~

/ "~t>-.J.-T~J:U' L, ~~J~a9tJ:Jlft~~Q. ~(})'±tJ: t>(J)IJ:~tO) (a)-(c) (l)J:: 5'~
tJ:Q. OO~~ 1;t~0)~~0)~~~~(J)C~*~ ••~*(J)~.-TC:#±.~*
0)4fC-T. ~0)~5tJ:.-T~t>!>, ~'i*cGLm~~-~/"~t>-:>~T, 1~/~

mf!~-T, mf!1;t/C~):>. (b)1tla, ft1tlO)~~.-T. (c) ~B:-c'~B:.0).-T~t>
:Jft-T. Gt::.tJ~"':J T., *~B:0)~.~1j:~'i*C: GL (1) (})w.J*t~~tn'flJlttJ ~$n\~1m
xt::.mJlc~rPJ~O)mft;6~~{;~. z:tl~Etmf!cIt)?. mJliO~~* tJ~< tJ:~)1& 0,
to)mftO)~~Ij:mJl(/)~~~:Jt~J9Q.Jt~J~B:, ~tJ:t>!>, mft*~j:ft-c', m~~

~O)iiftO)'~iO\Jj:/J\~ It)m~ c ~. -1J, l:~¥~jt::.(a)-(c) O)J::> tJ:J1ft~:Ij:, (1),
(2) jIlijjjO)••n~.~, ~-f*c L,L~d:~~n~.~9~. im*(l)IIl~, mJl-e~d:.T(J)m

~-:c- ~ / "cmJgc:O)mlifFm(J)I*)v;f-~j:~&g> ~ ~O)I*)v;f-J:: t) ~/J\~ ~);6)

6, ~.-T(})m~=c-j. /' "~J:~jtTrPJ~~~jtl~):Q]j~, 1JL~C: ~ -CmJl(})1JrPJO)pt
frtJ~ 0 -rtJ: It}fll&(1)M:~ C:~. :.tl~~mf!, ~o lt~Ij:/~ 7mttC: It} 5. I\Lln~.&9-C

flt~)Wft, mJl(l)tia6L5m~}J1ft~I*~)L,~mtt'i*O)mf~(J)~~lj:mJl(J)~~'~Jt{JiJ

9~. to)mft*~j:iiiLlc:~ t> ~:~ft9Q z: c:nf~lt). ~ra'a9l:tlilI ~t::. 2.a).-T0)
fa":Id:, ~t160)A t: /m~.:c-~ / l' ~3flfT, * t:: JiEt3flfTl: Get 5et9~~lt)11t1f

fiIJ<. ~O)~.mlifFmO)t~~l::, ~$;6) 6mJlti~.~)T~)~~)J1ft-c't>, mtt~-T,

1 ;t/O)m~t- j.. / J--., ~~lt)~d:~~.-TO)m~t- j.. / J--.n'f.~JGt~M~n~mlJl9

Q=cn~~Q. ~tlG~~~GL~JfmttC::..~)5. ~,:, ~O)~"JO)~*, mJl1JtJ~1m
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;t t3ntJ:V)-c'~, g*Jl~tJ:~fJ~:JV)LO)m~=E:-~ /' l'7J~ 0 -c'tJ:v)flmO)*~~ ct~

~tlft~5tm'ttCv) 5. 5tm'ttO)!fo/.Jw-c'~J:mtlCm1~0)5t~ O)~f*~d:.~tJ:~~CQ.
-15, ~T, 1 ;t/'O)m~~-~ /' l'7J~OC~fT, 3;~ v)~d:~ tJ.~~:D2~JG, !fo/.JW:3t~

c GLtTl~ G3; J LV)~tlft~: ~d:, oc~im'tt, 6 itIum'tttJ: ctJ~3; ~. ::n G0) tift,
mtl7J~3; * tJ 5t < t~v~~H tJ, mtlcmf~O)~f*~J:1tm'ttO)~n~:.f~ GLV)Q. Gt::"7J~

J L, JJl~fnBO)lltl-c'~J:, ~nG ~1itm'ttO)t~7J)~:~*n:Q. IA13£7J~J::~T~c, m~J

O)~~G~'7J~*~ < t~ tJ, Jv~~:3;~IA13£-r:~FfmJtt7J) t31itmtt~O)fEJfi87J~~:Q.

17-3: flil (!fo/.JJ:l864)

mE*t::,,~J:.i1rt~J:, }ajrmO)fmO)mE*t::,,~J:.i1rt~:1J ~&~£T. :: O)1JO)tI~mtl*t::..
~d:m~Cv)v~, ~n~~T£*~tJ:fi~J:m*m13£B -r:3;~. mtl~~Tfic GLfm~:

mtlO)5t~ H 7J~3; tJ, ~n~J:*t::..mtlJ'\!J l' )v3;Q v)~J:¥~:mtlc ~~~tn~. mtl
H ~J:, mft~ M 3;~ v)~J:m~7tti~ J cTn~t, H =(BIJlo) - M =(B - J}/Jlo -r:~~~

n:Q. ~ ~ -r:, Jlo ~d:~~O)~m$-c'3;~. mtlO) SI ¥fft~J: AIm -r:3;:Q. t1m¥{ft*-c'
~~~nt~mJlH' c O)~f*~d: H' =He(4n,uo}1

12 -c'3;~. mJl~d:.Jlc J:: <~g{Lv)~n~,

.JI~: ~d:i1i c G-C¥tiTn~f¥1:ET ~ (J) ~:~l G, mJl~: ~J:f¥1:Eit~, m~~tiTn~£*~

tJ:f¥1:E-c' 3;~ . * t::..m~}XtiTO) J < :Qmtl ~d:/J\~ tJ:)v-7.i1rt0) * b tJ O)mtl c IPJ C
-r:3;:Q. Gt::"7J~J -C, .tI~d:.fpJ~:~ J -c~C~ 0) ~:~tG, mtl~J:.i1rt~:~ J L~ C:Q
Cv);t~. ~~.mtO)J <~m*m~~j:7 /'~-)vO)i*J{u*t::"~J:e-;t • ~J'\-)vO)i*JlU
~:~ J L#c~~n~. ~r~'~~:~1~T~.tI cmtl~j:li v~ ~:fEJ=F~~~T~. ::. O)JJl~
~.m~~cv~5.

17-4:

mtl~O)M~.C~~cT~~~O)OO~OOsJ::O)~~~O)m*m~~B,OOfJ~~

~dS, ~0)i*.~!J ~)v~n c:TQC:~

tP= JBendS
~~. C~~ <m* c: v~ 5 (m5U,~~* C: ~ v) 5}. 4> ~J: C~. <m*.(J)*f(~:ttf?iJ

G, m*.~J:~-wJnQ z:. c:n~tJ:v~ (div B =O) tJ) G, ~OO S 0) c 1)15~:~ 6~, M~. C
~#c6bn~t#c*~fi-c'3;Q. m*O) SI ¥{}[~J: Wb (9 X -J'\) ~3;Q.
m~~~-c'J< 6nt~M@l~~. <m*~J:, ~r~'~~:~f~TQ ~ ct~ <-~f~~:1*t~

n~. ~!J 0 ~:~;tQ C:, ~O)m*~J:m*fiT (4)= h/2e) O)mf(f!~:tJ:JLV~~.

17-5:

mJl(J)~O)~~.i1rtI ~:IfJ< 1J~J:, I ~:tl:f?iJG, 'M~:.tmO)15(tij~:~fil-r:3;~. ~~

.tmO)~/J\~~~ Jdr cTn~t, ~0)~~~:1fJ< 1J dF ~d:~!J ~)vtlB ~:~J-C dF =
JdrxB c:~it~. ::'0)1J~7/'~-)vO)1Jc:v)v), ::.O)J:t~:J::JL~~~n~~!Jl'
}vJlB ~m*W;~cv)5. m*W;~B ~J:.JlE ~:~lJt\T~mJlO)£*fi~3;lJ,fiJi
E, m*m~B O)r:p ~Jm~ V -c'~jJJT ~flfpJ q O)fpJflfjLT~:1fJ < 1J~d: q(E + V X B) ~4
;t6tl:Q. mJl0)5~~H ~J:, m*m~B c:m{~M tJ)6 H =(1/,uo}B -M -c'~~~nQ.

~ ~~, ,uo ~J:~~O)~m$-c'3;:Q. J!fj~mJtO)m~OO-c'm*W;13£O)i**lPX:7t~d:im~-c'
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~:Q. m*~l3tiO~~ra'fJ9~::~f~TQ~.$tt~~ t:Q. TtJ:v!> i)B/i)t =-rotE ~~Q.
::tt~d:~!7A? x)vO)1JfiJ:to)Dc:J~, .mM.O)i*j{IjO)}6jmfJ9tJ:~~-e~Q.m*
~13t0)11iflt:~d:T(TA 7) -e~Q. Wb/m2 ~Jf:lv):Q:: c ~~Q • • m11iflt:~-e)E.~tt

t~m*~l3t B' c O)~f*~d: B' =B (4n/J.lo)1/2 -e~Q. m*~N~j:m*~~:J:: -:> L?ltl)E~ tt
Q.

17-6: .~ilJJJ (~~847-848)

m=ftm&~f*0)7iWJ*~m~::.f:)V)L~d:,P'1$~::m*iO~.-Tf~~ttt~m*.O)~.~~

-:>l~A~lV)Q. ::O)~.~~$m$~~$_mitJ:cO)~$~It~~f~~itQ~,m
*.~d:1J~~~tL~JJJ~Piil1)Q. ~tt~j:riWJ*mJJJO)-ft-em*mtJJ*t~~j:m*.mtJJ~

J:: ~~ttQ. t~tim*.O)~f£~m*.ra,O)ra'~~d:Ii~L IJ\~ v)t~l1), m~2If*P'1~::§m

fJ9tJ:it~-eO)lI/J\~~~ ~ -:> L~Q c, ~O)~~::~j:~ItO)m*.iO~~*ttLV)Q.~t~

iO~":) L, m&~f*P'1~~§mfJ91Ltl7J\GJ~ r ~ C t), ~~J t ~~.f:)~t.Q.,~ r ~O)m*.O)mi
~NN(r, t) cm*ll-T epo O)fJlc L,Lm*~~B (r, t) ~JE.L,L, m&2If*P'1O)m
f~~3ti1Jttjl~tJ: cO)§1JlfJ9_m~~0)~~fJ9~~~f-j? ~ ~iO~~v). m*mtJJ~ V)? J::
tJ7J\t~~d:~O)J::? tJ:§1JlfJ91L$7J\ Gm*.~m*.~-TO)mtJJ~pj~l1)Q$~~:Jf:lv) Gtt
:Q. m*~tJJ~O)£if1JfiJ:t~d:~!7 A? x)lt-O).m1JfiJ:t-e~QiO~, ~tt~i@1L~it:Q

§1JlfJ9~.1JfiJ:t~::m*mJJJ~0)~t~-r:~Q~F~mm-ftm&~f*0)*flXiO~~*ttLV)

Q.
~FJ.lmJt1iO!5iv)atf-f.O)tI~,m*~NB cP'1$m$ H O)~f*~j:Jt~O)~m.~ J.lo ~

.<cB=~H~4~GttQ . • *~NDc.$EO)~f*~4~Q~.1JfiJ:t~~*
M!Jf:l ~ tttJ: v)7J~, ::tt~d:l:imO) J:: 5 tJ:11i~tJ:§1Jlf~iO~J:: v)ilI{~~::tJ:Q 0) ~d:~$~ltiO~tt

~fJ9~J<tJ~{~TQ$~~::~HGtt, ~O)$~, ~{lt:mi1Jt0)lJ{iO~1fW1Jl-e~:Qt~l1)-e~Q .
• iTrt~Nj c:M~m$ E cO)~f*J:t~d:j =jp + ap -e4~ Gtt:Q. jp ~d:1::: / ll:l1).mi~

13t*t~~d:*~.mi~l3t, Sf ~d:m*70-._.-e~:Q. ~F~mm=flm&2if*P'1~::~d:~

~O)e / ll:~~JL\7J!~*ttLV)Lm**jO)~tJJ~Wi~jQ1J(tij~:: e / ll:l1)1JiO~fifi <t~~,

atf-f.P'1$~::~d:m*~I3t7J!-fi~::tJ:,:Q *-r:m*7J!~A-e~9m*~I3tO)m~7J!~ t:QiO!,
~ tt~:: f' J LM~~ tt-ciTrtttQ _milO! 1::: / ll:~.iTrt-e ~.Q. ~FJ.lmJt17J~~v)m&2i1Jlfi
atf-.f.~:: 1Jlf-j ~=1JD;Z t~~$m$ ~~ J < tJ m1Jo~ itt~ c ~, atf-.f.P'1-em*~13t7ttfJ7J~-e:Q.

atf-f.P'1~::.i1Jt7J!iTrtttLV):Q cm*.~=~d:11i{}[:f*ff~t~ tJ j x B -e4~ Gtt:Q O-}/ /'/

1J~(J)jgJJJ1J7J!fifi<t::.l1), ~$m$~-)E~: 1*J ~ z: (J),~JJJ1J7J!m*(J) 1::: / ll:l1)1J~:

!>~5c~tJ~J~~~*-em*~~A~Lll:*Q. ~tt~~~~~c~~.jp~~~

.i1Jt~Nc ~~~5~0)~d:, ~~tJ\~-emittLv)~.i1Jtc v) 5~~-e, *&~tJ\~~ilf$T

.Q C:~(J)*~.i1Jt c ~d:atJ: J t~.-e~.Q.

~$~It~~{~~it~ ~~~~m7J!~tt-cm*mJJJ7J!~ t:.$ E iO!M~~ttQ. ~

$m$~m1JD~itt~ c ~ c:~:P~itt~ c ~-e~d:P'1$O)m*7ttrJ7J~atJ:Qt~l1), mf~~d: 1::
AT 1) ~ARB*j~mV)L~~m~fJ9~::~{t:T~. ::O)tI~~::1::G.Qtjl~~d:11iflt:~rl3' ·11if}[:
f*ff~t~ tJ j p·E -e4;z GttG 1::: / ll:~1J ~::J:: ~ l:: A T 1) ~Atjl~ C, ap,2 ~4x. Gtl
.Qm**j~::~*ttLV~G*&~.-TO)~JJJ~::J::GrtWJ_iTrttl (ft5Jt1tl) O)fO ctJ:G.
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17-7: limfl (!to/.J~466-467)

5iv)mtJO):: C~ v) '5. if~7tmr~:J: fJ, *t~, mJf~~:J: ':J -C~O)JE.~J:~h:Q;Q~,
tfii~J:_mE~~ C~:: cO)~~~m*mli: 2-3 T ~J:O)mtJ~v)'5. :N:mJrp~-JEO)5i··

mtJ~~-rGJE*5imtJ~~~1flc G-C~J:, m~~mEiO~~G. ::tl~J: Nb3Sn, NbTi
t~cO)m=flm~~f*-eJ< ':Jt~::I'1 )v~~f*~I) r)b.~:~G-Cm~~~m~:G, ~tl

~:*.i1rt~i1rt G-c5imtJ~~~TQ~1fl~, 15-18 T ~O)mtJ~~~T~ ~ C;Q~-e~~.

*~m~~::I'1 )vO)pq$~:, m.~-.:J< ~t~*~*~~~::I'1 )v~1fl~, z:tl~~:*.

i1rt~i1rtG-C5imtJ~~~T~/\'1 :II) '/ ~~::I'1)v~~J:, .~ 30T O)mtJ~~~TQ.
*~fio):J/'7/''tT-~~.fpf~ltJr;t, ~tl~3t:1ctJ:::I'1)v~~t&.G-C/\)VA(t}lrp~) 5i
mtJ~~-rQ1J1!~~J:1e - f(i- JlS O)rp~~:~ 50 T O)5imtJ~~~TQ z: e:;Q~-e~ Q. *
t~, .mi.J~••O)i.J~:J:~ -cm*••~fT~ :: e: ~:J: fJ Ie fiS O)rp~~~ 100-1000 T O)m
5imtJ~~~TG ~ ciO~~~:Q.

5imtJ~J:I~O)7tmr-e~ V)0 V)0~JfJ ~ tl-Cv):Q. !to/.JJtiif~~~d:, _rA 1:: /'*t~~d:
~A1::/'~: l')v7~4;tG::c~fIjJfJG-C, ~flO)mJti, _rAt:/'3t~~, ~m~3t~~,

A 1::/,f§~Et~cO)if~t~c~:, *t~~~.r~~'tT'17 0 l' 0 /'~IJJ~~~TQ:: e:~

fIJJfJG-C, ~. /\-A-77"/· y)v7x/'7J.J*, 'tT'17D I'D/'3t~~t~cO)if~~:JfJ

v) 6tl~. 7°7 A'x!to/.J~~~J:7°7A'xO)M C~~~:, fltilffi.!to/.J~~~J:~~l~m~:J: ~ -Cflt
ilffi.~~-r:QO)~:JfJv) 6tl:Q. *t~, ~*~d:r@jJm~Ij*O)m~t~J:~:JfJv)~tlG:: C;Q~WJ~~

~tl-Cv)G.

17-8:

m~~lir, Tt~h~, ±~ O)mli (mfpf) O)~tiO~ff1:ET ~ C~, JtO)mli~JJj{J~ C
G, IEO)mIiO)f~.~7 l')v~ d c G-C, m =~d ~~O)m~~lirO)m~~lir.:c

-~/'l'cv)'5. ~d ~-JE~:Gd ~~~i~:/J\~< Gt~li~i~, m~~lir.:c-~/'1'

m ~: J:: ~ '""r~ ~m~~T /'~~ )v tPm~d: tPm =mer/4nllo~ CtJ: ~. z: z: -r! Ilo ~d:~~0)~

m$-c'~~. r ~J:~lir~JJj{J~ c Gt~f~.J'(7 l' )v-r!~~. -1J, IJ\~ t~P:].i1rt~:J:~

-C~c~mtJO)m~~T/'~~JV~d:, tPm = na2[ner/4n,J -c'4;t 6tl~. t~t!.G I ~d:_i1rt,

n ~d:_i5Tf0)i1rttl-Cv).Qiti~:~l«tJ:¥f~~7 I'Jv, a ~d:P:]0)~~~~ ~1i7JltlJ~r *-r!0)Jl§
liI r ~:ttJ'(-C~d:.Q 7Jl ~:/J\ ~ v) C GLV) ~. Gt~iO~~ -C, p:].i51f~d:m~~lir.:c- ~ /' r.
na2[lloD ~ ~.J LV)G e:JJ-tJ:T z: ciO~-c'~.Q. ijl{£O) c ~ 0, m~¥lirTtJ:h~mli

~d:¥3!R-c'~d:ff1:EGtJ: v) c~;t 6 tlLV)~ o)-c', m{ifj0)1~~ ~~ ~ 0) P:].i1rt~:J:: ~m~~1i

~~-~"/r.~m~O)&*~~~O)cGL, m~~~~~T~~tJ~~~~-r:~~. ~

9:!~tJ:.tf~~J:: ~, JJ= m/Ilo ~m~1::- ~ /' r. cJ::~S~. {ifj.*ll~0)§JE~IJJ~d:P:].i5Tfc

~tJ:it:Q. -jN:~~{ifj.*ft~iJ~A 1:: "/~t~~d:,JtJ!tJfj~lJJfiJ ~ ~ -.:J C~, ~tl~:f' '5m~
:t-~"/ l' ~d: JJ= gel/2m ctJ::Q. ~ z:~ e ~d:*ft~O).fpf, m ~d:.fi, g ~d:Jfj~IJJIlO)J(1

.~:J: ~ .tJ:~f~~ C~. t~ C;t~t, .rO)A 1:: /'~:J V)L~:t g= 2, fJtiiJfj~lJJfi~:

Jv)-C~d:g= 1l:'~~.•r~~O)*ftr~JJj{r~~.rcfPJCJ:'5 ~:A 1::/'~~~, m
~t-~ :/ l' ~ ~ -.:J.•Il m iJ~*~v~*ft~O)m~1::-~ "/ l' ~d:.~O)tJftJ:: t) IJ\~ <
tJ:7oJ.
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17-9: ill!. (~~1463)

mJ(1~, ~~:5imJ(1~O)m{~G~9~~~9.. mtlJ H ~ ~::an\tlt~5!tmtt~i¢~m

{(j GLm*~lJ£ B ~ ~ J C: ~, Il =BIH ~~m$C:9 Q. m{(j$ x=M IH C: ~J:, Il =Ilo
(1 + X) O)~~~:~Q (CaS mmlliftL~~~J:Jl= 1 + 4nx)· .~O)~m$Jlo C:O)tt Pr =
J1/Jlo ~d:tt~m$ c et ~ttl, .~Ic~, n\J cas lliftL C: IRJ CfOO:~:t~ '"? Lfj!fljt~t~~, ±
~: ~tln~~btlLv~~. 5!tml(1~O)~m$~d:?ltl)EmtlJ H O)*~~ ~:et '"?L~b t), ~JJ

m{~BB.J::~H n~ 0 ~:ilIv~ C: ~O)foo:~~)]~m$ Pi' it*foo:~it*~m$ Pm C: v~ '5. H
n~~ ~ ~:m*9tl~t, Gt~v~ ~:~~G J.lo ~:ilI~' <. jimtmtlJ~:mtlL3tmtmjjj L1H ~
4 xt~ c ~ 0) Il~ =L1BIL1H ~m7t~m$, ~G-c ~ 0) L1H ~ IJ\~ <Gt~tI~R~PJ~~m

$ Jlrev C: et~5~. ~)]m{~BB.J:: ~ H =0 0) C:~ 0) Prey ~d:~mt~)]~m$ Iliac ~: ~t~ ~. iflj,JaJ
tJtl:'~d:!! =Ilr' - jllr" C:9Q.*~m$, *t~147JI(1~.~~d:7J~~:etJ L{OO:n~14t~QT

"/'J )v~m$n~~btl~. ~m$n~*~< (J,tr =102-105
), m{~G~9V~~.~$Xmttft

f-.f.cetrJ, ~J±t6~.m:OO)~JL\, m~~'Y ~t~c~:fljm GLV~Q. ~m$n~*~v~~~

C~JL\~d:/J\~~:t~~. ~m$~J:.~f!t~t~J(1.~~ t], m{~••~:m:m7J\7J\b'"?LV~~

t~~, IRJC~.~~, J< t)7J\t~, INt)fJkv~7J\t~~:et'"?-c*~<~{~9~.-~~:,JaJtJt

1c7J~~<t~~ c:~m$~J:{~~9~. mftlJ£~{~~~fI~~Qn~, ~< ~J:=f:L I) -mftlJ£O)ji
~~* 7=f"/ 'J "/t:1J* c J:: ~ttl~ ti*~~9. ~.~:et J -c ~J:, ~m$n~m¥rJ!' C: c ~ ~:

~~GL ~<~~ (7.{ A 7 :J 1::7-~3/), 7C~~ -C Q~m$n~~f~9Q~~ (7Cm
~tjj*) t~cn!j!GtlQ.

17-10:

m{~G-CV~Q7J~~:J:: J -cml(1~O)I*J$J:*Jv:¥-n!14t~QI(1•. it~£*~~m~

t~0)~d:*6MJn!7J'9~MJm~147JJ(1l:',~Mt±$fb~£~cG, ~tlJ:: t] §~m{~~~GG
t~C~0)1*J$J:*JV:¥-O)m1JD~~0).~~9. J:*JV:¥-7J!~~f~<, Gt~7J~J-C~

0)7J~~:m{(jn!~~~9V~7J~~m{~~~7J~, ~~~7J\it~::<v~7J~~m{~~.7J~
c v~ 5. t~ c X~1A7JMJl:'~d: c $fb~£~c G-C§~mf~c c $fbO)t~9ftj () ~:~tG, m~

147J1(1x*Jv:¥-- EA~d:, EA=~lsin2(} + ~2sin4(} + ... c, *t~ll.7JMt~l:'~d:§~m{~

0)*6Mt±$fb~::~t9Q7J~~5!(aI' a 2, a 3) ~mV~-CEA =Kl~a/aj2 + ~a12a22a32 + ... c
~9. Ku1 ' K1 , ···tJ:c~d:m~141JJ(1)EIcCJ::~ttl, ~O){{f~c*~~~=J::JL~~1J

~, ~.1J~n!t**Q. Fe l:'~:t K} iJ!IEl:' <100>, Ni l:'~:tft-e <111> n!~~1J~l:'~Q.

A1J~~:tilIf~fJ9~=-$fb.1JJ(1c~xL J::v~n~, Co ~J: ~1 iJ~iEl:' c$fbiJ~~~1J~~~~.

~~1J~~=~d:j!n\~tO)mtlJn!~'"? -c, mf~~5r ~J ~t-Cv~~ c~;Z~ cfj!~rjtJ::: cn~~

~. z:tt~:t.1JJ(1mtlJcJ::~ttt~. *6Mtm~.1JJ(1~:t*~7C~NBc~~WJ (1926 iF) ~:

et~-C~JJ~-C?ltl)E~ttt~. ~O)~~~::~j:, OOllO)tlJ~~=~v~-c, ~tiTm1i{~m, .7J
~3t1tfl3li{~m, -'1;t /fl~t~C, 1Il< O)••iO~~X (:,ttlV~G. ~*fiMtO)jjj~~,

t~ C: x~1&t~~0)~Jt~d:&t0)$fb1J~~:mft: G~9 <, ~O)I!ftj1J~~d:mf~ G~= <v~. ~tt

~ttm{~~~1J~, m{~~.1J~~:f§~9Q. Z:O)JJj{~~j:~ttc§~mf~O)*~~ C:~:

J::,Q ~O)-r:, ~tt.1JJt1cJ::rJ, &tttO)f?iJ-e~:t-$fb.1JJt!~:tJ:Q. mm~d:~J(1I*)v:¥

-- ~imGLm~.1JJ(1 ~=~49 ~. m~.1JJ(1)E1c~j:mJ(1ljf,f~: C: J -cmlR.~~m1~
.ff4~x~29Qm~t~100:l:', ~tt~j:f*m1J ~=tt1rtl G~m~~:JXttf?iJ9Q. r@j~m$ltf-t

~=~d:.1JJ~)E~n!0 10), ~tt~:lliv~~m.n~~~ftt~. m~q:tfft~, J±~1JDI~O)~~7J\O)
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9l1~~::J: J -e~<Gtlt~.1JJr1~~~m5a:.1JJr1 c J:v'S~. ~ 0)J*(Zg~::~d:, *~O)J*-T~t

0)1J~Jr1~2~J~~lt:Gt~*-J!t · ~DO)~~ (1954 iF)~, 7 x 711' g:t-C~J:*~1;t
/'O)fi21i!~:'J:Q C:9Q-1;t/'.~ (J. C. Slonczewski, 1958 if) tc! ciJ~d;Q. m5a:~~jj

O)d;Glto)~O)~, ~m$O)~~~~ (T,{·A7:J~T-~3 /') ~~ra'~~:'~fI::9Q

~~m5a:.1JJr10) t~~C~;t GtlLV) Q.

17-11:

~f*~::m~~t:P1JD9Q c, m~~:'~filtc!OOpqO)li-TO)~Jh~d:a-Tfl::~tl-e 7 /'~9$
fft;Q~~JJX:~ tlQ;Q~, 1tffili-TfffO) 7 /'~9$fft7J\ G~~fffO) '7 /'7'~9$fft~0)}ltJl3~:'J:

JL~1&A~~ 1'Jv~d:~~O)~1&O).~ ctJ:G. ~tl~m5a:~IJJ~1&cv)'5. ~O)Jl3

~d:BtMA~7 1'Jv~7 y 7T-;jj*O)A~~ 1'J!t~::J: -:> L~lliltl~~Q. fi!lIf*O)~1&iliffl

;Q~fil~Jl30) C: ~m~;Q~tc! ~ttl~t~1& f*~~J: (hm _Eg)1/2 tc! Q7 ~ l' /'X*J!t=¥- hm~
0){t{ffJr1~~9. z::.~:. E g ~J:I.*J!t=¥-=¥~ 'Y 7°-cd;Q. m~~t:P1JD9tl~~, ~'7 /
~9$fftO)~0)~~mJ3t;Q~*~v)t~~, }ltA~~ 1'Jv~d:iWiI.*Jv=¥-fJltl~~~5f <m~
~:.tt~J G-e~ra'~O)~1&.$ C: tc! Q. ra'1~il30) c ~ ~d:[PJ3tc!~~$ C: tc! Q. ra'~~d:1tffi

.-Tfffc~~fffco)J\/' riliffl~:.s~tQli-TO)~JJ~~jjJta~:,)2!tt~JG, m~ 0 ~~~G
t~~1&.O)fftli!~J:Eg ~4;tG. }ltA~~ 1')!t-c'~d:, ~1&0)~~J:~ ~A~~ 1'J!tO)fft
1i!001J;Q!IE~~:'*~ GO)-C, z: O)~1&~$O)mfJT~J:m~O)tc! v)~ftO)~1&ilifflO)ft!> l:;Q!
~ O)mfJTJ: ~ ~lE~~::I.*J!t=¥-J\/' ~o)J\7 ~-7'-~4;tG. ~< O)~~f*, ~{fl

~, SJ: V:~Kif*~:'~v) -eillJ~~ tl-ev) G. il30)iBtRmJlfj~J:, ii1it L1n =0 -C d; G.
:':'~n~'7/'~9$~O)a-T~~d;Q. 1tffili-Tfffc~.fffc~~.Jt.~.~Q~ft

~, ~tlG o)I*)!t=¥-;Q!*5MtJlIJJ.O)=~~rtn\ G-rtl-ev)Q~ft~d:L1n =f~~, ~

t~BtE~tflJ\~j{<*5dLO)J: '5 ~::lJIijI.*}v=¥- /'\ /' ~ O)ti7J!f§li~:.-rtl-Cv)G~ft~J:L1n
=~~O)il3;Q~lliltl~ tlG. ~Kif*O)~1&iliffl-C~d:WJ@-T5Cjj*;Q!~i<11<0)<:, m5a:~Jh

~1&O)A~~ 1'JV7J\ G, ~-o /'f~lifFmO)d;Q~ft0)7 /~9$fftO)Jr1Jt~~Q z: c
7J~-c'~Q.

17-12:

lEitO)mtiO)~;f~m5a:~ti-Tcv) 5. li5a:O)!~ftc.tc! ~, m5a:-c'~d:lEitO)mti~d:1l!

Mt~:'-lJJJ"9:'c ~d:<:~-r, 1it~:.~t~:.tJ: J LV) Qn\ G, m5a:O)£*~~~d:mti<:~d:tJ: <,
m5a:~tI-T-Cd;Q. /J\~ tJ:J!t-7°liifrf~d:m5a:~tI-Tc~tJ:itQ.~O)OOff~S, liifrfO)
5i~ ~ I, .~O)~m$~),toc9tl~t, )!t-7°lii1rf0)~<Qm~~d:, OO~:~rn:~:m5a:

}Xti-T~-~ /' l' J.,loIS ~ ~~m5a:}Xti-TO)m~ C:: [PJ c: -r: d; Q.
m5a~ti-T-:C-:)' / !' m ~ ~~m5a~ti-Tn~f§~tl¥JtJ:{ftUl~7 !')v r ti~t"nt~m

~::~ <Qm~ H ~d:

H =-(1/41lJlo) grad (m-rl,J)
-c:4;t GtlQ. ~t~m5a:}XtI-T~-~ /' l' m O)m5a:}XtI-T~J:--""f~tJ:m~ H O)g:t-C~J: N
=M x H O){~JJ~§i:~tQ. m/J.,lo m5a~- ~ /' l' Cv):> :. C7J~~v).
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17-13:

m5[~IKTO)5!t~~~Ta. IE~O)l~mfpJO)m5[.~±an, ltmfpJO)&ta/Q) GIEmfpJ
O)fftIR~rfij/Q):>~!J l'Jv~ d C:T:Q C: ~, m5[~tiT.'f:- ~ /' l' ~1 m =and C:)E.~

tt:Q. ~:Qv)~1, Jv-7.ifrtI~~ooSO)}ajK!i~ifrttt:QC:~, m=J.loISC:)E.~tt:Q. S
~d: lSI n~ooM~:~ G<, 1Jrfij~d:.ifrtO)ifrtttGoo~:~rn:-e, .ifrtn~ifrtttGrfij~ ~:~tJ.C~
@IT C ~~tJ. CO)~urfij~ ~rfijv)L"v)G. z:tt G 2 JO))E.~d:, 1WJ~-e~G. m5[~ti

T~-~ /' l' 0)~7C~d:
[X.*Jv~-] x [m~]-l =[mJR] x [*~]

~~~.T~~~-e~~.•&~M~~~O)m.~tiT~-~/'~~m.~.-e~~.
m5[~.T~-~/'l'm~~~O)~m$-e~~~a

Jl =m1llo =IS
~m5[~-~ /' l' Cv):>. m5[~- ~ /' ~ 0)~7G~d:

[ilifrt] x rooM] =[J:*Jv~-] x [mJR~I3£]-l

tJ:~-e~:Q . • fft~M~t~ t) O)m5[~-~ /' ~ ~d:m{~C:et~~tt:Q.

17-14:

~Gm.~tJ:tt~7J)G}JIJO)m5[~tJ:tt~~~3TG~~.m.~~*t~~d:m5[m~3

C: ~ v):>. 5!tmJf1~, 7:r. 1) mJf1~0)~~0)~3WtJJt-c'~:Q=f=-=z. 1) -WtI3£, Bt5!tmJf1-f*
(J)~~(J)*- JvWtI3£~J:: -e~.!L~~~tL" § §Em{~*t~~d:$~~Tm{~~~v), ?itmJf1
~~T~~n~{~.f?iJl:~G. Z:(J)~~7J)A 1:: /'¥J~2~U~:J:: t)m.~~Jf~1mn~}jIJO)~tt~:

~3TG~~tJ:~~~*ttG. ~1.J~~~:~d:=~fB~3-e~G~~7J~~v)~~, -~O)m

~3-c' ~G C:~ ~ ~ t), thb1.J~~O)-f?iJ C GL"~fW~ ttG. -~~:m.~3~:~GL"~d:

*a~.~(J)~{~~d:tJ:v)n~, tt~, ~w~~~, iI.trem(J)WtI3£~~, .?it*-Jv~~,

~Jtt$tJ:~0)/FtE~~~{~~f~5. ~~1.J~J::~d:m.*~~~c: GL"JA< if~~ttL"v)

~.

17-15:

m~n!mJtt~~:1k~£T1'Jv!J (f~1.JO)~- ~ /' 1'). Jm~O)~Dil:'~d:, ±~:.*6~(J)F9

f&tt~f-+O)1tiI*J, ~Qv)~J:Jj(tt~f-+O)~~1tiI*J~:-*~tJ:fiJm~H ~1JD;tL", ~ttGO)

1ti~=~rn:tJ:$dJ(J)*b t) ~=~f~~@I~~it J:: '5 C9~ ~ )v7 ~iltl)E9.Q. ~mJtt-f*(J).*5

Mt~=+~~v)m~~1J[];t, m1~M c:m~ H n~~~~~.lJZ1T~=tJ: J t~~~O)m. ~ )v7 0)*
~ ~ T ~J:*5Mtm••1JJttx'*)V~-~ E a , 1tiI*JO)~)E(J)*5~$dJ1J(ti] ~m1~O)tJ:9PJ ~

qJ c GL", -(dEa/dqJ) l:'4;t GttG. ~ ~ -c'm~, Gt~nt~L"m{~O)1Jrfij~~;ttJ:ntG T
~ilIJ)ETtt~~, ~~m5[.1JJ(1)E~nt*~ GttG. ~f-J.O)~tt7Jt$dJ~t~-etJ:v)~~~: ~J:,

Btmj:~0)~JJ*~~~9~~\~7Jt~~. *t::., m~n~+~~< tJ:v)~~O)m. ~)v!JO)fW

fJT~J:-~~:~~~:tJ:~. m. ~JV!J~iltl)E9Q~IR~m.~)v!J~cv)5. ~0)J*~~d:,

~f-J.~5liiJf1*l:~rn:~:J ~ G, ~ )v!J O)*~ ~ ~*0)tJ.Ctt7J) GillJ)E9G~ o)-c'~Q.
Jm~~J:Ji~tJ:1Jrt-r:tJ.Ctt~~tfjG, *~:i2!(ti]~0) ~ )v!J ~1Jo;tL" §JJJ~~:J t) ~v)~
c:~~J:tO)~1if7J~mv) Gtl~.
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17-16:

¥~ill~~~::~ :Q %iillJtif*~: °tr~ GGti. v~ ~:m1JDg- :Q illij)}~fF ffl G, illij)}~+Jt* ~<
G-en) G~tt~iJgl1>~ it-e~}]&) c~O)/JrtiJ ~:+Jt*~<g-:Q. ~~: ~ c O)/JrtiJ~:rtiJn)J

-c Gti.v~ ~:m1JD~ itG cill{tltb.~J: 1 ~O)MCt~Itb.~:tJ:~. :J * lJ %iillJtif*~J:lN~: C
O)J::> tJ:illij)};O'{1Joft Gtt-cv~t~n)~:J: J -Cill{tO)~~n'{.tJ: lJ, m5a:Jttl*t~~J:m{to)

f~~J:mij)}ti~t~iR:* 6 -r~:iMl*O)JfI~~:~~ GLV)Q. ~O) ~ c ~m5a: 1:: AT IJ ~A c
v)v), ~O)MCt~m{tltb.~ (m5a:) l::AT 1) ~AJv-7cv~:>. illij)}H cill5<tJtIiJ
~~Gt~Jv-7°O)mptJ'WfJWh =cjHdJ ~J:m{t~Jv-7~:rdJ L 1 JaJ~{t~it~ c ~O).
f}[f*fJ~t~ lJ O)I*Jv:¥-tjt~~7J'g-. ~tt~ 1:: AT I) ~Am~Cv):>. eAT IJ ~A
JV-70)WfJn'{*~v) C.m~I*Jv:¥-O)-$Jtn'{~ctJ: fJ, t~ cft~~C1JfflO)~J±

~tJ: c~~J:I*Jv:¥-iO'{uti.~:tJ::Q. IJ\~ tJ:illij)}O)fBlm~MM~it ~ij)}~~:~J:1:: A T IJ
~AJv-7~/J\ ~ v). ill{t0) IJ\~ tJ:fBlm~O)m{tltb.O)w;o'{J=J-loXaH + (1/2)e1]H2 ~JlI

f~~~:Q J:::> tJ:illij)} H O)fBlm~V1 1) -fBlm C v~ v~, 17 ~ V1 1) -~ltc J::vS~. Xa ~J:

~JJill{~$-c'~~. ~O)/J\illij)}fBImO) t::AT I) ~AJv-7~~~:V1 1) - • Jv-7 cJ::lt,
~O) 1:: A T I) ~Atjt~~J:Wh =(4/3)1]H3 ~~~tt~. ~O)J::> ~:ill{tltb.iO'{Jv-7~fi

< ;: C ~J:, 1:: AT I) ~Am~~~-r~ ~tiO) lJ -c:tJ: < reiJaJtJtillJL\ltf-f. c GL ffl V~ ~ij)}~,
tJtWD-r~~~g- c v~:> j{J~~~-r~.

17-17:

m~J)A (Fe304) 7J'{~~5r~~~t~Jtifto)~~ ~ C~d:d< n) G~ Gtt-Cv~t~. ~mO)ill

E (magnet) O)mVi~d:;: O)ill~J)AO)ii:!tf!-e~ J t~/J\7 ~7O)"":;(!/*~7 c v~ '5!tf!4J ~:E8*
g-~. -IN:~:~~Wk5rg- ~Jtift~ ~ -:J ~O)iO'{illE~~~iO'{, f*m1JO)*~v~%iillJtif*O)

~ifill{t~fljfflg-~ O)iO'{7k~illE~~ fJ, illJti{*~::J 1 Jv~~~, :I1 Jv~:cmt~mtG
Lm!J~§£~~it~ ~O)~CillECv):>. *t~, :J1 Jvc G-em~~f*~fflv)t~ ~O)~

m~~illE C: v~ '5. -~~~:: ~d:, illE C: v~ '5 i§ ~~d:ill~~ ffl v~ -C/JrtiJ~~.Q t::..l:/) ~::m v~

~~t~O)~~~~~~.

17-18:

mE~d:ft!!O)illE~:1J~&~£g-ti.~t-rtJ:<, ~J:ttJ: cO)mf1f*~~ 5r~~ ~t~. ::tt~d:

mJtif*7J'{m!J~:J: J -Cill{t Gt~t~~-r~~. :: O)J::> ~:~ft~m!Jq:t ~:~ < cill{tg-~
m~~m5a:~~cV)V), ~0)*5*~ Ct~ill{t~~~ill{tc v):>. ft.ij)}~:~~t~ftC~

~c(PJ~tJ:m~~~G. }JIJ~:, ill*~J3to)~ c:~ill~~~cv~5 ~ c ~~G.

17-19:

illE~:~d:~~:5~<~~5r~ -:J ~t~ fi1PJTiO~~ lJ, ~ tt ~illt:ic v~ 5. ~illE~~d:iWlilffii~:

illt:i7J~mq:tg-~. *HJv~illE-c'illt:i7J~-J~~:mq:rGt::.. C: ~tJ:it ~ ~ 0)~J~illt:i c v~ 5. J~

illt:i0) ra'~:~d:!J - 0 /' O)~J{U~:~ 5 1J 7J~iIJ ~ , ~ tt~: J:: J -cillt:i0)5~ ~ iO~~ft~ ~Q .
illt:i~: ~d:=fI~~ fJ, -JO)illE~: ~d:~\-r ~ O)=fI~O)illt:iiO~(PJJfil~:ff1£g-Q. illt:i7J~

---:J GiO'\tJ: v~ ~ 0) ~ill5<t1fit:iT c v~ v), ~O)ff1£ ~TlrJg- :Q~~ ~ ~~ 7J~, ~O)ff1£~d:
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~ti.~~~tlLV)tJ:V). !1BJ$mjj}~:J:: t)mE~d:IJJ7J)~tl, mliiO~m~t~rfij<. ~tO)1J~:

517J)tl:Qmt«~ N t« (~tlia;:Q v)~d:1EIi), mO)1J~:517J)tl:Qmli~ S Ii (mt«a;:Q v)~d:

itli) c v) 5. IPJflO)mt«~d:1i~:&:~Gftv), _flO)mli~d:1i~~51~ft5.

17·20:

mjj}n~m't1f*~:&~£9JJ~fljffl C, -C, 2 fI.~l:O)~JtO)imft~n) l3~~O)~Jt~7t
11119:Qtt~. -~~tJ:v)Mtmjj} H(r) ~~fifn)tlt~f*fJv, m{~ M(r, H) O);mT~:fiIJ< JJ
F m ~d:~~~4;t l3tl:Q.

F m =Iv (M(r, H)eV)HedV
::::.~mJ¥O)t~~mjj}n~~< tJ::Q rfij~~: x $Ib~ c tJ, m{~~d:-~~a;:Q C9:Q C,

Fm = VM(H) (dB/dx)
mtt;mTC*mtt;mTCO)~ft~~~~-mjj}~~~9:QC~,mttmTO).IJJ~~~

m~JJ Fm 0)fF ffl ~~ J:: t) ~~m't1;mT 0)~tl C: ~d:!£\~tfJ ~~_tJ: :Q . :: 0)~~ frJ ffl C, -c~Jt
~7t1lllC,J:: 5 c9:QO)n~m~7t1lll~a;:Q. m~JJ~~~~mJJ F g n~fiIJ~, ~t~~f*7t~

*~~d:~f*O)*~It1c, ~f*c*-llTO)f§~tJmJ3t~~ttf1ij9:QJJ F d n~fiIJ<. ::tlG F g , F d (J)

fFfflr~7t1lll~JJ.~~~:Q ~~~d:m~JJ F m ~~~:Q t~~t5m < 9tl~J:J:: v). ~tl~:~d:~m

jj}~1JD;t -c M(H) ~*~<9Qn!, dB/dx ~*~<9Qc,n)tJ:v). mjj}~5t<9Q(J)~d:

.ffliO!n)7J) t) ~N~~ a;:Q7J) G, dB/dx ~*~<9 :QI~n!tJ: ~ tlLV)~. t~ C;t~J:, ~

m't1*DI.~J < J t~m~ 7 ~ )v~-~mjj}q:r ~~fif <. ::tln! HGMS (high gradient
magnetic separation) O)£*tfJtJ:~;t1J~a;:Q.
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Lesson 18: Magnetism II
(applications)

~ -1 depending, relying
J::(:Q) to depend on, to rely on

~. -1:f.3
~ff -1'//

~ jJ / book, part, reel, volume
~«) to coil, to roll up, to wind

~f( ~~Ar)

~.gm ~~t/T~~r)

dependence
dependence, reliance

number of turns/windings
wire wound resistor

~
it« jJ / loose, moderate, relaxed

~~(t,.~) generous, lenient, loose; ~~(U) to be unguarded, to loosen, to relax {vi};
~~ (r/] Q ) to ease, to loosen, to relax {vt}; ~Q (~iJ~) generous, gentle~ lenient

~iI~ jJ /x/~ slow, sluggish
~fD jJ / r; easing, relaxation

Ml If / original, primitive
Ii~ field, plain, prairie

itT -
It!!

atom
principle

11 If / actual, existing, present
~ ;t>(9) to display, to express {vt};~ ~b(tl~) to appear, to be revealed {vi}m. 1f/~3 r) phenomenon

~m l:: 3 r) If / expression, representation

!i. :i mutual, reciprocal
t~ ~~(lt ~ ,=) mutually, reciprocally

lilttt ::JjJ /~-1
m![fFm '/ r) :J~ij- 3 r)

!Jc ~ 'Y disadvantage, error, loss
'5 Gt~(5 ) to lose, to miss (an opportunity)

~J& ~'//\-1

~.m~ T//\/'/ /~'Y
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~ :-..- 3 9 image, shape; '/9 elephant
~~~~ ~~/'7/'~39

~t~ ~1~39

natural phenomenon
subject,object, target

-I:I§
1~ '/ /' disadvantage, handicap, loss

~ z: (t~ '5 ) to harm, to hurt, to injure; ~ z: (.tl~ ) to harm, to hurt, to injure
.fJm~ 7/') 3!7'/ /~'Y (electric) power loss
~.11~ =t97/'/ /~'Y dielectric loss

~ T'Y iron
~~

~F~~~

r'Y~9

1::rY=f/''/!7
railroad, railway
nonferrous metal

~
::::I l' 9 appropriate, fair, right

~(t~.Q) to dash against, to guess correctly, to shine on, to strike, to win (a prize) {vi};
~(-C .Q) to assign, to bombard (with), to guess {vt}

~mf l' 9 :; at that time, in those days*~ (J) */' l' 9 (J) true, actual

;jR r- 9 freezing, frozen (over)
Z::J3(Q) to be frozen (over), to freeze; z: ~"(;t Q) to be frozen (over), to freeze

i**a ~ 9 Jr Y freezing
{f.Ji* v1 ~ 9 refrigeration

~ *9 satiation, weariness
~(i)'~T) to satiate, to tire{vt}; ~(~Q) to become tired of {vi}

i&!~fll tJ*9 iJ supersaturation
~F~flltRm 1::*9 iJ:; 3 9 ~1 unsaturated (state)

p'~ ;).1 barking, chirping, crying
t~(<)to bark, to chirp, to cry {vi};
td-.( GT) to beat (a drum), to blow (a whistle), to honk (a hom) {vt};
td-.(~ ) to chime, to ring, to roar, to strike {vi}

~m~~~~ tJ 7 :;=f=f 3 9 ~ 1 nuclear magnetic resonance
m-TA e /~~~ 7 / ~A 1:: /=f 3 9;).1 electron spin resonance

iJ harmony, peace, sum
td-. ~"(tJ) to quiet down {vi}; td-. ~"(~7J) mellow;
~V G( <") to calm down {vi};~V G(~f~) to ease {vt}

*'ffllmf ra' tJ / iJ :;tJ /'
fJifll Jt1 ~ / iJ t 1
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Reading Selections

18-1:

mJt1ltf-J.O) t:: AT I) ~A~Jt1~: et :Q 9ttim*~ frJm GL , 7 j- 0 !ff~~~ t:::. ~d:T ~ ~
~)Ltm~~~2.g- :Qtt~-e~:Q. *~<7t~tL 2 ftm~ ~, l}C:J~d:mJt1f*~31JJ~it

tJ:;6~G~O)~jfi~:m~~~ ~-e~2.g-:QtJJ~tJ:~0)-e, m~T-7°v:J-?'-, m~ ~

71.4, m~T~ A~;¢!~tt~:m~TQ. ~:>DcJ~d:~~tJ:'bO)-c', .-TM.fiO)~2.

*-TC: GL~vtlLv~:Qm~:J7, mJt1.JmtJ:c-e~:Q. iW~O)m~~~ ~~:et:QtJJ~

tJ:~O)~d:, mJt1f*O)9ttim*~frjmGLV~:Q. 1~~~d:m~:J7tJ:cO)m~t::ATIJ ~A

~Jt1O)~fo9ttim*~frjm GLV~:Q.

18-2:

~mJt1f*~:mfr~'~~:~ftT:Qmjjj~1JD;t:QC::, -~~:m~~-:j:/ l' O)~ft~d:~$m
jjj~:~d:%~~:~d:~~-e~~~:J}!tl~~~:Q.:.tl~m~~fom~cv~:>. ~~:~mJt1~

7l'g-~Ji~d:, tiA~~:~;ttl~1m5[~-:j:/l' ~ ~J7t-TO)~ffic~tJ:GL d:: v~7J) G,
1£J)aj~~ m ~:ft{ff Gt:::.mf~~ (mjjj He iwt C~tl~: et J L~~~ tlt:::.mft M (t) C:;6) G
M(t) = [x(m)He iwt 0)~~$7t] ~:et J LAE~~tl:Q) x(m) ~d:, ~ll~fO~:~tTQ~.~

~m) c 1PJ~0)~J:t-e4;t GtlQ. !l!{1t:f*fffO)atf-f7J~!l!{1t:mfr~~~:JJ&1&TQx*)Lt~-~d:

A =J.Jo(ml2n) cjMdH =J.Jo(ml2)X"(m)H2

O)d:: 5~: x(m) O)mi~$7tX"(m)~~~tlQ. J.Jo ~d:~~O)~m~~~Q. ~ ~ D~: x(m)
~t:::'~d:, ~O) mft{ffJt1~~~:5~tQ~f[Jmfr~,'l"~.~TQt:::,~~:~d:, mJt1O)*HVictJ: J

LV~Qll-TA 1:::/ C 5 GO)m1LfFm~A 1:::/ cm-TcO)fl31L{!pm ~~l«GtJ:~ttl~1tJ: G
tJ: v~. mjjj7J~~5jv~ c ~ ~d:, 10-10 s <Gv~O)~v~~f[Jmfr~~-eA 1::: :/r~~O)mli {!pm ~:et tJ *JT
Gv~AE~~~~:Jlg- :Q;6~, m~;6~~<tJ:Q CA t: :/cm-Te:O)f131[fFm ~=et tJ ~ J C*
v~mfra~ (10- 10_10- 6 s) ~~f[JTQ. :.tl~ll-T A 1:: :/~f[J e: v~ 5. mjjjO)*~~ 7J~~vJ

t::. e:~O)mftO)~f[J ~~~f[J e: v~ v~, mjjjO) rf:iJ~7J~~f~ Gt:::. C::~ O)~f[J ~~~f[J C: v~ 5 .
~~=~A t: :/7J!~f[Jg-Qjjj~~d:~m5[~f[Je: et~3~.

18-3:

5imJt1f*~=~$mjjj~t=P1JDTQc, m~O)x*)~~-7J!pq$~¥~.~ttQti~;¢~~Q.

~O)J::>tJ:mJt1~::~rzgTQI*)~~-fi~~m~fji~c:v~ 5. m~fl~~d:, simJt1f*O)
m~ ·ll~~Jt1O)~~7J)~f*O)~~~~$m~O))aj~~~=~ft{ffTQ. TIS ~:J::tl~1, m
~fjt~~d:, fjt~f*~ tan 8 ~mV~L'/xO)J: 5 ~=~~ tlQ.

tan 8=tan <\ + tan 8e + tan 8r

8 ~d:, m:l:J H 7J!~i1rf~ ~:~f~Gt::. C:~O)m*~ J3t B O){1lfl3J}!tl1£J ~:m ~T Q~ (J)~~

Q. TtJ:V!> , mjjj H = Ho cos mt ~:~tGL, m*~J3t7J!B = Bo cos (mt - 8) ~:~5 mfra'
~{~~TQ~O)C::TQ. m-, =, -=:Jj~d:, ~tl.:ctll::AT1)~Afjt~, rrWJlli1rffjt~,

7~iJfjt~C::J::~ttlQ. l::AT I) ~Afji~~d:, B tJ~H O)~{~~::~tGLJfj~~~--:Jt::.~~::

~~Q ~O)~, H O)~{~ 1~17 )v~t::. tJ O)fjt~ Wh ~d:'/xJ:t-c'4jt GtlQ.
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~=<jHdB

TtJ:b!>, ~ ~j:m3[l:: A T I) ~A)v-7°(J)itim~:m.£t9Q. ~.i1rfm~lj:, ~i1rfmJl

tp ~:~n\tlt~mtt-f*O)J1'j$-c'~J:m*~ftl:J:: J '""(~~Em1Jn~~C, .mi1rf:6~i1rftl,

::;.:L-)v~c L,-CI*)v:¥-~m.9Q t>0)C'6;~. ~O)m~~ ~ C9~ c~O)J:: 5
t:~~tl¢.

~ ocIfflp
z: Z:~, p ~j:ltfim, f~j:~i1rfmJlO)]aJ~f(-r:6;¢. We tt, ~f3f(})m~~*~~ l: t>f«
ff9Q. if6]aJ~.~~p(1)*~lt~7x71r-~mV~QO)~J:, We~/J\~<T~t~~l:'6;

Q.

18-4:

smmtt-f*(J)Iim. !t!~:mtt?tmc It) '5 ~ C: ~d!>Q. /'\-7 01?tm~7-f:Jv7 7 Aftf
±m~*~~mtJ:cn~, ~(1)ft~~J-e6;~. 5imtt.m~j:, ~~~.t*, A/\~~1):/

?~t*~*~t*tJ:C~:J::fJfF~~tlon~, mtt~j:~~~~lt, ~~~~tJjjA, £t&~lt

~£f&c~~lfiO)m~t.fiLtRA~tJ:c fFrl~{tf:':.~C'~QiJ\ 6it~~~TQ. mPJ~~B:

+JmT-Jilmlt~J:O)••O)~mtt:}.:LlJ -lIltcl!fDmf~~j:, )~)~?O)~O)c6;~ t)~

be; tJ: v~;6~, ~ O)mPJ~TI:tJ:¢ c, C: t> ~:~fll:~1" L" ~t:::., &!fDmftO)il.llf«ti
tt~j:7·D~*O)T3I2JlJjt1\13-rtlL<Q. ~o)~;IiJ\, ~m:m~a1itt, ~~mftdIJ., *
-)v-m~~)\7·JvmlK, mft l) 'Y7Jv, Ae/'~jt~tJ:c~mtt ••*~O)m.t1~6;Q.
1955 iF~: M..S.·Blois,Jr.1J~/,-xD1.mO)mf~&fi~~J!L, -C~*, ~mtt••Ij:J
R;miti~tpJL'I:iJf~1Jtim~ 13tl-C~~O. 9tJ:b!>, ifiiim.:rm-••macti*T-c L, '""(Q)

PJtmtt1J\13R;mrm~t1tim~, ~(J)tJ:tJ\-r:'71Y- ~-l: I) -, ~It~••;{-l: I) -, m~
!,'7Jv~:t1) -~I::-b.7 ~ VA~~ I) -tJ:c;6trm~~tlt:::.. L,iO\ L" ~-O)m~*tt

~t>Jt~ff.~*.I:~lE9Q ~ ctJ~mB-c'6;ot~NJ, I~tJ(JI:~j:~,-rL, t>J£~L, L~\

Qb~tC'~j:tJ:lt). ~B-c'Jj:, 7:t)v7YAffi±.~*~~(fb-Fe, Dy-Fe, Gd-Co) ~m
v)t:::.rei~ll • *3i1(J)7tm~~t I) -, ~m:mft.~ftJmGt~m5<tT.{A?~ft.m3[

~'Y ~tJ:C~~ffl~tlLlt~:Q. 1t!JI(J)~mtttt.~flJlGt~~Jlm~d:,IIra,~:m~tJ(Jm

1ifFffln~fI<(J)(!, 1t!JI.-r:~j:~13tltJ:~)m~*tt~ t> J ~ c:t1~IiJ~~6;~. ~t::., 11
W:6~/j\~ < tJ:Q Cm(J)~iti(J)~.~.m-r:~-tJ:~) ~itimtt). ~(J).(1)~itim.~ftJffl

Gt~ t> 0) ':, 7t~aq. 7tA1 'Y 7-tJ: ctJt 6; t), lm~tJ~im~13 tlL It ~ O.

18-5:

~if'=~J:~.-1*-c'~~~mf£~.~~mtt~.-1*c It) 5. *~~0)1~ /¥aAf£7 I-

I) mf£-f*~~~O)~J-c~Q. smmf£MC-f*c Gl~~:ft~tJ~~~O)~d:, ~mf£-c~~ cfP]
~~:§~mtt~~T~mttB~.-f*-r6;~.BmttB~m-f*-r~d:EI~~.c.~m3[~*(.JI,:lt~J L, Lmf~iJ~, ~t~i2!l:mJl~:ltgiJ L,-C.~~ti;6~~~9 ¢m~) C;Q~~

ff L,~ltl~n~, ~tttJ~1f~ ttQO)IJ:~)EO)m~M s .t3v~-cti~t-e~~. Bmtt§~.~

O)~Jc GL~t, ~"1;t /' (M2+) ~~U~7~1 "~ft~tJ ~B7013X, X ~j: CI, Br,
I)~, BaMnF4 ~cn~m13tl-C~~Q.
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18-6:

~m.m O)*i!tJ:~.~J<Gtlt~!i~O)f¥j~1tm~@]~c v)v), ~O),ti.~J:.~

@]~c [PJ L:J:: 5 tJ:l& t) 1&v)7J~Wf~tl~. m~@]~~:~.1t*v)-c.mt I 1tmtTC, ~(J)

*b t) ~:, mtln~~i! G7J~, @]~(J)l:~ m n~*i!v)t~l1), m*.~J:mq:ra9~:m~@]~

~:rclJ -c~ L:, ~~~£-AE(J)m* F 7J~mm@]~1tJmG z: C ~:tJ:G. Z:(J) C i!7 /~-)v
(J) ~Jlrj ~: J:: t)

cjH-dl =I
~~~ffi, ~mO)~~1tm~@]~0)~.~fi5~, mm@]~O)~OO~1ts~G-c~=

BS =JlHS ~~~iJ) G
tPf>(dllJJS) =I

7J~~ 0 ll.'J. ~t1~d:.m@]Im~I 1t~.1.J, 4> ~.mt, dllJJS 1t~~ dl O)@J~O)gtJLc:
~7Lt~~i!, ;t-AO)~j{fj~:m~GLv)~. m~@]~~~J:I 1t~m1.J, cj(dl/J,lS) 1tm~
gtJL~ v) '5. !Ji~tJ:!i~O)f¥j~1t z: 7Lt~~~tJ:f¥j~O)mm@]~~~J:, ~)v t::* 'Y 7 O)~

j{fj7J~~ll.J. m~@]~O)~7L1J~d:.mE~~J£~O)~tM ·l&t)1&v)~:1fffl~~~.

18-7:

m~@]~~:Sv)L, .~@]~O)gtJL~:m~TG.1tm~gtJL~~v)~J:l)7!J~ /A C
v) 5. m~@]~~~d:~m1.JNi (mmt x ~f{) n~~.1.J ~:, m~1tJm~m* 4> n~mmt~:m
~ G-Cs t), Rm =Ni/4>7J~m~gtJL Rm O)AE~~~~. ~m. Jl7J~m~~25.~:~tJt\G

-cv)~O)~, ~~ I, ~OO~ S O)m'tif*O)m~gtJL~d: Rm =lIJlS ~47L GtlG. m~@]~

~:sv) -c~.~@]~c [PJ3~::t:)v 1:::* 'Y 7 (J)~J{rj n~~ll.T~. Gt~n~ J -cm~MtJL Rml

~ Rm2 0) 2 'JO)m'tif*1tTIl~J~:'JtJ:~'~vitt~ ~O)~d: Rml + Rm2, Mt~U~:'JtJ:v)ti~O)

~J: (Rm1-
1 + Rm2-

1
)-1 ~ v) 5 *i!~ O)m~MtJL1t~ J z: ~ ~:tJ:~. mtl~:J:: ~.~MtJLO)~

{fj~d:m~MtJL~jj* ~ J:: ~ttl~.

18-8:

mtl1t7J)~t~ z: C ~:J:: J -cm~MtJL7J~~{r:T~m~. mtl7J~mmtO)rmi! ~:~TIltJ:tI~

1ttM~*, .lJZfTtJ::I:~~1t.~jj*cv)v), tfJm~d:tM~*O)1J7J~1§Gv). Jm1it, gtJL~d:mtl

n~7J)iJ)~ cm1JDT ~7J~, ~1>T ~tI~~ ~~. ~1>T ~:I:~~1t~~:~O)m~MtJL~jj*c

v) 5. m~q:r1tJl'hT~~~m-=f~:~d:, JI'hO)rmi! ~:~TIl~: 0-V /~1.J7J~fiIJ <. GiJ)
G, m-=f0)7 I.)V~ OOiJ~~1Ja9tJ::t~~~:~d:, mt1rtO)rmi!~:~TIl~:mtl1tiJ)~tQ c, 0

V /~1.J0)~J.J*1tt) ct '5 C~Tl~9 J: '5 ~:*- )v.:l:~n~~ G, mi1rt~d:mtlO)~.~~~ttJ:

v). 7 I)V~ 00~:ft15't1n~~ tJ, 7 I.)v~ OOl:O){}[OO:~:J: tJm-=fO)1f~jj••~*lfD~ra~

n~fttJ:~tI~~:*)]6bLmtlO)~jj*n~mtl~.9tJ:Vt) , .-=f7J~,ti.O)fttJ:~ v) <J7J)O)
!1)v-7°~:~~tGtlQ cT~ c, [PJ c:~.m:t~~m:l:~O) ~ c~mEtlG~!1)v-7°~'~0)

mifrt~d:rmi!n~-~it9, ~O)*fi*~mi1rtO)*~~n~~1>TQ. ~O)tI~, mtl~:J: tJg
tJLn,m*TQ. m:l:~1tmi1rt~:.lJZfT~:iJ)~tt~ c i!~, 7 I)V~ OOiJ~ft1J,tia9~~tl~tMtJL

7J~m1JD9~. 5AtmtlO) ~ c: -r:, 7 I)V ~ OOl:O)m-=f~d:7 I)V ~ 00O)mtl~:~TIltJ:~ tJ D
~:rdJ L@]~JI'h1tfT'5. -~~:, :. O)~ 0 Dn~M C:t~,Jt~1ttJ: GLV)G c i!, tM~jj*

~d:5Atm:l:~0)~~H-c'-'AEO){~~:~fDT~ z: C:7J~7J'~ tl~. 7 I)V~ OOn~JJ):1-7 /*O)!ji
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~~:f~G-C v) Q C~~: ~j:, mtJ.lO)rtiJ~~: J:: ~ 1m v)t~fJL)!!7J~~ G.Q tJ.l,@;7J~~.Q. ~0)tJ.l,@;

~:~j:m~mm~d:~fDit~, mtJ.l c c ~ ~:.Wij~:m1Jll9~. Gt~7J~J -C, §mtJ.l~:.t3~t ~

m5ammO).1iJtttJ) 6, 7 xJLt~ OOo)~~:Jv)-C~~7J~ft6tl~. itO)m~mm~jj*tJ~

~GQtI. ~d:v) ::> v)::> ~.Q . mJtt~~lfo/.J~~U~~(! ~d:, mtJ.l~ tJ) ~t .Q c ~~lfo/.J0) A 1::
/O)rtiJ~7J~~~~tl.Qt~6b~:, ~~lfo/.JA 1:: /~:J::.Q • .:rO)fX!L;Q~5j~* ~, gm;Q~~~9

o. *t~~~lfo/.JO)t.l~;Q~~v)tJ.l,@;~:~J:, 1bfx:O)~~lfo/.J~:J::o::I l::: - V / "t~~!L~:J:: J
-C.-T~~~:mi1£O)ftJirtiJn~~ GQ (7/~-'/ / mi1£). ~0)~:1J*~:J:: fJ {!trA(!mm7J~m
*9.Q;Q~, mtJ.l~tJ)~t.Q c~tl7J~ • .:rO)mi1£~.9i1J~~9Qt~6b~:, mmO)~~;Q~~

6tl.Q. %tmJtt~,a-e~J:, EJ~m{~~:J::.QI*J$mtJ.l7J~&~• .:r0)~'h~:~.900)~,

ftfm~::.mtO)rtiJ~ ~::J: ~.1iJttn~~ C; ~. Z:tl't>m~gm~jj*o)-.l:~Q.

18-9:

mJttf*O)m{~O)mv)=F~:fiJ~'hfl7J~f~J-Cv)~t::~~:,mJttf*O)m{~~{~cmJttf*~

f*0)@]tiiC7J~~f*9.Q~~, .y~1 Dm5a~:1J*c~ v) '5. EJ liI@]tiin~-e~.Q J:: '5 ~:~2[g

Gt~%tmJttf*~:, ~$tJ) 6 @]tii$dJ1irtiJ~:mtJ.l~1JD;t.Q C, ~O)mJttf*~:@]tiin~~ G.Q.
~0)~~~71 /~.:z.~1 /- ~ • J\-A~:1J*CV)'5 (A. Einstein C W. J. deHaas, 1915
~). lfo/.JJtq:tO)• .:rO)fJL)!!~'h*t::~j:A 1::: /~:J::.Q ~ 7 otJ:m5a~-~ / "n~.-TO)7J

~l39fiJ~fJJ.c*5rtJv)-Cv).Q ~ C~:1iI*9Q. 5!im~ttf*0)P1tt~:.~J~t, *HIv)~~tt

*-c'JQ G, ~fj{Uo):J1 JLt~:.ifrt~iJTtG-CmtJ.l~1Jll;t, mJttf*~J:rtiJ~~:m1~G-C.t3~,

m~ttf*~~Jl: ~ itQ. ~~:-Imfi;tA1'/7~-Imfi;t-C.iJTtO)rtiJ~~~;t, mtJ.l~rrtiJ~

~:: G, m~tif*O)m{~ ~ rrtiJ~ ~::~;t.Q . m{~ ~::fiJ ~fJJfl7J~f~J LV)~ t:: ~, m1~ 0)ocE
~:f~J -C, m1~0){El v)=FO)fiJ~fJJ. ~OCE9Q7J~, fiJ~fJJ.f*ffJ{U~:fJEJ -C, ~fiJ~fJJ

.~d: 0 ~:f*t::tltJ:~ttl~ttJ: GtJ:v)O)-e, m~ttf**f*tJ~m5[O)mv)=FO)fiJ~fJJ.~1~~fT

~~9 J:: '5 ~:@]E~Ml&) Q. ~O)@]E~d:m~t~f*~:~{t~tt::.~:~ -ct~7CO)fi.O) A7-J!t1:
O)~fJJ-etRU~l:'~Q. J:O)~~l:'~d:m5aO)m v)=FO)~fJJ cmJtif**f* c O)ra~ ~:fEfRf~m

~~Q~c~&~G~~, ~G~tl~~~tl~, m5a~-~/,,~~m~fJJ~~~Q~

~tl:'ocEl:'~tJ:v). ~ O)~M7J) 6, m~O)mv)=FO)m5at-~ / "cfiJ~fJJ.cO)tl:7J~

t1c~-c'~Q. ~0)*5*, ~<O)mJtif*O)m5aO){El v)=F~d: • .:rO)fJL)!!~JJJ.-c'~d:tJ: <, •
-TO) A l:: / (EJE) -c'~.Q:: c7J~btJ)J t~.

71 /~:l.~1 /- ~ · J\-A~:1J*O)~~:1J*, 9tJ:b!>m1~G-cv)tJ:v)m~ttf*~:@]E

~4;t.Q c:m1l::n~~~.Q~~O)1in~, ~~1f!< 1914 ~~:S. Barnett ~:J: J -C~v)ti.~ tl
-C.t3 tJ, J'--*~ ~~1J*cJ::~ttlQ.

18-10:

m!~~::J::.Qtto/.JJtO)7C~I39Jt1Jt7J~~{~9.Q~~~m5[7C~~j)*cv) '5. z:tl~:~d:, mtJ.l
~:J::QI*J!t~--~f5L0)7t~~~-c'~.Q~-7 /~j)*, m5[mE7C~~-c'~.Q 7777
~:1J*, m~fi}ffitJT~~-c'~.Q7 ~--7 "t:1J* (:1 'Y "/ • b-l' /~:1J*) O)~~tJ)~:, m
5[tJ-7JJ*, m~ocM, m5aP1={g~titJ:C7J~~.Q. ~tl60)~~~d:, 11fi*JlI39~:~d:m~ttf*

q:tO).-TO)~~~f5Lo)A1::: / • fJL)!!f~R{~m ~:J::.QI*)!t~-7t~O)*~~ ~:ttf?iJ G-C
~ t:Q z: c:n~b7J\J -Cv)Q.
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18-11:

m5[J't~~JJ*o)DcJ. mJt11*~~Ill*l~J't~AMGt=:~ft,E[MJ'tO)~J'ttl\mn~mf~

M ~~etJL~bQm~~d!>Q. m{~jj(ti]n~AMoosetlJJ't~E[MTQ~.~OO (E[M
(0) ctJ:Tjj(ti]~:etJ-C, ~O)et'5~~Jt.~tl~. (I)tI(~-7-)jJ-~jj*:m{~jj

(ti]n~AMoopq~:d!>lJ, 7J)JE[MOO~:~llltJ:~ft (Eo ~j:.~O)jj(ti]). (2) .jJ-~jj* : m
{~jj(ti]7J~AMoopq~:d!> lJ, 7J)JE[MOO~~Sflf-jtJ:~ft. (1), (2) O)~ft, E[MJ't~j:mp:j~

J't~:tJ: fJ, mp:j(1)±$(b7J~@JfiT~. (3) .jJ-~jj* : mf~jj(ti]7J~AMOO~~~fil~, ir~J

E[MOO~:Sflf-jtJ:~ft. ::. O)~ft~J:E[MJ'tO)~J'tOOO)@Jfi~J:~ 69, s *t=:~J: p ~J't (J't
(1).5[~7 ~ )v7J~AMOO~:~fil*t=:~j:Sflf-j~:~J t=:·J't) (1)AM~:~t ~ -C, E[M$t2~t7J~

~f~T~.

18-12: .3ttfi.~.(~~804-805)

m~r:pO).Tcif~O)fI3RfFffl~::~~T:Qm~O)~~. ~m~ (H) r:p ~::fil7J)t1t=:, {Jf
7Aft0)~~d!>:Q v)~d:~~~~::~7J) Gmif~ (~JJJ~7 ~)v q, ftJ~JJJ~m) ~imT C, ~O)

et '5 tJ:m~7J~lliltl ~ tl~.

(1) if.~17 0 ~ 0 /;jt~~'(q .1 H) : .T7J~7~ J /~~l&~-C7/7''7~{ftr~~~ilf$

~, if~o)I*)v:¥-n~~~~~~:~l&~tl~m~. ~~~~flF~j: m= nme (n =1, 2, ...),
tc.t2 ~ roe =eHlmc (e ~j:.-T(1).fpJO)*f5~tf~, m ~j:.T(1)~~jj••, c ~j:J't~).

(2) ~{iiJ~~~~~ (q .1 H) : .TO)~1 7 0 ~ 0 /,)lJJJO)Ill~ 2re =2kF ltc/(eH) (kF ~j: 7 X

)v~~~, It ~J:7°7/7tE~~2n -c'~UJ t=:fi) cif~O)~~ An~-~T~ c ~~l&7J~1i

*~:tJ:Qm~. ~~~~flF~J: 2re =nA (n =1, 2, ... ).
(3) 1m v)t=:$JLiEtO)mT~:et ~~~~~l& (q .1 H) : 7 X)v ~ OO7J~1mv)t=:$JLiEt~ 'bJ~~~~J:,
~~.T~J:~~r~~~.mJML1x = Ghc/(eH) (G ~J:lmv)t=:$JLiEtO).mJM)O).mJM)lJJJ~T~. z:.
O).TO))lJJJjj(ti]~:if~~imT C, L1x =nA (n =1, 2, ... ) 7J~~t=: ~ tl~ C~~~~~l&
n~~~.

(4) ~ • J\-'A-7 7 /' · 7 )v7 I /'~~JJJ (q .1 H) : 7 .:r.)v~ • X*Jv:¥-~'bJmT
O)~~d: H ~~;t~ c ~.mJM~ ~:~{~TG. ~O)*a*, ~l&f*~ 'b H- l

0).mJMOO~c tJ:
~. .mJM~d: LlH- l =hel(mcep) (ep ~d:.TO) 7 X)v ~ • I*Jv:¥-). z:. O)m~~j:, ~~~:

.T~~m~~, m{~$O)~· J\-'A-77/· 7)v7I/,~jj*c(PJC:~m~~~tJf~'b

J.

(5) g*fi-T~a (q II H) : 5im:l:J (me » m) ~-C~J:, m-TO) 7 /'7''7~{ftO)r~'~7J~*~ <
t~ fJ, ~l&f*~~d: H (1)~~c ~ -C$lv) 1::-7 ~~T. ~l&~flF~J: Ep =hWe (n + 1/2) (n =
1, 2, ... ). .mJM LlH- 1 ~d: (4) c-~G, z:O)m~'b~~~:fiT~~m~-c'd!>:Q.

~l: (1)-(5) O)~~~:Jv)-C~l&f*~O).mJMLlH- 1 ~iltltETQ z: c ~:J:: tJ, 7 x)v~ 00
O)m~~t~~ z:. cn~-c~~.

18-13:

m5[{fJ{*~d:, mJt11*O)m5[~fi~jj*~frjmG, {fJ{*~1 7 )v~fMJiX:T:Q{fJ{*jj~-c' d!>
:Q. mJt11*n~7AftJJt Tl -c'~7Aft~~:m{~~tlQj:~ft, 7F~ct~:Qm5[I/ ~ 0 e- L1SJ ~J:,

~L1Ql (LlQl = LlSJ-Tl ) o)~-c'~m~tl.Q. *t=:z:.O)~ilfj-c'd!>~~7Aft¥~m~7AftJJt T2 -c'1T
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~ e, mlt1f*~'j:, m~I/' ~ 0 t:-O)m1Jo7t L1SJ ~, ~ L1Q2 (= L1SJ-T2 ) 0)~~~$i7\ 6
!&t)AtlQ. Gt~n~JL, llfj~O)lIm~~11fft~, f~~O)lIm~{lf11fft~fTlt~, ~tlG 2-:J
O)lImO)rt3~~lI~tJ:lIm~~~~e, m~{-fJ{*~~? )vn~~,,*~tlQ. -15, {-fJ{*fF~~

fT~mlt1f*o)I/'"0 t:-~'j:, 11fftJJt T em~ H (1)OOIc-c'd!>Qm~I/' ~ 0 t:- SJ (T,
B) e, ~ 20 K ~J:.~~G<m*G11fftJJtO)~O)OOIc~d!>Q~TI/' ~ 0 t:- SL (n cO)
fll~d!>~ (z:O)~ft, ~~.T~'j:1ft€1JlGllt~Q). Gt~n~-:J-C, SJ» SL 0){lf11fft~~~'j:, 2
JO)~11fftllmO)rt3~~, ~~l~m~J::ltmf~-r~~5~jJ)v.l-· ~~ ? )vn~, *t~ SJ -5: SL
~~~~'j:, fr{-fJ~~mlt~-c~,,*~tlQ~m~lIm~ 2 -:JO)~11fftllmrt3~~~lt, SL O)~jj

*~'*< J:::> tJ:m~I. J)? '/ /' •~~?)vn~mlt~ GtlLlt~Q.

18-14:

~mlt1~JX~mlt!c~~f*Jt!~[I:JJ~~~7J'T~Ji~,~~f*cG-CO)fj~ O)It1JiIO~mJt!

~:J: J L~<~.~tlG ~(1)~lt~ ~. EuS tJ: c(1) NaCI ~~~~~J1Jj±lijJ)v:J-Yj
~~, CdCrSe4 tJ:cO)jJ)v:J-Yj-~ ~A l::*)v~, NiPS3 tJ:cO)~3~~J) /,jJ)v:J-Y
j-~ ~n~f~~a9tJ:~O)~, mJt1~m:> 3d *t~~'j:4f~~~;t/'n~lI~tJ:f~~.IUH:~~

mrmT~:AJ -Clt~Q. ::tl G~'j:fJl,,*~:J:: J L~mJt1i7\ G&~mlt1*-c'~bQ~#RtJ:m~

a9Jt1Ji C, .~~~tJ: ~~f*a9~~It1 ~fJm ;t-C It ~ Q. ~::L J) -11fft~ (* t~ ~'j:*- )v11fftJJt)
O)JlI< -c'm~~~$n~*~ <~f~Gt~ t), *~tJ:~O)m~~m~.#*-)v~jj*tJ:cO)

~~a9~m.m~~*~7J'G~t), ~O).~~~~.~11fftJJt~#tt~m~~#tt~~T.

~tl60)~~~'j:, ~mrl*J.TO)~CQJajWJa9~T/'~~ )vn~mlt1~ ;t/'O)~-:Jm~t-

~ /'''0)~2~JO)f~T~:~#T.Q ~ e, ~J::lt.T(1)Al::/'em~t-~ /'" eO)m~a9

f§lifFmn~mTO)~~tQft~LO)L§{~etJ:Q:: e ~:OOf* GLlt~Q. tJ:~, II-VI ~t~~'j:

IV-VI ~~f*~:mJt1~~~M!~n~7/'-Yb. ~:A J t~immr* (Cd1_xMnxTe, Hg1_xMnxSe,
Pb1_xEuxTe tJ:c) ~'j:~mJt1~~f**t~~'j:1Ii~mJt1~2if*eJ:~ttl, ~~~~ J) -V-em
~t-~ /' ~ e(1)f§1ifFffl ~Jm Ct~fi.tf*o)J\/' ~.~O)~{~~JX~ Gt~~~n~J!lt~ti~

tlLV~Q. *t~~~ J) -V-t,l~~ffjfJ~TQ:: e~:J: tJ, m~a9Jt1Ji~~;tQ:: e ~-c'~

Q. ~1£*-c' ~:~ 6 tlLlt~QmJt1~~f*-c'~'j:~O)~::LJ) -11fft~n~~11fftJ:: t) {If <, ~ffla9

tJ:*TtJ:.C~O)J;tffl ~'j:*ti~M G-Clt~tJ: lt~. -l5~mJt1~~f*-c'~'j:, mJt1~K41~O)fjli

~tl~, ~$m~0)~1~~:~tGL~0)~~f*a9Jt1Jin~~bQO)-c', ~~f*O)~Glt~flfi~

~5f tHT C lt~:> J!!-tH7J\ Gi±EI ~ tl-C~ J), ~~~~, ~~*TtJ:c~0)PC\m7J1~;tGtl
Llt~.Q.

18-15:

Si ~ Ge (}) pin ~~O)-Y~;t-~~, *TJ*J$~:i±A~tlt~~-vJ) Y-O)M*5~Jm~
~m~~=J: J -C~{l::~it, ~Jt!~ffjfJlapT~ z: ctJ~-r:~ ~ ~~;t- r. ~Jt1~~f*~~i
O)(Uij{J{Ij~= p ~J:U: n ~~~J <tJ, i ~~O)Wlfi~:i±A:f-~ 1) -V-O)R~ftn~Ii~L*
~ v~~lfiO)mv~~~ r ~J <tJ, ftf!O)lfi~R*5fttJ~/J\ ~ v~l~ Gi7)tJ:lfi~:T ~. ::. O)*T
,:}rr!1l5rttJ ~:J,~ 7 A mifrt ~ifrtT c, (Uijt1€ftiJ\ GlEJL, ~TtJ!i±A ~ tl, i ~~(1)~~~
~$7J!mT. ::.tl~: r~~~:•• e~Ul~:m!~~1JD;tQe, m!~O)l5rttJ~:J:J -r7±A~

tlt~.TclEJLn!R*aftn!*~v~~~fJ!Ij~:~ t), ~Jm~:M*5ft G-r~~~G, mr1rtfr«~'j:~

1>TQ. m~~Ii~~itQ e~~ 1) -V-~'j:~l5rttJ~:EtH~j Gtl, M*aftn!1>tJ: <tJ: t), •
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i1rfiO~m1JDTG. ~1 ~- ~ ~:i9!J\17A~1JD;tt~~ftO)~If1~1m~O)r6.n~~~ c Iv ctJ:
v). 7)v~::r)bm5it~~1~- ~~1, tt~~~5jv)m~~~J3£n~J::v)n~, Mim~~~fDT

~!XJ~iO~lY.:>~. :.O)t~~, ~~J~A1 '/7, ~f}[--e/'~-tJ:c~:Jt\ffl~tl,'~'):J /'m
5it~~1 ~- ~ ~d:, m~O)~l:tl ~:ffjffl ~ tl~.

18-16:

mlf1f*O)3-Fil.If1~ffjfflGt~m~MU. ~fJ] G~Tv)5!tmlf1f*ftf.f~J< 6tlt~=I00~

JL\~:JfI*IOO~:ili1rfUlJJm~. N e ~, Pfij{J{tlO)IOO~:~t~~:~i1rfUlJJm~. N L ~~v)lil7JJ~

~Gt~ ~O)~d:ili1rf~.~:.i1rf~i1rfT:' ~ ~:J:: J l, ~i1rf~.0)3-F.~1/'~7 ~ /'AiO~
~1"T~. :.O)J:: 5 ~=3-F.~1 /'~7 ~ /'AO)~i1rt1 /' l:::-~~/'A ~ili1rf.i1rf~*,J~T

~ J:: '5 ~: Gt~ ~ 0)~PJ~fJ] ') 7 7 l')v Cv) '5. m5itm~MU~1 ~ O)PJ~fD ') 7 7 l')v~m
v)lm~ifFm~fTvitGJ::'5~:Gt~~O)~lY.:>~. PJ~fD')771')v~~~T~c, ili1rf
AJJ.i1rf~:J:: J l~i1rfl:tlJJ.i1rfn~*,J~~ tlm~MU ~ Gl mv) Gtl~. l:tlJJ~i1rf.i1rfO)-*

tJt3Jl~fmI I L ~AJJili1rf.i1rf Ie O)rp'~:~:t7 /'''''7 ~ - /,O)$J{U NeIe == NLILiO~~liTG.
::.tlJ:: 0 NelNL ~*~ <Ttl~t/J\ ~ tJ:ili1rfAJJ.i1rt~*~tJ:~i1rfl:tlJJ I L ~~~G ~ ciO~

-c'~, m~MUc Glib <. PJ~fJ] ') 7 7- l')v~:~~~*JR~nmG, ~i1rfl:tlJJ.i1rf~mi1rf G
-cAJJ.i1rfcm1JoVG J:: '5 ~:~~~.~:i1rtT::' c ~:J:: J lIE~~~fTv), m~MJ3£~l:~j

GJ:: '5~: Gt~ ~(J)~~$~~~m5itm~MUc v) '5. ::.tl~:~tG-CEJc~~~m5itm~MU

~:t, ~~~.~ ~t~~, ~ 0 ~:l:tlJJ@J~~:mi1rtU~il~U~:f~~T~ ~ e~l:tlJJ~.EJf*

~:ilt1rt~7t~i1rfG, ~~~.~fPJC~:1J*~~~~ ~0)~lY.:>~. ~O)~~iO\, ~1f1a~~M!m

§ ~O)t~~~:fl1:t O)@J~n~~~~ tl-cv)~.

18-17:

~m~:~:tm5it~~Jf~~Jm&~f*~~TiO~,tJ:Ju6iJ\O)m~~If1.~~Tm&~f*

(J):t~~:~J};<M!vtl-cv)~. m~m&~f*e ~ v)v), ~~:5!tmlf1n~r~'MetJ:~ e ~5~

mlf1m&~f*e v) '5. m~1 ~ /,O)If1.~v'S",,~ *v) (J)jlv)tJ: c~:J:: ~, v) <In\O)~1
7°~:7t~~~ ~. (1) m5it1 ~/'iO~mTJ~ ~mJ{rj~~: J5l1) 1: 1 J O)ltlmT~~~G-c V)
G J:: '5 tJ:m&~f*. fff±~7C~ ~~U~ X 7"V )v{~ft~m~ 0 Vr) b • T l' 7 ~71 ~ tJ:
C (J)-=:7C{~ft!fo/.Jm&~f*~:J: ':J -c{~~~ tlG. ::. tl G (J){~ft!fo/.J~~d:, ~(J)*5MJf¥j~l:(J)

!lI!EBiJ\6m~1 ~ /' em&~mTrp'O)~~ffjlif!PmiO~~5jv)t~l1),m~1~/'iO~~ltlmT

l:~:lY.:>G~:~iJ)iJ~vG~m&~iO~~G. m~1 ~/'~d:-~~:m&~~~JfI~~l!rilm~

~Jf~~G, ~O)m~~Jf~d:5~mlf1~.&5~mlf1~~~d:~< .tJ:~t~7JJ*~m&~~:&~£

T. 5im1f1(J)#jft, :f-:l- ') -ilfftJ3£ (Tc) ~-*O)f§E3~~G-cm&~~Jm~i.n, ~&

~5~mlf1~Jm e tJ: ~. .&5~mlf1 (J)#jft ~d:, *- )vilfftJ3£ (TN) j[[m~m&2i~'j ~j:m~~

~ /' l' O)~ 6 ~'0)~.~5!t< ~~t~iO~-~~:1it&~~Jm~:~~:: etc! <.&5~mlf1~l!.

~Jf~~ffT~. :. O)J:: 5 tJ:m5it~JfO)m&~~O)r6.O)~*HJ~j:, t~ ~;tlt.1ittJ:J:$

*Jf.m~O)ilfftJ3£HH*JR c G-c1l1Jt1J~ tlG. (2) ~ilfft~j[[Hi~:1J*~:~fPJGt~v'S""G*v)~~T
iJ1, j[[HiilfftJ3£~r O)f~ili!-c'm&~~:tJ:~~m.iJ~lY.:> ~. CeCu2Si2 ~ UBe13 tJ: ciO~:: O)$~
~:~TG. ~O)~. c G-cf~ilfft.Ttt~O)ilfftJ3£ttf1tl)E~IO~iJ1i~(J)~~~:tt~-C~Ef{ti,~

*~ <, *Jf.m#jO)m&~E3ilfft~'"C'O)lL~J:iJ1 tJ IO~~~~~:*~ v):: ctJ: cI01*~j Gtl
Q. (3) (1), (2) O)m&~f*O)mJf1~J:/F~~tJ:f .TW:~:EB*TG}EJ1:Em5it~- ~ /' 1'~:
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J:~n~, BJj(})~17°(/)mttm~2i-f*c: (.;Li!!lfl~mtt~~9i131ti~0) d .-T':J::~m

~~~~;t ~ tlQ".. (,;;0\ L, J :. O)fjO)mttm~~-f*(})~tt ~d: ~)9n~* t~fJJJ 6 ;Q\C'tJ: ~ l.
(4) ti~.(J)m~1~'/~••~~~¥AC L,Lf3.-TJ:aJ:~:~mJlIJI:~Um~~-f*~J 'b
C: ~ cm~ijJ~O)m~~IJ1!~(})7J.J~~~~Q t::.ltJI:m~~ ttt::.. ~(})m~~E3U~j:

S5[1 ~/.Ilt1~#.tJ:tifSHC'~j:.ll~:JtgiJL,LM~L" ii~J fl at. % mllO)D&WII
1l~J: -c~d:m~jjlj:~ ~ tJ: t,,). :. O)fjCl)m~~-f*Id:**(1)-(3) O)mttm~~-f*C: ~d:g
iJlJ~ tt~~~C'~:Q.

18-18: ll11ai* (4IJJJJ!844-845)

5§imtt.fjL-T (filfI : fl nm-~+ nm) ~i3R¥~~:7tftt~itt=:J01 ~i3~~mttu.t

-f*c vl Vl , J!tI\~tJ:~mtt~-f*O)J: '5 t~~.vl~/F9. t~ c;t~t, mttu.tf*~iill:mJl

~t=rJ1JD9 ~ c, mJa1i(tij~:}g{£f1 Gl@fEfftfIlf*~,:~mGt::. tJ, ~(jj':A/\17~0)~

~n~mt1~ (~(jj~tc~tt). ~mtt.fjl-T~J:, m~~, 3ttt~, ~i5ttfjA~~~~~

~~:etJ-CfF~~tt, m~m~~~9. ~O)et5t~~fjL-T~~f*~':7tftt~itT~, fjl
-Tra'0)511J (m~1J + 7"7 '/ • r)v · IJ-JVA1J) (J)t::.lIJ~:', fjl-T~5 L,;Q~.~G, tt
~GLL,*5. ~tt~§jjl1:9Qt::.69l:, fjl-T~OO~:;tv1/M~I) /-)vMtJ:c1fWrfIi
7t-TO)~oo~tt~J~Mfi~i!Q c, iUi7t-Tra":f-F1Ji?~.~, .fjl-T~j:.~ GtJ:t,,~~tc~

l:7tfttL:L~)~ ~ l:t1~C'~~. 1!mJa~-c'~J:~fjlT~d:@lE· ~~~ '7 '7 /~Ih~ L,-C~)
:QtJ~, mJa~t=lJ1JD9 ~ c, JXti-T*tJlifFJfJ ':J: J lmJa1i(tij~:fjl-T;6~i!t!. L" ? 7 A~
~m~9Q. et <M!bttllt).Qmttil-f*~1, M~0)~oo~tt~J~MfiL,t~~~*~1"

(F~OJ~, x ,/j}"/ • ~1}7 I.71 "(l).fjl-T~, 71<, 1\77-1 '/, 7 )v=f)v77~ I)
/tJ:c(1)m.lfll::it.~1tt::.~(l)~~Q. 1965 ~I:, S. S. Papell ~:J:: J lfF~~tt-r

~*, .~I:: ~mJilI~ ~aat1~1JDx6tt, ~1±-eJj:-Jil7t=:1-~ 2/li-f*c G-clll Olt
:> ~ ctJ~-e~ ~ *~I:tJ::> l~~~. ~~JJ~J:~mttl1rf-f*cet~ttt-Ct"lt::.tJ~, mttllt*J~~'

9G~~mtt~~~tJ:~~(/)~, ~1±-e~j:!t!J:mttil-f*cet~itl.Lt,,)~.

R¥.tJ~~.ttlii*O)mttl1rf-f*~J:~.tt ~1f G, ~.ttitttl1rf-f* C: J: ~itl.Q. ~ (1)Jaft
~J:, 51-86mJa C: O)tIllifFJfJ l:~d:, l1rff*Cl)mft C:i1tt-f*1fl ~l1rftt.Q.i1tt c O)jJtij1it1~.49~.

mi1u.t-f*II1fO)~ttt~~t~~~tt.Q (J) ~J:~F~.ttmtti1tt-f*l:-S It)-C-C~ fJ, ¥1:itttl1rf-f*
C: v~:> Jaft~J:~tl~~9. M~O)gij~i~O)Jaft~~.Q.

mtti1tt-f*O)mftO)flf[]~rp'~d:, ftg(/)l1rff*1J~tf(]~tt~ra":!t~Lti!illil:/J\~ <, mft
O)~~ M lJ:~rp'I:JJ:m:m{t{ff L,tJ: v) l: L, -ClN fJ 1&:> ~ C:tJ~-e~~. ~ 0) l: ~, M 11#
l:mJlO)~~ H c~fi~~ IJ, ~O)*~~ M ~d:, mi1li-f*O)~1l p, lJlll T .t3J:v:It
JaO)5§i~ HO)OO~CtJ:~. M=J(p, T, 1:1) ~mftO)~!l1i~JtC:J::.6~. f~d:~tl~tt(J)

mi1u.tf*l:~*oOO~~~~. ~O)lN01&v)~J:, 7-t:7~tb~l:iliv)~JJJIt0)~$~

3mJa~'\fFm9 oJaftO)J: 5 ~:, H (J)~ra'~f~n'\ti;;:ftil:. G~)Jaft~~v)-c~l:1f7J.J

~~.Q.

mttli-f*~, @lE.~, ~., #.*~O)!tm~7t., mi1~~H, ~~~.~£I

~tf(] l:J1: <fUm ~ ttlv) ~.
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Lesson 19: Electricity I
(fundamentals)

S .:c. / affinity, connection, destiny, fate, relation
~S'" t> brink, edge, rim, border

}ajji ~.::Lr)I/'

$&jif* ~YX/'?T-1

periphery,border, fringe
insulator

iiHi tJ cost, price, value
~ t::.. v~ cost, price, value

fiffi~

~fiffi

valence number
evaluation, assessment, rating

......
iRJ tJ load

~: baggage, cargo, load; ~:tJ:(:» to bear (a burden), to carry
111iiJ T /' tJ electric charge
ft1iiJ 7tJ ~~

=]1,
~ tJ 7 husk, hull, shell

iJ~ G earth's crust, hull, husk, shell (egg or nut)
~1I-=f tJ7T/~

r*J~ 7-1tJ7
shell electron
inner shell

-I:;!i
1~ II :J r) defying, resisting

J±tJt1ftiL
lI~t1ftiL~

7 y 1) 3 7 7-1 :J r)
T/~T-1:Jr)~~

pressure drag
electrical resistance type

&: -!t difference, variation
~ (9) to carry (on the shoulder), to put up (an umbrella), to stretch out (a hand)

~$~~~ tJ 7 I) 'YT~::f-!t random error
1L&)~~ *~&):i-!t rounding error

EI ~ oneself; :; oneself
~-riJ\( G) (by) oneself, personally

§~~~ft ~~/7/::f

§JJJ*U1~ ~ ~ r)t-1 =¥ 3
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f@ i!'Y cutting off, ending, eradicating
tc.(;t .Q ); to die out, to end, to fail {vi}; tc. ('J) to eradicate, to shut off {vt};
tC.(~9) to exterminate, to root out {vt}

~~tt&lJ3t i! 'Y ~1 ;t /' ~ absolute temperature
~~tfl i! 'Y ~1 T absolute value

-ttl-
W ~1 band, belt, zone

~lt band, belt, sash; ~(lt.Q) to assume, to be armed with, to carry, to wear (at the belt)
fiffim-TiWi tJ T /'~~1 valence band
~~m T /' ~ ry~1 conduction band

t,g 71 resisting, touching
J*J$~tJL

*~~t1~tJL

''W:'"w
lEI! T / electricity

m5[
m-T

71 ~T1:Jry

*/,--e1T1:Jry
internal resistance
viscous drag

electricity
electron

~8

~ ~ ry leading
~ tJ It(<)to conduct, to guide, to lead

~f* ~ry~1

~~ :Lry~ry

;I!i ? /' enough, fullness, pride
d}-(tc.9) to fill, to meet (a demand), to satisfy {vt};
d}-(tJ .Q ) to be full, to mature, to rise (tides) {vi}

7E~iWi :;:::Lry7/'~1

~JE 7/''J!Y

EB :l depending, relying; :l ry depending, relying
J: G cause, intent, reason, significance

~EB11NJJJ V=try~/~ry

~EB J) =try

conductor
induction

filled band
satisfaction

free oscillation
reason

3 ry container, form, looks
m5[~.

~~t~

T/:f-3 ry J) 3 ry
3 ry1 t~
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19-1:

Reading Selections

~~(~m~1379-1380)

~~O)~J-Cv),Qm:5[~tJ:Jt1~~m:5[~~O)m7CctJ:J-Cv),Q ~O)~m:~C v) '5. ~
f*, *f~:*1lT7J~~ J -Cv),Qm:~O) ~ C ~m:1tT C: v) '5. ~B-c~J:, EJ~~~:~.Q ~~clv c
T~-CO)m:~~~~J:, ~TO)~JiEm:ltTCm:TO) ~J~m:ltT~:~l§T~ ~ C7J~~ ~tl-C

v)~. tJJ<m:ltTO)~c:~m:mtcv)v), ~iM, m:tjffO)mttlO)(tij~~J:, IEm:ltTO)j)j<1J(tij~

IE~:C,Q. ~< O)~-@r, m:tjff~J:m:TO)f$j)j~:~l§T~7J~, m:mtO)(tij~~J:m:TO)~tJJC~

1J(tij~:tJ:~. m:~~J:, ~tJJ, if, 76, ~tJ:Cc:.tJ:tJ, ArJ:1~O)~1t-CiR~M,:t.Q~c7J~

~.'1:'d!>~0)'1:', ~O)j£J!~J:f~~'1:'d!>J t~. Ki7CWI 600 iF~'~, ~ I) ~70)fg~~
Thales ~J:, *.~:J:: J LfJ!miO~1ffm:9Q ~ C ~j£J! Gt~ C: v)otlLV)~. GiO) G, m:~

iO~l4~~Wf~0)~t~~:tJ: J t~O)~d:, 16 ttKiO) W. Gilbert ~1i~, ~~d:m5[~~~*.m:

~~:J v)-CWf~G, ~ 1) ~7 m0) fJJfm l1AEK'Cpov ~: !> tJ: Iv-c, ~)]~ -C electric c v) '5m~

m v)t~. 1730 iF1~~:~d:, *.m:~~:IE~ 2 fjn~ff1:ET.Q ~ c~, m:5[iO~~f*l:J=t ~~o

.Q ~ cn~~ ~tlt~n!, m:~~:Jv)-CO)~~~d:*ti~Jt1~~d!>J -C, 1785 iF~:~-D /
O)~Jtrjn~j£J!e! tl-C, ~)]~-C~fi~tJ:m:~~n~j£JE Gt~. ?cO) ~ 07J)~, AI~~:m:5[

~j£~T ~JHJtc: G-CO)m:7ff!n~rmj£e! tl, m:mt~:Jv)-CO)Wf~n~~im~:i1t~Gt~. ?c G
L, ~~O)J:::>~:m:5[O)tjfftl~J::<iMT~O) (~~f*) C, **t~:fAO)J:: '5 ~:m:5[0)

tjfftl~ J:: < iMe! tJ: v) ~O) (*&Nif*) n!d!>~ ~ cn!~ ~ n)~:tJ: J L~t~. ~*~tJ:m:7ff!n~

7tfiX: Gt~ 0) ~d: 19 ttKi~:A J -Cn) ~~ d!>~ n!, ~ O)ffif1~~: ~d:, m:tjffO)m~{!pm (H. C.
0rsted, M. Ampere, 1820 iF), ;t-AO)~Jtrj (1827 iF), m:m~2i (M. Faraday, 1831 iF)
tJ: C~B O)m:m~~O)£~ c tJ:~m~tJ:j£J!n~f§ J v) ti. ~ tl ~ ~*c 'tf) -C_7cfiX: G t~

O)n~ J. C. Maxwell O)mm~!]!~ (1864 iF) ~d!>J -C, 2:.0)!]!~~d: H. R. Hertz O)m:m~~:
OOT~~~~:J:: J -c~~t~~ ~ 0) ~:tJ: ~, dJUtm:m~~~d:7tfiX:Gt~O)-r:d!>.Q. 2:. ~ -r:~d:

m:5[fi~d:~~n)O)~m!]!fic [PJ G <iI~~tJ:{~~ c: ~ ~ 0) c~,:t ~tl-Cv)~n!, 19 tt*C1i
~~:tJ: J -C~~ti~m:O)Wf~7J) ~~O)m5[~ ~ JfI!Ii*JRn!j£J! e! tl, m~O)~JTGv)~f*n~

~J< ~:~ 6 7J)~:tJ: J t~. ~1i*JRO)~f*~d:itO)m:5[~ ~JmT~d!> ~ ~ ciO!J!v)tie! tl
(J. J. Thomson, 1897 iF), ~tt*C~JJ~~:~J:, [ij{T~d:m:TC:!EO)m:5[~~~~m~-r:.fiX:e!

tl-Cv)~ c~,:t 6tl~ J:: '5 ~:tJ: J t~. E. Rutherford ~d:, a *1lT~mv)-C, =- O)!EO)m5[
~ ~ ~tm.7J![ij{T~-Cd!> ~, [ij{T~d:[ij{T~ c?cO)*0 ~ O)mT-C-C~-Cv)~ 2:. C: ~7J' G
t~. J. J. Thomson ~d:mT, e! G~:~JIi*JRO)ttmltT~mlJ~ G-C, ::.tl6*1lTO)~Jm:ltT~:

~J:lll/J\¥fftn!~.Q::' c ~pt~G, R. A. Millikan ~d:, rmrlO)~~~:J::J -cm~fiO)lll/J\¥

1ft, 9tJ:b~m~*.~mlJ~Gt~. ~ 5 GL, m:T~J:m:~*fi~:~Gv)~m:fiiJ~~-:>~

c, 7J<*0)JJ¥:T~ (~JT) ~J:m~*.~:~ Gv)IEmfiiJ~ ~ -:> ~ ciO~~~ tlt~. ~t~-frR

O)JJ¥:T~O)mfiiJ~J:, m~*.0)~~1tT~:~ Gv):: c n~~ Gtlt~7J~, JJ¥:T~n!~JT C: l:J=tJ~

T-Cf.fiX:e!n~ 2:. C:7J!~ ;7J)~:tJ:J tc.O)~d:, 1930 iF~~O)::' c-c'~,Q. ~O)J:: '5~: G
-cm5[O)~f*~d:, mTe~JTO)mfiiJ-r:~~ =- C:iO~$~e!tlt~. §~~~:~d:mfiiJ~~-:>~

<O)/F~~tJ:**ftT7J!ff1:EG, ?en G~:J:: J -C@.Qlt~~~ ~d!>~n!, ~~ eN CT«L
O)m~m~~d:mT~~JT~:@rzgGLV)~.mtt-r:~d:, ~JT~~d:G~/\~ 0 / ~J::~ttl~

**ftT~d:(;:t --(; eflJ\9~ ~j:Iv~tmfiiJO)*ftT-c'f.fiX:~tlLV)Q ~~5t GtlL S IJ, m~
*fiO) 1/3 *t~ ~d: 2/3 0) ~d:Iv~t.fiiJO)fj{IDEn!Dc --:J O)~1m~:tJ: J -C v) ~. =- 0) J:: '5 ~:lt
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~0)*J~~iE!*9Q~~C(PJmf~:, ~.O).~~J~.~:JV~Lo)~~~, ~ftt*C~:A J

Lt@Jm~:Jm~, t~ C;t~~ 1930 iF~:~J:¥~f*7J!~.a:p0)~fjf!~~:~~9 Q z: C7J!ijij G7J)
~:t~-:Jt~. ~B, ¥~f*~J:Iv71'D=7A~:~mj{0)~~ct~JLV~Q.

19-2: i117ii.f (~~1374-1375)

~G~Q.~~~Cm~~~O)m~c~;tGnQ~f*. 9~b~.~0)~f* .•~O)

it9t~b~.~it~.~:.~Cv~5::C~~Q. 18 ftt~*)]&) C. F. Dufay ~J:.~~:~J: 2
fjm~Q c~;tt~. ~O)f~, B. Franklin ~J:.~~i 1 fjm~~-:J L, ftf.~~O)~v~~J:fj

mO)~v~-c'~d:tJ:<.O)ZE.~::J:.Q c±5i Gt~. ~ B '""C'~d: Franklin O)~It ~::fJEJL, tlfpj
~JE~O)~~~ 't>Jitti c GLV~Q. -0 <~J:::I/\ 7 ~~m'""C' z:.9J t~ c ~~:: ::1/\ 7 ~::~

.Q.fpj~IE.fpjc G, I~j-1 ,,~=e&:~Z:9-:Jt~c~~:I~j-1 ,,~:~~nt~.~~

~.~c L-t~. ~O)~*, ~~TO).~7J!iE, .TO).~7J!itct~-:Jt~. ~*1lTO).~~J:

~TO).~~ e C GL, e, -e, 0 O)v~~n7J)O)fil!O)~O)ti~t7J!~GnLV~Q. ~f*7J!

~J.~~J:, ~ 7 D~:~J:.~~*1lTO).~0)1~~fO~~.Q. ~7 Dt~~~~~J:, .~~

EfE8.~· Jt.~. 7tti.~~:7tm9.Q. ~.~Jt~a:p~:7tttJ9.Q.~~.ifrfc~t~9

c~, ~O).fpj~J:Ef E8.~cJ::~~nQ. ~.~.~L-LV~Q~T~7tT~:*k4~nLv~

Q.Tn~, .mtJ: co)~.-c'."Sfl.1iO){ftflf7J)G~n, 7tti9Qt~&9~:~C:Q.fpj~7tti.

~~QV~ ~j:*k4.~ c v~ 5. 7tti.~~i, ~tiTO)~~-7tttJ~~nQ.~~~Q7J) G,
*~f*-c'ftBt9n~~~o ~:tJ:Q. ~$7J) G~ ~Jb~nQtJ: c L-L*f~O)~T~7tT~::*
k4~ n Lv~tJ:V~.~~J:Jt.~ cJ:: ~;!nQ. ~.~~J:*~~:J& tJ te9 z: cn~-c'~ .Q7J!, 7t
ti.fpj~d:*~~:Jf~ tJ te9 z: c ~d:-c'~tJ: V~. .**l3t D, .m E, 7tti p O)~f*~D =
coE + P O)rmJmO)~~~ cn~~ div D =Co div E + div P 7J~1~ GnQ.•~cO)~f*~d:,

~.~m13t~~, EfE8.~m13t~p, 7tti.~m13t~~cGL

div D =Po' Co div E =p, div P =-Pp
-c'~Q. mfpj~d:f*ff~n, .fpjO)~btJ~:~d:.:f:~n~~c:, 3JJJ9n~~mm7J~-c'~Q. ~~

T, a:prt:f~TtJ:c5iv~f§1if~m~9Q/\ ~ 0 /' c J:: ~~nQ*1lT~d:7 ~-77J) G~ tJ llJ L
v~ ~ c~;t Gn, ~ n G(J) 7 ~-7 (J).~ (.~.) (J)*~~ ~J: e/3 ~ t~ ~d: 2e/3 -c:~Q.
• fpjn~tJ:if e/3 O)m~{.g:~:~T{t:~nLV~~7J)~d:,f§1if~mo)*~-~~-c'-Jit~m~

nQ.

19-3:

tI~c 't v~ 5. ~rt:f'O) 1 J~~=~7J)ttt~tlfpj q ~ 'tJ~ll:Gt~J~tlfpj~::1fJ<tJ ~f C:9
QC:~

limf/q
q~O

~, ~O)J~-rO).:f:~EC)£~9.Q.•:f:~~d:~rt:f~~:~C:t~JittJO)~Ji~~*G,I*Jv=¥
~'tJ. E n~ftfrt:f~~~::~JJJGtJ:v~:f:~ft~=~d:, ~.:f:~cJ::~~tt, 7-0/'O)ttJtrjcm~ft

vitO),*~~=J:: J -c, .fpjO)7tm-c')£~.Q .•fpjO)~b tJ O)~rt:f~~::~ C:.Q:f:~~r~f&Ct~

9 c ~~: ~.:f:~c v~ 5. ~nc[RJJIJ9~t~&), E ~.m~7 ")vcJ::~S~~ C7J~~.Q.•
:f:~0) SI 1li{ft~J: V-m- l -r~.Q. ijt.1li{ft*-r)£~~nt~.:f:~ E' cO)OOf*~d:, ~~O)~.

$~ Co c GL E' = E (4nco)I/2 -c'~.Q.
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19-4:

1 JO)J*T;O~~~;O\0)J*TC:1~~*ff~~J < ~ C:~, J*TpqO).T~ 2 J~:7t~GL,
1~~*ff~~:ill~~49~.TC cJ!> * ~ ~4Gt~v).TC ~:7t~tL~;t~:: C:;O~lli{t{I39~:

~d:Wf~ tlQ. Mtf~ftffi.T, 1~tf~pq~.TC: v) 5. ftffi.T~d:J*TftffimTC~ v) v), J*
TO).T~2ti1~::t3V)Lim*ji~~~ E53bQ.T;O~~tl~:f§~9~. t~ c:;t~~7 )Vn 1) fii:
~~7 )Vn 1)±~~~~:~9 ~J*T~~d:ji~~~:cJ!>Q 1 McJ!>Q v)~d: 2 MO) S .T, ~O)

~~;O\O)J*T~~d:Ai~~~:cJ!>Qs :t3J:LF p .T, ~~:m-Jl3fii:~~:~9QJ*T~~d:3d
:t3J:: LF 4s .T;O~ftffi.Tc:~;tGtl~.

19-5: ii.T~ (~m~357-358)

~~f*~~~f*O)I.*)V:¥-!\:/~~d:, .T~~~~:~tC.~tlLV)~~<7)(76~m)

c:~~~:~t~~ 0) (~m) C: tJ~cJ!> ~ tJ~, ~~:*ff~O).~J*T<7) ~ ":Jftffi.T~: J:: J ~~tc.

~ tlLV)QI.*)v:¥-!\ / ~ ~ftffi.T* C: v) 5 (ftffi.TmO):: C: ~76~m c: J::~S~ z: c: ~
cJ!>~). ftffi.T~d:~J*TO)ji~~~: v)~7J\ G, ftffi.Tm~d:.TO)t¥1£9 ~I.*)v:¥-O)

1l~~v)X*)v:¥-!,/ ~~cJ!> tJ, Z:O)J:~:I.*)v:¥-:¥~ 'Y 7°~~L-C~m;O~cJ!>~.

~139~:cJ!>~ v)~d:7CO)~l&~=J:: J L, mT;O~~m~:WJ~~tl-Cv)tl~~, ftffi.Tm~:~d:iEfL

n~~~ z:tl7J~.~~~~:~49~. ~ G~:*ff~n~7!Jt7°~-~~fu~v)Qc~~:~d:,

lEfL~d:z: 0)7!J t7°~-~f}]:;O\Gftffi.Tm~:~~~:WJ~~tl5 ~ (~~~d:ftffi.T1tfo).

T;O~7!Jt7°~-~f}]:~:WJ~~tl~).ftffi.T1tf~d:1 JC:~d:~HGtJ:v)n~, ~O)I.*)v:¥

-~M~d:~~~£ 10-15 eV O)fi~-c' cJ!> ~. ftffi.T1tfO)f¥j~~d: X *~1i~lliA~!J ~ )V~7C.T1&

lliA~!J ~)vt~c~mV)L~JJ""Gtl~.

19-6:

.~~~O)mf*c:tJ:Q.T. ~v):t~-c'~d:, ~~0){~~m0)7I.)v~~f}]:lli<~=cJ!>Q

mT~v) '5. ~~7J~*f9~f* c:~~~:IR)JIJ~ tl~~mJt1~7J'90)~d:, 9 ""-C~2!fmTO)t¥1£

7J~J*rzg~:tJ:J LV)~. Jbv):t~-c'~d:{~~m~WJ~~tl-Cv)~mTO)J:: '5 ~:, WJ~~~-c'

.rm~JlLF5 ~.T~~ts.

19-7:

*5~pqmTO)C: Q X*)v:¥-!\ / ~ 0) '5 !J, mrm ~JI~S~mT (~~.T) 0)t¥1£9 Q

J\:/~. ~~-c~j:{~~.T~~UX*)v:¥-!\/ ~~j:.T~=J:JL-$7}ti~t~tc.~tl

LV) ~. ~ tl7J~~~~::t3 ~t ~{~2!f1tf-c', ~O)tJ:7J\O).T~d:~~v).t~~:J: J L, J: tJ rei V)
J:*)v:¥-~Jf~~=Jl~;XI39~=1JDJ!~tl5 7:J1J\ G, .tm~~~~ z: C ~=tJ:~. ~~1*O)jJli~

~:~j:, .T~j:cJ!> Q x*Jv:¥-J\:/ ~ *-c'~~~:~!JLV)L (~tl~ftffi.Tm*tc.~j:76~

mc,v) '5), x*Jv:¥-:¥~'Y 7
0 c J:~itl.Q~l1:tkJi~~~L-C, .TO)~* J LV)tJ:V)

~v)tc.I*Jv:¥--J\:/ r (~m) 7J~cJ!> Q (*f9~{* ~ [P]*~). ~139 ~=cJ!>.Q V) ~j:7CO)~l&tJ: C
~: J: J L, .TtJ~ftffi.Tm~/f~~m${}]:tJ\G~m~:WJ~~ tltl~t, z: tl GO).TtJ~.im

~JI~S~ z: C ~:tJ:~. z: 0):t~-c'~1tf0) z: c: ~{~~m c: J:~S~tJ~, ~ z: ~:t¥1£9 ~mT~d:WJ
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~~::J:: J -C0)~~9~iJ'~ £3, ~O)iJlJ3t (-t3J:: V~tt~::tt~J9 ~.~~~$) ~d:fflJ~{~I

*Jv~-~O)ilfftJ3t~{~~9~. ~~tffO).~~J:7tO)~l&~&MA~? 1'Jv, ~1? 0 l'
o /'jt~~t~c~mv)-cwm~Gtt~.

19-8:

~m~rJqO)21~ PI C P2 O).f}[:~ V~J:, .fpJ~ PI';O)G P2 ~:M~~0)~:~9~.f}[:.fpJ

~~OO)ft.~~~. G~~J-C,E~m~, ~~m&C9~~

V =-Ie E-dr =¢(P2) - ¢(PI )

ct~.Q. ::::~ c ~d: PI ;0) G P2 ~O)ff~O)*-!Im~~~. ~.rJqO) 2 J~ra'O).f}[:~~m?tl!

O)m~ra,O)mf}[:~~d:, mJ±~ ~J:tftt~. mf}[:~O) 51 .lltf}[:~d:~Jv l' (V) ~~~ .

19-9: • mt (~J]!1440)

m~O)mttt, 9t~b!>.1ilf0)3JJJ9Qm~~V)'5. ~.~mtttQmmtO)5i~~d:, ~O)

It1TW~.{}[~ra'~:Jm~9 ~.fpJ.c)E.~ ttG. ~fflEJ9~:~d:, ~ra'O)~GJ~~:-t3V)L,

.llt{}[i'!*~~?1'Jv n ~~J./J\Wfi dS ~ n 0)~~~:Jm~9G.mtO)5i~ ~ dI ~9G
c~, dI=i-odS ~:J:'":)-C, .i1rt*J3ti 7J~)E.~ttG. mfpJmJ3t~ p ~9tt~t, .~it

f*ff~~9im~O)Jt (ap/at) + div i =0 7J~Ji'G ~ ft-:J.

mmt~d:~~.mtC.*.mt~:it~~tt,.*mmt~d:~t~it~mmt~J::~tttG$it~~

lv~v).Q. ~~mmt~m*.mtO)fD~d::@:mi1rt~J:~ttt.Q::c ~~G. ?? AQ x JvO)tf
fiJt-c'm~O)§Jfi (rot H) ~:~Gv)O)~d:, :: O):@:mmtO)mJ3t i + (aD/i)t) ~~G. ::::-c',
D ~d:m*mJ3t~~G.

~rf3'EJ9~:~JJJ Gt~ v)mmt ~((mt c v) v), iE~EJ9 ~:~JJJ9 Qmi1rt ~3ti1rt C: v) '5. m~g
mo)~Q~1*~::.if,tn~if,ttlQc:m{}[~n~~c:, ~.:L -Jv~n!§e~9 Q. ~t~mmt~d:7/'
~-JvO)i'!JlJj~:ittJLm~~-:J<0, m~~:J::J LY /'~--JvO)JJ~~~t.Q. 3tif,t~d:m

m~~O)i'!J{Jj~:ittv)mm~~~~G, !J?j:~::mmtJtO)VI~t~Q. mmtO).llt{}[~d: A (7 /'~

7) -c'~.Q.

19-10:

t1t~7J~ 0.1 mm fi~~l:O).mt1t. AIEJ9~:~d:7 /TT~:~JJJ.i1rt~i1rtGt~ ~, ~m

t~ c~::J:: J -c§e~~itQ. § ~~-c'~d:mti~m~m~iit~::{~ 5 ~ 0), ~~;I. ~iRJt~cfillO)
x1*/Q) Gt&M~ tlLV~Q~O)n!~Q. §e~fI.C:G-C~d:mmtO)fill, 1ilfm~-=rO)~~fJJ

(~~M), m:f:~~-c'O)1ilf.~-=rO)1JD~~JlJJJ (~/'? 0 l' 0 /'~M), it-=rO))E1it~~rf3'

O)~~tJ:C7J!~Q. mtJt~d:tJt~~:J: ~it~~nQ.

19-11:

mif,t~ t::. ~d:~mt ~Jm G ~:: <v~~J(0) z: C: -c', m~~~$ ~t~ ~d:~~~$n!+it ~::/J\ ~

v). t~-t3~.1*~ rPJ Git~-c'mv~ Gtt.Q:f:~~~ ~Q. ~~J~~d:~J(~O)m-=rO)v's"Q ~ v)
~::J: J -c)E~ Q. ~~~O)m-=rO)*fJJ~d:~o)J\/' ~fM~~::J:J -C3Z~2~ ttLV)Q. ~~
1*7J!7i::@:~::~~, 1iffi.-=r1*7J!7i:~~:ID5J LV) Q!Io/.JJ(~d:*fS~1*-c' ~Q. {~~1* c1iffim-=r1*
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CO)I*)v~-~ (/\ /' ~ ~t' ~ 7) 7J!7J)tJ: t)*~ Vl C:, im1itO).tjjO) ~ C: -c'~d:.~~
2I~d:~~ tJ: Vl. G7J) G, /\ /' ~ ~t' ~ 70)/J\~ Vl!fo/.JJt-c'~d:, 71ffi.~7J!l:~TG cfiffi• .:rffi
0) • .:r7J!Ui~~2I1* ~::Ulb~~ tlt~ t), /, /' ~~ t' ~ 7 (J) ra'~:: ~G/F~!fo/.Jl1§{ft~::tm.~ tl
LV1G• .:r~lEfL7J!~~ffi~fiffi• .:rffi~::t&t~tl, tfS~f*c Vl;t C~.~~2I7J!~~ ~:~

CG!fo/.JJt~~G. ::.tl G~d:im1it~~f* C: e:t ~ttlLVl G. -ti, tfS~f*~x*)v~-

~t' ~7e:t t) ~*~vlx*)v~-~~~7t~:e:tJLUlb~TG C:, fiffi• .:r1*O)• .:r7J~~2i

m~:7tUlb~~tl, ~O)Ulb~• .:r~d:.~~2I~:~4TG. ::'O)~~~d:7t~~Ce:t~ttlLVl

G.

19-12: .i* (!fo/.JJJI!1464-1465)

)E1it.tjjO) ~ C: -e.i!rf~~ CG!fo/.JJt~~f*c Vl'S. ~~f*c: ~Vl'S. tfS~f*-etJ: Vl!fo/.J
Jt-e~G . • tjjEc.i!rf~~iC:(J)~.~i=~c.~tlGC:~, a~.~~2I*c

Vl'S. a (J)*~tJ:!fo/.JJt~ .f{~f*c Vl'S. ~~~d:f~.a9tJ:.f{2If*-c'~G. a (J)i2!~~ ttm
m~Gvl~d:mm*c:Vl'S .

• i!rf~~~~.:r~, ~~~~~• .:r, .mJt•• ·.M~m·.71ffi.®~*/'.~~~

~~*/" ~~f*~~d:• .:r~Gvl~d:~~L, 77A'x~~d:• .:rc~~*/'~~Q. ~Qfj

®~~~d:, {tt71ffi.~ s n~~~R*~::tJ: t), m~~~~~~9.•i!rfc:.tjjO)ttf?iJ~.~d:.tjj

n~5m<tJ:G c:~tl~. ~®~:W-~d:!fo/.JJt C:~O)71ffi.~tJ: cO)~~~::J:: J -CatJ:~. tfS~f*~

~, 5mVl.tjj(J) ~ c -r:~~~f1~ ~ ~::. C: 7J!~ G. *,t::., .tjj7J~5~ <tJ:~ C:.i!rf7J!~~T
~!fo/.JJt~~~.

tfS~~tlte.~f*~:.fpJ~4;tG C:, .fpJ~d:.OO~::.*' t), ~f*pq$O).tjj~d:l~;t~.

Gt::'7J!":) L, ~f*pq$O)T«LO)}i~~(-em{}[~d:-)E~:tJ:~.*,t::., ~f*.oo~d:~.fftoo~:

tJ:~. ft.~a9~:~d:, z:tl7J!~f*O)!M=~-r:~~. fft.jI~~d:Z:(J)~~~Jit\ffl Gte. ~O)~
~~.

~~a:p ®~ ~ • .:r~d:, .fpJ~~vS~ c [PJ~~::, I*)Y~- ~~vS~. Gt::.n~J -C, ~~~d:

~~~* A ~*~Vl. a C A cO)tt~d:, • .:rra'O)f§1Lf'Fffl ~~1JlT ~JlIf&{-r:

Ala= 'fil/3 (kle)2 T

ctJ:~. z: ~ -c', k ~d:~)Y'Y? /)E~, e ~d:• .:rO)mfpJ, T ~d:tfS~t71ffi.~-c'~Q. ~tl~

r) -{-TX /' · 77 /''Y®7*JtU c v15. ~~a:p ~::71ffi.~1J~27J~~Q C, ~ ~ • .:r~::et J L
.ifrtc~ifrtc7J!~ C, ~.~m~~5r~~~ T. afjO)~~~f1€M~ttQc, -tiiJ) G
~ti~m.:r~.~G, .M.~m~~~G~.

ati~f1O)~f*-r:~d:, .~~~* a~d: 2 ~O)T/''J JYctJ:Q. ~ifrt.tjj~::~tG-C~d:, (f

~d:mJt1t~(J)OO~-r:~~.•mt1t~d:, ~f*~:~l&~tlQ. ~< O).f{~f*~d:, 7t~:~tG-C/F

~~~~G. m~mm~J:, .fpJ~~vS~~-Tn~, .~m-T®~~, ~~ra, /F$iH!fo/.J~~Vl~j:

~O)~®~-T~:etJ -C1ft~L~tlQte.~~:~ GG.

19-13:

~~O)tfS~!fo/.J (.~~im~ tJ: vl~mJt) ~:mJ±~nD;t G C:, .00 C: pq$~: ~IlO)i,I tlm
i1rtn~ifrtnG. ~ ®tjj~O).J± ci,ltl.ifrt®!:t~~~f~mc Vl:> .•00~ifrttl~.i1rt~J:71ffi.

J3t~*rm~=ft~Gt~ ::'~~=J:: tJ*~ <~V~. pq$~ifrfn~mifrf~d:, tfS~~mJ*J$O)/F$iH

~m~:etG~ */.ifrf-c'~G. ~~mm~d:~f*O)mm~:!:t~, ~F1it~::*~tJ:{~~~~, tf
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Jm~ij~~-b (MQ) ctt)5!f!m:-c~~tl~. 1J[]xL~~Q.EE~ifIj< L-Ltt~< C, 65~1:a

-c~~:.i1rtiO~*~<i1rttlt~T. fQJ~l:~.4mEI~~~~L-Rt.~tl¢. ~tl~~.Rt.

C ~·l '5. ~.gmJj:~iii.i1rti:J:Q~iiigmcl*J$~i1rttlo.mtl:J:~f*flgml:7t~t

Gtt~.

19-14:

~.~2~OO~mtnQ~*.~~L ~~OO®.~~~V~TQc~R=m~2~

ra'O)C3t\gm65~ t,)~d:!f!l:gmc ttl 5. gmO)!f!W:~j:Q (~-b.) C'65~. v ~t~Jj: I tJ-{
3; ~ t)*~<fet ~)n~~' t], gm R ~j: V ~t~~t I f:J:: t3 tJ: lt~)Ef(C'65 Q. R 0)M:~d:4IJJ.0)

fjmSJ::U:~f*O)~~~:J::-.JL~ftT~. fJTiiib~-~tJ:~.':JVll~J, R ~d:~~ l~:

.ttf9iJ Gl*JfiiiM s l:liltgiJTQ. TtJ:V!> R = p(llS) e'65Q. ;:: z:.. -r.ttf9il)E~ p ~j:4IJJ.l:

~flfet.-r, .3t\gm~, f*flHfm~, ltHfm, ~flHfmfet c C: J:: 'itlQ. !f!l::Hfmc
~)5J.1~, C~gm~~-:J@m~r~~T::' c ~65Q .

19-15: • j[gm~ (4!A~1383-1384)

.~~~~(J)i2!It. -titJ:~.(1)J.I~, C3t\HfffL R tt::xit(l)J: 5l:~.0)~~ ll:lt
f9iJG, liiiiMs 1:}Xlt{JiJTo.

R= p(llS)
z:. 0)ltf9iJ~1tp ~fI~gm~C et w¢~. HfffL~, f*flHfm~, ltHfffLc ~ It ~ :>. .~g
ffL.(l) SI¥~J1aem -e65Q.

19-16:

~.~tlt~~f*O).~~!f!{)L.t~~t~{t~itQO)~:~~~tJ:, ~f*l:4x¢ (~t~Ij:1J

f*i1\ GlN fJ mT).~. (fl7fij). If!~:~.~~ ttl:>. .7fij~ C (!J- 0 /), .{)L~v(~

)v i') -c'i'J-.J t::. c ~, fit.~.~t~~d:.~~.O)¥.fiL~d: F (7 7 '7 ~I ~) -r:4x GtlQ.
RIlli Gt~~f*l:fl1;ij Q n~65 0, (~IW~O).W:~ 0 c ~L) .{)Ln~ lfJ -c 65tl~;f, .~~

.~a~~65o. ~~~It.O)~~~650, i.§O)~~O)C.~~ .R~~~T

tl~t

Q; =~CijqJj)
j

-c'lfjt Gtl, Cij ~J:~.~ltcJ:tftl~. ~~: 2 ~~i6~65~ C ~~::tJ: Q1 = -Q2 =C(9'1 
qJ-J e'6!J t), C= CII = -C12 =C22 =-e2l ~ ~(J)* (::I /T/~-) Q).3t\~.clt)5. ~.m

t](]tJ::J /T/~-(1).~~.O)¥.fiLcGL, F ~d:*~T~oO)-c', im* pF, pFtlt.m~\

Gtl-r~)o.

3¥fT3¥~O).~~.: IRJC:~~*~~ ~t-:J3¥iii~O)~f* 2 ~n'{, 65~rp'JI~.f3~)-C

3¥fT~:filJ;6\"~~bitl:fln\tlLlt~~ c ~, ~tt~3¥fT3¥~::I /T/~-C t,\:>••~rp

~O)~(J)~/T/~-O).~~.c~~O)iiiMscOO~d~~~~.2~~~f*~~tl
-ttl QSJ:~ -Q O).fpj~lfjt~ C, d ;6-{3¥miO)IfrM~~~ l::lt~l/J\~ ~ttl~i, 3¥1i0)
filJ~~J t~I*J{lO)~iiil: ••n~~~ tJ, ~O)••7t{fj~j:fio).l:jfitt)C ~ 0 ~~< c
ti,:tJ:~. ~ O)••~{fjl::J:Q.~E ~12 ~O)fi(J)ra'C7)~ra'C7)~l:fftEL" 1iQ)81:
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ilitt~C~0~,*lt~-C, lt~t~~c~0t1i1~~WIC'~tJ, -)E(J)*~~ E=Q!SEo ~'b:).

~~~~~.~(J)~C*~~~. 2~®~~®OO®.&~V~~~®~, .fi.t1i®
.~~fi~J:C = Qlv= EoSld~4 X £3 tt~.

IfiJfdJfq.(J).~~fi : ~fIO).~~fq.~Q)~~ 2 -.Jn~lfiJfdJ-e.~\tl~lt~~ C~, ~

tt~IfiJ,*fq.::I /7/-if-l: ~)5. ~O):J /7/-if-0).~~1lC ld:fq.O)~~ I C,
~tt~ttO)~fIT1 ..seta: T2 ~lk:~~. 2 JO)~~~~~tt~tt Q seta: -Q (J).7ii~4;t

~ c, .-f*<l)ra,O)ra'JM (T2 - TI) ;Q~fqtaiO):m:~ I ~~fI~~!t~LIJ\~ ~ttt~t, .7ii~j: 2 :)
0)~-f*O)rPl~~:>t~J:1\jlltl~mil:~tl~tt-~l:7t~9~.~O)~~~~~•• E ~j:fI

jjrPl~rPl~, t:pIL'flbt1\ £3 O)I!" r ~mtt~-r, E =Q/21CEJr ~~~ n?;>. ~ ~ -c' Eo ~;l.~
(J)~.*. ~~ra'O).lli:~ V ~d: E ~ r t t1\ G r2 ~C'm7t L, -C V =Q In(T2Irt )/21CEJ, C~Q.
Gt~t1~:> l, IfiJflbfq.(J)~~~fi~j:c =21cEoJl1n(r!rl) c:4;t Gtt~.
fPJJL'~f&O).~~1i: ~~c:c:~t~l1lt)'~.tJ:~~fIO) 2 -.:J(7)~f&tJ~t:pJL'~IfiJt:< G

-Cfl7)\ttL ~) ~ C:~ , ~ tt~IfiJJL'~f&:J/7 /-!t- C: ~) '5 . z: (}):J /7/-!t-0).~3

Ii c ~d: 2 -.:J(J)~K'iO)~m rl , r2 ~lk:~~. 2 -.:JO)~-f*~:~tl~.tl Q seta: -Q O)C7ii~

47L~ ct7ii~d: 2 -.:JO)~-f*O)rPl~~J t~~iIii,::~tt~tl-~'::7t~9Q. ~O)~~~~

~••~i 2 :)(J)~K'i(})~rfl'~:O)~ffffL" rPl~tJ~fIjjrPlc:~ t] ~ ~(J)*~~E ~J:t:pIL~

7)) GO)m. r ~ JJJ It)L E =QI4nerf C~~ tl~. z: ~ c: Eo 1j:~~0)~.*. ~-f*ra'O).

&~ vliE ~ r. tJ\~ r2 ~~fJ7tG-C V= Q(r2 - rl)/41rEorlr'! ct~~. Gt~n~JLIfiJJL'~.

O).~~.~J: C=41rEortT2/(rl- rJ -r:4;t 6tlQ.

19-17:

~.t:p-e0))E#.l1rf0)l1rftt~9~~~9:11-c', .~~.ll, ••1ltJ:c C: 'b~)? (HS
-e~1•••l:~:\?B~:\jj~JJJ~)Llt)~). .~fim*O)i2!It-c'~~. ••(l).~~.~
m5'b~~, -~~~.t:p(J)~~.~~~~. G~~~L, ••~••~~~.~~m
aC:~~3~a~~ff9~. ~-f*t:p0)~~4~~)E#.l1rf~m~~~••®~~~E
C9~C:~, E n~~~ tJ*~ < tJ:~\t1\~tJ, ~-bO)t*JlfJ i= oE n~J£ll9Q. ~O)!t

~j)E1t u ~••~~~C~~V~, 4t1Jft~::(ii]1f(J))EIt-c'~~. ~ O)~It~j:.~fim~p-r:
~~. U~.jj~~ft~~~~~-~~~~, ~AtJ:cO)#.~~4t1J.~~-~~~~

/'J )V~~~. !l!fiL~j:S-m-1 ~~~. ~~~~j:4t1J.~fI.~~ lt~~j:lI.ll, 1±7J, ••0)

~~ tJ: c O)4t1JJ]!tJ(j~flI: ~~et J l 'b~ft9~. *¥l:IiA~I: J:: J L*~tJ:~.~~~t~. ~

~O).~~~$~j:#tA~ 106-IOS Semel C*~lt) . • mftm~O).~~••Ij: 1 mol I~.
-= Gl", 10 Sem-l ~aO)~~ 'b 'J. lffi\~~1:JfcC :t>l::, -1~/O)illbn~ffl~l:tJ:~O)

l:, to)~~j:*~<t~~. ~~~O).~~~$~J:#IiA-rIO-2-104S-m-l cfl.~:J:Jl

~i!fmO)~~~t), tA~c:c'b1::~G<tm*9~. ~.-f*(7).~~~~~j:~tA-r:, ~'J

:> 10-8 Semel ~tO)~~7J'9. ~*~j:lO-6 Semel Wll(7)~ ~ 'bJ~~, ~.-f*~~It;t £3tl~.

19-18:

4t1J.~:••~t1)~t~ l:, 4t1J.t:pO)7ii.f1lT~d:1JDil~tlQ C: C: 'b1:1SJII(J)fim~~~t--c
illbL" ~O)~~.l1rfiJ~~~~lJl.~~~5. 7ii.f1l~(J)1JDim'::~t9~~.O)fimt:L,L
c £3 ft~.~':~J:, ••fim~It):>. 4t1J-f*O)rmJJiifii,::.a: V ~n\~tt~.~1:4IlJ-f*I~mtl

~em I ~1 v =Rl (J)OO~ (~-b. O)t*JtIJ) ~ii1Jt~ G, )Ef( R ~.~gm c v~:>. .m~~
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ifrttl:Q/jIRJO)~f*O)~~ ~ I, ~tl~:~I1tJ:~oofl~ S cT:Q C, R =plls iQ1~ fJ tLi5,
~tl~tlO)~.~:~ffO))E1c p ~C5[tJftJL$~t~~d:tttJftJLc lt~lt~, ~0)~1c (1= p-l ~
C5[&2i$C lt~ '5 .••m, Cfij e O)fijCfjLT~:~d:, Cijj E ~:et :QC5[n c c ~ ~:,

Jml3t v ~:tt.g;JT :QtJftJLniQ1fFm ~L, ~JJJ/jmJ:tm(dv/dt) = eE - m'(lv iQ1~ fJ tL'J. ~
O)~*, m~~~~~Jm~~~~L~, -)E~OOT~~~~C, Jml3tv=mEO).Jm~

th (p =e'f!m ~3JJJl3t C lt~ '5) ~:~~<. eifrt I ~d:, ¥f}[f*fl~ t~ tJ O)fijC*ilTO)MIc~
n cT:Qc, l=nevS=ne2Tm- 1t 1sv c~~tl, (1=ne27:lm iQ~2iiQ)tl.Q. ¥f}[~oofl~t~

fJ O)Cifrtj =lIs ~Cifrt~l3tc lt~ lt~, j =(1E iQ1~ fJ tL~. :ffl~~-*2if*~~d:, fnTC~T

~d:CT~~ fJ (CT&2i), ~0)v'5,:Q ~lt~~d:J\/ ~JJMIU~:£~'lt~LfWlJij~tl, CTO)••
c GL~d:ff~jj••~mlt~:Q::ciQ~~\~-e~:Q. CT&~O).}~iQ)t>~:QC, ~f*c~~
f*CO)~.Bfj~d:~T~: ••~tltJ:lt~~~JJJ~~:QCT(13 meT) O)ff.~:et~L'J~tG
tl:Q;¢1, Mt~~:~d:J\/ ~JJMIU~:£~lt~L~it~tl:Q. -*.f*~:7't~~LL&~ltt~~~

'5Q~C (7't&~) ~~tl~:et~LJJMfW~tlQ. 7'tCltI!~:fljm~tlQO)~, ~0)7't&2i

O)ltt.-e~Q. ~imO)~JJJ/jmJ:tiQ) t>viQ)Q et:> ~:, CijjiQ~f±.~ G-C~TO)~tJJI.*

)v:¥-iQ1mTiQ1, 1PJ~~:tJftJLn ~:et ~ L ~o)I.*}v:¥-~d:~~:tJ:~ L,Jajil~:~l:tlT. ~

O)~~d::; :J.. - )v~ c et ~ttl, If!f1l:~r~, ~ t~ fJ 0)§E~.~d:, If!flt:f*fl~ t::. fJ pj2, ~f*~

~d: Rf ~:.Glt~. ~~f*-e~d:Cijj~;O)~tL ~Cifrt~d:ifrttl'-9, CfijiQ1~flt:T Q t~~t-e, ~

O)~*, 5ttin~~ c:, ~ef*c GL ~~'.Q ~:>. mfnT~d:ffl£GtJ:lt~O)~, m5[~::~d:eifrt~::

~~TQ~~~d:ffl£GtJ: lt~. CT~O)ftY, 13 EB ~:th~t :QfijC~T~d:Cijjt~~t-etJ: <, tA
l3t1Jl5(0)~.~~~tL, ~&~O)~~;O), lt~0lt~00)~C5[~~~~ CQ. ~tl~~itT

Q ~:~d:, ~)v~? //jmJ:t~mlt~QtJ: ~kVfBtn~~j!!{J!~~u~jt/j~:tL'J:: ciQ1~\~

~~Q.

1;t/*5A~d:f~tA~~d:~~f*~~Q iQ1, (@itA~~d:1;t /O)ifrttl~:et:Q C5[&~ (1;t
/&~) ~~T. ~~:, m1;t/2iCf*~d:~lt~1;t/&~ltt~~t>tlQ.CfW.~~~

~d:IE~0)1;t/iQ1~tl~tl~ti, ~~ti~::ifrttli6Iu-r:, ~tifi~:fJTl:tlT.Q. 5[f*P'JO)C5[
&2i~1;t /O)ifrttl~:£:J'~, CliIiQ1imu~~~&~l3tiQ1mT. :ffl~~d:iI!fWG-C~f*~:tJ:

J L ~.T&~n1'±f*~~.Q. -e 'Y Jr /~tJ: ~O)::I 0 1 ~ ~~-r:~d:, 1;t /0) ~~;O)::I 0
1 ~fjLT~~4TQ. -~~:~f*, 5[f*~d:jG~~:r:pltt-r:~Q~HfJ ~~f*-c'~ tJ, .ijj~

5!i~Q;O), .T~7't~~LL.liI~it.Q:: c k:et J L&~lttiQ1~tlQ.•ijj~til3t~:5~

<9.Q C, 1JoJm~ tlt~fij.*1lTn~~.P'J~: ~ ~ ~"~tJ:~f~~~ G, eifrt~d:.ijj~::tt.g;Jit

'-9, ~ t>~: ~d:)E1it.ifrtn~1*r-J~ tltJ: <tJ:Q (~~~.). 5[f*r:p 0) ~ 0) J:: 5 tJ:.ifrt~d:t1 <
;0) Gt&.~~c ~L~ Gtl, .T~d:ltr~5[f*O)t&.O)~~:§Ej!~tlt~~,t&.~::S~tQ

L§{-TO)UlJJJEg~~O)Wf~~J:L§{-T~JJM~~G~::.-TfnUO)~~~=~4 Gt~. ~b~L~tAiWim

~-r:~d:, ~T~d:(@i~~=••Gt~~1ii (7
0 7 A'?) ~:tJ: tJ, *~ lt~&~ltt ~ ~ 'J ~= lt~t~:Q.

oK ~:JlIlt~ti{~tA-c', ~<0):ffl~~~:ffl0).5[tJftJLn1~< r~~TQm&~~~~d:gtJl~

tJ:.T~~-c'~Q.
~~O)et '5 ~:, .5[&2i~d:~~m.P'JO)~fjO)fij.fjLTO)~~tJ:~JJJO)f±/j~=~~ ~L

:S fJ, ~tl~:Jt\ CL*~ ~ ~f~f§ ~ ~ ~ ~"~-c'~ Q. t~ c jt~J::ffl~-c'~d:, 13 EB.TO)~
~~d:+5t*~ <, tA~~=J:: G'-9~~~£--)E-r:~.Q. --/j, ~13 EB.T0)3th~~d:, tAJJtn1

l:¥?9Qc:l!T~th~/F~~~=etQ 13 EB.TO)it!Ln~~Iu~=tJ:.QO)-r:~1>T Q.•5[&
~$~d: 13 EB.T~l3t c3JJJ~O)fJt-c' ~.Q;O) G, ~tl~d:tA~ c C~ ~:~1>9.Qv~t-r: ~.Q.

~O)tA~ft{fflt1~J:~~ttA~~ T C: GL l/a= a + {3T 0)~-r:4;t Gt1~. a, {3 ~J:)E~-r:,
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!M=~: p ~j:t\l1l:f*~c:J::~~tl, ~O)f~~j:{1~~:lf;t GtlLV)~. /F~#.J~tm~T c~tl

~:tt{?iJGL~~lJt a ~d:tm*T~. ~~-c'~d:~~~~$c:~~~$O)r~'~:~d:mOO7J~~ ~,

~O)OOf*J:t~'7~-Tx/· 77/~0)~j{rjcv)5. ~~f*-c'~d:~~~:JjjJJ~~tlt~~~

0) El EB~T7J~~~~~~m 5. El EB~TO)m1l:~d:*)v~x /7ttrJ~:fJtv), exp (-E/kn ~:

tt{?iJT~O)~, a=aoexp(-E/kncv)5t\l1l:~{~~~T.~~~ao~d:~~, k~d:*)v~

x /~~, E ~d:JjjJJ~I.*)v:¥-~~ ~, /F~#.JO)flm~t.l1l:~:J:: '"? L~~~:~{~ GL,
~O)imA~:J::JLp ~~GT~c~-c'~~. p ~d:, ~JM-c'~d: 10-8-10-9gemO)m1l:0)~

0)7J~~ <, ~1l:O)if6v)l:I )VX='7b. ~d: 10- 1 gem m1l:~:~t~~7J~, ill~ V ~O)7C*~im

AGL~~tt~~:bt~JL~~IDMlril:~~. ~~~~O)~O)J:: 5 t~~~t~Jt1.~d:, ~tl~

tlO)#.J.m~~:!M=1fO)m~~:£~v)-Cm~T~~ ~0)-c'-.~:~2imT~ ~ c~d:l:~t~v)

7J~, tt~, ~~$, m{t$t~c, ~~jj~1f~O)#.J.~~~~T-~~J:t7J~ff1:ETQJ:: 5
~:, ~~~~O)#.J.~~-c'~~~~~~$~:~tG-C~-~~J:tc G-C

(J= 10- dt1/dA <exp [(A - iI,-lt)H] j p X exp [-(A - iI,-lt)H]jp>

7J~~~ftJ. ~~-c'jJl~d:~r1rtm1l:O),u(=x,y, z)~7t, H~d:f**o)J\~)v~=7/~

~Tlj{~T, P= (kn- 1 -c'~ ~, jEjffl5JJl~d:~~jj~~~:OOT ~~f!3fii~~T. ~ 0)~J:t

~:J:: J L!M=~O)#.J.O)~~$~31<~~ ~:~d:, )lw.Jt~m~~:£~v)-CM~T~::. C7J~~'~

~~ ~, r~'Jm~d:-~~~~ tlt~t~~tO)J:: 5~: ~~;t~7J~, ~J:tElf*7J~~~$O)*.~~

G-rv)~ C: v) 5 J~tJ'~ G~, /FPJ~i&!mO)-~~IBO)j!!tf!~l G~m~t~:t\.~ ~ J ~O) C:
~;tGtl~.
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Lesson 20: Electricity II
(applications)

:J:J71t1
:J:JJ.rJ~rJ

7 / ease, relief, rest
~9(v)) cheap, inexpensive, peaceful, quiet

~~ 7/~/

~~tJ: 7 /71 tJ:

tJ / among, between, interval, space
~ v)t!. among, between, interval, space

~rf:l~ :JtJ /
~rf:l~ !7 rJ tJ /

tJ / appearance, condition, outlook, view
IlmlJ tJ / 'J !7
Il}~ tJ /7/

=\=- oneself, self; :J oneself, self
.t3 (J)tl oneself

§c~JJX:

§c~~

=\=-.:t rJ gift, wage
t::.*(O.Q ) to bestow, to give, to grant

m~~~ =\=-3rJ=\=-.:trJ~!7~

z*ft ~ rJ =\=- .:t rJ

If / bowstring, chord (in geometry)
~~ bowstring

IE~

~~

safety
stable

time
(void) space

observation
point of view

self-organization
self-induction, auto-induction

feed/supply rate
supplying, providing

sine (function)
cosine (function)

....L..

~ :J rJ association, coming and going, mixing
*(~" ~)to be blended, to be mixed {vi}; *c:(;t~ ) to blend, to mix, to exchange {vt};*(1; .Q ) to be blended, to be mixed {vi};*c:(0~ ) to associate with, to mingle with {vi}; *(if~ ) to blend, to mix {vt}

5ei1rt11 i1rt :J rJ 1) .:t rJT / 1) .:t rJ alternating current (AC)
~5e~~ -* 'Y :J rJ tJ / =\=- heat exchanger
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m¥ .;; hour, o'clock, time
C:~ hour, moment, occasion, time

lfif1~ .;;~4
fPllfif ~9';;

era, age, "the times"
simultaneous, concurrent

13 .;; distance, path, road, route; 0 distance, path, road, route
§JIm tJ 4 0 (electric) circuit
JaIm ~ 9 0 road, highway

m! ';;4=- correctness, frankness, honesty, simplicity;
7- 3 !J correctness, frankness, honesty, simplicity
t::.ti.(!> ~=) immediately; tJ:.t3(T) to correct, to reform, to repair {vt};
tJ:.t3(Q ) to be mended, to get well, to return to normal {vi}

TIl~ (J) 7- 3 !J t 'Y (J) direct
TIl~ 7- 3 !J~ /' straight line

'/ !J clan, family, race, tribe
~~~£

~~

*9:J9'/!J4=
2./''/!J

aromatic group
ethnic group, people

J::!i ./'. / flake, leaf, petal, sheet
tJ)t::. one (of a pair), one-sided, one-way

Jt1.J tJ) t::.*9
*5~Jt 7'Y~39~/'

~ ::L 9 asking, calling for, inviting
~ ~(:> ) to ask, to call for, to invite

~.1* ::l9T/'~4

~~Wl ::l9~94=-

_ 3 9 manner, method, way
~* circumstances, situation, Mr. or Ms. {honorific}

?PfiJ['1 ~ 39--e4
mfi 1::39

1§IJ v4 case, example, precedent, usage
t::. C: (5t Q ) to compare to, to illustrate (by example)

J:(:frtl 1::: v4
frtl~ v4714
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one side, one party
crystal fragment

dielectric
induction period

diversity, variety
pattern, figure, design

proportion, ratio
exception



20-1:

Reading Selections

~mt (~J1I!1320)

m¥r~, ~:~tG-c1it~:-jjiRJ~:i1rfttQ.i1rfO) ~ c. ~tt~:~t~-CjjiRJ;¢~JajWJa9~:~f~TQ
.i1rf~~i1rf c v~ '5. lli1rfO).iJj~J:.7tl!;¢~~~a9~ ~Q;¢~, iffi1rf~.fI, ~i1rf~mi1rf ~ t~

~O)tc! cO)J:: '5 ~:, i1rfttQjjiRJ~J:~o Gtc! v~n~, *~ ~ ;¢~m¥r~, c3t~:~f~T Q~O) ~ ~

Q. ~ tt~JJmi1rfc v~ '5. JJmi1rf~J:iffi1rf c3ti1rfO)fll c ~-C~T ~ c.;¢~~~Q. iffi1rf.i1rf I,
.J±E, @IlmO)tIfmR O)~i*~J:~-l\O)~J{rj~:J:: ~ I=EIR ~~~tt~.•i1rf;¢~tIfm~

i1rftt:Q c ~O)l~••7J p ~J:, P =12R =E21R ~47L Gtt~. iffi1rf~J:.J±O)im~, im~n!

~i1rf0)J:: '5 ~:1iij¥~:~d:~~tc!v~O)~, .7J.~~:~d:iI~ tc!v~;¢~, ~~f*@I~, lli1rfq::
~-, .~1tfWtc!c O).iJj c G-C~$B1m ~:ffJm ~ tt-C v~ Q.

20-2:

lli1rfm7J.J±*t~~d:.i1rfn~, jtfpJ~:J:G~-JE~:f¥t~ttt~.iJj. lli1rf.J±~J:3ti1rf~m

i1rfTtt~t~~ GttQ n~, ~i1rfA7J.J±O)~tJJ~mi1rf@I~O)1) '/ 7°)v;¢~~0)* * m7J.J±~

mi1rf~:~*tt:Q. *t~.iJjO)pq$Jim~:J:: ~ ~fpJ.i1rfO)~f~O)t~~m7J.J±;¢~~tJJT:Q.

z:.ttGO)A7J~l:M7JO)~tJJ~~m G-C.J±*,J~@Ilm~:7 ~ - ~J\'/ 7 ~-Cm7J~:tcJEf~

~~~O)~z:.O).iJj~~:Q. *~, mi1rfT:QMO)3t.~~~U~~-~~~T:Qjj~c

~.fFm ~*,J~T:Qjj~iJ~~:Q.

20-3: ~mf (~J1I!678-679)

~~f~0 ~JftJL\C G-C, m¥r~, c3t~:JajWJa9~:~f~T :Q••. m¥r~'a9~:-JEO)JE1it••
~~Tll.~:~tTQfflm. JajWJa9~:m¥r~'~f~T:Q.J±:t3J::V••O)~~~, 3t••J±,
3t••i1rt~~lfJ\TQ;:' C ~~v~. ~tJJ~O)~ * tJ*~ <tc!v~mm~O)~~~~J:, .m~

o)I*)v:¥-7J~±C GL:J~ lv, :J /T/~-tJ:CO)§J~*T~:~JftG-CV~Qc.~7LQ
$JE1it.i1rtO)l&OfJkv~7J~~~Q.~im, ~i1rtc~d:, JalWJa9tc!••, .J±0)'5!>~, 'C-O)
J: 5 tc!l& 0 fJk v~n~-c'~ Q~tJJ~ ~ ~J~~~ ~T.
~i1rf0)~~c:~L~d:, IE~~, fI6~~~, m~~tc!cn~~:Qn~, IE~~~i1rfn~f{;~a9

~~ tJ, -NO)~~~d:, iE~~0)7-1) IPX1tO)mtJ.~oit~~it:Q. 1 JO)PJ~tJJ~
m~IE~a9~:~tJJT,'QPX1t~ C Qc., ~i1rf.if,t I(t) ~d: 10 ~~JE~C ~ -c I(t) =10 cos (mt
+ a), ~i1rf.J±E(t) ~d:, Eo ~~JE~ c GL, E(t) =Eo cos (ax + P> c. ~tQ;O~, ;:. tt G
~ E(t) = Re E. exp (jmt), I(t) =Re l. exp (jmt) (Re ~d:~~$, E., = Eo exp (ja), I. = 10 exp
(jP» c:~G, E., l.tc!c~mv~-C~fjO).~~t~TQ;:,cn~~~Q. 'C-tt~~i1rfO).*

~~~ c v~ v~, ~ (J) J: 5 tc!iE~a9 ~:~tJJTQ .i1rt, .J±0) @I~J1I!fnB~~i1rfJ1l!fnBc v~ 5
(.*~~~O).~~Q ~ c:~5i~~-C E., I. O)J: 5 ~:J: (*t~~d:-r) ~:J~~J~tQ ~ C.
;o~~v~). t~ c: ;t~i~ / l::-~/A Z, 7 ~ .3: '/ ~ / A Y ~d:, Z. =E.11., .f. =IlE. O)J: '5 ~:

.*~~~~ tlQ. mJ£;01 E(t) =Re E. exp (jmt) 0) C ~, mi1rt I(t) =Re I. exp (jmt) ;01i1rftl
GcTGc, ::.tlGO)mi1rt, mJ±O)tJ:Tf±$, J*O~i1rtmfJ~d:, lJalWJ~:Jv~-C, m¥
r~,~~~ G -C P =(m/2n) J021t/W E(t) I(t) dt = (1/2) Re E..I* = (1/2) Re E..*l.
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-r4x ~tt~.•mtcCl±O)w:m~~<5 cT~ C, lIE. = IllfJ exp U~ -r:6; t), p= (1/2)

It.:~ cos 8 ctJ:Q. cos 8~1J*c tt~5. ~t:: (1/2) I~~ ~BlmC1J, P =(112) lEn cos <5 ~
~WJC1J, (1/2) lelJ sin 8~~~1JC1J C J::~~. ~ ~ l:, E-eff =.E./(2)lfl ~t~Jd: Eeff =F.J(2)112
~Cl±O)~WJfit, Lff =1/(2)lfl ~t~Jd: Jeff=IcI(2)111 ~CmtO)~WJfjc~.T o. ~WJ.~

.m lt~~ c, C1Jld: P = Re <Eeff l*eff) =lECff l*etrl cos 8=Eeff Jeff cos <5 C:~ ~tt~. bt1~OO-r'

Wi*Ii!~:~Ja~tt~C~~j:tillJlt 50 ~t~~j: 60 Hz-r:~WJClE. lOO V O)~lil:'6;~.

20-4:

-~CJ±O)3tmt~~~T~.It. ~(J)tI~~:J:: t) JECJ±tc~f~C.t3J:tt~CJ±~PciJ

~Cltn~6;~. WJ~l:~T~ t> (J) C L, L ~d:, ~.J±~J±~, .~ti~.J±., .tJJ~.

tI~m~!fiil~l:J:~ ~O)t~ c~~6; t], ~fjffiiJfMI@I~O)3ti1rt.i1icL,L-M!btt~. ti~

~J:3ti1rt~mi1rt L,Itii1rt.: Gt:::ti, ~ti~~:J: fJ R(J3ti1rt~:~ltT ~ ~(J)-r:, m-JJtlO)et:>
tJ:m~O)~*~ tt~~fRl: -M!.m ~h~.
~Cmn) ~~~~ tt~ ~-i!C.l:'j:~f(O)ftJ.m~~~6; tJ, ~ftJ.m~(J)C1JO)M!.m~

ftI:n~~IbT ~ t::.~l!C. (J) 1 :/e- ~~:/A ~:et ~ CEEIS1f-r~~ {;Cl±n~~IIJT 0 . ~ (J)

~1IJ~~ftJm~n~!f,~l:~ {;Ltc~ft GtJ:~jhtJ: Gtt v~. .1JftJ.m~(J)~~To.J±~

1b~d:~~JJC1JC1IWlC1J l: J::~ tJ~, 1I~1JC 1J I:J: Q ~ (J) ~j:1J .l:~ C~*tj:J /7/'"!t
~l1mL,LliiflC'~ ~. ~~:JJ.1J l:J:: ~~Ib~d:WJ':i!f5:Att::. ~flo)~.I::J::> -ctc~ft~
tt~.

20-5:

-Wi~, .lio)*~~Jc, ~ttO)~<~m~O)*~~, ~~~?~ ~~~.~.

<mJRO)*~~ tP lj:Jt~JT ~tJ~, ~O)Jt~J~1t L= <PII ~1 /~? ~ /A clt~5 caw
~ltc ~lt)5). If!{iL~i H (~/ I) -) -e, 1 H =1 Wb-A-1

• ·.It.(1)flil~.7)t6;Q.~

l:li, ~~~(1).li~~, ~@]~~1{<mJR~ <Pi cT~ C, ep; 11~.il(l)::? <~.JR
0)ff1~ 4>; =LLh

j

C:4x~tt~. Ld(i~J) lifIJ1i1 /~.?~ /A, Li; ~j:§C1 :/~.?~ /AcJ:~itl~.

@]~tJ~ 1JO)~~, §C1 /~.?~"/Ao)Z:c:~lf!l::1:/~?~/Ac"~5. (§c)
1 /~~? ~ /A L ~~~@]~O)Cu.t I ~~ft~tt~l::, cm~~~:J: tJ -(d/dt)U (J)~

.1J~~C, .u.t~~~~~~5C:T~.ti~ltm~~~~~~ft~~.ff~.LT
~J:, 1 /~.?~ /A L~J:1 /e:-~~/AjlJ)L~t>Tj, .i1rf0)-m:t6~j:m2 t~~tiltto. ~

(J)J: 5 ~z:, 1 /5t 7 ~ /A0)4;t~ I) 777 /A~tlE-e6;~. ~ttn\6, -Wi0)1/1::
~~/Al:~tG-r, I) 7?~/AtJ~iE(J)C~, ~~~-e6;~C:tt~5. :11 )vtJ:C1 /~.?

~ :/A ~ ~::>ffiJ~*T.:e(1) ~ (7)~1 "/ ~~? ~ - c. tt ~ 5 .

20-6:

§C1 "/?7~7~/A~=Fft~:ItiirlC'~~m-~. Jt$m-!Wm-~~.mtt~, :11 )VM. (1)it!
~jffiJ~l:~d:.~(1)1 /~? ~ "/A L. ttAn, ::I 1 )~ ~ O)ItiJlJ~~l:~j:••~1 /~
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~~ /A L2 ~An~. pnj:J1 )v~:i1rfn~~ifrtO)!:tn~1 /~~~ /A~:~!:t{9iJ9QO)-c',

m~O)~s~n~d: L2 = (1 1/12)L1 ~4x.Q. ~ O)ft!!~: Q ~ -~--c'~ §C1 /~~ ~ / An~f.ft

~Hfmc c ~~:iltl~-c'~.Q. §C1 /~~~/A~m1i1/~~~ /AO)lE.tJ:iltl~~:

~d:xi1rf7 1J '/ :;~fim9~.

20-7: I) 7 ? ~ / A (tto/.)~2209)

1 /e-~/A (Z=R+jx) O)J1iif($O)x-c'~~n.Qil. 1tf{51:~d:Q(;t-14). t~cx

~~, ~1 /~~ ~ / A L ~d: roL, ~~il c ~d: -l/roC(ro ~d:xi1rfO)jEj~j}jf() 0) lJ 7 ~ ~ /
A~~~. lE0)07~~/A~~~07~~/A, ~n~~~~c~~~tt, _0)07
~~ /A~~illJ7 ~~ /A, ~n~~~~c~~ilJt1cv~:>. ~~Jt1O)1) 7 ~~ /A
~d:~i1rfO){51:m~.ffO){51:mJ::tJ~Git, ~ilJt1O) lJ 7 ~ ~ / A ~d:im*it~.

20-8:

xi1rf.i1rfO)i1rfn~:<~ ~~9il. 2 ~O)ilffii-TrJ3'O).ff V(t), ~ifrt I(t) n~lE~fJ9~:~{~
L, ~~f(~~-c'~n~n.y', I. c~~n.Qc~ (V(t) = Re.Y.exp (jrot) , l(t)=Rel.exp
(jox)), Z =Yell ~ ~ (J) 2 ilffii-TrJ3'(J)1 / t:-~/A c v~:>. ~::. -r: lJ) ~d:.i1rf(J)jEj~j}jIc .
• {}[~d: Q (;t-A). ::.n~d: 2n f4ffl-T(J)@]Im~~::~t9.Q1 / t:-~/AfT~Ij(J) n =1 O)~ft

~:~t::.Q. z ~~f($C~f($~:7t~tL, Z=R +jX C Lt~c~, R ~Hfm7t, X ~lJ

7~~/ACJ::~. *~, 1/e-~/AO)~f(~7~~'/~/ACJ::~n~. ~cx

~~, ~Hfm R -c'~d: Z = R, 1 /~~ ~ / A L ti.~t(J) c ~ ~d: Z = jroL, ~il C ti.~t(J) c ~
~d:Z= l/jroC-r:~Q. ~f(OO(J)1 /e--~/A Zi ~ft~Lt~c~, ~O)ft~fil!~d:, ~Zi

n~~Hfm-c'~Q c ~(J)ft~{il!~4xQitO)~Hfm{~~: Zi ~{-~A Lt~it-c'4x GnQ.
1 /l:::-~/AO).~~J:~1Jt, &~.(J)1Jtj}j1 /e--~/A, tJ~*(J)tJ~fJ91 /t:
~/A (lE~fJ9~:~{~9Q~tJC, ~n~:J::Q*(J)JmJ3t~~C®:9Q~~~)vO)!:t) tJ:c
~fjO)1Jtj}j, ~j}j~~~::1Jt5H~n -CV~.Q.

20-9:

@]ImO)~1Jtf(Mtt, ~~Mtt~~9@]Im~~f(o)Dc~.-ilffii-TM@]ImO)AtJ1/l:::
-~/A Z(s) ~d:, ~.Q§R{lt:~~tJ:xt~ s (J)fl~~f(Z(s) '"C'~.Q. ~n~1 /l:::-~/

A~f(cv~5. s ~jro-r:f!l.xt~ z(jro) ~J:xifrt~rnaO)~~1 /l:::--~/ActJ:.Q. fl~

~f( Z(s) n~4x Gnt~ c~, ~n~AtJ1 /I:::-~/A C9.Q@]Imn~~1£9.Q§R{lt:~J:,

s=(1+jlJ)c.Gt::..c.~, (l)Z«(1)7J~~f(, (2)(1~O ~::~tGLReZ(s)~O, -c'~.Q. ::.O)J::
5 tJ: Jt1'i~ ~ J t~fl~~f(~lE~~f( c v~ 5. Ii~~<~$fJJJ:O)}i~'"C'1it~:~~f( c tJ:Q
lE~~f(~ lJ 7 ~~ /A~f(cv)5.

20-10:

~ifrt@]Im~:-t3v~Lt::P1JD~ffV c@]Im~:ifrtn.Qmifrtl c:0)!:t~1 /l:::--~/Ac:v~5.

v~ *, n 110)~!RlltJ:)v-7 ~~U @]Im~ ~~x.Q. Jfif~t1.i~~:c: J t::)v-7°mifrt ~II'

]2' ... , In C. G, )v-7°~::~*tl.Q~mt.J~VI' V2 , ••• , Vn C.9tl~d:, *)vt:*~ 70)
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~j{Jj~:: J:: t] ~J:tn! JJX: t] 1L'J.
ZltIt + ZI2I 2 + + ZlnIn =VI

Z2lI I + Z22I 2 + + Z2nI n = V 2

ZnlII + Zn2I 2 + ... + ZnnIn =Vn
1T~Ij~~it~t [z] [I] = [V] ctJ:G. ~O) [z] ~1 /e-5'/A1T~jCv~? ~~lJtZii ~J: i
*13 o)J1t-7°0)~1 /e-?7~/A ~~ t], ElB1 /e-?7~/ACJ::~ttlG. ~F~t~lJtzij
~J: Ii' Ij n! C~ ~::i1rttlG;Jt)Mf!Im0)1 / 1:::-?7~/A~:it~~J ~tt~ ~O)~, f§R1 /1:::
-5'/A CJ::~ttl, Zij =Zji O)~f*n!~G.

20-11 :

2 'JO)§JIm~~~G, i1tJiflUn) r;itfpjflu~0)i17J#t~~9 GtJ!~, ~O)~~}~~, fIfij
~0)1 /l::-5'/A~~G<Gil7JO)EtM~::J::Qm~n!tJ:v~J:: 5 ~::9Q ~ c~v~5. iI
tJiOOO)~$1/l::-5'/A~P,.fpjOO0)1/l::-5'/A~RcG~tJ!~R=pO)C:~

9tJ:t>~1/1:::-5'/Am~O)C~, itfpj~::~*i17J~#t~9G~ cn!~~G. R *p
0) C~~J:EtMm~n!~ t], /f'm~~~Gc v~ 5. ~ 0)tJ!~~::~J:~~J~~~::1/1:::-5'/A
m~§JIm~~1*AG-c, i1tJiflUJ:: t]J!t~itfpj1 /e-5'/A~ p ~::~~G, plR =
N 2/M2 C G-C1 / 1:::-5'/AO)m~~c G ~ cn!-r:~G. /'\J1tA *t~~J:3ti1rt§JIm-r:~J:m

~§JIm~~:~J: 1':7 / An!J:: <m v~ GtlG. *t~7tm)E~§JIm, t~ c X.~t(PJ*dJ7-7'J1t-r:
{~~~~Z9~tJ!~, (PJ*dJ7-7'J1t0)~Jt11 /1:::-5'/A (50Qn)75Qn!~v~)c(PJC:
1 /1:::-5'/AO).fpj-e~tiiM GtJ:v~ c::fm~~::J:: G{~~O)EtMn!~~m?1jfJ{U~:~G. it
fpjcmr~lj*t~~d:, ~~j~::tffm~1JDx.G~ c ~::J:: t], 1 /e-5'/AO)m~~ CG ~ cn!
~~Q.

20-12: .~@].(lfo/.J~1381)

i1~{~~~I.*J1t=¥-O)t§t~,~z, ~~tJ:cO)I3a9-ev~<'In)O)§JIm*T~2i.~

*'sl}'J ~tt~ 't 0). i1~§JIm-e~J:I.*J1t=¥-iJj~mtJi, I.*J1t=¥-O)i1rttl~mi1rtc J::v'5~.

i1~§JIm~f& 5 i1?1j~::~d:i1J±?1j cmi1rt?1jO) 2 fjmn!~G. mtJiO)i1EE*t~~d:i1i1rtn~~ra'

a9~=~1~ GtJ: v~ ~O) ~mrif,t§JIm, ~1~9 Q ~ 0) ~3ti1rt§JImc: J::v'S~ . • ~§JIm~.tmn) G
~t~tJ!~~:: ~d:, ~Jh§JIm c ff~Jh§JIm ~::*ZJj-e~G. ~Jh§JIm c ~d:tffm, 1 / 5'~ ?7 / A,
~.t~ c~.JJX:~ tlG§Jlm-e, i1~a9I*)1t=¥-~~~ Gt~v~§JIm-r:~G. ~tl~:~tG,

fj~Jh§Jlm~d:i1T1f, 1':7 /:/A5'-, ') v-tJ:CO)§JIm*T~~U§JIm-e, i1~~I.*

J1t=¥-~~~~~~§JIm-r:~~. tmJh§JIm~.~, ~~, ~~O)~O)mTO)~m~~m

G-cv~~t~~, ~~::i1T§JlmC ~J::~ttl~. i1T§Jlm~d:§Jlm~.JJX:9~±~t~*Tn~~

7J)~::J::~-c~O)ijWJ~'J~t-c, t~cx.~tilT1f§Jlm, ~7'/:/A?7-§JIm, ') v-§Jlm
C v~ 5 J:: 5 ~::J:: ~ttl~. -1J-e~d:.f5t!m G-Cv~~ *T~::~f*t~ <, §JlmO)Jh~~ 13 ~7J) G
.iJj§JIm, mm§JIm, ~.§JIm, ~~§J., .M.@Im, .~.§JIm~cC:J::~h~~

9 Q. *tc.@lImO)Jt1J{n) GIRBIJ9Q z: c ~®Q . • J±c.ifrtn!ttf?iJOO'f*~=~Q, J* ~

~-bO)~Jtrjn!JJX:1L9 Q §JIm~~~§JIm, ~-b O)~J{rjn!JJX:1L L,tJ: V~~Fmr~~*TtJ: c
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~ffl V~LV~Q [ill~~~F.W[ill~C: J:~~. frem, ~., 1 /Y!J ~ / An!OOJ-t O)~-=f~::~
q:t GLV~Q c:~;t GtlQ [ill~~~q:t~Ic[ill~, i2!O)~ft~7}~~Ic[ill~c:V~ 5. x 1 !J
o l1!~: tet Q c, .iJ!l1!~[ill~ r"J~: c CJb~Q IIf*@J~~ ffl v~ ~ . .5a@J~O)mfJT ~:ffl v~

Q£*~~~d:=t:)vl::*'Y 70)r!J{U, mtJ.ftb1tO)l*~, moc~~, ~fI~~tetc-rd!>~.

20-13:

~.O) 2 J~rl3'~~~.mt I n!mttlQ C: ~, 2 J~rl3'~::~d: I ~::tt.g;J~Q.{}[~ v= RI n!~
CQ. ::.tl~;t-~0)r!J{1jCv~v~, 1826 iF G. S. Ohm ~::J:: J L~J!~ tlt~. tt.g;j~~

R ~d:.5<tt!fm~t~~d:llt~::fremC:J::~ttl, V-t3J:lJ I ~::J:: ~tJ:v~n!, ~.O)fjm~~m

(:t:~, ~~, rMtl3£, m~tJ:C) ~::J:JL~Q. ~rl3'J¥J~::Jkn!Jt~.mt~::JV~L~d:, ~J~

O).mt~~ i -t3J::lJ.~ E ~::~t G, fiUmJ¥JtJ:;t- ~O)r!J{U i = aE n!JiX t] llJ. ~ ~-r,

(1 ~d:.5<t~~~cJ::~itl~~.~Ic-c'd!>t], ~1JtJ:~.-r~d:AjJ 7-.-rd!>~n!, ~F~

1J'J1~.-r~d:T /') )vll~::tetQ. :t:~ O)-A~tet-Af~tet~*l-e~J:,R~J:~.O)~~ I ~:tt
.g;jG, ~nolls~::octt.g;j~~. ~tJ:bi5R=plls-ed!>~. p(=al)~d:.5<tt!fm~, ttt!f
m~t~~J:~~t!fm e: J:: ~ttl, ~*lO):t:~ -t3J::lJ~ ~ ~::J: GtJ: v~~Ic-r d!> ~. ;t-~O)r!
J{rj~d:, {(z~tJ: CO)~~f*-e~d:~F~~::Jkv~~1m O).{}[~O)fr«~::~tGL J:: <JiX t] llJn!, ~

~f*~~~f*-r~d:.fft~n!*~<tJ:~ e:JiX t] llt~tJ: <tJ:~. ~t~3tmtO)~ft~::~d: V= RI
O)tim.~::~ G~::~rl3'~1t~ dlldt ~1l7} Jldt ~:tt.g;J~~Jjn!mtl~.

20-14:

mfrl3' C: c ~ ~::iE~l1!J¥J~::.im~t~~d:.J±O)*~ ~ n!~1t~~3tim~t&5 [ill~. mfrl3'J¥J
~::-A~-rd!>Q IllmtO)~ft~d:Illmt.mtn!mttlQ ~ c o)-c'~ QfremO)~7J~ G[ill~n!.JiX~ tl
~. 3tmtO)~ft~~/~/~-~~CL.mt~mttl~~c:~~~-r,.mt~.J±J::t]

900 {ftf§n!~U. ~t~1 /Y!J ~ / A~:3tmt.J± ~1J(];tQ c.J±J:: t] 900 fftmn!-t3 <tl
-C.im7J!mttl~. ~O)J:::> ~:fremO)~~7J~~:~/~/~-~1/Y!J~/A~~lut~@J~

~d:3tmt.imn!mttl3tmt[ill~c J: ~ttl~. [ill~r"JO).im C:.J±~d:~0)*~ ~ O)~ -rtJ: <,
1iv~O)fftmmlf*~m~-c'd!> t], ~tlGO)mlf*~d:A\!J ~)v-r~~~tl~. 3tmtO).J±~.

im~d:.~Ic~/F~tl, ~ /~/~- C~1 /Y!J~ /A L 0)1 /t:-Y/A~d: I/jroC
-t3J:: lJ jroL -c'4;t Gtl, .KtJ:3tim[ill~O)at~~~~~:fT5 ::. cn!-r~ Q. llt-O)}aj
l1!IcO)3tmto)~-c'~<, }ajl1!Ic~mlcmO).~l1!~~O)}ajl1!IcO)3tmt~~~tl~~c~

~v~n!, ~tlttlO)}ajl1!IcJiX7}~:v~tL[ill~~t~~~::. e:7J~-r~~.

20-15:

lltfftnolld!>t~t] 0).mt~~9~!J l' )v•. • imO)ff1:E~~~~~::, noll s 0)1I/J\~no

~~;t, ~ 0) no~~~~~ .5a1l~ lltfftmf rl3' d!> t~ t] I C:~~ . ~ 0) C:~ , ::. 0) no ~::~III
tJ:1J~ ~:~t~ ~.im~ J3t i 0) JiX7} i1- ~d:, ti~i

i1- = lim (lIS)
s~o

~:J: J L~A~tl~. Gt~n~JL, .im~l3£O)SI lltf}[~d: A-m- 2 -c'd!>~. mmt~l3£~d:

~~::fftlll c:mf~J C: O)mllc-c', .mtO)~ra'J¥JtJ:7}~t~n~ cmfrl3'J¥JtJ:~1tO)J:: 5 9 ~~~.
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.if,f;6~J~.fnjO)~tJJ~:et ~tlft~:~d:, i 3EJ O)J~.fnjO).5[.~ qi' fftfil~ ri, Jm~~

Vi C G-C, fftfifr ~::t3~t~.if,fm~~d:, 8~~~fflv~-C,

i =~qiVi8(r - ri)
-c:lffiL GtlG. frJ~d:*(1)r:p(1)T~-C(1)J~.fnj~:bt~G.

~~D~••~0).if,fm.~~(1)et5~.~~~~~.~~O)~m~~MvO)~~
O)pq$-c:fJ7t G, v~@J~. ~M V~d:~O)~~pq~:~~O)J~.fnj;6~~*tl~m~~:*~

<T:Q. Gn)G, *iE:~O)~fJ~:tt~tl~f+7t/J\~V~~~~~fiL:Q. Gt~n~-;)-C, .~

~ tlt~ilif,fw;~ T ~d:

i =(~qiVi)/V
~~G. frJ~d:~~pq~:ff1£TG1IfnjO)~~:-:JV~-C31<~G.~~:, ~~O)r:p~.T7J~if,ftl

G~ft~:~d:, .T0)1Ifnj~-e, ~m~~n, .~Jm~~V cG-C, .if,fw;~T~d:

i = -env

20-16: Cmfil$; (~~1441-1442)

m~Mi6~, A1J1~~1Iifrt~mf&G-c*~tJ:.ifrt~ttl1JTG~ c. m~i~:~d:.mt~m~i

T G~ 0) C.J±~m~iTG~ 0)7J~~ G;6~, .ifrtm~MO)~ft~:~d:, A1Jm:if,f~:~tT~ ttl1J
ilifrtO)tt, TtJ:V!), ilifrtm~M.~d:1~~iJj:t3J::ltjtfPJ1 / !::-Y/A ~::J:: -;) -C~{~T G.
~.~~ilmtmm~fi5~~0)1Imtmmi6~, A1J1/!::-Y/A~o~ttl1J1/e

Y / A ~d:~~N*O)m~Mi6 -c:~G. ~ O)~ft~: ~d:1~ ~iJj:t3 et ltjtfPJ1 :/ e - Y:/A 7J~ cO)
J:: 5 tJ:f~-C:~, .ifrtm~M~~d:~{~ GtJ:V~. t~ cfiL~f l' '7 :/~A~-~:J::Gx~ 'Y~-~
!1f!@J1m~~d:, «-AA1J1 :/e-y:/A~d:~Ef.Qn)G~ kQ fi~~~* tJ rt1i <tJ: <, :J

v~ ~-ttl1J1:/e-Y:/A~d:~MQ fj~-C:3-~*~:*~tJ:1:/e-Y:/A ctJ: tJ, :J
v~ ~-~d:~ ~ ~if,ftlG1Iifrt7J!«-- A ~:ifrttl~.ifrt~:et J -C*tl~~ tl~~.if,fl1j c~tJ:

T::' cn!~~G. Gt~iJ!J -C:J v~ ~-ilif,f~d:*~:~- A1Iifrto) hFE f& (*t~~d: Pf&)
c tJ: tJ, hF E ~d:ilifrtm~M$ c J: ~ftlG·

20-17:

1~f*· ~~~::t3v~-C, ~$n)G~:I:~iO!t=fJ1JD~tlt~c~~:,~0)~.O)ftBtJT$iO!~1~T

G~~~.~7C~~jj*C:v~ 5. ~O)~O)ftBfJT$O)~{~iO!.~~::ttf?iJTG~ft~, ~'Y7

)1;A;jj* (~G v~ ~J:-*O).~7C~;jj*)C v~ v~, .:I:~O)=*~::ttf?tlT :Q~jj*~, tJ
7JJ* (~:Q v~~d:=*O).~7C~~jj*) c v~ 5. J±.*5Mt-C:~d:, t=(J1J[].~O)}ajiJt~iO!J±iI

~~~}ajiJt~J::~ {g;v~:I:~ft~d:, J±.~jj*~::J::G*5MtO)5lfiJ~~~iO!t=fJ1JDiI~~::J@~G, 7C5lfi
J~~:lJ*~:et G}ffitJT$O)~{~n~(PJ~~:~G. }ajiJt~n~rt1iv~~ft~d:, ~~n~J@fJE-c:~~, ~

O):I:~ft ~*~~~0).~7C~~:lJ* c v~ 5. ~ 0)~:lJ*~d:v---if-7CO)7C~~~:Jitffl~ tl,
~'Y7J1;A7JJ*~M!Jt~~~i6~~'Y7J1;A• tJ},.t, tJ-~jj*~M!-;)t~~~i6~tJ-·

tJvc: v~ 5.

20-18:

.~7C~7JJ*o)DcJ. • :I:~~::J:: -;) -c!Jo/.J.O)ftBfJT$iO!~v:Q~~o) 5!), ~~ E 0) 2
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*-c'~@~n~.mffi~Vl5. E ~:.bt{?iJT~ ~O)~d:~~ -7JVA~:1J*-c'~~.~11~~.
-c'~d:, ~t~J[17J\ G.jj}}~:e:t ~~{~~O)~{~ c L, L tJ -~:1J*7J~I!jJ{tl~ n~. .jj}}~:1JZrT~:

{fil7tL,t.:?1Jt~l O)7t~:~tT~~JtO)fttlffi$~ nil' ~U!H:{fil7tL,t.:jj}}-g.O)~O)~ n.L cT
~ c, 2 JO)7t?1JtO){~m~ r ctJ-f*f{ K cO)~f*~d:, 7tIm~~ 1 c L,L,

r= 2n(n 1- n.L) (IfA) =2nlKE2

-rEj.jt Gn~. :ff~,i1tle(1*O)e:t'5 ~:~IiT~ ~ J t.:7tT-r.~~ n~~Jt~:fl![~{fil7t L,
t~~~Vl7t~Jm. L, L ~, mffi$O).11J[1~d:I!jJ{tl-c'~tJ: Vl. z:n~d:~~TiO~-c't~ Gr/) ~:ft2rttJ

GLVl~t~r/)-c'~~. L,7J\ L" %ivl.jj}}~~Jt~:fFm~it~ c, ~~TiO~m~JL,mffi$

O).11J[1iO~~-r~O)-c', ~~Vl7t-c' ::.n~~~-c'~ ~. z: 0) c ~, %iVl.jj}}~~rttJjj}}, ~~

Vl7tO)jj}}~~~ttl L,jj}} c vl5. ~2rttJjj}}0)~JJJ~WliO~7tTO)*'lfn~rp'~:tt~L~~~7J\-c'

~n~J:, 7tTiO~z:n~:~t; -C~2ftiJG, tJ-~:1J*7J~I!jJ{tl~ n~. ifljVliJNJJJf{O)~ftiJjj}}~ m
Vl~ C, 7t-TO)~~~:J::QtJ-~JJ*7J~J!GnQ,=- l' D.I'\/~/tJ:c:ffIiJ[1le(1*(1)tJ-
f*f{~d:~~1it~:*~Vl. .~7t~~*5Mr ~tJ\tJ: ~ *~tJ:tJ-~:1J*~~ L" "iiJ~il!}gt&, 7t
~wmB, 7t~~ ~ Y'-~7tmftiJBtJ:C~:mVl Gn~. tJ-~:1J*~d:~.J±I'JvAO)mW;jJ{tl

)E~~a1*r:p(1)~rp,.rnr7}~(1)jJ{tl)E~:~frjm ~n LVl~.

20-19:

.jj}} E ~:e:t J L~~7t1i J tJ~~ G, ~~ Vl~d:~!J H ~:e:t J L.~7t1i p iO~~ G~~
~~.~~~~*cvl5. ~~.~~JJ*c~vl5. Z:0)~~~d:

P = XeE + lemH
J= ImeE + XmH

-c'~~nQ . • jj}}c.~7}tm~d:tmJ[1.1'\7 1'Jv-c'~ tJ, ~jj}}c~~7}tm~d:$lbJ[1.1'\7 1'Jv-c'
~Q(1) -c', f*f{ [em C [me C~d:~r~,oc~~:: J:: J -C{:-1~7J~~VQ. .~m~~JJ* ~ ~J~m

.~d:, ~:l.7"=-:J7~~:~T~*5~~:~HGn~. Cr20 3 , Ti20 3 , GaFe03 -c'1!jJ{tl~nLVl

~. 7}tmtJ~jj}}(1)=*~:ft{ffT ~jj}}-g.~:~d:, ~111*-c' ~.~~~~*~d:fftt L,1~~. *t~

Ni3B70 13I -c'~d:, m!!}o)~{~~:J:: J -C 13J£.~7}tm~oc~~itQ z: C7J~-c'~ Q.

20-20:

tlfm1*~:mmt~ifrtTc~ittf~l:~:*~tJ:ittf~J£~TQ!!}~7J~~Q. ~ O)J:: 5 ~:m

ifrt ~ifrtT ~ c ~:J:: J -C~-r ~ittf~iM!"Jmifrtittf* t~ ~d:¥~:mifrtittf c vl5. 1il:JMtlfm
-c'~d: ~ O)ittf~d:/J\ ~ vliO~, ~Jmtffm~ft€Mtffm-c'~d:-~~:*~ Vl. .ifrtittf.J± Vn 0)

=*~d:ifrtT.ifrtI O)=*~:l:t{?iJ L, -CJi* L" 7J\'J ~?1Jtf{f ~:i2ttWtlTGA~7 ~ Jv~:ff

T Q. vn
2

oc ]211///. ~ ~ -c' 11/ ~d:IljJ{tlT ~~~f{1ff~~i-c'~Q.

20-21 :

mifrtcmj:JO)~ C~:~n~m~~, ~~~JJ*~~~G-Cmifrtm~~*c vl5. 00:111*
0)~f*0) He~ 11ftiJ X ~= .ifrt~ ifrt G-CS V) -C , J-J~ 11ftiJ z ~=m~~ tf\ ~tQ c ~i0)11ftiJ y ~=

mJ±O)~-rQ*-)V~:1J*7J~{~~~tJ:Wtl-c' ~Q. ~ 0) ~~7J).ifrtO)11ftiJ~:~tG, mjj}}O)11ftiJ,
~:1J*7J~~n~11ftiJ~: Vl0 Vl0tJ:j:J~7J~~~. *t~ z:n~:~GL, -~ifrt7J~~ifrt-c'~Q C
~ 0)~~~JJ*~~~G-C~ifrtm~~JJ*CV) 5 .

-251-



20-22: .l1J~•• (~~1429)

~.tI~t-~-~*vg-~O)~,3Cmt~) t3 filmt.i1I~f~Q ~O) C, ~~:filmt~) G~

i1rt.i1I~f~Q ~O)O) 2 fjm~~d;Q. iUiJlO)lEIfifl~O)t~~*~::f¥~;Q~~,~-ed;Q . •.il[
~d:~I)::I/'.mtH~~11)A~-~~~~Ltt~O)-e, ~tlG~:et,Q~~clucf¥~~~'~c

Lt t~ v~titl1:~~fil~~~ThI~M!mg-Q~~;Q~~V~.

20-23: ~•• (~~1623)

.m~~fFm~fljmLtfl~.I*)v:¥-~.5U:I*)v:¥-~:~itg-Q~ThI. m*~~B
O)-fit~m~J*J~~~:JJ~iiifl A O)::I 1 )v~~-)EfEJJl~ m-elEIfig-Q C~, m:5R t/J ~d:~
J:t~1:j.;!t GtlQ.

t/J =BA (cos rot)
::I 1 )vO)~~~ N cg-Q C, ::I 1 )vO)fJtijilfflf-T a, b ra,~:~~g-Q~mt.J± e ~d:r~c~31(

~ t3tlQ.
e = -N(dt/J/dt) = NBAm (sin rot) = Em (sin ax)

~mtl~~d:, ::I 1 )v (.tI-T:J1 )v) ~lEIfi-TcLtmti (~m) ~~)Ec Ltt~ ~O)~lEIfi

.tI-T~ c v~ v~, ~ tl~.&~t~::Gmti~ lEIE-T c Lt t~ ~ 0)~lEIE~m~~.fIc v~ '5 .
WImt~.tI~d:lEIfi.fI-T~~, mmt-TCJ7~~mv~~~.J±~.mtLtLfilmt~~~g

Q. 3tmt~.tI~d:fJtij1JO)~iO~mv~ GtlLV~Q;Q~, lEIfi.tI-T~~~d:A I) '/ 7 1) /'~ c 7~

~~~.ff~~$~~~G, lEIE~m~~••~$~.~mg-. iUi~.H.tI~~m~

.~et t] f'iljv~, ~E3 Hz~) G 20 kHz <Gv~ *~O)f'iIj~.3Cmt.1J ~H.g-Q~O)~d;

t], ~miii~~d:f'iIj~.1JD~HO).i1It~c~::tf&LtLV~Q.

20-24:

*&~f*~.~O)t~7J)~:~<C, IE.fnJ~d:.:I:~«7 1')vO)1J(tij~:, ~.fnJ~d:.&~t1J(tij~:

1I/J\~{}[Lt, ~.O)f¥t~~~~d:.5U:~ti-T=C- ~ / l' ~~--:JJ:: '5 ~:t~Q. ~O)~~~~

m7ttic:v~v~, ~.7tti;Q~~Q~.~~.{*C:v~'5. ~.7tti~d:~O) 3 --:JO),*(lg~:etJ

L~9~. (1) .-TJ&;Q~,*-T~~:~tLt-C~{}[g-~(.-T7tti). (2) 1:t/*5A~:~v~-C,
IE1 :t /7J~~1 :t /' ~:~tLtL~{}[g- ~ (1:t /7tti). (3) 7k~~ti-Tt-~ / l' ~ ~~
7t-T (tiJt17t-T) * t:::. ~d:£;Q!.jj)}0) r~D2(tijg- Q (l!2(tij7tti). ~.f*O)~$iJ) G.jj)} E
~1JD;!tQ C:, ~.f*J*J$O),*-T*t:::,~d:7t-T~::~d:}ajm.~ F 7J!fIJ~, ,*-T*t~~d:7t-T~d:

7ttiGL~ti-T=C-~ /' ~ p ;Q!~9Q. P ~d:F ~:tt{?iJG p =aF c:~~tlQ. ~O)tt{?iJ

)E~ a ~7tti$c v~ '5. 1Jlf:r1Jlfi:J /T/'~-~::, tt~.$ E O)~.f*~ft~g-tl~t,

~O)~.~fi~d:, ~.f*~7ft.Ltt~v~~~~:tt~-c E{~~:t~Q. tt~.$ E~d:, 7tti$
a C:}ajm.~~~ r;Q!1:j.;!t Gtltl~t, ~O) 7 ~9:;9A · =c '/ '/ T -{ O)J:tiJ) G3Kab Gtl
~.

(E - 1)/(E + 2) =(r/3Eo) ~Njaj
j

7tti$~d:, 3 --:JO)$7t~:7t~tQ z:. C:iJ!~~~. g-tJ:V!>.-T7tti$ (aelectron)' 1:t /'
7tti$ (aion)' l§2(tij7tti$ (adipole) -r:d;~. 7C~~.~~:~V~L~d:, 1 :t/'~7t-TO)fJ:Jt1
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(J)t::.~l:, 1 ~/~fi$, i!rPl~t?i$lJ:~ti$~=~4 GtJ: ~\. Gt::.tJ~J -C, 7t~~~.
«i~-c'~d:, eT~ti$(J)~iJ~~49 o. ~~~JJ&':, .TI:~f9 QjtPij~(J)~.tJ'\~~.

m~~fiIi~tJ\ ~~1 Jy D~«t~l:t1\~tL~j:, .T~ti$(})~~tJ\l: 1 ~/~ti~tJ~~49
Q. m~~tJ:~\L,~~«i~l:, ~raO)t§T~JJJl:J:~3t1f4~0)~.tJ~fft£9~.~-"

)j".i1t (VHF) et tJ flf~\IaJl1t.-cIJ:eT~fi~, 1;t/~ti$, I2rPl~ti$O)T.r(-c~~~

4 9 ~. T ~ :). - ~ )v~ (UHF) t~ t, \ Gx 1 Jy 0 ~.iill:, T 1\1~ (.fD~)O)~.tJ~

ijltL~.

~.~0)tJ:t1\1:~j:, ~~.~C:J: ~itl~~ltO)MAtJ~~ t], .f£~J.I~tt9I:P'1~O)tf

'MtJ:fiJf1t;¢\rrbtL-Clt\Q. ~~.~~d:, iBftll~~ft~itQ C, 1i~.fI)E3~T~ C ~~

5*f1ln\~~. c~~C', ~~.mfi3~d:fM~fI)E30)-fj-c'~Q. ~ef*(l)tJ:n\~:~j:9

~~.fI)E3~~(J).~fI)E3~9~Mrat>~It~ t], =tl£3~:itG-ct>, ~f£~J:m~

tt9 ~:P'1~(l)Jl.tJ:if1tiJ\rrbtl L It \ ~.

20-25:

e~Ece.mllDC:(J)••~~~.9~~~It~, ~e~(})*f.~~G, ~.~

Itc t>et~ttL~. • Jll:~9~~.f*(J)~.tJ~.9.C L,l, M. Faraday l:et~l.
A~tL~. ~.$~EC90cD=~C.~tLQ. e~.~$~k, .~(})a.$~

~C9QC, £-=Xe+Eu(J)OO~tJ~~Q. =t>G~.~l:.1Jf£tJ~~tL~t, E~d:2.O)T/

'J )vl:fJ:Q. ~ra,~ra'tt9I:~ft9Q~-r~j:, 7- 1) I~.~tLt~e~c••mllcl:1P1
~(J)~~~~tJn~. ~(J)~~, ~.*~~JJJD:c:l1tD:c~~ffTQ .•m~~~~o
lit::.tJ: ~~~. t>~Q.

20-26:

rei~i1t1JD~(})-fj-c', jt1JD~~(l)~.~n~~IaJl1t••~ I:t)7)\tL¢ C, M.fft~l:et

~ L~~TQijl•. {lm]aJ~lliO~GHzm':&Iue'lt\¢ ~ c::../J~~, ~O)~~O)t>O)~x

1 Jy o~1JD~c t>~~5. ~rr.t?it1ira'~:~.~tJ* tan 6, It••~ Er tJ:o~~~.~,

etit1ira,ra'~ D [cm] 1:]aJ~llf[MHz], eJ± V [V] O)CIl~tt.9¢ C ~, 4#JJ~I:.J&

~ttQ¥{y:~3~t~ tJ (1).11 p ~J:jt1JD~~c.~O)ra'O)~~ d=O 0).~~J!:~4;tc;

tLQ. P =(5/9)/Er (tan ~ )(VID)2 X 10-12 [Wecm-3
]

~1aJ~.It~J:=t?i1f~m~\t~EJfiJJ~~~l:J:~ 'bO)n~.t>~<, ~O).tJ~j:, .+W
n\£3ltEf kW~Il(J)~O)~-c~~. ~mlaJl1tIt~j:9 *if¥l:1t, ~t1i0)~., :J·bO)1JDa
tJ:c~j: 5-30 MHz, 77 AT'/ Jy ~- ~~K:Jf0)~~1JD~~j:1c+ MHz, 1tdlJ~~J:m'j:1-3
GHz-r:~~. flj~~~d:, -~1JD~i1~PJtm, iBft~J:w.n~~<*'J.iO~~~, ~~n'{~tt\, ~

~(J)t3~tLn~~tJ:<~*~l:tcti~ tttJ: ~), t~ c-c'~Q.
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Lesson 21: Electricity III
(semiconductors and superconductors)

~ q:. model, orbit, road, rule, rut, wheel track
$JtHdf q:.~q:.

$JtJi q:.~r)

}i!ij q:. 3 7 board, bureau, central, conclusion, duty, office
~mm~ q:.37~3~~~

*5~ 7'Yq:.37

W 7-1 model, mold, set form, style, type
tJ) t::. model, mold, set form, style, type

IJ\~0) 'Z:.. tJ!t::. 0)

a~~t~ T~7-1Tq:.t~

~E 7'Y binding, tieing, uniting
U9(vS~) to bind, to tie, to unite

*a~,JtJi 7~ :fr)q:. ~ r)

*6mr 7'Y~3r)

locus, track
orbit(al)

local electric field
after all, eventually, in the end

small (size), compact
typical, representative

bonding orbital
crystal

jJ.t :J r) mineral, ore

~E

~!fo/.J

ore, mineral
mineral

1:E -if-1 country, outskirts, suburbs
~ ( .Q ) to be located in, to exist, to occur

mttO) 7/'-if-10)
fftt '})-'-if-1

present, current, now
existence

~iE
--t- :; .:L )-' aim, corresponding to, level, quasi-, rule, semi-, standard

£~ q:. :; .:L )-' standard, datum, reference
~~{l:: 1:: 3 r):; .:L /' jJ standardization
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EIaa ~ 3 ry clear, crystal

*Am.~m
J¥~A

A1~3ry;t/'~71

~/'7'Y~3ry

quartz thermometer
single crystal

~a:.

18. ,/ry construction, cultivation, structure
J <(~)to build, to create, to make, to manufacture

f.M~ ':Jry,/ry
~~Im ~1,/ry':JryT1

structure
manufacturing process

m 7- 3 ry super-, ultra-
~ (;t~ ) to exceed, to go beyond {vi}; ~ (T) to cross, to spend, to (sur)pass {vt}

m~iJt 7- 3 ry;t /'I, ultrasound, ultrasonic
m~~f* 7- 3 ry 7 /' ~ ry~1 superconductor

;Ei~ ~ ry prefecture, province, road
~~ an art, duty, journey, justice, lane, moral doctrine, path, road

pj$JLm I /::f- ~ ry circular orbit
mA ~ ry !f tool, implement

J ry concentrated, dark, thick, undiluted
Z:(Vl) dark, saturated, strong (drink), thick (soup)

t,l~tJ: J ry ::I ry (J)

t,lJjt J ry ~

1\ / half, hemi-, semi-
tJ:7J)(~t) half(way), middle, semi-

-¥m 1\/71
-¥~f* 1\/ ~ry~1

7 bad, clumsy, ugly, {negative prefix}; :f clumsy, ugly
/FPJfi~ tJ: 7 jJ / ry tJ:
""Z"'~~ t5 7 1 """' \ f h - "'.....'1" .cf; ilYGn" V ../ / './ T ../

1) / bordering, confronting, facing
O)-t(U) to face, to meet, to rule over, to visit

~~~~ 0/jJ1~3ry~1

~*~~ 0/~3ry1ti~
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concentration

radius
semiconductor

impossible
point of discontinuity

critical state
clinical medicine



21-1:

Reading Selections

._i* (~J.l1670-1671)

~~ c*fgaf* c (J) t:pra'~tJ:.5[mm~ ~J~.. JJ4~~tJ:~~ c*fgaf*c~~d:.5[m
mn~ 1012 fff ~.tJ:~ n~, ~ (J) t:pra'(J)fii~ ~!>, Gn) ~Ui~(J)l:~ c c ~ ~:.5[tJfm(J)

iJ9t~9~~.(J)f¥1£9~ ~ C ~J: M. Faraday (J)trtJ) G~ Gtl-cv~t::.. ~ (J)~(J)~.~J:~

~C (J)tlM~:J:: -::> -cmi1rtfFm (J)~ C~ ~ c n~ 1904 if ~ -0 tJ) GbtJ)-::> -c~t~. ~tl~J:~

EltitJtU c G-C 7 ~~(J)ltitJt~:M!btl, t v /~!lRMt{~mmi1rtU c G-c~i1rttJ) Gl!i1rt.
tJ~f*J:~O)~:mv~ Gtl-cv~t~. GtJ) G~~f*0)~7)V~J:, 1931 if~:i)]~-C A. H. Wilson
~::J:: -::> -C_li~ tlt~. z:. (J)~7)V ('7 .{ )v'/ /m~) ~J:, £Ar~::7J'9J:: 5 t~ ~O)-c'~~.

fiTfRB~lJ!!If*fRB~:J::tl~t, *5mrt:p O).TO)x*)v=¥-~d:il~~~~d:tJ: <, ffftJ\~:7ttl-c

f¥1£ G, .TO)x*)v=¥-tJ\tmO)f¥l£n~fF~ tlt~fF~fff cf¥l£(J)fF~ tltJ: v~~1I:fffc~:
7ttl~. *f9af*-c'~J:~~ fF~m*-c'~J:.T-c'rr&1t~~ tl-cv~~ tJ~, ~O)J:~:~J1:m~~-c

-Cffttl9~fF~fff~:~d:.Tn~f¥l£GtJ:v~~m c tJ: -::> -Cv~ ~. .TO)rr&1!> t~1trr&1fff~~d:.

T~J:tJJ~ttJ: v~o)-c'.5[~~$~J: 0 ~:tJ:~. ~~-c'~J:~ ~fF~mO)t:pra'*~.Tn~rr&1t~ ~

tl-cv~~o)-c'.T~J:tJJ< z:. ctJ~-c'~-C.5[~~~7J'9. ~tl~:~tG, ~fffc1trr&1fff~~

L ~~J1:mO)~Mn~~v~ c ~~: ~d:Ui~7J~J::7J~~ c~139~:1trr&1mtJ) G~m~:.Tn\Ul1J~~ tl
-c, ~mO).T~1trr&1m~:-c'~t::,.TO)f~~tt::.1\ (iEfL) c c ~ ~::tJJ <::. ctJ\-c'~ ~ 0)

-c', UiNcc~~::m1JD9~.~~~~~G~. z:.tltJ\~~f*-c'~~. -$.TO)f¥tt9
~~m~~~m, ~RO)f¥1£9~1trr&1m~~.TmcJ::~.

~~f*~:~d:fi~O)Mt{~~, tJ )V:J7/{~~~, 1ffl{~~~~O)~~tJ)v~-0 V~-0tJ:.f*~

{~~~mn\~Qn~, ~~: Si, Ge 0) IV ~7C~ GaAs tJ: cO)J:: 5 tJ: III ~c V~O){~~~m,

ZnTe O)J:: 5 tJ: II ~c VI ~O){~~~m~d:JJ4~139tJ:~~f*c~xGtl-cV~Q. ~tlG ~d: 4 J
O)*5~o)¥~IEllQoof*O)1JrPJ~:te G~J L, ,y'1~t / ~~~OO!IR~~~, ~~ v~~d:'7

)v:YtA~~:*amr9Q. z:.tl G0){~~~~d:~~:{~~fifRB139~:~)EtJ:*5Mtn~f~~9V~. GtJ)
G, ~tl-c' ~{~~.fRB139tJ:9tl ~/F$iH~mO)f¥l£~: J:: -::> -cmm7J\r7J\~. t::. c X~t Si ~:

V~O)/F~~ As t~c~ 1 ppm fiNO)~fi~A9 Q c (z:.tl~ ~-e /!/ c v~ 5), As tJ!
Si ct5~{-~J -c.T~ 1 J~te G, z:.tl7J!b9tJ)tJ:UiNO)J:~-c'~~m~:Ul1J~~ tl-C
.5[~~~~CQ. &~t~: 3~O)/F~~m, t~C:X~tIn ~ ~-7°9~ c, .T~~mT
mtJ) 6~v~If~J -C, IEfL~~ C, :.tl~:J:: -::> Lm5[f~~n!*~ <tJ:Q. M~~J:i1.O)~tJJ

mfPJ (:f--v I) ~-) ~:J:: -::>Lm5[~~~~ GQtf\ 6 n ~ (negative), f~~~d: p ~ (positive)
C:J::~tlQ. mT~lJMx~5~0)/F$iH~~~~-, IER~Mx~3~0)/F$iH~~7

7 t7°~- c J::v'5~. ::.tl~::~t G-C/F$iH~(J)f¥1£ GtJ:v)~~f*~~Jt!~~f*c J::v'5~. mT
(J)~tJ~139~T/~ -V )v~J: 7 x)v ~ ~{~ C: J:: ~!tl, ~Jt!O)!~~~d:~~fff c~mTfff c 0)

t:pra'~:, n ~(J)~~~J:{~~m(J)~c: ~~-~{~c:(J)t:pra'~:, *t::. p ~(J)~~~:t{jffimTm

O)]]{l: c 7 71z7°~-~f~cO)t:pra'~: <Q.

~~{*~:mifrt~mtG, 2:.tl~:~l!tJ:1JrPJ~:m~~1JDX~C:, *-)v~jj*~:J:: tJ ~tl6
~:l!X9 ~1JrPJ~:*- )vm!~7J!~tl~. ~O)*~ ~ ~d:.ifrtc:m!~~:ttfrtl G, ~O)f*~~d:*-)v1*~ c: J:: ~ttl, l/neq C: tJ::Q 7J) G, ::. tid:: ~ :f- -V 1) ~-t.N n c::f- -V 1) -V-(J).
fPJ q 7J!V7J):Q. ~~f*(J)mT~d:*ara~T / ~ -V )vO)~.~~~t-c, ~(J)W.~d: 13 Et3~ra'

0) ~ 0) C: ~:t~tJ: J t~1f~jjWm~ t> J -CV~.Q. :.tl~1J{IJ.Q 0) ~:~'1 !J 0 ~ 0 /j:t~~~mv~
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Q. m~O)m*mJJtB ~%i<g-Q c, =f~ ') ~-~d:7~ / /~~~~~::J:J-C~!Lg

Q *-c'~:: {PJ§Jn) F9$JLJH~tI <. ~O)jEj~tJJlc~d:eBlm* -c'4;t t3 tlQ. z:tl~::fPJWJL t~

.~~~tJJ~~$J: ~ 1Jn;tQ cjt~~~1&n~~Q. ~$n) t31Jn;tQ~tJJlc~-)E~:: L-CS
v)-C, jt~~O)~Qm~O)%i~ ~?lU)Eg-tl~t, 1f5iJJWii m* n~bn)Q.

fiffi.TlIfO).T~d:7t~~1& L -C~~lIf~JJiJJ~~ tlQ. z: O)t~~ ~::~d:7tTO)I*Jv:¥

~d:~tJ: < C 't~qtO)~J1:lIfO)~i, g-tJ:b!>I*Jv:¥-:¥~ 'Y 7°J:: ~ *~ < tJ:~ttl~ttJ: G
tJ: v). Gt~7J~J -C~1&f*Ic~=~d:, z: O)x*Jv:¥-:¥~ 'Y 7~=f()~g-QtJt*~=$lv)li!>l:

iJ~ ~ iJ~'&J J -C, Ic~tt~l:~g- Q (£Uf~1&). z: O)£Uf~1&illfflO){1l:fi!~d:~~1*~::J: J -C.
tJ:QiJ~, ~W~::J: ~ m$~~~iJ)G~~~~~::lklv-c'v)Q. %im~~1JD;tQC.T~d:}liJ

§J~tJJ~Ml~QO)-c', ~~~d:.T{~~tl-C, X*'JV:¥-!\/ ~~d:~im~tJ:7/~'7~{}[
~::7ttlQ. z:tl~7t-c'!ffiMg-QC, ~T~d:fiffi~TlIf0)7 /~'7~{}[n)t3, ~~1If0)7 /
~'7~{1l:~::JJiJJ~~ tl, ~1&A~7 l' Jv~::~tJJ~~{tiJ~~l;Q. z:tliJ~m~~tJJ~1&-c',

rt < ~¥f1*O)m~7t~5iJJ*Cv) 5. z: 0) A ~7 l' Jv J:: ~ I*'Jv:¥-!\ / ~ O).~~~G
<~ l;Q z: ciJ~-c'~ Q.
~~1*~d:1W~I~~::~\~O)fjf-}c G-Cmv) Gtl-Cv)QiJ~, ~O)£*~=tJ:QO)~d:pn 1~

~-c''&J~. z:tl~d: 1 JO)1li*aMtO)tJ:7J)-c'}=f1J~= ~T-, fm1J~=7 7t7°~-~ ~-7°G

-C, n ~C p ~~~~~itt~ ~ o)-c' '&J ~. z: O):tjj~, ~J± ~1JD;ttJ: ~ttl~t7 xlv ~ ~{}[

~d:-)EetJ: tJ, X*'Jv:¥-!\/ ~ ~=~d:ftJi~tt~~G.Q. ~ ~ -C~$J:: tJ ~J± v ~1JD;t.Q

e 7 x)v~~{}[~d:~~O)$7t-c vti~tO)e'lj7J~~G~. n ~~~=~mJ±~1JD;t.Q eX*'
Jv:¥-!\/ ~O)ftJi~iJ~~~n)~::tJ:J-C, n ~~n)G p ~~~O)~Ti!rtc p ~~n)G n ~
~~o)lEfLi!rt~d:1§G < m*g-~iJ~, &~;frtlJ~~=~J±~1JD;tQ c, p ~~~=~d:~ c ~ em
T~d:~;fe Iv cf¥1£ GtJ:n)J t~o)-c''&JQ lJ) G p ~~lJ) G n ~~~O)~i!rt~d:m1JD LtJ: v). z:
O)t~~ ~::mi!rt*Jt1iJ~mtlQ. ~i!rto) J: < i!rttl~ JUff1JrtlJ ~::.J± ~1JD;t ~ c, p ~~~::.T
iJ~r±A~ tl~. p ~~~:: ~d:~3JZ1ti-c'~d:~T~d:~;f C Iv cf¥1£ L tJ:lJ) J t~O)-c' '&J~ lJ) G, z:
tl~d:~3JZ1ti J:: tJ 1§ G< ~d:-rtlt~~7\m7J~ttlm Gt~ z: c ~::tJ:~. z: O)J:: 5 tJ:~JijO)ttlm~::J::

:;) L, l' 7 /VA ~--O)m~i{!pm7J~PJfI~etJ:.Q. GaAs tJ: cO)J:: 5 tJ: III-V f~~~m-c'~d:,

r±A~tlt~mT~d:lEfLcM*a~g-Qe ~J£7tg-Q. ~mW~~;tL!\/ ~:¥~ 'Y 7°~~jt

~ z: c~:: J:: J L, fj,-q 0){5~ ttlg-J£7t~1 ~-- ~ (LED) iJ~--:J <Gtl~. *t~J£7t~1 ~
-- ~ 0)1JIijtiffij~=~~ rm~::J: J -C3JZ GtJ:W~J < J -C, z: O)tJ:lJ) ~::7C ~Ml;~~, s§iv)7CO)
mm:tjj~:: J:: 'J Lr±A~ tlt~=f~ ') ~--O)M*a~ ~wU~ GL, ~~ti!{M~~z: ~ it.Q e,
~~--~/1'~7C~ttlg-~--~--~J<GtlQ.z:tl~~~1*~--~---c'&J.Q.

~tlGO)=f~ ') ~--O)r±A~jj*~J::< g-~ ~:~d:, r±A~ tlt~=f~ ') ~--iJ~*v)~ffrl~
't'J L, f~=¥O)~~~=i~<-f5!A9.Q ~ e7J~~\~-C'&J~. ~O)t~6b~=~d:~~1) ~-O)~EL

~M*5~~-C~ ~ti~t~~ttJ: ~ttl~ttJ: 6 tJ: v). ~ (J)t~~ ~=~~1*~~f~9 ~t!f,i~7J~~m

1:(J)~~~iJ)G1§ G< J1t~, lIf~m~r*tJ: c ~ qt JL\ e g-~~f~t!~n~J£~ G, z:tln~~~
1*O)~tJ: G-r, }liJJllO)~mWO)~f~~J1t~, ~O)~mfJl!~J£~ ~it~ O)~:*~ <~mx Lt~.

Si ~d:*t~, ~WO)~)EJt17J~J:v)0)-c', l' 7 /:;A~--, *~: MOS (~~Mf~~m~2i
1*) f.~O)~~~jj* l' 7 / VA ~ - (PET) ~~1 ~-- ~, t~mtJ: c ~~ mm jEj 0)~ ') :J
/7'Y 7°0)1: ~=Ic7JiJ) G~Ef7Jf[~L~ltl«t~~fJ§J~ (Ie) ~J < .Q 0) ~=m v) GtlQ J:: 5 ~=

tJ:'J L, m1£-c~d:, Jtff~f~*±~O)qtJL\~tJ:mv)=¥~=tJ:'JLV).Q. ~(J)~~iJ) III-V f~~~m

~7t~~§J~(J)~*e GL7CJm{~ ~=~d:~PJ1\.O)f¥1£~::tJ:'J L~LV).Q.
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21-2:

m~~~~~~0~-~~~LT~~~R~~~~~~.~R®m.~~~~~®~

*-)v)E~~d:~~tJ:0, p ~(:et~ttl~. ~Jm~d:7 ~t7~-~~U~~~~~JT,
ftffim-T1ff~:v)~m-Tn!7 ~ 'iz7°~ -~fft~:PltJ~ ~ tlftffim-T1ff~: ~ ~~~L;Q!~ C~ (J)-C~
~. ~j--~IPJ~~::~Iu~v)T~, ~ ~iE~L(J)1Jn!~ ~.-Tet ~ ~tb~v)~~fJ~:~d:,

~~d: 0 p ~-c~~. {~i1il-C~d:~~L~d:~~:7 ~ 'iz7~-7J)G(J)PltJ~-c~-r~7J) G, p ~~
~~~:t3 ~t~ 7 xlv ~ ~fft~d:ftffi.-T1ff~ 7 ~ t 7

0
~-~fft(J) r:pr~" J * t] X*)v:¥

:¥~ 'Y 7(J)tJ:7J)-cftffim-T1ff(J)J:tiffij(J)9 <"J:~:fft.9 ~. ~ (J) ~ ~(J).5[~~.(J)~9ffl
JJ1f~x*)v:¥-7J!~ et5 E7~t7~-~fft(J)*~x*)v:¥-~:~Lv).•-T;Q!ftffi.-T
1ffiO) G~~1ff~~fi[~~PltJ~~n '5 Q ~~EO)~i1il~~tJ:Q C, 7 x)v~ ~{ft~d:I*)v:¥

:¥~ 'Y 7°(J)tJ:iO)~~EO){ft.~~~ tJ, ~~~~m~~d:.JJ1~~~ctJ:Q.

21-3:

m5[~~~:OO49~~tJ:~~') ~-;Q!.-T~~~~~~~, ~(J)*-)v)E~~d:~-c~

~. ~Jm~J: ~j--~~U~~~~, ~j--~fft~=*~~tlTv)t~m-Tn!{~~1ff~:PltJ~~

tl~ ~.-T(:tJ:~ ~(J)-c~~. 7 ~'iz70~-~IPJ~~:~Iu-cv)T~, ~ ~.-T(J)1J;Q!~

~lEfLet t] ~tb~~~~~fJ~=~d:, ~~J: t] n ~~~~. {~i1il~=t3~t~ ~ ~.-T~d:~~: ~

j--7J) GO)PltJ~l:'~-r ~7J) G, n ~~~~O) 7 x)v~ ~fft~J: ~j--~fft(:~~1ff~O)r:p

rf:l', --:J* t] I*)v:¥-:¥~ 'Y 70)tJ:n)-c{~~1ffO)rti#ij0)9<"r~=fftfR9~. z: O)~fJ,
m5[{~~.0)~9fflJt1f~I*)v:¥-n! ~ j--~{fto)*~I*)v:¥- ~:~ L v). .-Tn~ftffi

m-T1ffiO) G~~1ff~=fi[f1€PltJ~~ tl~ J: 5 tJ:rf1ji1il~=tJ:~ c, ~m~~J:.JJ1~~~ctJ:t],
7 xlv 3: ~{ft~J:I*)v:¥-:¥~ 'Y 7°0)r:pra'~={ftIif9~.

21-4:

2 fI~l:O)7C*n) GJJX:~{~fJ~ml:'~~~O)Jt1W ~~9~mWO)~~~. 7C*~~~~=~tL
-Cmv) Gtl~~ft-c~ t], .tJ:~7C*O)J*-T~ttiO!-)E{~O)~ 0) C, ~ ~ifllm-ci!J!m~~::

~{~9 ~ ~O) cn~~·~. ~ * ~"*tJ:7}~n!PJfj~t~n!, f.JJX:7C*O)~~~J:~ ~O) (=7C~

~~, --7C~~~tJ:E), f.JJX:7C*O)}ajWl*O)~~=J:Q ~O) (III-V ~~~, II-VI ~~~
tJ:E), *5~f_~0)~~~=J:Q ~O) (~m~~~~{*, JI~*~~~tJ:E), ~~~(: G-C
0)~JjIJtJ:Jt1Jt ~= J: Q~ 0) (~/J\:¥ ~ 'Y 7°~~{*, mJt1~~~tJ: E) tJ: En~rt <fTVtl-C
v)~. ~~ G-C~JiJJX:~:m}~~.v)T et <~ Gtlt::{~fJ~m~~~~7}~9~ c:~0)J: 5~:

tJ:.Q .
(1) IV-IV ~~~ : SiC, SixGe1_x tJ:c.
(2) III-V ~~~: BN, AlP, AlAs, GaP, GaAs, GaSb, InP, InAs, InSb tJ:E.
(3) II-VI ~~~ : MgO, ZnS, ZnSe, ZnTe, CdS, CdSe, CdTe, HgSe, HgTe tJ: E.
(4) I-VII ~~{* : CuCI, AgCI, AgBr tJ: E. (1)-(4) ~J: IV ~O)fifijfJ!UO)7C*~ 1 ~t 1 -c'~Jl

~f;vittc. ~o)-c', V~V~Q~~ IV ~{~f;~m-c'~Q. 1 JJj{-T~tc. t] ftffim-T~O)~~n~ 4
tJ:O)'C' 4 ~2{ftO):Jt~*5f;~--:J < t] ~9v~n!, (1) ~ (4) ~=rPJn)J -C1:;t /Jt1:~mG, (4)
~d:~~~tJ:1:;t/*5~l:'~Q. *5~f.~~d:, ~~cIuEn~OOill!rd~~, ry)v~~~, jj[{~

j- ~ 1) ryk~o) Etln)'C', SixGe1 _x 'C'~J:~1~:C / ~~O)f~-Tl~~ 2 flO)7C*n~A tJ ~
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G -:J -C ~l1J~. tf4PX7C~O)1*T.~7J!*~ <t~~ c/\ / ~;f ~ 'Y 77J!/J\~ <tJ:~ftliftij7J!

d!> ~ (./J\;f~ 'Y 7*~f*), InSb O);f~ 'Y 7~d: 0.17 eV, HgSe, HgTe ~d:/\ / ~7J!V9

iJ'~ ~::mtJ: -:J -C*~~ c tJ::Q.
(5) II-IV *~f* : MgzSi, MgzGe, C'1zSi, C'1zPb tJ: c. ft15Mr*O)~mE~*t~~j:IE15

Mr*O)*6Mr~-JfR~::;f~'Y 77J!~v~.

(6)IV-VI*~f*: (a) GeTe, SnTe, PbS, PbSe, PbTe, SnXPb1_xTetJ:C. 1;t/J(10)
5~v~jj[{~7 l' 1) ry b~*t~~d:~O)~it~O)*sMrtf4~~ ~ -:J7J!, fttt!! ~~tJ.j\J(1O)fttv~tf4~
~::f§~3G-C5i~.f*ct~:Q~(})7J!d!>:Q. (b)SnSez' GeSe2 , GeS2 tJ:c. JI~tf4~O)11

7A*~f*.

(7) V-V *~f* : BixSb1_x tJ:c. V1f!R(J)As, Sb, Bi ~d:*~~-c'd!>~7J!, ~tl6(J)ft~

~d:~R 6tlt~tJlPXfBlm-c'./J\;f~ 'Y 7*~f*~::t~~.

(8) V-VI *~f* : ASZSe3 , BizS3 , ASzTe3 , SbzTe3 tJ:c. 117 A~*t~~d:~~tJ:*SMrtf4

~O){ttiIL~*~f*.
. (9) mJ(1*~f* : NiO, MnO, Fe20 3, VZ0 3, CdCrZS4 , CdCrZSe4 , EuS, EuSe,

GdTe, DySe t~ c. ~3~~*t~ ~d:~±M7C~ ~~U{~ft!fo/.}~jj[{~7 l' 1) ry b *t~ ~d:_

15Mr*O)*SMr.
(10) *mJ(1*~f* : Hg1_xMnxSe, Hg1_xMnxTe .EJ:: 'It Hg1_xFexTe, Sn1_xMnxTe tJ: c.

II-VI {~ft!fo/.}*t~~d: IV-VI {~ft!fo/.}O)~~1;t /0)-ffB7J!~3~~1;t /~:~itV-:J t~ ~

0)7:, mJ(11;t /O)PXJttt ct!!J.3t~:J::-:J -cmm~f9CFf~~7J!l:tl~9:Q.
(11) ~3~~jJ)v::I771 ~*~f* : TaSez' TaSz' VSez' NbSez tJ:c. A15*t~~j:IE

15Mr*O)~~t~JI~tf4~~ ~ -:J*~f*-c', m1tJmJ.3trJt~:J: Gf§~37J!~G.

(12) ~mJJA~*~f* : 1£15Mr* O)~mJJACuFeSz C: fPJ C:*SMrtf4~ ~ ~J*~f*-c, (a)
I-III-VIz *~f* CuGaSz' AgAlTez' AgInSez tJ: C C (b) II-IV-Vz*~f* ZnSiPz' CdGeAsz
tJ: cO)2 $7J!d!> ~, v~9tl ~1Jlf!§] IV 1f!R0)-7C*~f*7: d!>:Q.

(13) ~~U~mTJ~~*~f*: (a) II-IIIz-D-VI4 *~f* ZnAlzS4 , CdGaZSe4 t~ C, .EJ::'lt
(b) Iz-II-D-VII4 *~f* CUzHgI4 , AgzHgI4 t~ C, v~9tl~ (12) ~:JlIv~IE15Mr*O)-7C*
~f*7:, ~*~TJ~D~:fjffi.T~ 0 0)1*T 1 00~AtlQ c 1Jlf!§] IV 1f!RO){~ft~m~~mJJA c
fPJ C:f¥t~~:t~G.

(14) AI*~{*: GaAs C: AlAs 0) 100AfjJ.3t0)~~JtT*!:r.t:~:t~--c'xli~:m~
Gt~mmT*~{*t~ CAI~~:ft1IJ~ij ~ tlt~{I::ft~m*~f*.

(15) fftl*~f* : ffm{~ft!tm~*~f*ctJ:Q ~O)-C~~*~:$~~ 6tl-rv~Q. ~J: 7
/1'7~/, 77~v/, 1:::v/.

21-5:

*5Mr~Jij-c~d:tJ:<~~~~~O)f¥t~~~~*~f*. 7~)v7 7 A*~f*C ~v~5. f¥t
~~~: ~d:*ffMrO) ~ ~*Jl§11If9CFf, 9tJ:V!) JajMJt~~j:ff1±GtJ: v~7J!, %UPJT~tJ:J*T~2t1~:

~j:*5MrO):f:~ftc:m1~0)~Jl§1ftf9CFf7J!d!>G. *,t~Y/!/l) /!/~/~, 1*T~fL, ~~

(~1 ~) tJ: C O)f~T~~ra~7J)tJ: ~ ~ Iv-Cv) G. ~FMrjt*~{*~=~d:, Si ~ InSb tJ: CO)T
l' 7~ ~ 7 )v* C, As1_xSx O)J:: '5 tJ:jJ )v:J 771 ~ 117 A~ SiOz tJ: cO)M{I::~m117 A
iJ~d!>G. 1~tf (117 A*2if*C ~ v) '5) ~=~j:PXJt1*T7J!!L~tJ:~2t1~C ~ C: v) '5 ~f9CFf

~ff1±9 G. ::tt G(J)~m.~j:ml!k~*Jij7J) G(J)~~, m~, !/D-oJ(mtJ: cfj~ (J)1J$-c
{lpGtlQ.

-260-



~WlI(1n~tJ: V'lt::.~ ~::'*~MJ~~'!*g:t O)mT~::.~t-gGJ:: :> tJ:J\ / ~ff4~~d:~;t GntJ: V'l7J!,
~~"~Ff~::'EB*-g G~~flfC:fiffimTfIf~::.~t~-g QX*)v:¥--~~~d:ff1£-g Q. z:n~d:,

71' 7~ ~ 7 Jv* -c'~d:, ~ t) ~:J JJj{TC O)*a~'""r~ G:Q*a~fJt~~:J:: :QJ\ / ~ (fiffimT
fIf) C&~~fJt~~:J:::QJ\/ ~ (~~fIf) '""r(J;:Q. tJJv:J771 ~*-c'~d:tJJv:J7/JJj{T

0) 411O).T~~Jji~f&0)p fJt~7J) G~ C:G*a~fJt~, ~F~~fJt~, &~~$Jt~~:J::

:Q 3 JO)J\/ ~7J!WJJX:~n, ~~~~fJt~J\/~n~fiffi.T~~:, &~~fJt~J\/~iO!~~

~ctJ::Q. ~F~~fJt~J\/ ~ O)ff1f{€n~tJ Jv:J 771 ~ * C7 ~ 7~ ~ 7 Jv*O)jlv'l-c',
~nGO)m~I39I(1jt~::.5t<~.G-C V'l:Q.

~WlI(1O)j{~(] Gt::'~FMJjt~~'!*~:~d:l!f:JiitJ:J\ / ~ilfM~d:ff1£it9\ ~tI~~~d:J\ / ~

:¥~ ~ 7rf'J~:rm7J)J -C~:Q~7J)~:~1>-g:Q. :. o)J\ / ~ O)-g~O)mT~d:, ff4~O)~Ln~:

J:::Q~T / ~~ JvO)~ G~'7J~*:fi v'lt::.~ ~::., (J; :QJJj{TO)~mf-tilI~:fiU1£ G1JtIJJOO~O)JA

7J~ 0 ~d:~~ ~JJj{Tm~-c'(J;:Q. -1JJ\ / ~ rf'J$O)~~~d:1JtIJJOO~7J~~jt~'!*~:JA7J!? t::.
~FfiUtt~~-c' (J; Q. ~FfiU1£~~7J) GfiU1£~~~:~t>QtJl~~d:l!f:JiitJ:I.*Jv:¥-f~~ ~ J
c:~;t Gtt-C:t3 tJ, ~ z: ~31JJ~ilfM C: v'l5. ~FfiU1£~~~:UiJJ~~ nt::. =f=- ~ 1) -V--O)~.
V'l ~d:JtI(1~~,!*O) ~ 0) C: IQ] C:~ ~Q. ~ G~::'J\ / ~:¥ ~ 'Y 7°0) g:t ~::'~d:5'/!/ 1) /!/~ /
~ tJ: C O)j{~ra~: EI3*-gQ:¥~ 'Y 7°~fij C: J:: ~inQ fiU1£mT~~ ~fftt-g:Q. fiUtt~~~::'

V'lQ.T~d:~V t) 0)JJj{T~:mlt3 t) tJ:iO~ G~mjtg:t ~31JJ-gQ. ~ O)~IJJ~:J::Qm~~~

~d:* 'Y t: /!/~~CJ:: ~tn, m~f~~$ (T ~d: (Toe exp (-L1E/kn CV'l:J ffll(1{~~O)i1ffi.JJt{t{

ffl(1~ ~J. :.:. -c: L1£ ~d:ilI~-g Q 2 ~O)JJj{T~:fiU1£ Gt~mTO)x*Jv:¥--~~:tiv'lt~

v'l~ Gv'l. z: O)mlt3 t) JlIJJ~: ~d: 7 ~ J /o)X*Jv:¥-O)1l)j~tiO!~\~-C: (J; Q o)'""r, +7t
{~i1ffi.~=tJ: tJ 7 ~ J /iO~1>tJ: v'l c:fi ~:~d:, ilI~-g:QJJj{T~:mlt3:QJ:: tJ ~tp,1>JM <-C ~
L1£ O)/J\~ V'lJJj{T~J!~ ~tLmlt3Qii$0)1JiO!*:fi<tJ: tJ, (Toe exp (_A/T1

/
4

) Cv'l5 *f
~tJ:i1ffi.JJt{t{ffl(1~~-gJ:: 5 ~:tJ:Q. z:n~PJ~~~* ~ t: /!/~~cv'l5.

~FMJjt~~'!*g:t~:~d:~~ran~~\9fftt-gQt::.~, *5MJ~~'!*~fTvnQ£J:'!*O)J*T cfiffi
mT~O)~tJ:Q~~~mO) ~-- t: /!/~:J::Q=f=-~ 1) -V--(J)$JJfij~d:-JN~:~.~(J;Q. t::.ti.
G~FMJjt Si (J):I:~~~::.~:t71<*~~1JO G-C5'/!J 1) /!/~ / ~ ~~i!I(1f~~itQ z: C ~::'J::

tJ :.nn!PJff~ CtJ:Q. :. (J):' CiO!m~ (J)~ (J)*T(J)fFJJX:~ PJff~~::' G, ~t::.*~J7t~::.~t-g

Q~1&f*~n~*5MJ Si J:: tJ ~*:fiV'l:' C~~J -C, ~FMJjt Si n!(@j~jj$*~J.7ff!O)*jf-tc
GLi!ffl~nQ~EI3-c'(J;Q. ~t~~FMJjtff4~~d:~*~tJ:f.~-c'(J; tJ, 7tO)!ffiM~::'J:: tJ~

~~=JJIJO)ff4~~:~t> tJ, ~mlt~ ~~{~-g Q. ~FMJ.~~{*~d:~jttJ:~~O)fP~(J)~~ ~,

1JOI1(1(J) J:: ~, fi£I(1, ~~:JA. ~ (J) J:: ~ tJ: C (J) t::.~ ~::.m~ (J)~ffl{~n~~Iv~v'l Q. T
~ 7 ~ ~ 7 Jv* -c'~d:, Si *~Jm7ff!(J)ftf!~=7tt/~-tJ: c O)7t.~~T/\1 A., ~~ ~

7 /~A:>' -~tp,<(J)rmJen!fTVn-$~d:~ffl{~ ~ n LV'l Q. tJ Jv:J 771 ~ *(J)~ffl

~Jc: G-C~d:~(J)7t~~lt~~frjfflGt~.Tfl~fl7J~ffi1-c'(J;Q.~ G~:A1 ~~~T, ~

.:c 1) -*T, fI~1ftJ:c(J)~ffln!~~~n-CV'lQ. tJ:StJ )v:J771 ~ *-e~d:~o)*JlPX

tt~~;tQ:'C ~=J:: tJ ~mlt1~l!!ml39~=~;t GnQ:' c ~~ffll:m~-c'(J;Q.

21-6:

~~lt1~~-g1ffl{t:~~m~, ~i1ffi.~::':J3~t~.~{~~$~d:102_10- 16 S-cm- 1 fiJ3t-r~~ .
• ifrt~m 5 ~O)~d:±~: n .T*t::,~d:~~t~T-r~Q. n .Tn!=f=-~ 1) -V- ctJ:~ ~O) C:
G-C~d:, tp,~Jj~~{t:~~m~7:>'D~7=/, ~') 7tTV/tJ:C(J)~{~=m*5~~~

Jf@j7tT~~'!*n~f~*I39-c'~ tJ, ~~t~Tn!=f=-~ ') -V~ ctJ:~ ~(J) c GL~d:, m?PJ3JJJ
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jfif*{:>irf"£~ ~J~fI~iO~l>Q. ± C: It -C7}T/~*fiM.~:~ It, *'Y 1:: /' !f&2j~:J::J

-c.fpjiO~3JJJTQiO~, ~fI{~ft~O)~~f*O) J:: :> t~/\ /' ~.~-c'~;tGnQ ~ 0) ~ l> Q.
• T, 1E:rL0)3tJJ~~d:1 cm2·V- 1·s- 1 J2Ar-c'~fI{~ft~O)~~f*ctt~-Ciflt < /J\~ v).
*5M..~~: EB* It LV) Q .5«.&2i0)*~tJ:.15/~~d:~fI~2jf*o)DcJO)*f.-c' ~ l> Q.

*t~/F~~{:>mTj{~O)~.~~~t{:>T<,~ G~:~{~ft~~:~~tJ:7t.7J.J*~~T.

z:.n G0) z:. c ~d:, ~fI{~ft~~d:JJX:~ It{:>Tv) z:. C: c l> V) * J L, 7t.itf!~~d: G~fll.(0)
~mOO~O)frJmiO~~;t Gn-Cv)Q.

21-7:

J±.~j}*~~T, J* ~ *fiM.~:~t.J~1JD;tt~c ~.5«.7}~iO~mnQ~2jf*0) z:. c-c',
l:::x:l~~f*c~v)5. &E~t~/~O)tJ:v)*fiA.~~~J~O)~~IWGn, ZnS, ZnTe,
CdTe, InSb tJ: C0) OO!D!~~~.~{:>, CdS, CdTe tJ: cO) r) )~'Y~~.~n~~O)f?iJ-c'l>
~.•5«.7}~~d:~t.J~~J:: ~*fiM.o)D-r~~:J::J -C~;t /'O)fE!~tf~fi!n~~{~T Qt~~~~

o)-c', tffJmO)~~~T /'~~ )~ti~t-c'tJ: <, z:. O)J±.~j}*~Jm G-C ~.T~d:if.~O)m
T~JJJ c~ <fE!lif'Fm ~&~£Gl> '5. J£.~~~.t3~t~mT~tJJ~~J::~ft!Ll!0).T0)3
JJJ~~d:, ~~j}•• m*, ~~trg~T ~~~tltL (m*)-3/~1/2 O)J:::> t~~{~~T Q (~~~T

/'~~ )~~:J:: Qfft!L~:~t It -C~d:, 3tJJ~~d: (m*)-SI2T3/2 ~:ttf?iJT ~). *t~if••5«.~j]*

n~*~v)O)-c', mif~O)m~M{:>~~m~n~Jiv)ti~nLtt)Q.

21-8:

+7}~v)~~~~~Ju-c'~f*~~ftltt~ c ~, ~f*1*J0) § EB.T~d:.Tt.J~~ l' /'*
)v~jj*~:J:: t), l>~.$l!~~~~~~T~~ cn~-c'~~o)(!, ~f*ra'~:.i1rf~mtT::

cn'\(!~~. -15O)~f*n'\m&~f*O)mft, *t~~d:JX15O)~f*n'\c ~ ~~m&~f*O)mft,

~O) l' /'*)~.i1rf~d:~[J1JDmJ±~~tt{rtlit-r,~.tJ:mifrt· .J±~/~~~T. ~n~m{~~

l' /'*)v~jj*cV) '5. m{~~ l' /,*)~~jj*~:~d:, .T~t~~nlGmJJ~~nt~~fjLT~~
O)rJ3'~.Tn~31TT~~fjLTl' /,*)~~jj*(:¥I/\-1' /,*)~~jj*) c:, JX15O)~1*n~

m{~~f*O):t~ft, -15O)m&~f*O).T~t7J'\ff3=PO)m&~{*~~MV'.T~t ctJ: J -cmn
~, J * t) .T~t0)31T~: J::~ :; 3 t 7 '} /' l' /' *)v~jj*O)2 fj~7J~ l> ~. v) '5 * l! ~
tJ: <, -15O)~{*7J~*{~~f*O)mft~:~:t:¥I/\-l' /' *)~~J.J*GnlmntJ:V). :¥I/\-
~ /*)v~J.J*O)*f~~d:, mi1rf· mJ±~/~~:m{~~~~o)I*)v:¥-:¥-v 'Y 7°c:¥-v 'Y 7°
llimO)~*1lT~*1i~m~7J'\m~&~~n~ ~ c-c'l>:Q. -15, :; 31:7'J /' l' /'*)v~jj*
l!~d:l>:Q*~mi1rf*l!.J£~ffbtJ:v).i1rf7J'\ifrtn:Q.~~~~~luti:;3 t 7 '} /'f~ft

l!~d:, *~mifrt~m;t~c:/Fi!l!~~~:~*1lTl' /*)~~J.J*O).ifrt• .J±8tJ*~~:3 tJ, •
ifrt~r~jL ~*~.ifrtJ2Ar-c'.J± 0 O)~1\~~:m GtJ: v)!~ft7J~~v).

21-9:

mifrtm~t~m7J'\~D~:tJ:~ C: v) '5 m{~~f*O)~ Gv~~~~frjm GL, mt.Jtj1~tJ:G~:

mifrt~ifrtTC: v~ '5 m~~:m v~ Gn:Qm*~, .t3J::V'~O)fjf-tc:tJ::Qm{~~~mW~~T. m
f~~*~fjc GLmv~Gn~mf~2¥fjf-t~::~d:, ~v~*~rH~, ~v~*~m:t~, ~v)*~m

ifrtW~cv~5 3 JO)~ftJ:n'\:1<~Gn:Q. ~nGO)~ftJ:n)G, mv~Gn~~W~d:~\~~~:
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m nflm~~t*c: tt~:> ~ Cl:~~ • • ~tffi\Ilcli;gtl~J:t!*a9l~¥JJJi~~O)ttJi-c

~QO)l:~tG'L, .~.i1afmIl~d:m*(J) l:: /'1l:~0)1i~~~{t{ffTQfi-e~JLMflO)1JD
I~~c(1)I~~~J: fJ rttJJ:~i!:> Qf£t&O) ~o)-c'~Q. A-f*a9~:~d:, ~ra'1JDI{>ffl-T.

ftftMl:J:: J 'L.fia9~:1{~{>E~~:J<J t~ IJ, ~!J D~tfim4'JJ~ C~.A9 Q ~ c~:

J:: J -eftO) t:: / 1l:~ ~lift9Q 1i~tJ~C ~tl~.

~mJ:O)m~UMO)ffi.ttc tt~ :>1~tJ\ G~d:, !JI/TCJ::~ttl~.~a9~m~~<l)
{>~~tl~:~9~toEftt1~m~~~-T<:~~. t~lu~tJ\(J)J-"~-e~jiJfa9~m~.O){>~~tl

t1~~1:Gt::t1~, ~Z:l:~.:L -)lt~n~~1:Gm~~Q)~~~tl~1JDii9~ ~ c~:~~. m
~••~i1aftlLlt~t::.i1af~m~ t) 9 ~ C C: ~ l:~~ Gt~:; J. - )v~~ii{>tJ\~::~G, ?
I/TO)~iJ~ItiJ~GT~~1~~T~J:::> ~:9~O)iJ~m~~.MO)lCJEft-e~~. ~(J)t::.~

l:~j:it:5[f1tmiJ~/J\~ <~~~IliJ~*~tt~ftf-f(im1it~j:M) -rm~~.~_tT!> (!J 7 ~ ~)

9~=cffifibtl~. *~, ~~m*~~~<9~~a9{>~i1afm~~~~~~a9~, #
1it~:~tt~m~~.~~~J: t] ~bitt~~~O)~O)t1~mtt~Gtl~.

21-10:

_JJ d tJ~~A~~ A, ~~ tt~~d:~A~~ .t3J::lJ:J 1:::- V / AO)~~ ~ J:: fJ IJ\~ {,)m~

._~tt~:> . ••-e~d:, mmil:3¥fil:n\~tt~mtl~d:,~cluc-.':.~I~~AG, *t::.
d < ~ ~(J):tI~~j:, ~Jf~f(iJ~W:~1JrPll:~ft G~~tt)O)-e, m'f~n~Ac ~ J:: fJ+~
*~tt)J,)v!Jm~~c~~Jt~w'S,~*tt~~~9. mtl~.mi~:.fi~:f.P1JDGt::.~, •
• tJ~~~cIuC-.~~~A9~t::~, m5[I*)v=¥-O)m1JDtJ~·~x ~tlQ. ~(J)t::.~, •
~iJ~.I:E89Qm. HT ~d:, J\)~!Jm~~-f*O)~jJ~a9.H. He J:: 0 ifIj<~Q.
HIHe 11, d«)., Q)c~, HTIHe =1 + bId ~:~J -em1JD9Q ~ ctJ~~.~I:m~tl-C~)Q.

~ ~~ b J1).,Wgr(J)*~~~, A c.~0)tffi\Jl~f~~~9/~7 ;(-?7--e~Q. m.~

_mi~:m:A~:f.P1JDGt::..~, m-flm~~-f*.~~, JmJJn't ~~~o)~Q.W."de
~~~:~Q C, .•*~.tJ~lCJE~~~fJ, m.a:p0)#~.~ii~Cl)E8~=~I1E81~~ .
bJ Lm=fjm~~t*C:IPJ.O)~,Q~V~~~9. de (J).~j:~.~~J:: J-cJi~-.:J~tJ~~

Qt1~, Pb '"elOO nm, Al -c'f(T- nm O)~Il-c'~:Q• ••n~.i1af~:J::-:>-C.~.~.I~E
89~.~.i1af~ ~d:, m5[I*)Lt:¥-0)~4tJ~/J\~tt)t::~, ~)VA t::-o){&:~I::ftb

T, m.mtO)iI~I*)lt=¥-cm~•••I*)lt=¥-(J)::>tJ~~}-eJE~~.~ Ij:, Ieoc
(1-TITc)3Il ~::~J-C~ft;9~~C:i1~~.a9~:~, =¥/A'/)V!J*· 7/7'rJJ.:Il.iO\6~'l'

~tlLtt}~. t::t~G.~~Jl~ ilim~, ~G~~jj*O)t::.~ 3/2 ~ltliQ\~Ij:"tt~.~

~~Q. fqFai~._O)fqFai$dJC: 3¥fi~~mjj}~f.P1JD Gt::. C~, fqFai~lt<m*It-TO)m*
J;fi~::MG, !ilfifm.lfifJ;fi0)~4n~*~<t! t], m.mtO)~IbI*)It-:¥-I~etJ -Cfi3l:t
Il~~~~~9~. m.i1af~m••~0)~m~~~9~®~, fq.~••O)fi8l:t~~

m*ii-T(l)~m~~ft9~m.tJ~j!~ tt~.

m~2i~(J)E81d:, :J 1::- V /'AO)~~n'\*~tt)t::~~:Ig>~~tI't~~<, fi~-C~~}

n~, ~7Ctt~~~j~c~G~iJ'\mtlL<:Q. d« ~0)._~~1, T
c

J:: fJ ~filj.~ Tld(T-
1;;) I:: JtfJiJT~:J "/7'? ~ / A ~ G~'i1~j! Gtt~. Ig> 6 ~n~tJ: tt~.~(}), T < 1;; ~O)iffi\
gr{t{fftt~d: (Tc - T) l:JtfJiJ9~ ;Q~, ~ t? ~;Q~~~ C: ~l:~d:, T = Te ~'d:~=.0) (T _1;;)-1
t:ftttffi\llgO) (Te - n ~t~69 GtJ"~~:Jt~ <"J:: '5 ~:~ft;9~. ~ &; ~~j:, =¥ /A'/)v7 · '7
/?,·rJJ.lia(7) 13 Wx.*Jv:¥-n\ 6m-.~tlQ~~, T-1;; -e~j:~J¥/~7 ~-?7-(J)J:: fJ ~
~*~lN t) Atlt~~ttl,ttJ:Gt~~).
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~~m'~~~~~:J:: ~~T / ~~)v.!L~d:m&~~ z: V ~ tJ. tt~ z: C ~d:, 7 /~~- 'J /)E
~cGL~ GtlLtt~t~7J~, .!L?1tra~O)-=f~~lN fJ AtlQ C, ~~MIEc GL*~iffi\l3£O)

fItr7J~~tlQ. ~ 0)9JJ*~d: d« ~ O).JJl-eB~~:J!Gtl, ~.c~jBO)-3i~d:J::v~. fIt
iffi\£fi~:~~~ tlt~, ~ G~:fttt~ d- ~--rA-e~d:1fiB(fJt~OOfJfm (-6.5 W) 7J~J!Gtl, T
> Tc ~O)OOfJfm7J~ z:tlJ:: fJ ~*~ v~ c ~ ~:~d:, T~ 0 ~fJfm~j:~.G, /J\~ tt~ c ~ ~:~J:

fJfm~d:~~~9Q~ C7J~.mtl ~ tlLV ~ Q. 6.5 W ~d:.~0)~Q./J\t~~ 3 -e 7 'J /~ft
0){}[m~7J~~ra~(fJ~:MtlJ:9Q7J~?j7J) ~7t~tQfJfmfii~~Q h/4e2 ~:ilIv~t~~ ~:, ~ O)J::
5 ~=tI~L.tt~.JJl~d:, ./J\~ 3 -e7 'J /~ftO).ftc~t~it,QO)~~d:t~tt~7J)cJ~vtl
~.

21-11:

~tl7t-T~±1iX:7tcGL.1iX:~tl~~Jt~mfi~1t9Q~0)~m9. 19641F W. A.
Little ~d:, mfi~0).1Jl(fJtI.~mf!ijGt~ BCS J1(jBO)£ifct~JLv~~m-T~JJJ~frG
t~mJi.f'Fffl ~, Ulh~T~fr L- t~ 'b 0) ~~~;t.Q ::. C:: ~~J:: J -c, *iffi\~ 'bJ:~b.QE3iN!~
~ 'bJmfi~f*7J~~tI~7t-T~~~-e~ Q C1~P~ L- t::.. Little 0)1~~Gt::.~7t-T~~J:: Q
mfi~~d:~m GLv~t~V~7J~, 19791F, TMTSF (7 l' 7 ~7)V • T l' 7-e V7 · 7 )v}\V
/') 7t-T~ ~7-CG PF6 ~7 !J-e7~-C9~.fpJ3JJJij[ (TMTSF)2PF6 7J~, ffj]r~

E3iffi\J3t 0.9 K O)mfi~f*ct~Q ~ C::7J~ D. Jerome G~:et fJ ~J! ~ tlt::.. TMTSF ~d:1JZfi

~07t-T~~~~, ~~G~tt~0)~.~~~~~-~n~f*~.1iX:9~.P~~~~

/'~-7=;t /' c J:: ~ttl.5[&~~: ~d:fil~(fJt~ iJ) iJ)V fJ ~ ~ t~~, TMTSF 7t-T~ :7~
~)V1t~it, ~tl~JI-I1J~=~~J~it~f~~mJLV~~. PF6 ~=f~JL, AsF6, CI04,
Re04 tJ:C~fflV~L~mfi~f*7J~1~GtlQ. *~= (TMTSF)2CI04 ~d:*J±r-emfi~1~9Q
il~}]O)~tI~Jtc G-CMj](fJ~:~~~ tlt~. (TMTSF)2X 0mfi~m~d:Ae /,ml3£?1tm
c~~ GLt3 tJ, &%im'~(fJmlif'FffliJ~m&~.-T~ttf31iX:~=iJ)iJ)vJ LV~Q IlJfl~ll1iJ~t[j

.~ tlLV~Q. m5[(fJ*'~iJ)Gm=fjmfi~f*-e~:Q~ c::iJ~f!ijGiJ)~= ~ tlLt3 tJ, 141.J
'l1iJ~Im~tJ: ~ c ~~~t~t, ~ /'*)v~ft7*~=et tJ 31<~ Gtlt::.mfi~I*)v:¥-:¥~ 'Y 7°,
tt~tJ: c~=~d: BCS mfi~f*c::Jt(fJ~=14tJ:~c ~ 0 ~d:~ Gtlt~v~iJ~, NMR mif[lO)iffi\l3£ft{
ff'I1~=~d: BCS mfi~*~O)E3}~ilIm-c'O)m*~d:~Gtl~, 141.J(fJt~:¥~ 'Y7.~~
~Jmfi~f* c:: t~ J LV):Q IlJfl~l~iJ~t~.~ tlLV~:Q.
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Lesson 22: Electronics I
(transistors and diodes)

.w. 'iJ -1 boundary, circle, limits, world
m~1I =f3Q'iJ-1'JQ
~H~ J:f'/'iJ-1

~ iJ-1 damage, hann, injury, interference
~~iJA :JQiJ-1iJA
~~ ~3QiJ-1

JIIft :; .:L / docility, obedience, occasion, order, tum
JmJf :;::L '/~ 3

=FJm L~::L'/

~fi1"...- ~ 3 Q harming, hurting, interfering
~b(~) to hann, to hurt, to interfere

~~ :J~3Q

~~!to/.J ~3QiJ-1'1"'Y

_ -t 'Y adjoining, encountering, touching
'":J( <") to cement, to join, to piece together, to splice

flM -t'/~3~

mfl 3Q~'Y

;~
~ ?' 'Y attaining, becoming expert, notifying, reaching

~~~~ T'/?''Y'iJ'/AQ
~~ J\ 'Y?''Y

~a
J.n ?' '/ brevity, defect, fault

Jj.. c: tr~ (v ~) brief, short
%lPJT
m~
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boundary layer
limit, limitation, bound

pollutant gases
disorder, obstacle, obstruction

order, sequence
procedure, process, protocol

failure, fault, break-down
obstacle

contact
welding

transfer function
development, progress

weak point
short circuit, shunt



.LLLI

!lim ~ /' end, origin, point
~~ border, edge, end, tip; ~J: G border, edge, end, tip; ~d:t~ border, edge, end, tip

jt)Jffij --e /'~ / tip, leading edge
)Jffijr ~ /'~ terminal

~~I~.. 1'!J advantage, benefit, profit
'5 (.Q ) to be able to, to gain; jt( .Q ) to acquire, to be able to, to earn, to gain

.1~ tJ!J 1'!J acquisition, possession

.J±ffj1~ 7/'7 'Y I) 1'!J voltage gain

~ t- 'Y protruding, thrusting
J ( <)to lunge at, to pierce, to prick, to strike against, to thrust

5iji1t1~~ 7' /--e '1 ~ 3 ry l' 'Y elastic collision
.fII~~ 7 /' 1) ~ 3 ry l' 'Y ionizing collision

~ J\!J faint, light, pale, thin, weak
5 T (v :\) faint, light, pale, thin, weak; 5 T (liJ .Q ) to dilute, to weaken {vt};
5 T (r; <") to dim, to fade, to grow pale, to thin (out) {vi}

~~tJ: =fJ\ !J tJ: dilute
~~ J\ !J x !J thin film

* J\ 'Y end, powder; x'Y end, powder
T jt end, future, tip, youngest child

)Jffij*~. ~/'x'Y~ry7

*~~mfll xy~/'tJ/'=f30

(computer) terminal
end-to-end distance

v ./'\,=f fence, partition, wall
ir~~ wall

f±-wJ~

~~

DA x!J film, membrane
~~~

RM~

~~ ~iJ)~

~3ry~=f

~3ry7~!Jx!J

J\/'~~x!J

partition
barrier

deposited film
reflective coating

~IJ 1) advantage, gain, interest, victory
~«) to do (someone) good, to take effect, to operate, to work

frJJ~ 1) T /' strength, merit, advantage
frJm 1) 3 ry utilization, making use of
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22-1:

Reading Selections

i'7/~A~-~J.m1488-1490)

Ge, Si tJ:cO)*~~O)tmtfJ*f--c' 3.~J:(J)·.ti~t>!>, tmtM, ~~tJ:c~f-j5 ~

c tJ~<:~ ~. ~)v~~iJfJ1:PJi-c', 1947 iF W. Brattain C J. Bardeen ~:J:: tJ ~~fif!kfl4~-c'

fJJ69-c "7 /:;A~-fFmt1~~J!~tL, 1948 iF w. Shockley 1~J: t)ti~~ "'7/YA~
-n~~~<! tit::. i;~<7)~l1i~j:transfer resistor -c'd;Q. .f-ifc fPJ GfFmn~llJtmC' G~)

t>~f-ifJ:: t) ~d:~t1)I:IJ\~-C~ ~1f(r~d:*<, fJf.J±-ctfJfFG, 7 ~ '7 ~ / ~1JD~;6~:iFm

-rd;QtJ: c<7)flJJ~tJ~d; t), tf-~~O)/J\~ftt3J::U:fJf.n{tn~llJtmctJ:-::> t::. ~O)~f!ij

~.~fi~~O)~~tJ:c~B®I~~~D=~~~~<£~ctJ:-::>~. fiM~~<!h~

®~~fif!k~~/~A~-~tt~ffi:iF~~-c'd;-::>~ffi7 ••~<7)~fi~~R~~b~
(=mJ>~bitt::~~~l' '7 /~A~-~j:G&9, ~fmO)~O)iltOO~~tttttm~~.q c:~lt)

:to);6~~mft~tlt::. ~1£~fmmO)" ~ /~A~-;6~d; fJJt.9~ c: ~O)J:::> ~:tJ:~.

1\1~-'7- ~ '7 /:/A~
~~fi~~

~~~

~~jt.~

jt.fi~~

7V-T-~

~~~

.W.~!l"7/:/A~-

fi~~

pnlt~~

~3'Y"=\=--~~~

MOS~

)\1 ~-'7-"'7 /:/A~-~t~i1IL,t~ 2 -:JO) pn fi~ (Je, Jc) l~J:: IJ Jt~t t;ttt~.I

~ ~ ~-, A\-A, :J v? ~-O) 3 :JO)fifiiJ!l;6~6!>~. IbfF~I:~j: Je ~j:.jj(R]~:7 Jc ~j:

i2jj(R]I:/\17A ~ t1.~. I ~ '/ ~-O)=\=-~ I) -V-~d:Je 0)i!I<O)I~ '/ ~-t>J::U:~

zJlO)tJ:;O)-c'-$Jt;6~M*5~~:J::t)~bh~n~, *$Jt~J:~-.A~:i±A<!hI.~'Y~

-.rm ~ ctJ:?J. ~-A ':ttA~ tlt::=\=-~ I) -V-ld:"'-AO)••~cld:&~tO)1>It=\=-.y

I) -V--e6!>~t~atJl:, =\=-~ I) -V-t1t.~-e~J:~~:.J.l1J~t:J::Qjt1ft~,=\=-~ I) -V- ~
I) 7 ~~-e~j:~••w.~:et t)~cGL ~ I) 7 ~ -c'::J V~ ~-~:(R]tI)5. ~-AQ)tJ:tI\..~
~-$Jj:M~~~:J: t]t~~9?Jn~, *$JtlJ:::J V~~-I:jJil9:Q. :J v~~-I:jJiI
Gt~=\=-~ I) -V-~j:::J v~ ~-.rm{ ctJ: t), I.~ ~ ~-, ~zJl13etU:~-ACl)tJ:tI)
-e~~.Gt~Jt~d:~- A firm 4 ct~?J. ~'-Afif&(}).rm~iI. a ~j: a= -&/L1Ie c~<!
tl, a~j:'~'£ 1 l:~ Gv)]j~ I J: t) ~d:/j\<! It). I~ ~ ~-fii1t!O).rm~it.p ~j:!J=

-ii/1Mb = aJ(1 - a) et~~tl, ltim P~j:It+~1:~6!>~ (::I v~ ?7-, .:r:~ '/ ~-l:rmtl
~U.rm~iEjj(R]c9~). ~~(7) f' 7 /:/A~-(J)=:J v?~-.rmO)I£JtI::~d:, "c"(J)
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0)~~7J)~=:J v7 ~~~ftO)~zJl~~O))l[ml:'~PX:TQ=r-~ I) ~-~=J::Q~;O~1J[]bQ.

::n~J:x~ ~ ~-tmt&~~=~-A ~:J v7 ~-rl3~~:ifrfnQ_ifrfl:':Jv7 ~-il~_ifrfc

J::~~. :J V 7~ -ilrfT_ifrf~J:/J\ ~ V~1J;O~ J:: v~.
~ 0) J:: 5 tJ:~Jll!~=J:: tJ, ~-A~!tf!l:' J: ~ ~ ~ - AtJ 0) ~ ~ ~J: Je ~ Jc 0)1 / e-~~

/ A 0))1V~ ~= J:: Q_J±fljf~;O~f~ Gn, X ~ ~ ~ -~!tf!l:'~- A AtJ 0) ~ ~ ~J:_J±fIJf~ ~

IPJ~~=~- A _ifrf~:J v7 ~-_ifrfO)tt~:J::Q_ifrffIJf~~f~GnQ.:J v7 ~-~ft~:

7J);O)QiiJ£ ~~ft~ifrfnQiiifrf ~ O)fl~:J v 7 ~~m~~ J:: lJ, jtfpJ0)1 / t:-~~ / A
mft~fTx~t:J v7~-m~~lPJc.tJ~jtfpJ~:l&tJ mT~ C;O~~~Q. J\1~~7-

"7 /~A~-O)JJJfF~::~J:*~-f*r:pO)$-Ic=r-~I) ~~:f:)J::lJ1"Ic=r-~I) ~~, TtJ:b!> ,
_rcIEfLO)Pfij1J;O~~4TQ. ~n;O~J\1~~7-CJ::~tnQJll!E8~, npn~c pnp~

~;O~~Q.

pn ~ft~iifi..~jj*" 7 /~A~-O)Pfijil#ij0).~0)5!>, =r-~ I) ~-~7~*)V~ifrf
A~itQ1J~'J-A, =r-~ I) ~-~7~*)VJ::tJ ifrfm~itQ1J~ ~ V1 / cJ::~~. ~t~,

'J~A ~ ~ V1 /O)r:prl3~~=~~_~~ij'~"~J::~5~. ij'- "_J±~:J::~~zJjO)f$lJ~=

J:: tJ 7~ *)v$M~~x -c, ~ V1 /_ifrf~*tl~TQ.
£Al:0)" 7 /~A~-~:JV~-c±tJ:Jt1fj~~tt~G-C~Q. ft~~J\1~~7~" 7 /

~A~~~J:~~A$M~tI< l:'~-r, m$M*r~ G-C~J: 1 MHz < Gv~;O~~ifi..l:'~ tJ, ;0)
J.Ji:Jt1 ~~v~O)l:'ijl1:E~J:~Ji:~ n -Cv~tJ: v~O) ~::~t G-C, iJtfit~J\1 ~-7~ ~ '7/~
A~-l:'~J: 10 GHz £AJ:.~~, ~ G~::jj 1) r) b.l::*_fi..5ijj* ~ 7 /~A~-~~J: 100
GHz < Gv~~~M!m~~G. _fi..5i:1J* ~ 7 /~A~~~d:AtJt!fm7J~reiv~tJ~, _tJm~i

~~d:J\1~~7- ~ '7 /~A~-tJ~*~v~. ~z:~, 1) =7.ffflm~-c'~d:AtJ~~.fi..
5i:1J* ~ 7 /~A~~, m~i~~J\1~-7- ~ 7 /~A~-cTG!J)}fttJ~$-v~. MOS
_fi..5ijj* ~ 7 /~A~~O)AtJ • mtJO)ra~Jt1~J:J:: < tJ:v~;O!, AtJt!fm~d:~~7J)O)~O) ~

'7 /~A~-~=tt~-c~~-Creiv~. ~t~, .~~M¥l:'/J\~~:J <nQO)l:'T~ ~~)v

.fllm~~.PX:TGm~~*r~~G.
1JO)~~AO)tJ:7J)~::$-~O)X~ ~ ~~~~JJ:: 5 tJ:*f~tJ: ~ '7/~A~~ ('7 )V7

I~ ~ ~~ ~ '7 /~A~~) ~~GiJ~, -ttJm~J:=il#ijr*rl:'~G. **, ~ 7 /~A~
--~J:~Fra*l*r-c'~G tJ~, iLl~}aj7JtIcJ:: tJ tJ)tJ: tJ ftfV~}aj7JtIc-c', G7J)~ IJ\tJN~ilh{"F~:~i

JETn~t, ~~O)fj~lh*rc:~ x -C J:: v~. ~O)JJJ{"FmfJT~:~J:, ~fjffilm~c: G-C ~ '7 /~
A~--O)~m~l¥Jf.PX:~&~Gt~T~JEIc(re' rb , rc, a)~=J:Gt>O)(vc=arcie)' ~t~,

-il#ijr0)5!>0)IJ~AtJOO~mtJOOO)~Jm*rcG, ~tJ0)2J~AtJCmtJO)il#ijr

~: G-C=il#ijr~tlm~~~T~(J)tJ~~~.

l' '7 /~A~--~d:~fllm~~M!m ~n LV~~. GtJ) G.ilI~d:M!m~J3tO)reiv~lm~, t~

C:X~tT ~ ~~ )vlm~-c'~J:7 1) ~ 77 0 ~ 7°:f:)J::lJ~0)~~iJ)O)fnU~lm~, 77-0 ~lm~
~~M.m~lm~~E~~M~O)~'7/~A~-C:~JJJ*r~.~ftb~Go)~~~<,

~nG~--f*{~Gt~.fllm~iJ~$-<M!m~nLV~Q. ~ '7 /~A~-~J:reit1ffi.~O)lhfFiJ\

~ft~~G7J)G, *~v~:J V7~--fj{~~f*5_tJ" '7 /~A~-~~d:J£~Gt~~~~
T1J~tJ\rJ:J,ac:tJ:Q. ~O)t~~fj€ft$O)rmfl~*~< G, 1*J$~=~fflJt1¥L~jjA~!tA

Gt&~t&:tJ: E~M!mTG.

22-2:

1''7/~A~~O)-fl~,7-", 'j-A, PV1/0)3JO)_~~~!>, ij'--"~:
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m-ij-~1Jo;t~ c 'J- A C ~ V1 /ra~O).mtO)Jm~(7~*JLt) O)~Mn~m-ij-~::J:: ':)L~b
t], ~ V1 /~O)ttlJJ.ifrt7J~~J,IJ~tl~. m-ij-.JJ~d:if-f'0)~ft~.~7E.9~0)J>

~~~1it~::~tJ:lJ:\O)n~*f.~~Q. ~t~, 'J -A ~d:=f-~ I)~-~7~*)Lt~mtG~uiitl

~, ~ V1 /~d:=f-~ I) ~-~7~*)Lte:tlJ ttl~itQ.tI~~Q. )\1 iF-7-f' 7 /~
A~-O)::I v? ~-.mtn~~-A~~~Jmt] f~~t-c~t~~It=f-~ I) ~-~~QO)~::~tG

L, .~~jj* f':7 /~A~-O) ~ V1 /iimt~d:7~*)v~ii~~:e:tlJ )EQ~It=f-~ I) ~

-~~Q. ~t~, ::tlGO)fJJfF~:~d:~It=f-~I) ~-0)J>OO49Qo)~:L::iF-:7-f':7

/~A~-~~e:t~tlQ. ~m~GL~, ~~ft~, ~3~f'=f--~ft~, ~ii~~

~S e:t (J MOS ~n~~Q. AJJgtfLn~tI~ -c~ lJ) :. ~ ~d: CO)~~: ~~JmGLV:\ Qn~, *f
~: MOS ~~d:~v:\. pn ~ft~~Mas ~~d:!l!~O)*T~G-c e:t lJ~, SO)SO) I) ::7_
fJl@1~~7.{~~)Lt_fJl@1~O).~*TCGLm~~~Q. pn ~ft~, ~ 3 'Y f'=f-
~ft~, Mas ~O) ~ V1 /iimt· ~ V1 /.J£O)*fJt1n~f&fO~(~Q~~J:O).J£~:~t

GL.ifrt7J~f&f[J GL~n~l: ~::m1J[] Gt~ lJ)) -r:~G (J) ~~~t GL, ~.~~~-r~d:3-Ff&fO

~~~G, ~mJ£, ~.JJmM*O).JJ.TcGL~htlQ.~~ft~, ~.~~~,

Mas ~n~~ I) ::I /~ltf-fc9 QO)~::~tG L, ~ 3 'Y f'=f--~ft~~d:jj I) 9 b l::.~J

< GtlQ. jj I) 9 b l:::*~~d:IlWO)~~a£f&~ ~ 3 'Y 1'=f--~ftn~~~~::J < tlQ:'
C1J\ G:.O)e:t:> tJ:.~~::9Q. :.tl~d:~1? D~O)m~M*T~ GL~1±.~m~tJ:~O)

~, ~1?D~_fJl@1~0)±.~.T~~~Q.

22-3:

~aif-f'ii~~J.J*f' 7 /~A~-O)-~~, P ~~I)::I /£f&~mlJ:\t~~ft, =f-~

U~-~~~Q'J-A, =f-~U~-0).ttliitl~~Q~V1/~~~~~~Q. if
f' ~d: Si02 ~~::J:: t) £f& C: ~d:~a~ tl-CS t), if- f' .tI~::.J£ ~1Jo;ttJ: lJ) C: 'J-A •
~ V1 /rp'~::.t1rt~~(7~*JLt)7J~~~~tltJ:v:\~ft~::~d:if-f'~:IE.J£~1Jo;tL~

m9~. ~O)fJJfF~X/J\/A~/ f';C- ~ c:~G, if-f'iitl~:.J£~1Jo;ttJ:<-C~

7~*)Lt7J~~~~tlLlJ)~~ft~:~d:,~~:if-f'.tI~:~.J£~1Jo;t~1J\,~t~~d:'J

A c:~~G-c~m9~:. c:n~~lJ). :. O)fJJ{~~77°1)-~ 3 /;c- ~ c: lJ) 5. £f&~: n

~~ 1) ::I /~~m Gt~~ft~:~d:iiJ£O)tllt1~d:~~:tJ:Q.

22-4:

fttfiffimO)_fJl@1~~J< Qt~~ ~:, ¥*sMJ~ I) :J /9 XJ\-0)~jij~1JOI9Q1~ t) ~:,

~a!to/.Jl:~:~~O)@1~~'":J< QMJ>7J~~tl-C~LV:\Q. ~O)~~~'":J < Q ,,:7 /~A~
-~~~ l' '7 /VA~-C: lJ)5. GiJ\ Gf§~JiJt1o)~lJ)~~ l' 7 /VA~-, Y1;.t- ~
~J < ~ ~:~d:~ftiJ~~lJ). 1961 if P. K. Weimer 7J1f~mGL~*lJ)0lJ)0tJ:~~" '7 /
VA~-O)~~7J~~~7J~, MOS .w.~jj* l' '7/VA~- (MOSFET) ~:*~~9~~~ l'
:;; /V'A ~-7J~_fJl@1~~:iIG-ClJ:\ Q t::-~, • ~~ <liJf~~ tlL~L lJ:\ Q. ~t~.~~jj

*~~"7 /:/'A~-~d:~a!to/.J£f&l:~:~~~?t{~G-ClJ:\ < O)~, fjJ:t 0)l52fifO) ~O)n~
J< GtlLlJ)~.
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22-5:

7C*~~cltl~~~J=~if~i\~l,,-Cv~t~7J~,m1±~~1±c:l,,-C=illfijT~~J~.

~.T®~.~l,,-C~m~h~~O,~®~m~m.®~~6~~~.®H~,~.~

et(}:itlrfJiir~6H7f, ~7f, /,\)J;AO)A1 'Y7-/'~, ~ilJ±l1itJ:cli~~J.ti!iI~:fIJm~

h-Cv~~. ~0).~~:~1~fjO)~0)7J~~ t>, *.BIJT~ c~rO)et '5 ~::7t.~h~.

(1) }~~fg!7'~1;t-~ : :itl~~~~~O)~fg!~::et~m.fFm ~fljm l"t~ ~O)~, ~ft

~.7J~/J\~ v~®~~~.m ~::ill" -Cv~~.

(2) ~/' ~?f1;t-~ : :itl*t~~J:••~/'\)J;A?I.~~~~~::13~l"t~~O)~,J~~

fg!7'''1;t- ~ et 0 ~1t17J~=tc~l" -Cv~~ . • lt~::et tJ y )J;/\-~ /' ~ *t~~1::f-)J;~~ /'
~ ~J::~!tl~.

(3) ~ft7'''1;t-~ : ~fjO)1Jt!l:'J <6h~ p~, n ~~~1*0)~ft~::J::~7'~1;t

- ~l:', ~fF1Jt!~::.J:: tJ;fAO) ~0)7J~~~. (a) ft~~ft?f1;t- ~, (b) ilt.~ft7'~1;t
- ~ (~-!t~7'''1;t-~, 7v-j--~?f1;t-~, It:7'=r-y~)J;~?f1;t- ~), (c)

Y 3 'Y ~=r--~ft7'''1;t- ~, (d) ~~~ft7'''1;t-~.
(4) pin 7''t1 ;t- ~ : p~, n ~®rl3~~::Jt't1~~~~~~Aht~ ~®~, ~JmlJJfF~:iI

l,,-CV~Q.

(5) MOS ?f1;t- ~ : Y 1) ::I /'0)£f&~21~~ Si02 O)*&."~:et~ ~O)~~fi • ?I
J±~1t1 ~::~~7J~~ ~ .
~J:O)~fjO)?f1;t- ~ 0)~~1*ltf-f~1Ge, Si, GaAs tJ: C~m v~ Q.
z: h G?f1;t- ~ ~J: pn ~ft~::~ ~tQiJIij~O) 7 I)J;~ ~f~O)~~::etQm.~i1O)ffjm

tr~ 6Ml* t), /f~~7.~~if1j<Gt~ pn ~fto) ~ /,*)J;~jj*tJ: C~::J::~A1 'Y 7- /7",
if1j~.f~~9l1~, 7fc?li1rfcO)fI3]f~~tJ:c~iJ.t<X V7 ~ O='7 A@1~~::ffjm~ h-C
V~Q. tlff~~m~~::J:: J -C;fAO)et '5 tJ:flm7J~~Q.

(1) ?ltJjm.m?f'1 ;t-- ~ : m1£~1~~ c Iv c Y 1) :J /?f1 ;t- ~ l:', mmt~ c: ~ J::~!

hG.
(2) A1 'Y7-/'~?f1;t-~ : /'\)J;Aa9~::.i1rf~A1 'Y7-/~T~fRB~@1~tJ:c~::~

m~h, Si O)ilt.?f1;t- ~7J~~v:\7J~~Jmm~::~d:Y 3 'Y l' =r-- • ?f1;t- ~7J~~Q.

~~7J)~= l' /*)J;?f1;t- ~, I\'Y 7 '7- ~?f1;t- ~, A7'Y 7°1) tJ 1\ 1) -?f1;t- ~

7J~~G.

(3) 71 7 o.?f1 ;t- ~ : 71 7 o.O)~., ~ =r--!t- ~::J~~fg!?f 1 ;t- ~ ,
Y3 'Y ~=r--. ?f1;t-~, itl~i, ~.~jlfli~=1\777'-?f1;t-~, H~~::jj/·

?f'1;t- ~7J~mv:\6hQ.
(4) )EilJ±?f'1;t- ~ : ft~*t~~d:I. t: 7' =F-y~ )J;~ pn ~ftO)~t1Cm~~fljm Gt~ ~

(J)l:')E.J£tJj~ G-Cfljm~h, ~O)~-j--.J±O)rJii~~~~/J\~ <Gt~~O)7J~.J±fJ

~?f1;t- ~~, tJ ~ ~ r;; bfJ~?lftf!~=f~bJ L.J±fJ~C: ~ hQ.
(5) §£7f?f1;t- ~ : GaAs, GaP tJ: cO) pn fj€ft~::Jlm1JrtiJ.J±~1Jox ?lTciEfLO)¥j

*6ft§£7f~fIJmTG~O)l:', §£7ffI~$7J~J:: <~ffil7J~*v:\O)l:'~~~::~<m v:\ 6hG.
(6) ~7f?f'1;t- ~ : ~ft(J)I.*)J;:¥-:¥~ 'Y 7°J:: t) *~tJ:I.*)J;:¥-(J)7fTO).T

mJJlEa ~= J:: Q .i1rf~ffjm Gt~ ~ 0) -C:, 7 ~ ~?f1 ;t- ~ ~ ~ J:: ~!h~ItI.itf!tJ: c ~::fljffl ~

nQ.
(7) 1lJ~~it?f'1;t- ~ : pn ft€ft~=~/\'17A ~1JDXt~ ~ ~(J)~~~it(J).J±{t{ff't1

~fljffl Gt~ ~(J)-C:, ilt., I. t: 7' =F-y~ )J;flft~d:~it~{~~7J~*~v:\. 1\7 (/ 7'-*t~
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~d:/'7 ~ l' 1) 'Y!7 ~~1;t- ~ c ~e:t~ttlQ.

(8) v-~-7'1;t- ~ : :t~ l)-V-ttA, ~fE-bUlJJ~, .~~,., 7tUlJJ~tJ:C

~~J:: t) pn ~~$~~~~t&M~~C~it, :J 1:: -- v:/' 1'7t~~)}iv)~7t~~~Q.

22-6: ~ 3 ':J i'~-.!£ (~J.m960-961)

~~c~2if*cO)~f!I!~~~f*~oo~~~~~tlQ~rJ3'~7itfJl~~e:tQ~f*t::"~d:1£~LO)

~~~~~t9Q~~. ~~c~~f*CO)~f!I!$~~d:~~J*fc~~f*O)lIIllO)Jf1.~~ft{ff

L, -C, ft~&pt~~e:t QW.oof§, ~~f*pq ~~~~~ tlQmfj{~, W.oo~f~f)[:tJ: ciJ~,

~3 'Y 1':t--~~~~O)~~ctJ:Q.

W.oof§, mfj{~, W.oo~{)[:tJ:ciJ~ff1£L,tJ:v)C L,t::..C~o)~~· ~~f*W.ooO).f

~&.~(~3'Y1':t--0).~)~~, ~3'Y1':t-~~~~~O)ft.00~~ ~~f*

0)ft. 00 fA CPs' ~ftlfl1JJ X C/\:/' ~:¥~ 'Y 7° EG ~~2~~ tlQ. X + EG >~ > X tJ: G
~t, ~f!I!fiO)~~O) 7 xJ],~ 000)J: ~ - X ~~~2if*O)~~mO)rt4MiJ~~ t), 7 xJ],~ 00
O)r X+ EG - ~ ~~flffi.fmO)l:t4MiJ~~Q. ~~JO) G~~f*~J!t::.. c ~0)~f~~~t9~
~3 'Y 1':t-~~ l/Jac ~d:, ~~~7l'9~3 'Y 1':t-0)J:t~45tGtl~.

l/Jac = ~ - X (I)
1PJ~~~IE~L~~~t9Q~ 3 'Y l' :t-~~~d: l/Jav = X + EG - ~ ctJ:Q. ~ ~ ~~~f*iJ~n ~
(p ~) 0) C~ ~d: ~ > CPs (~ < CPs) tJ: 0)~ , ~~f*7J) G• f (1£~L) iJ~~~ ~~~1T L, -C.5it
=mJl7J~~~Q. ~O)C~~~f*~oo~~IE(~) O)~rJ3'.7itfJliJ~~~Q. ~~IJ~~r~,

~7itfJI (J)~f)[:~ (W.oo~t!~~: L, t::..~~f*pq$(J)~{)[:) ~J:~~ C~~f*C(J)flf!l!~f)[:~

~~~ L, <, ~~f*iJ~ n ~ (p ~) 0) C~ CfJoo = (~- cps)le > 0 (CfJoo = (CPs - ~)Ie < 0) ~~Q.
~ O)~rJ3'~7itfJl~d:~~f*pq$~~tt~-C:t ~ 1) -V--tJlJjtiJ~{~V)~zJltJ:O)~, ~~ c ~~
f*rJ3'~~1JD5tt~~J± Va ~d:~zJl~=1JD5t GtlQ z: c ~=tJ: t), ~mtfFJtjiJ~~~Q. ~2if*7J~

n ~ (p ~) (J) C~, ~~f*iJ~ft (1£) ~=tJ:Q e:t '5 tJ:~J± Va ~=~t L, -c~zJl(J)~{)[:~~J: CfJo
= ~o - Va (~= ~o + Va) ctJ: t) ~zJl~d:~< tJ:QO)~, ~f (IE~L) 7J~~~f*7J) G~~~=

rtilJO)~ -cmtn~9< tJ:~ (}lm7Jrtil). ~O)IiJf1~~~t G-C~i~~f*7J) G~a~~rtilJO) 5~T (
IEfL) O)mtn~d:/J\~ < tJ:Q (~7Jrtil). v)~tlO)IiJt!~~ Va 7J~/J\~ ~ttl~t~~7J) G~~f*

~=rtil7J)5 ~fr1rt~d:~b GtJ:v). ~j--/F$iH~J*ftJlJjt~ No' 7 !7t7~-/F$iH~J*f

tJlJjt~NA' ~zJlO)J!t~~d, ~~. ~~f*w.oo7J)G~~f*pq$~=c~t::..{}[fll~.~z

C L, t::.. c ~, ~rJ3'.7itf~I3t p(z) ~ 0 < z < d O)ri~~ p(z) = e(No - N A)' z > d O)ri~~
p(z) = 0 C9Q~ 3 'Y l' :t-O))}ift{ ~Jtj V)Q C, ~zJlO)J!t~ d c~zJlO)oo~7itf~I3t

~~J::~~zJlO)~~•• c~, ~~f*O)tt~~*~~, .~O)~~*~~cG-C,

~J:t~~~tl~.

d = [2EsEolfJJe(No - N A)]1/2 (2)

~ = [2EstUe(No - NA)~]1/2 (3)

C= [Esfue(No - N A)/2~]1/2 (4)

~ 3 'Y l':t-~~ l/Jac ~d:, ~7Jrtil~mtO)~fl1f~O)i1i!I3tft{ffJt! C, EG ~=tt~-cX*J],:¥
iO~/J\~ v)7t~mto)G~v)f~iO)G*~Gtl~. ~~IJ~=~~t~~zJlO)~{}[~fPoo ~i lIe!
~ Va ~~~tG-C7°D'Y l' L,-C lIe! =0 ctJ:~ Va7J)G*~Gn~.

~~(J)~3 'Y ~:t-~~~d: (I) J:t~~d:*ittJ:V~. ~~f*O)J*Tc:~~J*Tc:O)~f*pq

0)1~~*a~~~J::~W.mJf§, W.mJ7':/,~l):/'~if/~, mTj:{~(atJ:C, jf.mJ{1)}i0)~T~

{}[iO~~4G-CV)~7J~, W.oof§iO~~ < -C ~tl G0)~J.J*~jf.00~{}[(J)~J:t~~ t) ~lvt~jf.oo
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~{ftm~-c'~j:, ~O)et 5 ~::~2im~tl~. ~~C: n ~~~f*cO)~M~~;tt~c:~, ~M

~flfj'::~~f*~iii'::~v~~liE~~ Ds O)~iii~{}[:~~~l!:fffJ*J~::l> t] ~z"~~~JiX:~ttL
V~ ~ c G, ~iii ~::8 ~t~ 7 x.)v~ ~{ft;Q~~~fffO)rfi#ijO)r tPco ~: l>~ c, ~M~:e:t t]~

iii~{ftO).fn1~d:L1Qgs =-e(l/Jac - tPco)Ds ti~t~1~T~. ~ 0) c ~~M.{ft~ (l/Jac + %-
~)/e ~d:~~c~iii~{ftc:O)rJ3,~:~-r~cT~ C:, ~iii~:J¥~ 8eff, tt~.$ Eeff O)~a
f*";Q~ l>~ C:~t~ G (l/Jac + x - ~)/e8eff =L1Qgsl EeffEu -c' l>~ tJ~ 6 , a =e28efPsl EerA ~mv~,

~3 'Y "q:.-~~~J:~J:t~~~tl~.

l/Jac =(~ -%)/(1 + a) + atPcJ(l + a) (5)
~ I) :I /' c~fj.O)~~O)~Mo)~.-c'~d:8ef/Eeff == 0.1 nm, Ds == 2 X 1018 m- 2eey- 1 ~(&~

GLi2im~ tl~.giJtJ~l> ~. -~~: a O)fii~d:1;t /,~~If1;Q~5iv~~2iJf*-c'~J:/J\ ~ < l/Jac ==

~ - %~l> fJ, jtfl*6~If1;Q~5iv~~2If*~~d:*~ < l/Jac == tPco ct~~. Si, GaAs ~~J: l/Jac
== 2EG/3 ct~"? LV~.Q.

22-7:

~3 'Y "4=--~~~f(JmGt~?f1;t-~. Jm1JrRJO).J±~r~~/J\~ <, 4=-~ l)~-~d:

.TO)~-c', IE~L~:e:t~.fi~jJ*~~t~<, iti)aJ~O)~If1;Q~.tlLV~~o)-c',~JmA1 'Y
=r/'?~~~1? D~O)im~@]~t~c~:M!m~tl~.

22-8:

~2iJf**6A~:iti.tI~1J[];tt~C: ~, itiJm~:1J[]Jm~ tlt~4=-~ I) ~-;Q~~TJ*T~:~~T

~ ~ c ~:e:t fJ ~ ~ ~:*.~ tlLV~~.T~JJlJJ~G, EJ EB1ITcIE~L~-:J <~. ~tlG 0)

=~4=-~ 1) ~-~~.,q1fi~.liI~:1Jllb~t~&9, t~t~tl~~::4=-~ 1) ~-O)mf!tJ~~~. ~

O)J:: 5 tJ:~~f*qtO).i5ifmf!~m ~71\7 /~x~JJ*C:v~ 5 tJ~rt < ~d:~f*~~f*qto).

T~t~~d:1;t /':J:: Q. t] Jg G1fi~.liI~~~tl~. ~~f*-c'~d: pn~~~~3 'Y l'
4=-- • 1\ 1) 7-'::f¥1:ETQ~rl3'.fn1~~~d:~/\17A.J±~iti&9Q:: C: ~::J:: t] ~~~::?i6
.tI~::t~Q. ~rl3'.fn1~~~~fTT~4=-~1)~-~J:.tI~:e:tfJ1J[]Jm~tl, ~tJ~L7t~a9

7 ~ / /'ft!L-c'$tl~H~ tl~f&fl1Jm~~:~TQ;Q~, fiffi1lTfffO).T~~2ifff~:JJlJJ~TQ~:

+Jtt~I.*)v:¥-~~-:J ~O)~~~TJ*T':~~G-C1l.TQ . • {ftIl§liI~t~ fJ 0)~~1I
liIO)@]~~1;t /'{~$c: v~v~, ••~~T4=-~ J) ~-O) G~v~fiiI.*)v:¥-~1IliII.*

)v:¥- c v~ '5. .liII*)v:¥-~d:/\ /' ~:¥~ 'Y 7°~:tt.giJT Q t~r/), 1\ /' ~:¥~ 'Y 7°0)*
~tJ:~~f*~~c71\7 /~x~JJ*~~g-.~5~~~d:?i6<tJ:~~~, 1;t/{~$;Q~104 cm-l

,::tJ:Q.~5~~~d:200-600 kY-cm- 1 m~-c'l>Q. ::tl~J::O)~.~~::t~~~~, Tt~v

~/F~~tJl~;Q~~v~tI~~d:~-j--~fj\~~~ C:, 7 1\7 /~x.mf!~m~d:tJ:< tJ::Q.•
Tc:lEfL0)1;t /'1~$ a, p O)*/J\~f*~J:/\ /' ~f.~~:e:t"? -Cf4t~ fJ, Si -c'~d: a» {j,
Ge-c'~d: {3~ a -c'l>:Q. 7 1\7 /~X.~jj*~d:~1?o~~~ (71\7 /~X.?f1;t-~),

7t.i5ifO)m~M(71\7/~x. 7 ~ 1'?f1;t- ~), 4=-~ J) ~-O)r±A (71\7/~xr±A
MOS ~t 1) -) tJ:c~:~m~tl-CV~Q.

22-9:

pn ~~o)7 1\ 7 /'~x.~jj*':e:t Q.TtJ:t~tl~~O)4=- ~ J) ~- c:, ~O)~fT~rl3'~jj
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*~:e:t~itJ~tJfm~~J~~1;t- ~-c, 1 /I,~ l' ~~1;t-~ C ~e:t~ttl~. ~ - ~+
GHz (J)-:X17 o?1t~~Bc G-Cmv~ Gtl, ttltJ~d: lOW ~:~-tQ~(J)~d!>Q. 71'\7/
~x~:JJ*~7t1lmtmf~~:mv~t~7t~ttlB~d:71'\7 /~x7~ 1'?f1;t- ~ cet~ttl~.

22-10: MOS~"f*- ~ (#.J~2119)

MIS (metal-insulator semiconductor).~ (J) D C J -C d!>~ MOS (metal-oxide semiconductor)
.~ (£f&~~~~:~I):J /, ~am~:Si02 m~mv~t~ ~(J)) O)~iti:tl.ac£f&~~~

~:1Iti~J~tt~~~1;t- ~. Si02!Si ~itiO).~~*fI~~lMJ«~~tJtJ:.~.MOS ~~1

;t- ~O)£*~*fl~~i~fi• 1IJ±*f1~-cd!>~. ~iti:tl.a.ti~:t=rJ1JD~tl~.J± v;6~Jt

O)fiD:et t) IE(J)1Jrfij~:Gtl..v~ ~:m*-t~ c ~, £f&~ I) :J /~iti~d:~iti~:~j1Jo)IE~L (~

~:t~ I) ~-) n~1!tfl Gt~~1m (A) et t), £f&1*J0)1Ifftn~Si02!Si ~iti*~1Jl:l:El~:tJ: lJ £
f&l*Jo)IE~0)1Ifitj;6~ 0 ~:tJ:~ 7 7 ~ 1'1'\ / ~ (B), ~itiilimJ: t) IE~L;6~m~"~tGtlt~~

ZO)~Jm~*I-C, ~ G~:£f&~iti~:1IT (j>~:t~ I) ~-) O)lrflGt~ocfi (C) O)~Jm~:
~{~-tQ. 1!tfl(J)~1m~~d:~itiilim~:IE~Ln~1!tfl-t Qt~~ MOS ?f1;t- ~ O)~fi~d:~~

~£~amO)~fie;. ~:-3t-t ~ (de;. =I). £f&MMtI*J$~:1IfitjO)~'h~f*~ 7 7 ~ 1'/'\
/ ~:t3e:t lt~z~1fi-c~i, ::tl GO).fitj~~~:{* 5 ~.;6~*&a~~fi~:W:~Ij~:1JDb~t~

~~f*(J)~.~d:{lf-r-t~. ocfiJl q:t (J)1IT~J3£(J)~1~(J) ~~J3!J3£~d:±~:ocfiJl-r (J)~Z

JBq:t ~::t3~t ~j>~:t~ I) ~-O)~~ • M*s~J3!l3t~:x~2~ tl~. Gt~;6~J -Cflfv~Ja]?1t~

~~fi~mU~-t~ c, ~itiilim~::t3~t~ocfiJlq:tO).Tml3tO)~{~;6~~~-t~t~~~.

~d:*&am~.~:~~~£-3tG, ~Ja]?1t~:et~mU~~~d:ocfiJj-rO)~zJjttffii~::t3~t~IE~Lm

l3to)~{~c G-C~~-t~t~~, ~.~d:flfv~f~~C:~.

22-11:

~~f*0) pn ~~~frjmG-c, Jfmi1Jrfij~:1IJ±~45t~ C n ~~~:d!>~.T;6~ p ~~O)
IEfLc:~~G-C, MM~~7t~~-t. ::O)~~~fIJm G-C.ifrt~i1I~7t~:~~-t~~~

f*~T~~7t?f1;t- ~ c:v~5. I.*)v~-~~ ~7°fil3tO)m?1l{mJ±-c, .TIE~Ln~f$

'hG pn ~~ftili~~~-ttl~t, I.*)v~-~~~ 7°fil3t0)I.*)v~-~~J7tT;6~~

~-t~ (hv~ E g). -~~:, W:~ilf$~O)~~f*GaAs (~~), Ga1_xAlxAs (-~15),
GaAs1_xPx(~15) tJ:c~mv~~ c~v~~7t~:JJ$0)~7t?f1;t- ~;6~f~Gtl~ (I*J$~:JJ$~

+%, ~$~:JJ$~%). GaP ~J:ra~~ilf$-cd!>~n~N2 (ki15), 02 (~15) tJ:c ~-7°-tG::

C: ~:J:: tJ f!fJG v)~7tn~PJfj~~d!>~. ::tlGO)PJ1Jl*t~~d:~~~7t?f1;t- ~ ~J:*.~:~

ill~ tlL :t3 tJ, ± C: GL ~7J'm ~:=tcfiffi~: {3t$ft~ tl-C v) G. lllili SiC * t~ ~d: GaN ~mv)
t~W15(J)~7t~1;t- ~n~J <Gn~J::> ~:tJ:J t~n~, GaAs tJ:c~:tt«-C~fF7J~Wf$lJ

~d!>Q. GaN ~~d: pn ~~n~-r~tJ:v)O)~:tl~ • ~Iti~~f* · n ~~~~~~~mV~Q.
76771 !'\-im{~m~:~J:, ~.l3t0)~7t~1;t-~n~~~~n~. 7t771/,\-O)iJijlR
O)j>tJ: v~~~7t, 0.8 J.lID 1ff (GaAs) *t~ ~d: 1.2-1.6 J.lID 1ff (Inl_XGaxAsyPl_y) n~m v~ Gtl~.

~.J3t~:-tGt~~~:, v)~tl~~~f*v-~-O)et 5 tJ:=m~To.~~fIJm Greiv)t
i1rtml3t~'hfF ~ it~ .
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22-12:

*~~v-~-c~v~5. *~~~::t3~t~M~~~:J::~~7f~fljmGt~, 1lJ-r~ (:1
1::: - V / 1') 7f~~9 ~~'1;1-- ~. ~7f~jJ$0)~v~rn:~il3*~~~:/F~!fo/.J~~.~:

~1JOGt~ pn ~~~mv~~. Jm1J(ti].mt~mtG-cttAGt~1"Ic=t:~1) .:v-c~O)M~~
~:J:: ~7f~M G~~-ClE!II~~:J:: ~~tJR~~~ ~:9~ t~liJ ~:, ~7)V~7-D~~~mv~

~. ~tJRO)t~~O) G~v~fli.mtn~{g:V~:: cn~~* GV~. ~tJR7If*~d:.-=fn~il39~I.*

)V~-~~:1ittf9ij9~. 7fO)imii&9~~§O)iJlijfj{tl~:~AO)~rm~ Cl:'~~ Gt~1iM.~
~~-C7f~tJR~~9~777U~D-~~, .7If*~tJRO)~liJO)~~!II~~~~~.

GaAs/GaAlAs, InP/InGaAsP O)7fim{~m~, PbTe/PbSnTe t~CO)*7If~~iJttlmn~~m~
n-CV~~. IlJfJl V-~-~d:m~9l1J1M, ~iJlIJ~lll:'~< Jt\m~n~. ~m.-=fj:t:?~~

~:J v-~-O)if~n~!l£Iv~~~.
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Lesson 23: Electronics II
(other circuit elements and basic circuits)

:m 7 7 evil, wicked, wrong; ;t evil, wicked, wrong
V.Q(lt)) bad, evil, immoral, inferior, malicious, unlucky, unsavory

~~ jJ177 harm, injury
ii~~ftf: ~177 Y 3 97 /' worst condition

~ 1 4=- level, limits, region, stage
*f~7~ )v~- ~114=-7~ )v~-

~~ IJ 3 91 4=-
band-pass filter
region, domain, area

~1 occasion, time, when
~V edge, side, verge

~~~tJ:

~~

~~ agent, person
't:> (J) agent, person

tUM:1tf
flJffltf

jJ7~1 j=-4=-tJ:
Y'Y~1

'J9~~~

IJ 39~~

interdisciplinary
in fact, actual, practical, real

creator, founder
user

IE. ~ 3 9 just(ice), punctuality, right(eousness);
-t1 genuine, just(ice), positive, right(eousness)
tc.ti.( Gv)) correct, just, lawful, proper, right(eous);
tC.ti.(9) to adjust, to correct, to reform, to straighten; *~ (~=) correctly, surely

~IE :J 9 t 1 calibration
IE:fL t1 :J 9 (positive) hole

1&1 7:' diagram, drawing, figure, illustration, plan; r- plan
~d:7J)(Q ) to design, to plan

~~ 7:'71
~~ A'l:: 3 9

*=,1=1 t 1 details, energy, ghost, purity, skill, spirit, vitality
~JJt -t1 r:
~~tI~ t1~Y4=-jJ1
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figure, graphic(s)
figures and tables

precision, accuracy
precision machinery



f& -e-1 arranging
C C (1)( 5 ) to be adjusted, to be arranged, to be prepared, to be settled {vi};
C C (1)(;t Q ) to adjust, to arrange, to prepare, to regulate, to settle {vt}

m~ -e-1 :t? matching
mlc -e-1 A ? integer

illJ 'J 7 leaning, opposing, regret, side
7J\brow, side

m~~ ~~Y037~b

A~~ =~?037~b

output (side)
input (side)

~ ~

;Z 7-=t ? comment, notes
~~( <") to flow into, to irrigate, to pay attention to, to pour, to put in, to sprinkle

i±~ 7- =t ? -1 taking care, paying attention
i±13 7-~ ? .::c 7 attention, notice

-1 'Y 1\ /tJ
-1'Y1\/*?'J7

~ */'year
C: G age, period of life, year

miF ~/*/

-iFf~ -*/~-1

~ J\ /' all, carry
-~{~

-~i!Jlrj

recent years
decade of the ... ' s, the ... ' s

generalization
general law

~ 7 minus (sign), negative
.43(5) to be accused of, to bear (a burden), to owe {vt};*(7J\9) to defeat, to overcome {vt}; *(~tQ ) to be defeated, to be inferior,{vi}

itti 7 ~ 3 7 negative pole/electrode
it{:4~ 77:it) negative/minus sign

I) 3 t) fine, good
J::(Vl) beautiful, fine, good, pleasing, suitable

r&~ tJ-1 1) 3?
~a 1) 3? 1:::

1) 3 ? dominion, possession (land), territory
mm~. tJ~03?-1~

}ajt&Ic~. ~~?I\A? I) 3?-1~
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improvement
good or bad

visible region
frequency domain



Reading Selections

23-1:

~~~~~mG~&~m~*~~~~. ft.~~~~~••ffi~~m~~~~£~R
5~5~~~~-~~~. ~~~*~~*~<9nTJ••~.5~~J ••• ~®~
.~.5~(J)n~~~. WJ~(:~d:J "7 /Y:A~-(1)J~~\mnifFm~~-:>~~1~-~ (ffi
~m)~ml1rt~ (~1Jm) ~£n~~ t) J ±l:~IJ:J ~iiA~m~)l--:J< c;tt~. ffi~m*

~~ 1 ~O)~.ral:.~:~fl Gt~ ~0);Q~7 ~M@I~ (Ie) ~7 il:~~.tltJ:£,:/.& <mt.-) ~
tl-ct.-)~. ~~~7t~:~.9~O)tJ~~7t*~~, ~7t~~1~-~, *~~l/--if-~£

tJ~ GaAs, GaP t~£(J)*liA<:--:J<l?Jtt~, ~~:7t~••~:~.9~(J)t1~~7t*~-e~~.
~mC7m~j:~~7t~C1J':~.9~13~~,Si, GaAst~£-r--:J< c;tt~. ~0),~t1\ti1

ll~~~ffi~':~x~~-~A~-, mJJO)t~~-~~~*-)v*~t>, *~~~--:J

< ~tt~. *$90)*~~*~~d:*~~¥*5A-r--:J< 6ttl~)~tJ~, iiitt*A.~*~

~m~)t~ ~O)tJ~J < t;tt~J: 5l:~'? t~. *A.~ I):J /~J:~~C7m~£l:fljm ~tt~.

~B, ~~1**+~j:TV~, lim, .~~JJ.tJ:£O)IV?~D=?A.d6O)±~$dl.

~~Qt~~tC'tJ:<, ~1Jm ,: ~/.&<m~) 6ft, iiitt-e~d:~imffi, ~ffi~9l1JJ1!~£tt)bfg>

Q~7°~Iv? "o=? AO)'±~l:~~-:>L~)~.

23-2: =F~f*tJ~ (¥AJJI!1673-1674)

*~~*5AtpO)tiQ)l~v~«i_-e, .~~~.~ (n~, p~) ~t~~j:fPJ-••~-e•
• ~.$iO~~.l:~ftL,L~)QIi_~-fil:*~.f*ttft~J:~~. M=I~ p ~tI\c; n ~I~~
f~ l,LV)O«i~~pn ttft, ~t~fPJ-ijj.~~¥l~J-:j--rAll (7?~7~-.ll)tJ~~

.l:~{~l,Llt)~«i~~j:nn (pp)ttftcJ:~tttQ .•~Q••(J)~~~n~iiA.+cl,
Ti!I!rcGl~)~JJft~••tiftcJ:(t, ~.~ttft~-.~~¢. ~O)JJftl:~~tt~

tlO)fil~O)~=:~~t~~d:=:.~~$O)itlt~I:J::t) pn ~t~~J: nn tJ:£(J)ttftt1imJ£~tlQ.

(l)pnttft: im'¥, pntiftcv)jt~;f~.~~ijjf*I:t:3~t~pnttft~~l" ~)bfg>o

~·1 ~- ~l:'lJltEO)~~1**+l:t:3~)L.~/.& <mtt) t;ttQ£*~.~C:~-:> ltt~Q.

pn tiftl:~d:~Sflii~~C' n t:3J:(t p 1i~0)7 I.)V~ • I*)v=¥-~l:tD~9Q~T/

~~)r".~tJ~ffff9~. ~ O).fY:~~J:tJtftCfY:c J:~;ftt¢. pn ttftl:CEE;Q~n\n\J L
V)~~) (: ~~j:7 x)v ~ ~«t:i1iP Pft~t:3J: (t n ~~-e~ l, t,)0)-e, n «i~l:~ l,T p fiJI!
l:lE Qllfi1JJtiJ) (J).J± v ~f=fl1JD9~C~T~~~ )v.~'d: v t!.~t IJ\ c! <tJ: fJ, pfiI~J:

Onfil~~~R~7 ~~nfil~J:Op«i~~.~~nih~n. 9~b~~~~~~~

®ttA~~Gg1JJtiJ=:l1rt~~tt~. ~O).1JJtiJ.ni~m1JD.ffv~~GTm~~~~

l:m*90 (exp (eVIR1). p (n) ._0)7?~77'~(~j--).ll~~n (p) 1i~0) j-:j-
(7?-e7~-)lAtll':!tAt+9*~~)c~1:~J:J ttft~nittQ.ni~j:IER(.~).~

~~~~~~~. ~~~A~tt~~~~~~~-~~ttA._(J)~.~~~~-~M~

ft L" w;ll~i)t C;~tJ~ 61JtM~:J: tJ J1']$l:31b9 Q. ~O)1Jtftl:J:Q~J~Je.~d:it1M!

It L (= {DT)If1, D ~d:1Jt~~f{, T ~j:~ ~ I) ~-~-6it)mll~~~. n «i~l:~tGL pIi~
l:jt (~1JJtiJ)_1£~$1JD9 Q C p.~O)1ERt:3J: (t n fiI~®.+~d:tiftittmJ:: t) iI~~

~t t;tltiftilim':~d:~zlli1~/'&;Q~Q. ~ <J) C ~l1rttl~./J\tJ:~1JfiiJ.l1rt~tt ~zllt:p-e
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~a9l::~~9~:f-~ I) ~-t3J::rtn .~~ p lil~C'it1ft~~J:: t) ~zllY:ii~~¥fJit9~~~
:f-y I) ~-l~J: IJ ~~ttl~. i2!1i[tij.1±~ Gt:"lt)l:*~ <9~ C, ~Q.ff-e~.~.

a9l:~l£l:.mt:6ti1rt.nMl~Q. ~.n~J:~zlllfJ~:t:3~tQ:f- -V I) -V-O)~t~.nmm~t~~d:
,,/*)vm~l~J:~.i1rt-e~~.pn ti~l:~d: 2 fj.0)~.t1~M~90. (}c"":)~d:~Z

Ill:W'5 ~zIl3.-c' ~ t], ~:>DC. J~J:i±A:f- -V I) -V-O)"M7JJ*I:W'5 tlt~~:Ii-c'

~~. pn ti~Id:.i1rt, ~~, PJ~~.t:3J:rtJ't.~lttetc(J)tlfi~~J-C~)o ..•~
(J) pn ti~~m~~bitQ::' cl:J: tJ~3~tlfmO)~~-f*;«r;Q~~m~ttQ.

(2) pnp ti~, npn tiil : 2 -:J(/) pn ti~~1JlfJ~tJitl:.ti G-cftCfI L,t~ pnp ~t::~j:

npn fM~~J:J\1 iF-5-1' 5 /~A'~-(J)£*fM~-c'~ t), Z:O)fM~l:J:J -r~~, m
~, ~1y~~~rtJ't.~~~C®£*a9t1fmffi~m~tt~.

(3) pnpn ~il : 3 -:J(/) pn ~ft~mQt~ pnpn fM~~d:-tr17 l' 0 /~~~t~.i1rf • CJ±~
tt~~9~~~~~-(J)£*fM~~~~.

(4) nn t.t~, pp fi€ft : fftJJ*r~ GL(J)tlff~~U'~O)~~d:t~~);Q~, n *t~~d: p m~
"'O)«fHfmO);f--btt~Mo)~~l:~<ffllt) '?tt~. 9tJ:b!>;f--btttiM~~~9~
~ n (p)m~O)~oo~:«fHfmtJ: n+ (p+) lil~~m~C, ~O)~OO~:~.~~M~tt~. ~

O)fM~':J: t], tI~L7t~)~ra'Cfpffl~<7)~~·~~-f*tiM;?~~mL" :f-y rJ -V-~j: ~

/*)Ltm~~:et t], ~(J)ft.{,)~ra'.fpfli~~~~~:im~L- '5 ~t~~fififmt~~- btt~
M(~~-f*~.tlO)~~c:O)tiM-c'~-A O)$}tU,:tt'5) ;QtPJfmc~Q.

23-3: -!t~ I)A~- (~~749-750)

~~ti~~~-:J~~~o)A1~~/~*r.••~~tt~*••~B~-tr1~~D
~~~Tt:30,.1i[tij.ff~~~~c.~J~-~~~~J:O~CnM~.~••~~o
(J)-c', ~O)~~;?t~~tlt~. ~I) :J/$tJ••li;«r(SCR) c~t,)5. -tr1~ i'o/tJ:
c~:!t.l'(LlbfFiO~im<, 7JJ~;?~~ <J Ij\~ft., :&:~$~ cO)~PJi7)~~ 0, ~0).1J3

.~*~<~tJ, ~li, mmtO)~iEft••, *.1JO)~.B~cl:~<i!ffl~tl-C~)~.

-tr1 1) A~-O)£*M~~j:~IJ:J /~U~(: Gt~ pnpn o)JrnllfM~-c'~~. ~.O) p II
~:~ti~, n IIl:~ti~, ~llgO) p IIl:7- ~Cti~-:J~tQ. ~.l: +CEE~1JJ;tL"'t>
~- ~.li;Q~mttlt~v\jj}~Jd:.li~il~(:luclitl9, ~7~~~~:Q • • J±nt~~fI«

Vbr (7~v-?;f--J\-.J±)rAJ:l:tJ:Q c..li~t;f-/~~c.tJ:Q. ~- ~ I:Cmt~~<

li9'~c7~v-!J ;f--J\-.J±~j:/J\~ <tJ:Q. -J!£~/~~~:~Q c.~- "\:~j:*'l.~

fm-c, .J±~i2!l:9 ~~cl:J: t] .li~~~~ C:;Q~-c'~Q. L,t~;?~Jl~li~~~7-

"mi1rf~1JJ;tQm:~O)$tJ.l:ettJ .liO);f-/~ra'~iIJ.L, L.i1rfttl1Jo)*/J\~$tJ., ~

t~~J:ttl1J~iEft;Q~PJfm~~~ .•~~l:~d:pnp "7/:;A~- (TI) C npn "7 /:/A
~- (TJ ~*6~Gt~~(J)c:~;t'?.n~. 7- ~.i1rt~d:T 2 -eJt1M~.nLTI O)~-A Ci1rf
~~O, ~6~~h~m~~tlL~0)~-A.i1rt~~~l, ~M~~EO.~~~~

~mc:~oA~~~/~~E~. -tr1~A~-(J)tt~~, ~~~.ff, .1i~.ff~T

.t:3J::U:~- /;f- /~ra'l:J::J L~~Q. fiilIC:~d: 2500 V ~ 4000 A l:if;t~-!j-1 I)A~

t>rm~~tt, J'trn~l:J::J L7- "O)$tJ.n~PJtm~t>0) t>~:Q.

23-4:

2 J (J) ~tftil L- t~Cfira'~:~.-f* ~&~) ~ ~d: ~ Ivt~ 'b (J)~ :J / T /-tr-~~ t- \ ~j:IiC
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i6, =F~J'~~-Cv):>. ~O).tirt:f'~:.J± V~1JDX~c, :J/T/~-~:~j:Q=CV

O).fnf, w= (1/2) CV2 o)~.I*)v:¥-n~~x Gtl-Cv)~. C~j::J /T/~-O)~.~

.fnf~.X~tm1J~~G, ¥{ft~j:7 7 '7 ~ (F) ~d5~. :J /T/~-~:M!m~tl,'QM.
~~:~j:v) 0 v) 0 tJ:fjmn~d5,'Q. ~tlttlo):J /T /~-O)J: LF1j ~j:M!m ~ tl-Cv),'QM.
~O)l,jJi~:J:J L~* ~, ~O)*It1~j:M!m ~ tl-Cv)~M.~O)*It1l:'t>d5,'Q. :J /T/
~-O)~.~, .ti~2aO).fi.~~0)~ft,~O)M.~O)M.*ECM~.tio)«

;jjlti~s ~:ttf9ijG, ~.~O)}f:~ d ~:i2!ttf9ijg-~. c= £SId
:J /T/~-~:~j:1) - ~.~.tiO)HftJi:, ~.~O)~aHftJi:tJ: cn~{'f~g-~. Rs ~j: 1)-
~., .tiO)HftJi:, ~~M.~O)~aHftJi:, L~0-~., .tio)~/¥~~/~, c
~j:~.~.~~g-. ~i1rt.J± V ~1JDX~ c, I. =t¥2ldt =jmcy, g-tJ:vt>.ffJ: tJ t>tLfEJ
n~ 900 i1§lvt~.i1rtn~i1rttl,'Q ~j:-rl:' d5,'Q n~, ~~~:~j:J:~GO)HftJi:7tO)~~n) ~:, ~i1rt.~O)

~{~~:~.~O)7ttin~*IfJt~~tJ:v) ~ C ~:J: ~, .i1rt~j: d t~~t~tl, l = (jl1JC+ G)y' e:
tJ: t) Gy2 o).~I.*)v:¥-n~l~.~ tl~. ~ ~ l:' tan 8= tan (roC/G) ~~.m~*t~~j:M
.IE~ce:tLF, :J /T/~-O)~a~~g-§~o)DC:JC: GLV)~. ~o)I.*)v:¥-m

~~fltit19~:fIJm Gt~O)n~reiJaj7Jt1JD~l:'d5~. n 000):J /T/~-~mr~J*-t~~j:]ft~J~:
~~Gt~ e: ~O)ftJJt~.~d:~O)e:t:> ~:tJ:~.

1/c= ~(1/C;) (IR~lj~~)
i

:J /T/~-O)m~~d:fPJaMJ, {j{tl~, mri1rt~JiJ1:n~±l:'d5~n~, t&.J,)v~@]~tJ:c~~j:.

fnfO)iJrfltJje: GL t>m v) GtlLV)G. :J /T/~-~:~d:M!m § t19~:J: ~ V)0 V)0tJ:~m

n~d5Gi:J~, -~~:M!m~tlLV)~~O)~d:, *J£:J/T/~-, 7°'7AT'Y~· 7~ )vl\:J
/T/~-, ?~~:J/T/~-, mi6:J/T/~-, .m:J/T/~-, ~~:J/T

/~-t~Cl:~~.

23-5:

)2~~i6O)it~l:, im1it, :J /J\-~-n~~i1rt • IRrfrf~~i6~it~g-~O)~:~tGL,
mri1rtmfJ ~~rfrfmfJ ~:~~g- ~1.J~d5 Gv) ~d:~~ ~ v):>. ftttmJJ~ c EI mJJ~n~d5 ~, ~i1rt

{j{tl~:.tJji:J~d5 ~!J!ft~d:ftttmJJ~, ~ / J\-~ - EI ~i:J~Emtmfj~~ t> J t> 0)~ EI mJJ~ c1j~
~tG. ~ /J\-~-~d:~*t19~:~d:A~'YT/!f*T~:J::tJ.JJt~tlL:t3tJ, ~ '7 /~A
~-~~~ 1) A~-i:J~M!Vtl-Cv)G. ~~~f!~jO)i1§~~:J: J L*.1Jm~~ 1)~~
7J~rm9£~tlLJ£:~7tIY-c'~~ 1) A~-1.J~n~~m{~~tlLV)~. ftttmJJ~~ /J\-~-~d:,

~~ 1) A~-O)$tl~Pl ~ a C: GL 0° ~ a < 90° l:~J:~mtfJtU7J)Gm:mtfJtU~~.1J~J:~.~ tl
~ i:J~, 90° ~ a < 180° -c'~d:~~ 1) A~ -0) illfJ.J±~d:~ C: t~ tJ, mfJ ~d:mrmt{j{tli:J) G~rfrf

fJtU~~~~t1~. g-t~tJt>~ /J\-~-JJJ{!P~fT:>. ElmJJ~~ /J\-~--c'~J:~i1rt{JtIJ~::

~~fnf~~~~~~O)l:, ~~0A~-O)Emt~fiv~~~~Emt:J/T/~-~M!~

-cv)~. ~ /J\-~-~J:~wm.tJj~~, ~mJ±~Jaj7Jt.tJj~~, Jaj7Jt~~~~~, m:
rfrfzmt~ c d5 G~~1.JOOl: C: t) Atl Gtl-C v) ~.
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23-6:

~i1rtCfJ~lOCi1rtCfJ~:~~TQ~ c~mi1rtcetlt, ~O)@1~;¢~mi1rt@1~~, Ci1rt~

1JrfijO)~~:i1rtTmi1rti6~frjmT~.~i1rt{JlUAfJ~:et~ -clfim, -m, Ammi1rt@1JmtJ:c
~:Jtm~tt, *t~.i1rt1JJ:t~:et tJ*iJtmi1rt, ~iJt.i1rt@1~tJ:c~:Jtm~ttQ. mi1rtBc
G-c.~~0~~mi1rti6~~bttQ. *CfJ~.O)~~, .fJ~=m~~C~tt~~~

=m~Q v)~d:~mmi1rt;¢~~btt~. mi1rt*-T~:~1 ') A7'-~mV)Q cmi1rti6O)lfjfJC
ff~~~~~~. mCff.i1rt@1~~~ff.~m~~Q. ~tt60)&m.i1rt@1~O)lfjfJ~

') ~7JvJt~~Iu~v)QO)~, ') ~7Jv~~~~itQt~~, -~~: LC1Jllit@1~~mv)

Q. lfjfJ.ff~-~~:f*-.:J~,~;¢~~~~~~d:, ~ ') -A'V~.:L v-7'-*t~~d:~~ ~1'

V~.:L v-7'-~mmT~.

23-7:

=Ii~ (C-T~)~*~f*7'~1 ;1-- ~ tJ: CO)=)jfflj-T*-T~, ~Q1Jrfij~: ~d:.i1rt;¢~i1rttt

~T<, ~1Jrfij~:~d:i1rttt~: < v)Jt1.~:"i:~ G, ~}ajiJtf~~~~i1rt.ffO)lOCi1rt~O)~~~:

frjm~ttQ. C-T~O)~~~d:C-T;¢~1J'J- ~;¢)6 71/- 1'~0)Jj-3JJJ~~QO)~, mi1rt
fFm ~d:~~ ~:~m~~ Q. *2if**-T~~d:, ~ 3 ~ l'=f-~~C pn~~ C~JJJfFJjj{~

~d:.tJ:Q.

(1) ~~ • *~f*~~O).i1rtfFm : n~*~f*~:~~~-.:J~t-c*~f*~[ti~:~z~n~
~~G c, ~~fJtUn)6 *2if*~:rfijn)~ -c.i1rt~d:~~ ~:i1rtttG n~, ~O)~1Jrfij ~:~d:i1rttt~:

<v). p ~*~f*c~~cO)~~~~z~n~~~Q c ~~:~d:, .i1rt1Jrfij~d:~~:tJ:Q. Wi
~~:-.:JVl-c, (a) ~~c~TG$JtO)*2if*0)~~mO)Jttc~~0)7xJv~ [tiO)X*Jv
~-~ EB n~~x*Jv~- kT ~:tt~-c*~<, (b) ~Z~pq~C-TO)1ft!L~d:tJ:Vl, c{&
~~~ Gc, mi1rtf"Fm~d:~O)et5 ~:~l!ij~ ttG. ~~n)6 *2if*~:rfij7J) 5 C-Ti1rt~:et G
Ci1rt~d:1±.~~ EB 0)~~7J) G.~q:t~O)~C-T~lfj c~;t -c

JS~M(O) =A *T2e-EB'kT (1)

~~~ ttG. ::.::.~, A * ~d:~~ ~:~tG-C A =120 A-cm- 2-deg- 2 O)~~~:*~f*O)~~m

.~~:etG*RiIE~j][];tt~~~~~Q. ~1JliJ~~~~d:, *~f*7J) G~~~:rfij7J)5 C-Ti1rt
~:etG.i1rt JM~S(O) t> JS~M(O) ~:~ L." v). ~~7J~lE~:*~f*7J~~~:tJ:G et 5 ~:Cff V ~
j][];tG C, ~z~O)C{}[:~~d: vti~t~~TGO)~, JM~S ~d:t> cO)f~O) exp (eVlkn f&c
td.-Q. ::'O)c~, EB ~d:~bGtd.-Vl7J)G JS~M ~d:~bGtd.-Vl. Cff vO)r-f~~~;t-ct>::.
O)~f*~d:(PJ~-c'~Q. L."t~7J~~L, ~~7J)6*~f*~rfij7J)5~Ci1rt~d:, CJ± vO)~~
CL.,,-c

J(V) =JS~M(O) [eevlkT - 1] (2)

c~~ttG. J:t (1) ~d:~1JrfijO)~fIlCi1rt~~T.
(2) pn ~~O)mi1rtfFm : pn ~~-c'~d:, p~*~f*7J) G n ~*~f*~:rfij7J) 5 .i1rt~d:~~

~:i1rttt.Q 7J~, ~O)~1JrfijO)Ci1rt~d:i1rttt~: < v). C-T clEfLO)M*fi~O)ii$7J~/J\~ < -C,
pn fj€~pq~O)C-TClEfLO)M*S~n~~1Jl~~.QJfif, pn ~~O)mi1rtfFm~d:~O)et 5 ~:~

l!ij~n.Q. p ~{J{U7J~lE~: n ~{J{U7J~~~:tJ:~et 5 ~=, ~~O)C{}[:~~ VB ~=tt~-C/J\~ Vl

Cff v~1JD;t.Qc, ~~O)~~~d:vti~t~~T~. ~O)*fi*, p~{j{U7J)6 n~{j{U~:IEfL

7J~, n ~{JtUiJ) G p ~{j{U~=C-T7J~i1rttt~~, il3f1Ji~pq~M*fi~7J~tJ:Vl c~tJ:tt~ C, iI
3f1Ji~0)n ~{Jtu O)tiffii Xn ~:-t3 ~t~ IEfL¥,IN ~d: ~ c 0)~1ti¥,IJ3£ PnO 0) exp (eVlkn 1& c td-. tJ ,
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il3ri~0) p ~llgO)* -Xpl:.t3~t~tT.J3t~d: ~ C:O)~iJ.J3t npO (J) exp (eVlk1) f&e:tJ:
~. ::.:> G-c n ~.-rtm1JDGt~iEfLJ p ~lltl-c'tm1JDGt::tT~J:, tn~tl, itllO)IJ\<!
tt)1J~::fliJn\JL.lf1J~I::Gt~tJ'\-:JLjt~-tQ. iEfLctT(})jt~I::J:otmt~J~n

~tl, Jp' Joc-tGC, ~tmtJJ:t.:tO)fD-c'if!>G.X o~;:.t3~tGiElUlimtJp(xo) C -Xp,:.t3
tl~tT.mt~~.L~J .:ttlG(J)fDe:GL~tmt~, VO)OO~c:GL

l(V) =e[(DpjL~ + (Drflp/LJ](eI!VlkT - 1) (3)

c.~tl~. ~~~'~'~~J .:ttl~tl~RCtTO)~~~~J~~~J .:ttl~

tln~~~®~fLO)~~m.Cp~~~®tTO)~~m.-c'if!>~.

23-8:

attJEiiVfftlfj]j\ G~«J±O)~ifrt~m:Q~fl-c', -flo)~J±~. ~~:11 )~C: t>~)"5.

~JL\':~@~iJ\tlt~-~:J1 JLtc, ~®l:.(1)1b~@~iJ\tlt::=~:J1 )~C:~\G~Q. 
~:J1 )~C: ii91jt:~~~i1~if!> fJ ~ (J)~~~O)~,.Jt~J:, ~JL~n~ft L,L~ )t~~ttl~t, ~tb-'::

J: t) ~~~~M GLtt)Q7J'\, ~IL~;6~m{t-t Q C: ijl~J~t 6tlL, -~ffi]~®il!Vff~-fJ]~<}::

5~:J< Gtl-rtt)Q. ~t~t1'\-:>-c, -~:J1)V~::il!ifrtt.~JtJ:<~c:, ~~~;6~n1ijXG~

toli~~l:J:tJ, =~.l:~.EE~~~-t Q. ~~~7J'\rm<c ~~:mJl(})I*)~:¥-o)

$~&~-r, ~B~~~t~~~~*m~t~~<~~~J ~~~~~~:J~¥~~

~~~<. *~, ~ffUO)~~c:, ~~m~~~fflGL, ~tff~~~~~~TA7·

:11 )vO)-~llIJA~C: ~L, ~~:J1)vO)~j}jtff;6~ffl")GtlQ ~ c:t1'\if!>~.

23-9:

1 /t:-7'~/A~M~-t~t~~(1)~IJ ~~@~~~~1./t:::-5'/A ~ c1ttxG-r
;j(~ Gtl.ll(J)ifIi")M~I:~m~tlQ.1 /e:-5'/A~ I'; 7?~ /A X cfimR (J)

~-c';j(~o ~O)C:~if. z C:.fiLm~ 80)~l:;j(~o ~O)n~if!>o. if!> G1)\ r;~ R ~••
G oJRCs=1 (lO~j:jfjJi'iJlJt~) l::tJ:QJ: '5 ~::~~G-c.f:)~, r l:: ~ -e~iJ~c:tlJti&if~

z ~j: Rs 0) §!/£, 8 ~d: T I , 72 O).~\ 6 iii1l~~~. =Fj}j~~iJ~ C: 0 ~O)O)l~~\J:, 1 /'
l:-~~/ A 7~ I) ~ ~~J1'J.Gt~~~~~~~~~j}jtJ9I:~iJlbf1:~rr~\~*n~¥~ :)7' Jit
.~~tl~ t>O)~if!>o.~~••J± eb ~~~tff e clPJmO)1iX7tl: 9()O(})1iX7tl:7t~tT

IPJm.ifrtG, ~7t@~~BG~~n~nO)m~~, ~~®A, ~*~O)tff~J~~

D-)v-t~. ~ '5 GL~j}jtJ9I:*m1 /l::-~~/A ~ *CJ\7 /A~e: tJ, .:ttlttl
(J)7 ~ - ~J\~ ?EE~i1lU~ l:-r! R ~ X 0)1iR;Q~il!i1l~~~. ~.@~~~-c~t z
(LO) ~frnO).~:~~-to~ C~d:3~-c'if!> t], M!ffl~~~.Im~~<, ~~.1l0)~0)

IJ~J<6:t1-ctt)o.

23-10: ~1.f/ I) ':I ~ ~~680-681)

Clfj~::~mt~ m lJ)t~ :1 1) ~ :)ffiJ~-C, -1 / l::-?7~/A~Ji'iJ~~(J)~~~::m tt\ Gtl~.
7?.A'7.r.Jv· :1 1)':/:/, ~I.-I)/!/. 7·I)~:;, ~~/,,,,,)v· :11)~:;, ~-I./,.

/'1) ~:J, '7 ~ - /' · ~I) ~ :;n~if!>~. §tJ9~:~CL~ftO):1I) ~ :;7J~~~~tlL~)~

~, gm, ~t3., ~e1/5'?7'/A, mli1/~~~/'AMtJ:E,~~~~~?

-c~*tJ ~ft; Gt~tt).~~Q C ~~j:, -G:~::~iJ~~l::Ji'iJlJt~n~OO~ GtJ:t,)1Jt1~.~J)t
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~v). L"jtj) G, Ml~~:~d:@1~~T~:~d:9!ii-1 /~75' / A, t~iUt~., jft~gmtJ:cO)
}aj?Jt~ ~:>{t{ffT ~~~~~ut~&'), ~~tJ:iltl)E~:: ~d:iltl)E}aj?Jt~ ~m)E L", .7Ji~:: ~d:~aMJ

?JtO)~tJ:v) ~O)~M!fflT:Q. *.t~ lJ 775' / A, ~--e75' / AtJ: c~~~~~:}aj?Jt~iO'{
A:Qt.I~O)iltl)E~:~d:, .7Ji}aj?Jt~~d::t()EtJ: ~O)iO'{~\~~d!>:Q. -~~:@1~*T, .tJi~

~m~fiI~d:Ml~~:~d:~1L~~d:d!> lJ;t-r, Mt.~~, ~.gm, ffJ1i-1 /~75' /A ~:J::

t) ~~~n-Cv):Q. ~~0)71J ~ ~~~d:, ~t!1f!7 ~ ~ ~ 5' /AiO'{d!> lJ~~O)M~ ctJ:Q
t.I~iO'{d!>:QiO'{, ~n~~ < t~~~: '7 7~T-~!1f!~filiO'{~7JJ~d!>:Q. ~~~~~:}aj?Jt~iO'{

AQ 7~IJ ~ ~~d:, ~~:}aj?Jt~f-t:tt~ffjfflL", .T@1~J1'J~7 ~ )v5'-@1~, (PJaMJ~Tc

L,,-CJ.t< Jitffl~n-Cv):Q.

23-11:

.tJi~:mrmi~fflv)t~7~IJ~ ~@1~~, .3{tgmO)~~iltl)E~:M!ffl~n:Q.gmfiiO)*
IJ\, fI~, ~\~tJ:~J3t~::J::J-C15-flO)1J~n'{C::t;n~. $-1- ~A ~/,. 7 1J ~~~d:J.t

v)iltl)E~1m (0.1-106 Q) C:: ~v)~J3t ~ ~ ::>t~&')-~~::J.t <Jitffl ~ nd!> t;~~ 7 1J ~ ~O)

£*~d!>~. 3-F*~::{lfv)gmfii~iltl)ET:Q C:: ~~d: lJ - ~.O)gm~~MgmiQ'{~~C::tJ:

~t~&,)ll9ilffljTgm~M!v), ~nt; O)gm~MIETQjtj)~m G:> ~~)E~:: GtJ:~tn~~tJ: t;
tJ:v). 7)v~/· ~7)v71J ~~~d:f-t:~:flfgmO)~~iltl)Effl~:~~~n, lJ- ~.gm
tJ:CO)~.~~t;TJ:::> ~:I~~n-Cv)Q. ~v)gmfii~illJ)ET:Qt.I~~d:~t!1f!lingm

~Htm~~~t~7-A~:~tT:Qlingmn'{rl:t,actJ::Q. ~mi71J ~ ~~-~~:M!bnQ

r; ijT-~!1f!~tJ:cO)M~~fflv)-C, ~t!1f!,ijjnHtmO)~jj*~~*L" -CillJ)ETQ~\~n'{d!>

~.

23-12:

r:f=tfiJ3tO)gm (0.1-106 Q) O)M~iltl)E~::J.t<)f.J v~ Gtl-Cv)~1J~l:', Htm~~~ G,
~*DHtm (A, B, C) O)ctljtj)~~~G-C~r*M G ~::.mtn'{mtntJ:v)~tm (~~~tm)~::

T:Q C::, **Dgm X ~d:~~~~ X =B(clA) J: tJ}j(&') Gn:Q. ~O)t.I~ c -t3J::ltA ~d:tt

f?iJill C: J:: ~~n C, A EJ ~O)gmfii~d:jtj)tJ: t; -rG~*D :Q~\~~d:tJ: <, ttiQ'{IEil~:bjtj)J-C

v)n~iJ:v). ciA jtj'{, f?iJ;t~~ 10- 3 jtj) G 103 *.-c' 1 ~tt~-r::>~;t t;n, B iQ'{/J\A T 'Y 7°-c'
~;t Gn:Q.~n'{-~fJ9-c' d!> Q. ttf?iJill~d:ttO)fiijtj'{m~tJ:O)-c', A, C O)Htm~: ~d:}ajlm

ilfftJ3ttJ: Cjtj'{~{~ L" -C ~ttn'{-)E~: f*t~n:Q J:::> ~:.~~~2fi1iO'{I~~ n -Cv),g. r.. (J) 7
lJ 'Y ~O)illJ)EMJ3t~d: 0.1-0.01 % fiJ3tl:' d!>:Q. A -1 'Y ~~d:.7Ji{j{UO) K1 ~::~v~ -C~mtM{j{U

0) K
2
~MC:Q (00< C::~~d:~O)i2!). ~0)71J 'Y~~d:-~O)gmillJ)EO)~~jtj)~::, !fo/.J~.

O)~{~n'{Htm~{~ C:!li~tJ:~~~~~::d!>~t.I~~::~d:, .:cO)!fo/.J~.O)illJ)E~::J.t <Jitffl ~ n
LV)Q. Htm(J)M~illJ)E~:~d:mri*.71I~M!fflT,g ~ cn'{~v)iQ'{, illJ)E 13 fJ9~:J:: J L~d:~

rfrtO)1Jjtj'{fI)~jtj'{~ v) C:: ~jtj'{ d!> tJ, mrmt-c'~d:~JEa.tJjtj'{~ c: t~ tJ, ~f*O)t.I~~d:7}~~ffl

JO'{JEa tJ HtmfiiiO'{~~J: tJ mhD L", ~:t()E C:: tJ:~ z: C:: iO'{ d!>:Q. ~ G~::~v):t()EJ3t(J)m~iJ3t
~d:~r*O)1Jn'{~d::Q n) ~::~~~Tv) z: C:: ~ d!> tJ, lJ 775' /'A7}~~m-c'~:QJ: '5 tJ:flf.mJ?Jt
O)~mt.7Ji~flj)f.JT :Q1Jn!fffrJtJ: z: c::n!~v).
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23-13:

/\7'Y l' 7~IJ7- ~*-T (BBD) c~fnJ*6~*-T (CCD) ~~u~~-f*tltm*-TO)~fjj\.
~tl6 O)*-T~J:, ~$n\ 611~tJ:)ajmO)~ 0 'Y ~ /,)),:A ~~1JDT~ ~ c ~:et t), &~~
~fnJO)~~*t)c~T~~-f*£.~$~~~~~t)~~~~t)T~~c~~~~. ~D

~d:{~~~fnJ~ n+ ~~JM~::~~G, n+pn+ ~.~~tl.Q MOS l' '7 /~A~-(J)A1 'Y7
/~~tJJf'F~::et t), Jm~~~T ~ n+ ~~JM~{~~.fnJ~~~T~. CCD ~J: MOS ~·1~
~ ~.ItM, ~oo~~::ft2~IjT~ ~ c ~:et t).~~ tl, ~~~.~:~1JD~tl~.ff~:ett)
£.~$~::~zJM~J.t~f, ~tl~:et J T~C:~~{)[:#P ~:&~~fnJ~.fl~, ~ 0 'Y ~
/\)),AO){)[:f§ ~-WJtf;t ~ ~ c ~::et t) Jm~~~T ~ iI{)[:#p ~::{~~ilfnJ~~~T.Q. CCD
~:~d:, {~~.fnJ~ SilSi02 ~OO~::rdJT~~T~~oo7-~*,)),CCD c, SilSi02 ~ooet

t) It Jlffi~V~£.~$~~~T .Q!.I)b~7-~ *')), CCD c i:J~~ .Q . ~ tl6 0) *-T~J: 7:J
o ~~{~~~i!~9l1~~~ ~ ~ c, 13 BjE~tltmn~~ ~ ~ ctJ: en\ 6, ~liO)&~9l1~~

{I, ~~IJ-, ti.*-TtJ:e~~m~tlTv~~.

23-14: • {iijM~tiT (~~1378-1379)

7t.~.*-T~::~, *t~~cti*-T~:: ~M!;t.Q~~-f*-7/\1 A.•~~d: p ~~ IJ :J /7
'Y ~J::~:~It(J) MOS (~~ • mt{~~ • ~~-f*):f-~ /,~~-~IOC~IJ~::Ml~t~ ~(J)~~ tJ,
.ti~:IE.J± ~i:J\~t.Q c .ti~(J)~~-f*~:~zJMi:J~.~~ tl.Q. z: (J)~zJM ~::1"It4=- ~

IJ ~-~i±ATG c.fnJi:J~~~~tlGi:J~, ~~:ilti~:~f§O)~ 0 'Y ~ /'))'A~J:P1JDT.Q

~ c~~zJM~~tJJ~it.Q c, ~~~fnJ~~tl~:f~JT~tJJ~, .5«.{~~c~Tl& t) ttl
T~ ci:J~~~Q. 7:J-o l;f{~~~l&t)f&;tG. 7t.~~*-Tc ~TM!5tJ~~J: MOS 4=-~

J\~~-~:7t~JmM~T1"It4=-~ IJ ~-O)i±A~fT;t~d:et <, fi!!J-f*ti.~tI~7 7 ~ ~

~ IJ O)~l& t) jE~~:M!btl -eV~Q. ~cti*-Tc ~ -eM! 5 tJ~~:~d: pn ~~iO\ 61"1t4=-~

IJ ~-0)i±A~fT5 i:J~, -7 -1 ~~ )),7 -1 )),~-tJ: e~:~m ~ tlTv~Q .•-TM)ftlmO)
~cti*-Tc ~-e, m5«./\7")),~cti~tlet t) ~JmtJ:J~~~~i:J~PJfj~tJ:, *t~mtJ~~\~C

~tJ:v~**t c G-ei±13 ~tl-eV~Q.

23-15: cco ••tiT (~~837-838)

.fnJ*5~*-T~:/J\~ tJ: 7 ~ l' Y1 ~- ~ ~t!l~~bitt~ti.m O)~~-f**-T~, ~*

0)~~~~ti.*-T~7 -1 ))'btJ: e~:{~bQ ~O) c G-e~Jm~:tf& GJJ~Q. It+
JlffiX It+ Jlffi O)oo~~~J/J\~tJ:7~ 1'Y1~- ~7J~=~7C~~:ItEfM x ItEfM]fl/u
~:t3 ~, ~nG ~::7t7J~~t~ tJ ~~-g- .Q.fnJ (.-Tc~fL) ~.fnJ*~~*-T~Jmj! tJ~:: G
-e~~w-g-. ilfnJM~*-T~~~.Q~7too~~oo~~5B0)7~-b~j!~~c, ~7t

ooO)~IjO)fjt~:.fnJ*5~*-T0)~1j7J~~Q1 /~-'71 /~~c ~:7t~~ tlQ. flfJ~~~J:~

ooO)~~c/uei:J~~7tooctJ: t), 70%~: ~&~S~~v~.-T5Cjj$7J~~~6tl~. r~~-r~J:~7t

oon~ 50% ~~e~=iJglQt~~~oo-r~f$)Gt~.-T5Cjj$~J:{~< tJ:Qn~, ~~w G~:I:Jc~T

Q~ C:7J~PJfi~~:tJ:Q. I@*~~d:, Ji~O)T ~C~Q v~~d:~I@flT vCO)jE~.It~:~b

itt~ ~O)7J~~v~.

f1Jj~t!~O)jfg~~, m~ (J) CCD O)~tl.mt (nt_i1ri) ~.fnJ~j!O) 0 AtJ: e7J~ti~-e
IJ\~ <tJ: tJ, eT~tJ ~ '7tJ:c~~O)~< (J)~~tJ:m~~= ~M!;tQJ: 5 ~=tJ:J L~t~.
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t~c:;t~t7 v-b$i~1JJ:to) CCD ~ -100°C N~~::~*Pg-~C:, 7 ~ Jvbe:t t) ~iWi~~

O)lOO.~TC:GL"~f*~jj.O)Il?ltl~::M!Jt~tJ, .tlt~I*Jv:¥-Jtmtm~~J X.
ttittlHC: GL"M!5 ~ C:;Q~~~Q. ~ G~:~1!J D'7~*Jv:1v-1'tJ:c~m~ftbit,

¥~O)7tT~.ZJJGtJ:;Q~GllID.~~i.Q ~ C ~~~.Q. 7 v-b$i~1JJ:to) CCD ~d:{iij.

~TO)imi&l~ttittl~~~ t~~, 1JlliiH~M!Jt~~~T~.~~M!btlL"v)~.
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Lesson 24: Electronics III
(ICs)

¥ 7J 7 tanned leather
7J)tJ fur, hide, husk, leather, pelt, shell, skin

1fitrl 7J7~1

~1fi ~/7J7

revolution
change, reform

~ :f- basis, foundation, radical {chemistry}, {counter for heavy machines}
t> C basis, foundation, origin; ~ C(::5<)to be based on, to be founded on

£~ :f-~ :J. / standard, datum, reference
£lif :f- 'J foundation, basis

*Jl :f- measure, standard
mmlJ
mm

tx ~ ability, art, craft, performance, skill
tJ ~" act, art, deed, performance, trick

~~~~ ~~'JQ~~:J.Y

$6b~~ 7l:::/'~~:J.Y

regulation, control
scale, scope

packaging technology
component technology

JI~JI~ ~ 3 Q form, shape; 71 form, shape
10)t~ design, form, pattern, shape; 10)t~ t> appearance, form, shape

mltl39tJ: 71 ~:f-T:f-tJ: formal, in terms of form
~m ~/71 ~furm~oo

ill :J individual, {counter for items}
MAfUm ::I ~ /' 1) 3 Q
M}jIJ- ::I J"\ 'Y-

individual/personal use
individual

~ :JQ thick
~ ':)(v ~) thick

~~i19t1r

JJ;~

=7~J7/'~3Q

~7~J
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i$i :; .:t. 'Y art, means, skill, stratagem, technique
~~.~ ~:;~V~7Y/

~~~~~ ~1~3~:;~VY~

technological innovation
control engineer

'Jj Y ); newness, novelty
~ t::.. ? (Gv~) modern, new, novel, recent; ~ l3 (t::..) new, novel

£~ :J ry Y /' updating, renewal
~m iNi7tr Y /':F :J ry :t / Y new/novel polymer

JVt ~1 becoming, forming, reaching, turning into
t~(T) to accomplish, to do, to form, to make {vt};
t~(~ ) to become, to form, to reach, to tum into {vi}

PX:~ ~1:Jry

PX:7t ~1:t/

success
element, entry, component

tit ~:F contents, measurement, product {math.}
J(U) to accumulate, to load, to pile up, to ship, to stack {vt};
J (~ .Q ) to accumulate, to amount to, to be piled up {vi}

1*ff ~1 t:F volume
miff ~ /'t:F area

*& J\); board, plate, sheet; J\); board, plate, sheet
tt ~ t::.. board, plate, sheet

~fi :FJ\/
3JLfi ~1 J\/'

substrate
flat plate

ItI.i J\); board, edition (of a book), impression (of a book), printing (block or plate)
i~~t:P,ijIJ ~ '/ J'\ /1 /'~V typeset and printed
~~ 'A'J\ /' illustration, figure

t.t 7 ry closing, sealing; *ry fief
!tl1:1Ji! 7 ry ~*ry*ry
m!t ~ '/7°ry

m .::c copy, imitation; ~ copy, imitation
*m~11 ~1:F~

~. t~
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large scale
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Reading Selections

24-1:

mr@1~~~~-tQm/J\~ti~O)~f$. fj~JJJ*r7J~v£*O)mr~7J)G¥2jf*~fFGtl
t::..1' '7 /'~A?7-~:'f~Jt::..:' C, *t::..¥~cGLfFGtlLv~t::":J1lv, :J /'7/'~-,
MffLtJ: C7J~JJlti~~¥2if*ti~O)im~~:'J:: J LfPJ~~:'fF GtlQ J:::> ~:.tJ:J t::..:' ctJ: c~:'
J:: tl /J\~f~~iiitlfmf~7J~~~~~ QJ:: :> ~:.tJ: J t::... 1950 iFf-t7J) G~flO)~1 !J 0 X v
!J l' O=.!J A7J~rm~~tlL~t::"7J~, *~:'.~@1~~J:~O)f-t~a9tJ:f?iJ-e~Q.

24-2:

¥~f*.3@1~ti~O)im~~:'f~:>*mm.3@1~ (LSI) OJfI*DJft, {tffiffimftOJimJIl,
~fiirmtJ:Jtlf~O) LSI O)frJm ~:'J:: J -c t> t:: G~ tlQti~1fi*JT c ~O)7Jt1i5Cjj*~ v~:>. *i=
~::~1 !J D:J /' t::::J--?7-O)~m ~::J:: ~, tI~tI~O)*,Jmtl.O)mrft, /J\~ft7J~{fEim

~tl, .~mo~~I', NCIfFtI~, *7~A*-I'~-~3/'tI~~CO).~~.

Jm~:~*Gt::... :'0)*6*, ItiO)~.~ti~.H5FJT-e, 77!J l' I) -*-1'~-~3 /'
(FA), *7 ~ A*-1' ~-~ 3 /' (OA) ~:'J::Q ElfJJf~, 1ti7Jft7J~im~, ~*~J:*-b*

-1'~-~ 3 /' (HA) JJtrl7J~¥rJ*-tQ c v~btlQ. ~1!J OX V!J l' O=!J A1fitrl~J:,

Iti, .H5FJT~O)~l'Jpq~~iJJH5W~~~1tiG,A~¥~fF~n)GfWt&GL*JTt::..tJ:~a9

~.fflfJJ~:'rRl~tQf1JfJ~Jt1~t>t::GGt~&W, :r!J J A l' vA~VDT~~tJ:CO)rp'Jm,
~ G~:'~J:JimW~O)~ft~:'f~ 5 *JTt::..tJ:tJ:~rp'M~p¥Iv~v~Q.

24-3: ~"[8]m (!fo/.J~892-894)

l' 7 /'~A?7-~¥~f*v-~-, ~1 *-~, ~ 3 -t7'J /'f~~tJ:CO)mr7/'1

A, 7t7/\1 A:t3J::lJMffL~, :J /'7/'~-tJ:CO)~fJJ$~~, ~tl~tlOO}JIJ~:'fF~G

-C*§li~~~::J::~ @1~~.~-t~o)-c'~J:tJ:<,7/\1 A~~fJJ$~~-f*cG-cJtru~

~tJ:v~~~-c'~Jm£f&l:~:fF~G,@1~~.~Gt~~O)~tJI) ~~!J.~@1~*t~~J:
¥~:.3@1~cv~:>. BIJM~:fF~~tlt~$~~tmO)$~7J~-f*c:GL{~~~ tl-cV~Q£

f&l:~:' c l'J ~~t-c.~Gt~@1~~m~.3@1~C:l$-t Q .
• 3@1~~::~*tlQ±t~~7J\1 AiJ~ l' '7/'VA?7-, V 3 t7'J /'~~~~QiJ)~:'

J:: l'J, ¥2if*.3@1~, ~ 3 t7'J /'.3@1~C:[RBIJG, *t~ V-~-tJ:cO)~7t*r

~~~ti~, @1~pqO)&~m~~~~-c7t-c'fibtl~.3@1~~7t.3@1~,M~m~

O)-$iJ~m~f~~~::~.G-CfTbtl~.3@1~~7tmr.3@1~ C: v~:>.
1 OOO)£f&~::.3~ tl-cv~~$6b~iJ!:t3:t3J::~ 103-104 OOO).3@1~~*mm.3@1

~ (LSI), $d1~7J! 105-106 MO).3@1~~m*mm.3@1~ (VLSI), $d1~7J~ 107 OO£A
l:0).~@1~~ ULSI cl$-t~:. ciJ!~v~iJ!, ~ O)Jtm~J::t3J::~O)EI~-c'~ l'J, *mm
.3@1~cv~:> maftiJ~-~~~::LSI £Al:O)mmO).3@1~0)~l$C:G-CM!m ~ tl~:. C:
t>~v~.

~1± VLSI, ULSI iJ~~~~tl-Cv~~ O)~J:~ 1) :J /'t J I) ~~ !J.3@1~~, *i=~::

MOS m~7JJ* l' 7 /'~A?7-~±t~~.~~~c-t~.3@1~~MOS .3@1~c:v~b
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ttLV)Q. ~tt~:~tG/'1~--:7--1'7 /~A?7--~±t~Qf14~~~c-g-Q.fJ@J~~

/'1 ~-7-.fJf@J~cv) 5.
/'1 ~-7--.fJf@J~0)*f.~J:, /'1 ~-:7--1':7/~A?7-O)~m:J/?7+!7?7 /A

;¢!~~'f1!~:e:t~ 9I.~ ~ ?7--/'17A.mt~7Jc* fJ, *~V)O)~, Jafnj=r-~ 1,~?7 /
A;¢!*~V)@J~~m~~.il!g~ra'~~<-g-Q ~ c;¢!~~Q&iii, r~••t.J7J!*~<,
*t~~Tra'Jt"~~\~c-g-Qt~~~:.fJf@J~J:~/'1~-:7-1' '7 /~A?7-O)t5fliii
fI~/J\~ <-g-Q ~ C7J!~~~~J:t~v).

npn /'1~-7-1'7 /~A?7-O)~~, :J v!7?7-~~O)il~JMm:~/J\~ <-g-Qt~

~~: p ~~ I) ::I /£f&0)J:~: n+ i.ljb~JI~W~G, ~O)J:~: n ~I. t:?7=f~~ )~JB~
~~~it, :c1:::?7=r-~~)~Jlpq~~I.~ ~?7-, .A\-A, :J v!7?7-~~~W~-g-Q. p
~~ I) :J /£f&cO)Jt"~J: p ~~ I) :J /£f&~ n+ i.ljb~JI ~O)ra'~~~/'17 A ~1Jo;t,

*t~~ t]~ 5 ~Tra'~J:~ I) ::I /mt{~JJl~:e:t t] Jtlll GLV)Q.
~tt~~~tG MOS .fJf@J~O)*f.~d:, J]{J-'~~~~d::C1:::?7=r-~~ )~£fi~~\~~it9,

*t~ MOS .~~jj* l' '7 /~A?7-EI !ft7J!£f&~O)ra'~~W~~ttQ~ZJl~~J: ~ LEiC
Jt"~ttQt~~, 7~ 7~iiiJ:0)7/'1AmJ3t~*~<-g-G ~ ~;¢!~~G ~ c~, ~1n

Jt1O)e:tv)m*mm.fI@J~7J~f14~~ttG. MOS .~;jj* l' 7 /~A?7--O)~m:J /~

!7?7 /A~d:, 7/'1 AO)f14~'f1!~7~*)~qtO)=r-~I) -V-0)3fJJ~, ~ V1 /.J£t~

c~7Jc* fJ, /'1 ~-7-1'7 /~A?7-~:tt~GL/J\~ v)t~~~:, *f~:Jafnj=r-~I,~

?7/AO)*~~@J~~~m~~Mil!g~OO~~<~Q~~~~Q~, m~~~s

(CMOS) @J~~~ J: t], MOS JT-- l' 0) {~~~ftNil!g~ra' 0)~ fnj =r-~ I, ~?7 / Aft{f¥Jt1~~
j>~itQ c ~ ~~:, Mtl1:~0)~~••t.J~~1Jl~~Gm~~:/J\~< -g-G ~ ~;¢~~~G. /,
1~-7-1'7 /~A?7-O)~imJt1~ CMOS 0){tt~~••7JJt1C:~~ffif~~fflffl9.Qt~~

~~, fIIljtf~tJl~~vitt~BiCMOS @J~'t>M!ffl~tlLV).Q.

GaAs ~~£f&c-g-G ill-V ~*~f*.fJf@J~~~d:, ~TO/'1~--:7--1':7/~A

?7-, ~3~1'=r--·JT-1'.~~*1'7/~A?7-,~.T3fJJ~1'7/~A?7-~

c~M!fflG, ~C£~'f1!~M!ffl-g-tt~~0:J/.fI@J~e:tO~.imO).fJf@J~~.m

~~.Q. *t~ v-~-t~CO)~7t~T~~-£f&1:~~.fJf~~L,7t.T.fI@J~~f14

~-g-.Q ~ ~;¢!~~G.
• fJf@J~-c'~d:Ic?b< (J) 1':7 /~A?7-tJ:CO)$5b~r) I -/\1:~~J < t] J~ttJ:~ttt~t

tJ: GtJ: v)O)-r!, ffflJ~Jt1O)J: v).*HI1JDItt~n!~\~-r!~Q. Gt~n!J L ~-I, / l' O)~A
~::~d:1;t/fTjb~tt~n!?b< fflv) Gtt, 1,?7- /miOO~~~d:2-3 JAm *~~d:7t~~tJ:1J1!

n!M!ffl ~ tttc.;¢!, 1 JAm t~ v) G~d:~tt~r~~d:.T l::-l\tlBiOOn!±c GLM!ffl ~ ttLV)
.Q. *t~~A 7 1:~~tlBiOO~ ttt~/,?7-- /0)$i~~~~d:7t~l¥J, 1J~n!M!ffl ~ ttL:8 ~, 71<
m7 /70) g *j (436 nm) n!M!ffl ~ ttL ~ t~;¢!, !11m-r! ~d:Jtmfl~ ~~1:~ itQt~~ ~:: i ~
(365 nm) ~ KrF :c=r-~~-v-~- (249 nm) n!M!ffl~ttLV)Q. ~ ~ ~~Jtmfj~~~<
-g-.Qt::~~:?Jt~ 10-20 A0) x ~~M!ffl-g-.Q:: c ~~~~ttLS fJ, x ~tJjc GL~d:~

~?7-JT~ 1'~O).T~!ffiM(J)fm, 77 A'~ x *jtJj, ~/!7 0 l' o/t&M(J)fIJffltJ:c
n!at~Gtt-CV)Q.
*~f*£f&1: ~::$i~ ~ tttc./'?7 -- / ~:UtJ L, *~f*£f&~:c~7/ij-g-.Q O)~: ~d:,

/,?7- /'f1!;¢~2-3 JAm ~r-r:~d:{~~~tJ:i1mJ:t1!J: 0 ~&JitJt11;t /I. ~ 7 /ij~~1

!7 0 ?JtJWJ~0) 7°:7 A'~ :c~ 7 / ijn~M!ffl ~ ttLV) Q.

*mfl.~@JImO)~~M~d:@JImO)mfln!*~< tJ:.Q ~~UtJ -C, ~ll~~~M, fRB~~~M, @J
Im~~~tc~JI{~9Q~\~n~~ ~, 7J)J@JIm~~~t~~ G7J) C~~~~t~ttLV)QJT-1'~A
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5' "/~- ~--e)V~M!ffl9 QtJ: e G-c, iI*O)tJiWjt19.fl~fIJffl G-ctm$J:: <im&')Q:: c
n!~\~l:' d!> fJ, ~ t::. @lImO)ft2fi1~ft2.*n!~ <tJ: QJ:: 5 ~= GtJ: ~ttL~ttJ: l3 tJ:V~. ~ l3 ~=

*mm.fl@lIm~=-t3v~-C~d:~fF~tLt::.@lImn!iEG <tJJfFG-CV~Qn\en\~~9Q ~ c ~
~~~~d:tJ: <, ~~~, fiCfiI, ~~~=~.tI(J)frJffln!~JlJ j{~ d!> Q.

24-4: MOS ~.[§)!&(~~2118-2119)

MOS fI~~:lJ* ~ 7 :/:/:A5'-, ::r :/7:/~-, tltm, ~1~- ~~:et tJ.PX:~tLQ

.fl@lIm. MOS ~d: metal-oxide semiconductor (J)Pml:'d!>Q. tltm~=~d: MOS l' '7 "/:/'A5'
n!et <M!btLQ. /\1~-'7-.fl@l~ctt~G-C, ~~7D--eAn!~~, *TrJ3~7t.

n!~~tJ:e(J)*f.~~J. Jl1tmmfA (= Jm~ x flJJ) n!/\1~-7-.fl@l~ettJ~frj

l:'d!>Q:: ctJ: en\ G*mm, ~.fl~=iIG-CV~Q. Gn\ GmtJJtmJJ~d:/J\ ~ v~t::.~, itfftf
~fi~:etQJm~(J){IfT~d:~G <, ~tLn!*i!v~@l~~~d:/\1 ~-7-.fl@lIm(J)1in!~

~~::~JmctJ:Q. M!ffl~tlQ 1'7 "/~A5'-~::J::fJ p 7~*)vMOS .fl@l~, N 7~
*'Jv MOS .fl@llm, -t3J::lt@lImJ:t~::J:: fJ CMOS .fl@l~, BiCMOS .fl@l~~::7t.~

tLQ. iWi.fl, ~Jm c v~ 5 }~(l:'~d: NMOS ~n!J:: <, {If~~.flJJ, ~Jm C v~ 5 }~L~d:

CMOS ~n!et v~. 1;1-1'fltiltf-l-~=et fJ 7 )v~:=.r7 l\1;I- ~.~c~ 1) :J :/1;1- ~.~
~=gJJIJ~tLQ. f~~~d:I;I- 1', 'j- 'A, ~ V1 "/n!EJcm~t19~=l:'i!Q c v~ 5*f.~ ~

J -C-t3 tJ 'j -:A, ~ V1 "/ C1;1- ~ fill c (J)mtJ: tJ ~fin~:PtJ: <~Jl1fj~, ~.fln~Wl~

~i!Q. ~ G~=~Jl1fj~.fl@l~c G-C~fi1*~=etQ*TrJ3~7t••~(J)~(J)n~d!>Q. 1~~

tl9tJ: ~ (J) ~= SOl (silicon on insulator) .~n!~GtL-C v~ ~. m1:E, *mm.fl@lIm(J)*$
7tn~MOS .fl@l~~d!>Q. @l~t19~::~d:7~ :/5')v@l~n~±~d!>tJ, *~::fi!i!m*mm

.fl@l~, ~1!J 070--e~~-, *~fi~2.~filtJ:e~::M!ffl~tL-Cv~~.

24-5:

§e7C. ~7C*TtJ:e0)7/\1 'A~7C~tJtIm, 7C@l~~0)~flO)7C~*~.3-1*{~G

t::.7C@l~. 7CJm{~ ~ 'A T b.~7CJtJ~~~~:fflv~.Q z: c ~ § tl9 c G t::. ~O)-r: PIC c ~ J::
~ttLQ. ~O)~~~::~d:tJ 1) ~~ !J~cJ\1 ~1) ~ ~~n~d!> fJ, ~t::., .fl~tLQ±tJ:

7C@lIm*T(J)fjli~:J: fJ, tl~JJJ~-t3J: lt~JJJ~~:7t~~ tL~. ~ G~::, ~ 7 :/V'A5'
tJ:eO)7C7/\1 A CfiT7/\1 :AO).fl-1*{~~§t19~:: Gt::.7CflT.fl@l~(~7° ~I

v!J ~o:='y!J.fl@lIm;OEIC) ~d!>~. ~JJJ@l~$TcG-C~d:7C~tJtIm, @ltJT~TtJ:

e0)7.{ )v5'-, 1J~JI1*5~~, 7C71'j v-5'-, ~~~, ~7C~ (~tJtIm~), 7C:J
:.c 1) -tltl~ ~ ~ J $TtJ: e, ~ t::.tl~JJJ@lIm*T c G-C ~d:, .fl ~::1IGt::.~~f* v-~
l:'ftgO)7C*TC:0)*5~~~rt:Gt::.7t~!Jfff~~ v-~- (DFB v-~-), 7t~~7 'Y!/
ocM~v-~- (DBR v-~-) tJ: en!ffl v~ GtL~. :.c J 1) ~ '/ !J fI~JJJ~7C.fl@lIm~
7C.T.~@lIm~:~d:, GaAs ~ InP tJ:eO)~~f*~f&n!fflv)GtLJ:: 5 c G-CV~Q. 7C.
fl@llmO)*f*~d:, 7C71\1 :AO)/J\~-f*{~O)~-r:~d:tJ: <, ftgO)7C@llm*TCO)-1*{~~:

J::Q7CT/\1 AO)Jt1fI~~J:, ~§:Jt1~J:, ~mJtJt7C~*~::tJ:v~mGv)7C@lImO)Jjtffl, 7C
~*~~)EJI1O)a~tJ: en!d!> ~j GtlQ.
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24-6:

~ -1 !/ o1Jt (300 MHz-30 GHz) 1ff-c'M!fflT.Q.fl@J~~ v) 5. iGiv),JaJ1JtJt~tbfFT.Q

~ 7 /Y;A?T-~±1*~:, ~1Jt~~=f~/\~?T-~.flG, ./J\tJ:oofl~:~tJR~~mM

~tJ:c(J)@J~~~~G-Cv).Q. iGiimtbfF, i'i61J1t~(J) ~ 7 /Y;A?T-(J)~~i?~@J~.~(J)

1t~~:~J -C:t3 fJ, 3tbJ3l(J)iWjv) GaAs ~0)1~~~~~1*~fflv).Q::ci?~1bv).

24-7:

r:p~9l1J11!~fiI (CPU) O)Mt~~ 1 Ml>.Qv)~d:~M(J)7~7l:~:.MGt~ LSI ~v)5.
::tl~:~tG, ~-1!/ D70-e·~~-~:ROM, RAM tJ:Co)~-l: I)-~AttltJ~fiI~f1

111l Gt~ ~A T A~x -1 !/ tJ :J /' 1:: :J. -?T - C: J:: Iv l: ~}JIJT.Q . 1 7 '/7~-1 !/ 0 :J /'
1:: -:I.-?T-~:t CPU C: ROM, RAM tJ: cO) ~ t 1) -, ~tl~::AttltJ~-l'~ 1 7'/7
l:~:.flGt~6t.M~l>~. ~-1!/ 07°0--e'/~-0)1*J$.~~d:,ALU(JJ~~J1I!l.JJ

~), vY;A?T-, 7°0!;/7AtJry/?T-, -6(lfJ7:J-?'-, ffjtl~@J~tJ:c~~u.

24-8:

.M@J~(J)fF~~:fflv)~tt~(J)~f/J\. ry x -7 7-f~~tt~, 1t1~tt~, ~~tt~,

-1 ;t/i'±A, I) 'J!;/7 7 ~ -tt~, I 'Y 7 /!;/, ~~~~tt~tJ:cO)1JDItt~:t3etLFlj2

~tt~7J)GtJ:~. 1) ry x -7 7 -fF~tt~j.•fl@J~(J)~f&~.~T.Qry x -77
~d:, ~ 1) :J / (7-1~) ~tJ I) ry A t:~ (t:f~tJ I) ry A) tJ: cO)~2i1*!fi~A~w.J tJ ttl G
-cfFQ7J~, ~O)~A~d:~b~-e~J3l7J~iWi < (99.99999999% ~l:), j{~O)~tJ:v) z: ci?~
~}j(~tl~. !fi*fiMrO){~~1Ji*~d:~fl3~~r!iO~t>~ c t>-~E19~, }](f-l-~.QJ~£I*J~m

ik~ itfl~Mr~~G-e :: tl~5r~1:~f-e~~~ it .Q 5r1:~ji*C:, ~~ 0) fj!ij1*}](f-l-O)-$
~1JD~ G-emikG~oo~tJ~:J:: ~ -e7-¥v)tC.~~~:l>.Qmik$~f$tb~ittJ:7J~G~~~it
Q7-¥ikmi*7J~l>~. 1~Gtltc.*aA(-1 /3'Y 1'c:et~~tl~)~d:~Ef ,umO))!J~~:~<w.JtJ

ttl G~OO~d:.oo~:ifMT Q. /'\-1 ~-7-.fl@J~~~d:, ~ 1) :J /~f&l:~:~ G~:~Mr

$flIiO~~~ 5 et 5~: ~ I) :J /~ I l:::?T=f~~ )v~~~ittc. ry x -7 7-~fflv)~. 2) It
{~tt~j. ~~1*~OO~:.{~~~~~TGtt~~,.*~iGiilfft~oc~~it~::C7J~1b<~

.{~c: ~J::~~tl, ~~7}JII~7-1'Ml{~~~~tJ:c~:ilffl~tl~.~ltf~O)1Ji*~:~d:~

••{~, 1JDt1mIt{~tJ:C7J~l> tJ, .{~~O))!J ~ ~1J1., EI E19~: J:: tJ ~{lI: ~~~S~. 3)~~
tt~. ryx-77-r:p~~~~~~~~~Qtt~l:,.fl@J~0)7DtAtt~0)r:p~~

1b < fflv) Gtl~. tc. c:;t~~, ~ I) :J /~f&O).fJt@J~~::t3~t.QMOS l' 7/Y;A?T-0)
ry x)v~~~1b*fiA~ I) :J /~O) ~- e /!;/tJ: c~:, *tc./'\-1 ~-'7-1' '7 /~A?T
O)I2.'Y?T-, «-A, :Jv!/?T-O)~~~:~ffl~tlG.4)-1;t/i'±A. ~~~-1;t

/ ~.$l:'11IlJm G-c£f& r:p ~:~AT Qtt~jl:', itA0) tc.liJ 0)11DJm.J±~: J:: ~ -c~AT Q
Ii (tT~~Ii) ~7J)tJ: tJ J:: < $tl~l:'~Q o)-c', J.t~~:ffl v) Gtl-eV)Q. -1;t /itA~d:,
~'):J /'.~@J~l:'~d:MOS l' '7 /'~A?TO)ry x)v, '/-A, r v-1 /'o)~~~G~v)

{~.J±O)*tl~~:, *tc./'\-1~-'7-1''7 /~A?T-o)I2. 'Y?T-, ~-A, :J v!/?T
O)~~~:ffl v) GtlQ. 5) I) '/ !;/ '7 7 -1 --tt~j. ry:c-7 7 - J:~: EI EI9 C: T Q.fJt@J!m
O)/\?T- /~~JJXTQtt~Jl:', ~~~t~tlt~@J!m~~A!/ ~:TQImc:~A!//\?T-/~
ry I -7 7 --J:.~:~~TQ V YA l' IfiiJ) GtJ: Q. 7t~ ffl V) Q 7 ~ l' 1) '/ !;/ '7 7 -1 -7J~
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~ -J C: t>-WitJ(J-r6;~ tJ~, 1I-Tl:-bfl9IOOl:et fJ if!f~r) I -7 y -l:':/,~ -- /~mliX:
9 ~jj#it>6;~. 6) I 'YT/?~. I) ~?"77.( -tt~C'~I£~tlt~VYA ~/,~-:'/

~S.t3btlL~)~$7t~~~~tRtJ(Jl:~*9QI~~~):>. 7)?t,.mliX:tt*i. r) x
7 Y-l:~:ml£~tlt~~~(7)~.~I2.~fT5tt*i~lt)5. ~tl~:~d:, ~ttl~~-c'O){t

~OC~~:etJL."~mI£9~f~~~fit! (CVD), m~~ftJtJ.~tl~raflbO)et<~0J
t~?t"O)Il::~=t-~~ )vJl~~JItJ(Jl:mI£9QftTaI1:~=t-~-v )vl£~ (MBE), ~

~tp-rUf31.~~~~tt~trPl9~!!f&l=?t"~mI£9~~~~fi, 7 JLt:J /1;t /t! C~
~~~:1JD~GL ~-JT '/ ~ c:t!QMf31.~:.~~i!-cJjj{T~t~t::~mGitrPlT~£t&~:li

~~~IiX:T~A/\ ~ ~ I) /Jjf!t~ciJ\6;~. ~~ 3 ~,t. ~~tJ(Jt:Jjj{-T~ft-T~~fi~-tt

?:J 0)<:, ~JI~fif!c:~fij\~ tl~.

24-9: I) Yt/'57;( - (~JI2217-2218)

1J[]It!~(1)-fj. !!*tJ(J':~j:fjIit~':J: ~ it~JC' 65 J -r, ~O)~~~d:I ~T:/ JjO)fF
rlc~b 6t!lt). =tlG(7)fFrl~:3!>t~J -C~d:mHit!cO)~U':ifit~fI~~ L, -r.t3lt)L
7J\ G=fti~-r:~~ti~,' it~J~ l"t::.. mff:a~~ffl ~ 11Ltt)~7t~ ffllt)Q I) 'J Jj-7
7 ~ - (7;t ~ I) 'J ?~7 7 ~ -) ~J:, ifit.fi~:7 * l' l/:;A t- ~mIt), 1l1{f!-c~m

~fi~90 ~ C: ~:J:: fJ f.lJilJffl O)~ni ~fF.T ~tJ. c; ~) -r:!lti*J t~t!~-r6;o. mff I) 'J
if::;, 7.( --rm It) ~tlQ1JllIm~~:~J:~Q) 3 fmmt1~6;Q. (1) JJHi~jfi~~~J(f.lJilJfflrl
Ii), (2) !!HiI:~J:IJ M~tt~m~~ (J¥~li*tt+ JlID) ~1JllI (/1) /' ,,~.!!t&, mM
@]m), (3) 'r ~ fJ)v~ - I) /ifc t>~){,o), 1 nun ~~O)HiM~ilfijifitJ\6.I.'YTGLtT~

<(/7 r) /'ifffl ~~ ~ r) x A ? ).
Im~d: (a) Mf31.HiO)~~, ft., (b) V~A i'••, (c) iifJm(1)1Jll~~JI(/V~

?), (d) 7* "xA?t1\~O)~mCT)fi~. (e) mat (t)~m(J)1JD~~JI(iF:A,,~

?), (g) I '/T /'?~, (h) V~A "ttJ.J t:'(J,j~.

~~if77~-~.~1JllI~••~, ~®mW~7t®~fi~a~6h~.~O)n.O)

~~.-T.J ~x., 1~/'l:-b~.A~h~. ~50~~O)mw~a~~~~~

7'/~~-fJ'Y l'.(I~/T/'?~tJ~~jjtJ(Jt!~~t, V~A ".~OOJl:t>im~, Ufl~mn~it

m~:tmQ~ c) -c:6; t), ~O)ma~:~J:~ii1irPlx'YT~1l~§~9:Q&Jt~f!1~'/I 'Y

~, v~A,,~m.m~O)~'Y=t-t!c~.A~n~.

I) ~ ?·7 7 -1-(J)m=O)~.~d:r!ro-q-#i:6~/j\~ It)C~, JJj{lil:rlro~~~. t) jgL,i!
~j Gt~. t) jg L,JJj{ni~m (,o), -lll:~ttMO) (l' -7 '/:;A ~--c'~J:ttT.) rlro~-~

~~-c'~~ ~ c-c'd!>~. ~O)J:: 5l: G-c.PE9tt~iJjj{ftI6~~WI t] c It):> ~~-Cflfljl:tJ:

~. G~G~tt.®~~~~Jjj{ni®~~~~~C9~~~~~~~~.~®Jjj{Ii®~fF

,:tt7t~tJ(Jt!~m~~tI, 6;~ (,o )~d:.-T.fl9IOO~ifl ~m~) ~.

24-10: If. ':I '7-~ (iWfilS83)

~.f*~ 'Y :1~J&tfi9 ~3~~ It) '5. ns ~~j:, ~~f*~fft@]~O)tf4IiX:$ft~fi2ifl,

~¥1t, f*a9~t~6)Q)~$~.~~J3~tt~fiG-C{,o)~. Uf31., ~~, !t.Il:1ii!l:et
t) ~(J)J::5 l:ftmc!h~. Mf-}-r~d:, /7 AT 'Y 7/\ '/ 7-:; ~--e7 ~ '/? /"\ '/7--:;
~:7t~t6h, ~$I)- ~®m~-r~J:, 1)- ~iJ~ 19lJt:~lvt~~/'if)V1/71 /I~'/Jr

-:; c: 2 ~J(l)T .:L 7 JLt-1 /71 /'1\ 'Y 7-~~:ft~tGtl~ 1~;6\ I::: /'?~ I) ~ ~ 7 v1~ 7
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7'Y 1'1, 'Y7-~ CJ::~ttl~ ~17~~~. *t~!tll:~:~d:, ~~!tll:, 717 :A!tll:, 7
7:AT'Y~!tll:tJ:ciO~~~. v~9tlo)l''Y7-.y~:~, ~~J~, mi1mJ~, MJ}<ftlJ~,

f*3tJ: C ~::~ Gl ~tl~tl*m c~miO~~Q.

24-11:

~~ft~jO)'5 ~ ~~f*$.§btJ: C~m:.Lt~~t&~~t~C9 Qft~~ It ~ ? ~~1JJ:t

~:J:: tJ, ~A~~, OO~~, 1\17~1) 'Y ~~~~:7t~tGtl~. ~*, .~flW~:t)v~

l~d:~A~~iO~'±-c' ~ J t~iO~, ~~m~ (~fiO)¥f}[OO3 (1 cm2
) ~ t~ tJ O)~~f*$.§b

m:.~) 0)~lt~OO~~~:1-\:;b GtlJJ~~. /\17 1) 'Y ~~~~d:*f~m~~:mlt~~ ~

C;Q~1bv~;Q~, ~m~~~O)~~=F~c L-c~d:fl~j]-c'~~.

24-12:

~¥ffflWO)flfm~-JEO)003* t::. ~d:-JEO)f*30) q:r-c'~~9.Q t~~O)ft~. ~~ft~

~~~flWo).-c'~.Q~~f*$.§b~'±~~~~9.Q.~~~ft~, ~~f*$.§b~m:.G

t::.~fi~~t~~9~~fi~~ft~, ~fi~.¥ffflWpg~:l&~9.Q~f*~~ft~0) 3 }/-I'{

)v~:*ZIJ~tl:QO)7J~-~~-c'~:Q.~~ft~O)~.ctJ:~ft~~:~d:,~~f*$.§btJ:GlJ
~:J~¥ffflWO){~'lJ~.f*~:~'~-c'~~~Wft~, m¥ffflWO):tcJE Gt~fJJfF ~ 51~ ttl9t~

~O)~if{tt~ft~, ~~f*$.§bt)J::lJtim·:J /T/'"!t-tJ:CO)~fJJ$.§b~:~9~$.§b

ft~, ~ G~:~j:J~~flWO)fJlJ;}<ftLft~tJ: C;Q~~:Q. ~~ft~~j:~~.ft~~~~ Lt~

ft~jl:'~ tJ, ~~.ft~O)~,~~· m~~~d:~t~C:9~J~¥ffflWO)flfj~~:J:: tJ#cJE~tl

~.

24-13: ~ 3 -e 7 '-I /~JJ~ (!to/.)~957-958)

2 nm fjJ3tO)*fS~~~~lut~ 2 JO)m~~f*O)ra' (1' /*)v~ft) ~m~~_~~to) l'
/ *)j,,~J.j*~::J:: ':) Lm_i1rt7J~i1rttlQ~~. 1962 iF~:: B. Josephson 7J~~~~~::-Y § G,
~iF, P. W. Anderson C: J. M. Rowell 7J~~~~:J:: ':)L~~ G t::.. .y 3 t 7 'J /~j]*~d:,

m~~~:t)~tQfI~n~~f}[f~O)m~J~~~Gb~:~9~0)-c'~~. -~~:, m~~f*·

pgl:'~d:~-I,-~t0)5~lt~-T~Jt~O)t~~,f}[f~;Q~-~~:tJ:0'5 C:9~J~fi;Q~~~. :.O)J::
5 tJ:J~fi~NU$~~:~~&)t~t.t€ft~d:, l' /*)v~ft~~&), It <.y 3 t7 'J /~ftcJ::~t

tl, f}[fl3~~:{ftf¥ G t::.m_i1rt (.y 3 t 7 'J /_i1rt) O)~S~.Q * V~7J~IliJ{U-c'~.Q. :; 3 ~ 7
'J /t.t€ft~JmGL 2 JO)m~~f*7J~*5ft G-cv~~:r:*)v~- E ~d:, f}[fI3~ (J O)~~l:',
E =Eo(l- cos (J) c~it.Q. ~fto)~~ ~~9 Eo ~d:, ~ftO)fI~, J¥~, 2 JO)mf~~
1*o)I*)v~-~~ 'Y 7°tJ: C-c'#c*~. e ~d:, ~$ir~ G_i1rt~im Lt~ tJ, m~~7J\~t ~

tJ: c~:J:: J -c~;t Gtl:Q. :. 0) c ~~~~:imtl~m_imO)m~is C e O)r~'~:~d:, is =
josin (J O)_im • f}[fl3~f*7J~PX: tJ llJ. jo =2iCEo/cPo ~d:, .y 3 t 7 'J /~~_imm~c J::
~ttlQ. cPo =h/2e (h : 77 /~JE~, e: .~0)_1iif)~d:m*.~l:', 2.07 x 10- 15 Wb-C:
~Q. ~$7J\Gim9_imm~j7J~jo~-rtJ:G~t, j=js ~~t~9(J7J~f¥1:E9:Q0)-r, tt€
ft~: ~d:_J± 0 0) * * WImtm.i1rt7J~imtl5 Q. ::. tl~ , .y 3 -t 7 'J /WIim;J.j* * t~ ~d: DC
:; 3 t 7 'J /~jj*C v) '5. l' / *)vf~ftO)J: '5 tJ:~ftoo O)Itv)f~ft~:.m~ B 7J~tr~iJ\Q

C, m*7J~~ftpgffB~:~A9 ~t~&), f}[f~~ (J(x) 7J~t.t€ftoo~:rd':) L~r~'tl"J~:~{~9~.
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7c(J)t~~, ~~oo(J)f}[.~:J:: tJ mmmtmJ3t ~~rJ:l'~~aMJ ~~~t,'Q (J)-r:, ~~~f*~:J v~

LflJ) GL3f(&')t~~~mmmt(J)fil!7J~~~a:p~:A J t~m* 4> (J)~f{ctJ:,'Q. m*7J~~A

9 ,'Q~~(J)~5CJJJ¥~ d ~d:, *fS.JJl(J)J¥~~: 2 ':)(J)m~~f*~(J)m~(J)~A~~ ~1JD;t

t~ d= t + Al + Az ~:tJ:,'Q. ~~O)~M L 7J~, 93 t7 ~ /~A~~cJ::~ttl,'Q~J(1~

AJ = (h/2edJloio)1/Z J:: tJ /J\~ v~ c ~ ~d:, m*~d:~~~£-~tJ:mJ3t-r:~A9,'Q. L» AJ (J)~~

~:§5jv~m~~7J\~tt~~~, m*7J~~A9 QO)~d:~~O)lJIijt4M7J\ G AJ NJ3t*~~, pg$~d:

~ -1 A j--~1m~:tJ:,'Q. m~7J~%i < tJ:,'Q c, m*~d: 4>0 lltf}[(J)rtWJ* ctJ: J L~~pg$~:

A J LV~ <. ~ (J) c ~~~pg-r:(J)f}[f§~~d: aZo/axz =AJ-
z sin 0 ~:Ut'5. ~ (J)e:t '5 tJ:~~

(J)m~~J(1~:e:t J L, *)]~L, mJ± 0 (J)* *mttl,'Qmmt7J~*fS.~::f~ -r:~M Gt~t~&')-r:

~d:tJ: <, f}[f§~~:{t{ff9,'QDC ~ 3 ~ 7 ~ /.mt~~,'Q ~ C7J~~~~~ tlt~. ~ G~:, 2
':)(J)9 3t7~ /~~~~~J~~Gt~m~~lmlm~:~~t,'Q~ 3t7~ /T~5CJJ*~,

~3t7V/amt.*(J)~mc~;tLe:t<, ~3t7V/mmt(J)&f§~{t{fftt~~G~

~: Gt~~~-r:~,'Q. 9 3 ~ 7 V /~~~:mJ± V7J~iJ\iJ\,'Q C, ~f*Jt dO/dt =2nV/4>0 ~:Ut

JLf}[f§~iJ~~rJ:l'~~:~1~9,'Q. ~(J)t~~~~~:~d:, ~mtmmmt7J~mttl,'Q. ~tl~~3

~7 V /~mt5CJJ**t~~d: AC ~ 3 t7 V /5CJJ*C v~ '5. ~~imJ±(J) ~ C-r:~d:, mmifrt(J)
~~iJ\~:, ~~-T(J) ~ /*Jv5CJJ*~:e:t,'Qmmt~~{}[mmt(J)~4~~,'Q(J)-r:, ~~~:mttl,'Q

mmt~J:~f* c GL
j = josin 0 + {&leV) + gl (V)cos O} V+ c(dV/dt)

ctJ:,'Q. &(V) ~d:~~-T~ /*Jv::I /Y7 ~ /A, gl(V)·COS 0 ~d:mmifrtc~~-TmifrtO)T

~JJi, c ~d:~~O)m~~. (v~-rtl'b¥{}[~~Wfl~tc. tJ 0) -c'~~. ~tlGo)J\7~

~ - ~d:~~~: e:t tJ _tJ:,'Q 0) -r:, mmt· mJ±~J(1~ _tJ: J L < ,'Q. ~ 3 t 7 V /~mttJJ*

(J)a~~tJ:~IDEc::GL, aifrtmJ±/\-17A v~iJ\~tt~~~iJ\G, ,JaJ~f{f=V/4>o=

483.6 V [MHz/JlV] (9 3t7~ /,JaJ~f{) -r: 100 pW NJ3tO)mm~7J~ttl~9 3~7V /§f
~iJ~lfl?lU~tlLV~,'Q. i2!~:, ~$iJ\Gmm~~ fffiM GtJ:7J~ Gmmt • mJ±~J(1 ~?lU~9,'Q
c::~mJ±AT 'Y 7°«~iJ~J! Gtl~.

24-14:

2':)O)m~~f*~m-T0)~tJctJ~~GL~<DMG,~3t7V/.*~~9~~

0)~f1J\. 7cO)«~iJ\G 3 J ~:*JJIJ-r:~,'Q. ~ / *Jvf~~~d:, 2~O)m~~~JJl S (J)r~,~:

2 nm fiJ3tO)*fS~JJlI ~~lvti SIS .~~ ~J. m1frt· mJ±~J(1~d:, ~ 3 t 7 V /ai1rt
5CJJ*~=e:t,'Q~DmJ±mmtc, m~2iI*Jv;f-;f~'Y 7°~&1!9c Gt~~~-T ~ /*Jv.ifrt
7J\G~tJ, ~~O)m~~.iJ~*~v~t~&,)1:::AT1)~AiJ~J!Gtl,'Q. m~~~-17D7'1)

'Y 9~d:, m~2i~JJl(J)-$~=~M 1 JlID fiJ3t~~ v~~d:7ctl~-r(J) < lttl~J < J t~ ~(J).

~~:~l) 'Y~$~}Ej$I39~=~< Gtc.'bO)~variablethicknessbridge, ~tc., ~l) 'Y~$~:

1it~~~~JJl~mtJ.t~ ~O)~JlI~5Cjj*~l) 'Y ~C: v~'5. J~f~M~~~~d:, ~-1 / ~::I /
~ 7 ~ c ~e:t~itl, m{~~7'D 'Y 7 ~:m~~O)~~tc.Lt~ ~O)-r:~ tJ, ~ /*Jv ~~
c~-17D~l) 'Y 90)a:pr~'~tJ:%lt1~~':). 9 3~7~ /fj€~~d:, Bt?lU~~Bt~fI;«-T

tJ:c~O)~ffliJ~~&,) GtlL~ tJ, ~ 3 t7V /;«-Tc ~J::~ttlLV~,'Q. ~t~, m~~.

iJ~ 10- 15 F ~-r~=tJ:~ e:t '5 tJ:~~tJ: ~ 3 t 7 V /~~(J){~ta~=~~t .Q~.v~~d:, gtJ!139
.-T ~ / *JV5Cjj*~gtJ!~.-T::I 1::: -- V / A O)~~~~eiE7J~PJ"~tJ:* C: GL, .-T~C:
E!Ut~O)fliJl GO)iM!~~m '5 ~m~~O)£w!J}JfiJ\ G~i±§ ~ tlLV),'Q.
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Lesson 25: Electronics IV
(other circuits and devices)

~ jJ /' pipe, tube, wind instrument
<t!. pipe, tube

/f~ jJ /1)

7t./f :J9T/jJ/
management, control
photoelectric tube

1m jJ /' brevity, simplicity
mf¥tJ:
mffl!tJ:

jJ /~ /tJ:
jJ /~/tJ:

simple, easy
simple and easy, handy

:A9:J::L9
:J ::L 9 -:f / tJ:

fi :t- apparatus, container, instrument, tool, utensil
'5 --:JV ability, capacity, container, utensil, vessel

if{tl~~ 'J 771:t-
~~ 39:t-

/], ~ indication; ~ indication
G~(T) to display, to indicate, to point out, to show

m~ ~:J

~~~ l::39~:t-

'* ~ .:L exceptional, special
:. C(~:) above all, exceptionally, esspecially

*,*1JDI l' 7 ~ ::L jJ :J 9
*'*~ 1'7~::Ll:::/

+ :;::L 9 ten
C ten; c '5 ten

f{-t
-t7ttJ:

~aa

l8 12 /' choice, selection
;t G (It'S~) to choose, to elect, to prefer, to select

m~ t1t/
~tRlti -t/~7-t1
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measuring instrument
vessel, container

indicating, designating
display, indicator

special machining/processing
special(ty) product

several dozen
sufficient

careful selection
selectivity



iI '.Iry increasing
~,(;t ~) to increase {vi}; ~'(~9) to increase {vt}; ~(9) to increase {vi and vt}

m* "J~ry ~~-1 increase, enlargementm. 'Jilry 7 ? amplification

m
.foX ~~ / class, column, degree, extent, paragraph, rank, stairs, steps

f}]JOJ~~ ~ 3 ::F~~/13 -1 initial stage/step
~~ ~ .:I.. ~~ / means, measure, way

ill 7 3 r) meter, style of writing, tone, tune
L, G(A:::~) to examine, to investigate, to search for, to test {vt};
l:: C: 0)(5 ) to be adjusted, to be arranged, to be prepared, to be settled {vi};
C: C: (J)(X~ ) to adjust, to arrange, to prepare, to regulate, to settle {vt}

fPJ~ ~ r)=j- 3 r) tuning, synchronization
~~ .I\. /7 3 r) modulation

~ .... road, way
~tp

Jfl~

during, in the midst of
application, use

Ia.J ~ ry identical, same
t:st!(C) equal, identical~ same

fPJ-O) ~ry-1~O)

fP]~0) ~~"ryO)

If; 7 ? hanging scroll, width, {counter for scrolls}
~J:~t breadth, difference (in price), range, width

~. :y//?
c~m~ 7/~~ry'.lry7?

identical, same
equivalent

amplitude
current amplification

M' * assistant, supplement
t:s ~'t!(5) to compensate for, to make up (losses), to supplement, to supply

*iDra' *13 / interpolation
*iDIE *--e-1 correction

ji 0 ry leaking, time, waten;lock
t> (e; 9) to betray, to divulge, to let leak, to omit {vt}; 'b(~ ) to escape, to leak {vi};
t>(tt~ ) to be disclosed, to be omitted, to escape, to leak {vi}

.tlUftft ~tl71 :J ry leakage resistance

.tl.~ ~tl7/ I) .:L ry leakage current
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Reading Selections

25-1:

~fjO).~tI~~.T@]~~:.mt~.J±,g-tJ:b!>.1J~m$ftg-Qt>0)l:, ~mt.i1j

C: ilrmt.1m{7J~ ~Q. ~mt.1m{~d:JH1~~.m et t) =m~mt c G-C~.~n, -~ffl~:~d:¥

m 100 V, .1JtI~ffl ~:~d:=m 200 V ~Q v~~d:~n~J:O).J± (~kV *-e) -em$ft~n
Q. *t::., th1J1m{~t>:J~.tI~:etQtlftC:, DC-AC:J /J\-?'-~fflv~Qtlft7J~~
Q. ~ n G~d:~mto))aJ71t~ ~~f~g-Q~ C: 7J~-r:F! Q. ilrmt.1m{~d:~mt ~mmt G-ct, Gn
Q7J~, IJ\~tI~~~-?' ~}vtl~~:~d:.rm~fljfflg-Q.•rm~:~d:76.PJfmtJ:t>0) (~Ii
.rmtJ: c) C:76.~ff~0)t> 0) (x /tJ /.rmtJ: c) 7J~~Q. M!ffl ElIl9~:et J -C l:tl1J0).J±
~.mt~=t()Ef~G-Cffl V~Q.•J±1m{~~X t::. tift, ~~Il9~:~d:.J±~r~d:tJ:v~7J~, ~~

O)~.O)~fiffi@]~~d:!tfpj.mtc.i1jO)f*]ffBMm~:et t) .J±~r~~GQ . • i1jO)f*]ffBM
m~:et t) l:tltJ.mt~d:!tfpj~:et t) J4tJ:Q. Gt::'7J~J -cl:tl1J.J±*t::,~d:.mt~~l:tl G.1m{Wl
~@]~~7,{ - ~J\,/ 7 G-C, .i1jO)f*]ffBMm~*tDIEG~O)~.~*tDIEg-Q.

25-2:

~mt~:Qv~~d:illmtO).J±~-)E~:{¥J-c!tfpj~:m$ftg-Q~~o)~~. ~O)fjli~d:.J±

=t()E/iJ:t~ffl~~:J::~L?P~~:bt::.:Q.~rJit.J±=t()Ef~~~cGL~d:, .th~.tI, )E
.J±~J±~, ~:jt~~J±~, PJ~fa 1) 7 7 ~)v, ~11) A?'~1 /J\~?'~~:et:Q)E.

J±=t()Ef~.1m{, .T@]~ (~~~ ~M!:> IJ\~••1m{) tJ: c 0)/iJ:t7J~ ~:Q. ilrmt.J±=t()E
~~CGL~d:, SJZ~@]~(lJ '/7°)v~7}, Jlv~~th~~<), ~1)~A'V:¥:z.V-?'-,

~1,/~~ijV:¥~v~?'~~C~~Q.

~i1rt=t()Ef~.1m{~d:~i1rtz.*lO).J±7J~~=t()EtJ:tlm~, ~)E Gt::..~mt ~~\~ C:g-:Q~
.7J~~:Q c F!~:M!bn:Q. *t::.illmt=t()Ef~.1JjO)WJ~:An:Q = Ct>~Q. -~O).TtI

~~d:illmt ~M!:> O)-eillmt~)Ef~.1m{~?P < ffl V~:Q .

25-3: • J±~t (ttmJ]!1371)

.J±~~:Q~)E~~illmtfflc~mtffl~~:Q. ~)E.~m.o)bn-r:~~g-Q7~Dij

J:tO)t~~.~Bt~c, ~~~ill~~~g-QT~~?' )vJ:to) 2 fj7J~~Q. 7~D ijJ:t~d:,

m.~ Il&thg-Qt::. fJ) 0) 1J~1l9t1. ~ fJm XL S tJ, ~0)/iJ:t~: et J -C7}1fi~ n Q· illrJitffl
O)PJth:J1 )v~c:~iJitmO)PJth~J=1~, .mt1J~t~, ~mt~, ~.~, Mt.~n~~Q.

Mt.~~j:X*)v:¥-~~~.it-r~::Mt.5ItJ ~::J:: QtJ ~::J:: ~ -Cillf~.J±~l:tl~g- Q ~O)-r:

illiJitsJ:: lt~iJitO)~.J±&tl)E~:M!bnQ. ff!!0) ~ 0) ~d:.iJitBt~:1~$~Cet~inGMm~
ilr~U~:AnL@]~~:f~~GL.J±f~~.iJitfW!~:sF!7J'iX -C&tl)Eg-Q. =0)ff!!~:A1J1:/

t:~~:/AO)*F!v).T@]~ (.T~, .~~jJ* ~:7 /:)A?,tet.C) ~*JJ~~:M!v~, ~

O)l:tltJ ~7~O ij~t~-r:~~g- G t>0) c GL~)aJ71t&tl)E~:~Gt::..~~.J±~t, illi1rt.
1}[~&U)E9Gt::,,600).~~.{}[~tn~~G. T~~?' )v.J±~t~:~d:7~oij· T~~?')V

~ti~:?P< O)/iJ:tn\'SQn~, v)9n~.T@]~0)~-r:1J~Il9~l:tl~d:M!btJ:v). T~:)?'

)vJ:t~d:7~O ijJ:tctt~Q c~~n~~v~ t>O)n~1~ Gn, ~~c tJ O)tif'Fn~~-r:'S tJOOA
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~~~tJ:V~. TTD 7~Jt~d:1mfJ!~.{afi~~Q. v~--rtlO)1JJt~~, il:ffiJttl~O)~~:~d:@I~

O)I1'J$Hfm~~tt~.ffatO)I1'J$Hfm~~+Jt*~V~ ~ c ~.iO\~~~d: C~~IEGv~iJttl~~~

~~Q. reiv~.ffO)iJttl~~~~d:, il:ff~JtffB~Jt~JG~ IJ\~ v~fr«~~G, )j*O).ffat~

iJtIJ~T Q.

25-4: 'IIi1.E1t (~~1441)

il:i1rt~iJttl~T QiJttl~B~, mttO)v's,tl~:J: ~ ~frt!~~~T Q ~O)iO~~v~. IKtb l' )v7
0)~1:1J1!~:J:~ ~oo:i1rtJtJO)Ji1tb:J 1 )v~ c3ti1rtJtJ O)Ji1tb~Jt~, .i1rtJJM~, mi1rt~,

~.~~~Jtm~ tlQ. ~iI:~:SJ:v:mi1rt~~d:, ~tl-ttl~.~t:SJ:v:mi1rtB~::J:~ ~3t

i1rt.i1rt~m:i1rt~::~.G-eiO\ Goo:i1rtO)iJttl~ ~fj '5. ·*.i1rt~?ltl~TQ ~~~j:, Jti1rtH C J: ~d:

tl~gtJi:frt!O)/J\ ~ v~il:i1rtJt~§~.i1rtat c~~J~::~~ G-e, il:i1rtM~i1rttlQ il:i1rto)WJJ~

~ r ~jQ. ~ tlG O)il:i1rtM~j:lI ~ tJ:f&$HO)~JtJ ~:: J:: ':) -e.ffat~::~~-r:~Q · ~rmat

~-~O).rmat-r:~~~, .i1rtfr«~~~T~J::~~il:rmO)~.~~WT~~c~~§~

~::tJ:w::> LV~~. iJ{tlJE.rmiO~oo:~.rmM~t5ittl~ ~O)O)fm~::, .i1rt~~~O)~.O)~v tJ~::

~<~m~~~WG~~JET~~0)7~7·~~~(7U~~·~~~)0)il:rmat~~

G. ~ tl~J:iJ{tl~O)tc.~ ~~ V~ '":J tc.Iv.Im~-wJ~it--r~:T:!j., @lIm~:4;t G~.~/J\ ~ v~ ~

ct1~~.~~~. ::'tlc fPJ CJ: 5 tJ:.t5itiJttlJEt1~~.q:r~~d:tJ: < ~ra~ ~)E~fnjil:f.}LTrm~::

J: ~.rm ~::~t GL JtJ v~ Gtl~. ;f1lT1JD~HO).i1rt l' 7 ~A~7°7A'~~~Vtl~0 :iA
=l=-- • :J1 }viO~::' O)J: 5 tJ:m~~:J: ~.t5it~W~:JtJ v~ GtlG.

25-5: I£J±H (~~1959-1960)

3ti1rt.J±O):n~J±~::~JtJT ~ ~O)-c', ~JL'~ JtJ v~t~m~@lImc, ~tlcjj{3tT ~ 21m
~1:0):J 1 )viO\ G.JJX:~ tl, il:iJjfJ{tl~:~~~tltc.-~:J1 )vn\ Gitfnj~:~~~tl~=~
:J1 )v~:fPJ-,Jaj~f{O)3trmO)il:J±, il:i1rt~*~~~~;t~~)!TG. )!ft2i1::SJ:V:*iI:
JJflH~:~d:~,--r c V~'":J ~ J: v~~~ c~JtJ ~ tlG. -~:J1 lv, =~:J1)vO)~f{~~tl~

tln1 , nz C G, ~tl~::~)j~::)jGm*O)~*{rt!~ tPm' il:iJjil:J±c-~:J1 )vO)~~.

J±O)~7JJfrt!~El' E1 ' C G, =~:J1 )vO)~~mJ±O)~~j)frt!~ Ez' ,Jaj~f{~f cTG.
-~:J1)Vc=~:J1 )v~:~~TGmJ±~d:~tl-ttl~Jt~4;t GtlG.

E 1 ' =E 1 =(2)I/Zn nJtPm =4.44 nJtPm

Ez =4.44 nJtPm

-~:J1 )VC=~::I1 )vO)~~mJ±O)J;t, Tt~V!>, ~fftt~j:, jiffj::J1 )vO)~f{tt a ~:

~G <, ~Jt-c'7J'~tlG.
E 1 '/E2 = E 11E2 =n I /n2 =a

-~:J1 )vO)mi1rtO) 5 !>, 10 ~d:itfnj~:.~~ ~:~JL'~mJJmT.Q t~~O)mJJm.rm, II' ~d:

~fnjmrm~:J;tf9iJTQ-~itfnj.i1rt~~tJ, I z ~itfnj z ~~~G tc. c ~ ~:i1rttlQ=~:J

1 )vO)itfnj.i1rtcTt1~t, 11' c 12 cO)J;t, Tt~V!>, ~i1rttt~d:, ~f{tt~:&:ttf9iJG,

~Jt-e4;t Gtl~.

11 '1/2 =nZ/n l = lla
~t~, AJJCWJJO)mJJ~d:El/1'=aEIx (/21a) =Ez/z -e~Gv~~CiO\G, ~m~J±H'd:

liJ±~:n~T~ tJJ~~fT '5 (J):!j.l! (J; ~. ~~O)~J±H'd:~JL' c:J 1 )v(J)tJt~~vit7J\ 6
11'J~~ C~~~(J) 2 ~m(J)f.~O) ~ 0)t1~~ tJ, ~JL,~jf-J.~d:~m$:S J: v:.~gmt1~rei <
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t:AT I) ~At.ft~O)/J\~ V) 0.35 nun J!1.~0)71 *Mf&n!~~cG-CM!ffl ~tl-Cv)~.
~J£~O)~JL\.~~:~v)L, ~JL\m~Jt~O)-$~:~~~ (~~ '/ 7) ~~~tt~~J£~~
~tl~J±~c:v)5. 2:.O)~~d:m~Jt~~:etJ-c, =~.i1rtiO!m1JDGet5C9~C:, ~tl

m*n!m1JD G, =~.J£~~n!m1JD G, =~O))ifffl-=fn!~~:~M GL ~~M.i1rt~d:/J\ ~ <
~tll$Jj1l:.~~: Gt~ ~O)-r:, 1E.i1rt~J£~c ~ v) 5. 2:.0)~J±~~d:*:t/'lf~m~f1ffl

tcJ. c O)et 5 ~:, ~JJJ~~:ifli.J±~~G, lE*tI\m~d:f!t.J±-C: et v) ~ 0) ~:M!ffl ~ tl~.

~ ~ '/ 7n!Ill~J:to)~ 0) ~~ffl ~ tlLV) ~.

25-6: ~JitH (~J!1491)

2 MO):J 1 JltrJ:f,O).mm1i~2ifFffl ~fJJffl G-C.~f~-ij-0)~~~fT5 *-=f0) ~ c. lij{
J!~~J±~C:~.-C:~~~, .~.J±~~.9~~0)~~J±~, ~~•. ~~.O).~
f~-ij-O)m~i • ~~~:fflv)~ ~0)~~~~ceta~}JIJ9~ ~ c:n!1bv). fJtij~~~t~1' 7 /
Ac:~v)5. f~-ij-~~:~~~tl~-~:J1 JltC:, itfnJ~:~~~tl~=~:J1 )lt~etam

*O))i~C:tcJ..QmJL\et t) ~ t) tLJ LV)~. J!~ l' 7 /A~d:, -~:J1 )lt~:J:: t) J <Gtl
t~m*n!~$=~:J1)v~)ilJ, Gn)~:c*)v~-O)lrfJl, fl:kO)tJ:v)~O)~~~. ~

O)~#~d:, (1)::11 )v(J)gt!Ln!tJ:v), (2)rt'9.Jmi1rttl, t:AT 1) ~Afj1~n!tcJ.v), (3) §c
1 /e-Y'/A (jmLp ) n!ft~N*, (4) ~tlm*n!tcJ.v), tcJ.c-r:~~. GiO) G~~~:~d:~
tlG O)~#~d:~~~.-c', M!ffl § t¥J~:J:: J -C~tl~tl~:ilGt~~1iffi@1~~.~G, ~~at,

mfJT9.Q. .-=f@1~-r:O)fljffl ~*}JIJ9 ~ C, f~-ij-.J±O)~J£· ~J±, fjJt1&:fi, i«i1rt C
~i1rtO)Jt., 2J(J)@1~OO(J)1/e-Y'/Am~, ~~tt~~J~f~-ij-(J)~z, ~~.

~~~.~(J)~.tcJ. c-c' ~.Q.

25-7:

i« im*mi1rt~ - IE (J) tt$ -c:i«~illJ IEIIIff~ tcJ.{~ ~:~.9 .Q~rnt. i«i1rtmim(J) ~t ilU -c: ~d:
~~:: 1000 A <Gv) *~O)atillJ~::~J:Jti1rt~ntffl v) 0 tl~n!, ~tl~l:~JJ A (J)i«i1rtmim
O)atilU~: ~J:i«im~i1rt~ntM!ffl ~ tl~. -ttim(J)Jtim~ ctt~ G-c, i«i1rt±@1~n) G~.n!

-c:~~~~.O)~.n!tcJ. v)(J)-C:f@i.J£(J)@1~-C: ~ilIJlElllfj~, mJJtl:kiOt1;'tcJ. <, tlil13t~

~~mJJ ~::ft~~, ~i1rt~:~. GLV)~ O)-C:~~(J)at~~••~n~M!ffllllfj~-c:m~ilUIE

~:{ffrJ, tcJ. cO)fIjJ~n!~~. ~~JL\(J)~Fi«*JRJt1m{~~~ (~fll~~) ~frJffl9 .Q-fj(J)
m~m~i~l:~~. -~, =~~~~ n1, n2 C G, *~illJ-~mi1rt 11 l:~aMJ~tlt~=~
~i1rt.i1rt i2 (J)mim~!!:Jmim~ 12 C9~~~, 11 C 12 C(J)~~~d:~J:t-c:·~~tl~.

11 =(n2In1)I2

:: :: -r:, n2/n1 ~~i1rttt C: V) 5.

25-8: .T~ (~mJ!1391-1392)

m-=f'lf(J)~9:~d:1883 if T. A. Edison (J)jflJ! Gt~X:,)'} /~1J*~::~~ ~ C: v) J L J:: v).
X:,)'} /~*C~J:, B~.f~~::.fjf&~-~~AG, ::tl~7 ~ 7 ~ /' 1-' ~::~tG-CIEm
f}[~~1*J cmi1Jtn!i1Jttl, iamf}[~~1*J cmttltJ:v)~~-c:~~. :: 0)~~~~9lij{~~J:,
f@itliltto/.J1*/O'i Gt&m ~ tl.Q ~.-=f-r: ~ ~ :: C: n! 1899 if J. J. Thomson ~~ J: t)~~~ tl, ~
v)~ 1902 iF~~ O. W. Richardson ~~J: J L~.-=fn~m(J)fI./O!J!~t¥J~:~~f~~tl, m
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.:rTO)£UliO~~JJX:~ tlt~. 1904 iF~:: J. A. Fleming iO~~~liO)=liTltitJtH~~fJij G,
:tc~tJ:ltitJt~fTJ t~. ~tliO~ • .:rTO)~ffl1tm-~-c'd!>~. ~ 6~:: 1907 iF, L. De
Forest7)~=liT~::!lI) '/ ~~ l-fi~1J[]Gt~=liT~~fJijGL,m~MfFffl~~mG, *'t~

1913 iF, A. Meissner ~j:, =liT~ftJ -e~fH~r-J~~it:Q ~ C ~::JJX:~ G, • .:rT~j:

.m1f~O)ft)~ct~Jt~. ~O)r~, .~tt~O)~~cc~~::, 1920iFftiO)6*t3-~t~•

.:rTO)~fflm~::A tJ, 5ri!~i!=tiTO)JJ1fm~a~ Gt~~rt:t'.fiiJt3-.:rllQtiT, A!J 1)-
/ !II) 'Y ~ rrnli'if, ~ 6~: ~tl~a!l Gt::1iti'if, e-b 'if7)~~fJij ~ tl, iWi}aj?1tO)~fH,

m~M, lti?1ttJ:c, ~1JiID~::ftffl~tl-elif~, 1b.j!O)~~~:*i!<~4Gt::. ftffl}aj?1t~

n~~ < tJ: tJ, m~}aj?1tPJi~-c'O)'hfFn~~*~ tl:Q J:: '5 ~:tJ::Q c, .tirt:t,• .:rjEflm1rt:t' c,
7~irf1 /~~!J ~ /A~fJ.~a~/J\~ <9~t::~~:'if0)'f~~li7J/J\~ <9~a~~,
~Gv:\JE{~-c'~fH, mlJli~fT '5 miflj}aj?1tffl • .:r'ifn~~fJij ~ tlt::. t~:a• .:r'ifO)r:p ~:, fit
ffO).~~MAG, ~tl~••~it-e, •••MO).ff.ifrfMft~~fflG~tJ,~.O)

fiiJ.fjL.:r(J)ff1£~::J:J -e~rt:t'.fiiJiO~r:pfO~ tl~ t~~ ~:, *.ifrfli.iO~PJfm~d!>~ ~ C~
fljffl9~1b..~~• .:r~(J)-~m-c'd!>~. m1:E, • .:r~~J:imffi, 1b.~0)~~7J)~::, ~~,

7t.~~, Miltl, ~.tJ:c~::fflv:\6tlLV:\~ .
• .:rif~ffl~}jfJ~::7t~9~ c/J\~• .:rtaHffl(J)~f~'if, ~.imffi~.j!ffl(J)~ffi'if,

~+ GHz *,~(J)m~}aJ?1t(J)~fH, m~i~::fflv:\:Q!J 71 A l' 0/, ~fl?1t'if, x!l* ~

o /tJ:c, *'t~~7J'CGL~7'7/T, 7taO)iltl~, ltilliffl~::7t.T, 7t• .:rmf*'if,
iiftT, ~ftmf*'iftJ:ciO~d!>tJ, M,*tJ:~O)~: X .~~~9:Q X .'ifn~d!>:Q.

(1)~f~if: 7~;t~ffita, TVe~3 /~ftta, ~Il§rJI.~~X1 !Jo?1to)r:p.~

filtJ: c ~::±c G-effl v:\ Gtlt~. = Ii'if, =tiif, EIi'if, }aj?1t~~it'ifiO~d!>tJ, .~~
H~J:~~clvctJ7 A ~d!>:Qn~, *'tl~:mH~~~n~fflv:\ 6tlt~. §tf~T~J:/J\~O)• .:rT
/\1 A c G-C 1950 iFf~*,~J.&< frJffl~tlt~n), ~O)f~ ~ 7 /~A~--, Ie, LSI tJ:c
O)~~~~.:r~:fiI~XGtl, ~1£~~d:M,*tJ:ffl~fA~~::~j:~~clu cftffl ~ tl-ev:\tJ:V:\.

""'-J-~ 4HE~B~i:¥iJ-~-I:l-t""'-(J)""'-J-HIi 1" H -L-EEl~1J ~*-#~ ~~.eP-t~(J)-L-~(2) Z'IS B : J",\if'JJ<Jt!1'IS -\-IJAZ Z'lsr~, v --/" ~, r'Bl/l:Jj1lX D.l\n~lEl, UltJfL ~{JfL rWJ~

iJl~H~*U~HtJ:c~::fflv:\GtlLV:\~. lli1J~d:~+w- ~Ef kW ~:&~~7J)/J\lli1JO)~

O)~d:Gtiv:\ ~::~~~~.:r~::mt~x6tl-Cv:\~.
(3) m~}aJtJtif : GHz - ~+ GHz ~:~~m~}aJtJt~tJJfF9~ • .:rif-c~1:E1t <ftffl ~

tl-Cv~~'t>(J)~d:!J71A ~o/, ~fTtJtif, x!l* l'o/-cd!>:Q. !J71A l'O/~d:m

~}aJtJt.J±~::J::J -C~ C:t~• .:rO)J*~~~)fiJ ~, ~ I) 7 l' ~rt:t' ~Jmi&!~itQ z:. c ~:J:: J-C
~~~~ffi.J~:~x, z:.tl~lli7J~7fPJ~Jm c: -c.1J ~1& tJ lli9. il!~~c'&M~n~d!> tJ, WI
#~J:±c G-Cm~Mffl, f~#~j:~fHffl c G-Cfflv~ Gtl~.

(4) ~~ffl• .:rif : Ai~!Ut~~tJ:~0)~d:7'7'7 /if-cd!>Q. 7'7'7 /if~d:, ••f~~

~• .:r 1::--k c1lt7tJJl(J)fFffl ~:J: t) 7tft~:~~G, ~7J'9 :Q • .:rif-c d!> ~. 7c"(J) ~;I7J)M
~••T, ~.~~M~if, ~~••if, 1lt7t~7J'if~cO)~~ffl• .:rif~d!>~. ~~

D!{.T(J)M,*~c G-C, tJ7 Af&O)filijrm~:J~tt~~fJij.lirt:t'O)•• ~frjffl Gt~7°7X'X
T~ A 7°v---n)d!>~.

(5) 7t.~~~ : 7t.if, 7t• .:rmf*~~d:, 7t.(J)iltl)E~7tf~~(J)••f~~~(J)~~
~:M!ffl9Q. WI#~d:~1:El!!!I~(J)~7t*.:r~::~~;z 6tl-Cv:\:Q7J~, ~~~~d:7t~ffliJ{tl)EH~

M,*tJ:7tfJTH~:A,-tJ::aftffl ~ tl-cv:\~. 7t• .:rmf*if~d:, 7t.'if~::• .:r(J)mf*{'Fffl ~ ~
t:-ttt~ ~(J)-c'd!>Q. iift~~d:7t~ft~ ••f~~~:~it9~ • .:r~-c', 7t.~tlftif e:7t
~.~iift~~:7t~t6tl~. ffl~~d:OOiftimf~~, ~fttaHtJ:c-cd!>:Q. ~W!mf*if~d:=

~• .:rO)mf*fFffl ~:J: J L7t~ft~J: tJ ~Q v~7t~ft~::~~9 :Q • .:rif-c'd!>Q.
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(6)X£fi1f: i\liif.-T£fi~~.~:~-c-cx£fi~~~~itQCT1f-c, x£fie~.c(J)

mlifFffl ~fljffl L,~ ~-f*4?IJ.0)~$~~{J4?IJ.0).~~J1JtT QO)~:ffl~) l3tlQ. I~
m, setU:7}tJTml:*jJlJ~tlQ.

25-9: Yv/~ ~ (4?lJf:!1169)

-~O)~~ L,t~3JlifirJ\JO)!I~Ci1tf~, 3Jlifi~::~i1l~jjrRJ~::-~O) t:: 7 ~-emtd.-Cif~

l: L,t~ t>(7), ~t~~d:~ O)e:t :> ttCi1tf~i1tfTt~~~:, if~l:~n\tlt~:J 1 lit' (~O):J1 lit'
~ 'J l/ J 1 ~:J1 lve~):». 'J V J 1 ~n~~IW~:{f~ttl~i, ~O)~$(1)mJl~d: 0, rJ\J
$O)mil~d:~~:3JlrrC'-flC'~~. P'.;$O)mJlO)*~~ H~d:, :11 )V':mt9Cmt~I,
!}!&{f~t~fJO)~~~~n l:Ttl~t, H=nl-r:47LGtl~. +7}{flt)'}V}1 ~(7)q:tJL\

MiITO)mJl~, iIT~ag~:~ <J)ml:~L, ~).

25-10: =t=-~ - (#.Jf:!2120)

mJlt:pO).iJt;Q~~~t ~ 1J ~fljm L,-CC~I*)};=¥- ~[illfitJ: c(7).f;tI*)It=¥-~:~

~T~~ilC', Cfh.c~~)5. i1liJttlc~iJttln'{~~J, ~)Tt1.~iiJ~agC~.~C'~

~. ~$tJ\t;C1J~{Jt~T~et-~-l:tJ:tJ, ffiIfitIJ1J~~~T~. ~t::'7 ~$t1\G

~fh.~.~agfh1J~4xffiIfi~~~c~C.ctt~, C1J~~~T~. i1liJtt-~

~j:mil~4xQmti NS ~~J~~-T, ••-T:J 1 JIt'e:.iJt-Ti!J\ l3tt-;> -c~)~ffiIfi-T,

.i1tf-Tl:C1J~{Jt~T~t~~(J)J7~iJ\G.~~tlt~ffiIfi.C'~~. mE(l)illbJ1ffiIfi
mil~J<~ ~ etJt-r:~, ffiIfimil(7)ffiIfi1irRJ c:J1 )vO)@lfi1irRJ C~i-JiT~.

25-11:

~i1tfCi1tf~:J:: ':) L"fFlbTQt-~-~, fhfFM{f:!;Q\ G 3 fI~:*jJlJ-c'~~. ~.~11/J\

~G*••O)~O)~-r:.~.<*&G, .iJt-T~~i1liJt.c~~~tt~~~cT~e~
l:m~)Gtl, IJ\••O)~O)~:.<*& L, Llt)~. fPjWJ~~j:*••SJ:U:~JtJfj~fflC'~

~. (l)¥m~~t-~-:±C: G-c*Cffl-c', 3/4 kW ~-r0)t>0)t1~.~). (2) =.m~
~~-~- : IJ\••tJ\l3*••O)~O)~C'fi'b.<M!bn, .~ftij¥, ~~, ftfilfi~~

~~. (3)¥mmlfaf-T.:c-~-: i1l~~~j:~i1ljllijmt-~-~, Jjtmt-~-C~)tJtl

-clt)~. (4) -m.iJt-T=C-~-: CJ±0)*,J.~7+ '7 ~0)31b-c'ftO¥l:@llftjlJ.;Q~-c'~

~. (5)IPJWJ.fhll: =:mO)t)(1)t1~~<, *~.~~ci\li~jj$-C, iI~tJ:7J$-e~fit1~~

~~. (6)~Jtt-~-: -e)It~/.:c-~-{> 1')v?-t-~-tJ:c:6~~~.

25-12: iltlfi (#.Jf:!1145-1146)

A7JC1J~tmi\GLlli1JcT~~O)~tm4rM~C:~):>. A1J ·lli1J.1JtJ~§ff~tt~ ~

'7 / A (J)J:::> tt ~(J)~J:tm4IM~c:~j:~)bttIt). .1£~tm4JMT ~ ~ C ~3=:EJ ag C9Q t>0)~
C1±tmlJtM~, .iJt~tm4lT ~ t>O)~.i1tftmlJtM~c v) 5. *t::.lli7J.7JO)*~~t>(})~C

7J!tJ1JtM~1::~):>. • -Tif{>~~-f*tJ: cO)!tJIJtM*-TO)fhfF~~O)~U:1i~:J:: ~L A Ii, AB
ti, B ti, c titmtll:7}~t~tt~. A7Jffi~n~lEftlt)~tlO)Jjj~t>tmtM~-Tt1~jJ 'Y ~ •

;t7TQ ~ etc! <JltlfFm ~rr5 J:: 51:, ~ I) 7 ~~~-AtJ:~l:1J[).itQ/'{17A.J±
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~, *TO)ttJfF}an~B*tl11J~fli\O)t:pJ~~:~JE~ tt~et 5l:~Iu-rmtM*T~lbfF~it

Q:t>O)~ AlimtMc~)5. 1\17A~~< GLmtM*TiI~jJ'Y" • ~79tt9ttc~
~et '5 ~:lbfF~~~~V:, A1Jffi"ry~~O)IE~t~~j:fto)t,~9tti6\0)¥i1t0)~~tmtMGJ ~

.ttO)~~O)M~~~tM*T~jJ'Y~·~7~~c~~~tMfFffl~~<~~:t>0)~B .
IimlJrMct,~5. ~t::- Alic B1i(1)t:pra'~:lbfFJ~~~Iu~lbfF~1t~:t>O)~ AB li~tM

Ct,)'5. Bliett)~~~:1'17A~~< GL~IfrM*T~jJ~"· ~70)~~I:G-C.f:3~,

A1Jffi"ryt1~lE~t~~d:ftO)6!>~{B~l:~:tJ:~ t::-t:. ~0)~mtM*Tn~lbfF9 ~et 5l: Gt:::t>
O)~ C li~tMc t,) -5. C1J~iJ$~J: A m;Q~~~fIt<, c 1i~4I;6~il~~t,). A li!mtM~

~~d:~~l}9~iJ~*~~)0)~, ABm~ B mm;M-e~d:~~'(}9~~~~<9 ~t~rIJ/'/

~.:L 7o)v@J~t~c~mV~L~~-g.1iX:;Q~fTbtt~. C m!mtM~j:A1Jffi"ry~~O)-$O)~~

;6\!m1JlM L-~ ~)t::..~ ~:i1t~l}9~tJ~~ G<, tl11J@Jml: LC~~§lm~m~ ~t~ t], *t::-~d:

~~i1t1iX:7t~l&fJ tl1 Gt~ tJ 9 Q~~~:m lt~ G.t1~.

mlJlM~O)m4rMll~j:-JE~~j:~ <, ]aji1t~~:J: J L~f~9~. ~n~]aj~~*l11c t,):>.

*lJEO)]aj~~~t:pJL~C:L,t::..~~)]aj~~m=teXO)mryO)~~m4rMG,~tl~~O)]aj~fJ:m=~

-c'~d:mlJrMllt1~~1?9~ :t> 0) ~~*teXmlJlM~c ~) ~), fIt It)]aji1t~n\ 6 ~ ~ )]aji1t~* -rJklt~

]aji1t~*~I:bt::.. ~L -JEO)mlJlMll~ ~ J ~O)~J.tm=~m4rM~C:~):>. m4rMlltJ~-)Ec

~~it~]ajIl~tf!Im~mllJM~O)]aj~~m=~IJIMc: v)lt), -G:~:mR~O)~~tJ~3dB ~I*J

-r6!>~]ajIl~tf!Im~)E.~tt~O)~.~~6!>~. ~~~m~tt~]aji1t~.~~~~7t.

-r~j:, -WPIJ3i1t~fi~O)ffi"ryO)tmlfiMl:m ~)~:t>0) ~fItJ3~m4l~, 7 ~~i1t~J:O)ifljlt\

J3~B:l:m ~\:Q :t>(1)~r9iJ3i1tmtM~, ~1 !7 D~m=l:m It)~:t>(J) ~x1 !7 oitmtMUc
etrJ, ~t1~ttEltal:~Jt~J3~B:~i1~ ~J Llt)~.

J\}VA!tltl~~T l/~~ 3 /~.mllJM~~CO)et:> ~J.t~~!tlM~-e~d:J ifIj~J31l1t

O)m.ll~~~G~~~6!>~. -~~!tlR~~~~~·~~tI~~-)E~,~m9~.

~~~.TW~C(1)mtM*T~~O)ftC~t), ~~~!tltMll~~~~c, ~~ ••••
M-c'~~Q••tM~J:J)]aj~B:.~O)fflryl:~t9~!ltlll~d:M~GL G* '5. ~~ -r:J:
tJitr1i~\J3itB:.~l:~t9o!tltMll~J:~j~t~~I:, !lM@J~O)tl11J@J~ (::I v!7?T-~

m~t~~J:/l/- ~@J~) l:1 /~!7?T/A~~AG-C, !tltllln~M~GM~~J3itB:l:

iITV\J3~B:~tl11J3.cjt~~it~ :. c ~:J:: J L tl11J3fi~.fI G, ~~IfrM~J.t~j~ ~

c;?~fTbtlQ. ~tl~Iflj~••*t~ ~d: t::-;f- /!/ C:: v\? *t~fIt]aj~~::.f:3~t~m.llfIt

r~.5l:~i, !tl.@JmO)ft7iiJUfm~:if[~j~:iI~tJ:MiJE~~:t>-:> RC @Jm~Att, fItral
~ l:.f:3 ~t0 ft7iiJUftJt~~<9 ~. :. tt~fIt~.{IC:: v\ 5 .

25-13:

770 ~iJ(JJffiJ~l::mIt) 6tl~mlJrM~. -G:~::~tJJA1J~ctJ:-:>L~)L, ~,*l::*~

(,.\!ltMll(60-150dB) c~lt)A1J1 /t:::-?T~/:A (IOs-I012Q) ~t>~, fItA1JI"{17:A
Cff,fO)if[ff,f!tltM~-e6!>Q. ~(J)et 5 ~!tlIJli~~m v)-C@U~.PX9~ c, tmtM16O)A1J
1 /' l:::-~/'At)'~+7t1flj<-CA1J.i1.ft1~~m-c:~ 0 ~~c/j\ ~ <, t1\-:>im4rMllt1'{+~~~t

tt~t!mIlI6(/)~mA1JYifiiTo).EE~J: 0 v C~~9~ C:..tJ~-r:~, A1Jffi"ryC1£ Vj ~:J: ~

A7Jflff,f v~ ~j:9~-CMli!!Hfm Rf ~ff,ftl~(})-c', tl11J.J±~d: ,.
Vout =-"L(RjRj)vj

;=1

ctJ: tJ, ~A1J.J±t:MlilttitJi: Rr c:A1JtitJi: ~ O)Jt-c'm~~J~tt~fDo).J±n~lH1J~:
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~'GttQ. ~~~/J\~ <9~t::.~~:~j:m~iHO)m~il3tA ~j:A» RIR j -r:~~~,~iO~~~.

~1£-r:~J: ~ (J)J:::> tJ:lJi.m~iH(J).fi@1~iO~~~rPJl&~tt LV~Q.

25-14:

w:mt.6X:7}~~Iut~{~~~m~i9~m.H. mfra'a9~:~{~9QJ:::> tJ:JaJWJa9tJ:m~~/\

)vAa9tJ:m~~m~i9~tj~~d:, -JN~:{~~O)w:mt.6X:7}~d:/F~,~tJ:tj~iO~~<, m~(J)

~mt.6X:7}(J)J;-~m~i9 Q~mtm.HiO~J:: <mv~ Gtt~. ~tt~:~tGLMta9tJ:m~~{a~

0)w:mt.6X:7}~m~i9~~,~O)~ Qtj~~:~j:w:mtm~MH~mv~ ~. m~jH~tf4.6X:GLV~~
~~f*tJ: cO)m~i~-=fO)~It1~j:t!ll3t~{~~.lJj.J±~{~tJ: c~:J: ~ L~1JJ9~. itImtm
~MH-r:~J: ~tt GO)~IJJ~:J:: J L*~tJ:mn;t 7--e '/ l'~J±O)~lJJiO~~~~ t::.~, ~~O)

@1~-r:~J:~ 0) J: 5 tJ:;t 7-e '/ 1'~lJJiO~tinIJ\~ <tJ:~ J:: 5 @1~tf4.6X:iO~I*:~ ttLV~~.
npn l' '7 /~A~-C pnp l' '7 /YA~-~~!l~~t>it~ ~ c:~:J:JL~m~mfO)mn

.J±n~ 0 ctJ:~ J: 5 ~: GLV)~. ~1£-r:~J: ~O)J: 5 tJ:@1~tf4.6X:~:J:: ~.fi@1~ (IC) iO~

lJi.m~MHIC c GL~~.~~ttLV)~(J)-r:, ~ttG ~mV~Q ~ c~~~~:It!mtm~M

~fT:> ~ ciO~~~~. ~~:i@jml3t(J)w:mtm~i~fT5tj~~d:, ;t7-e,/ 1'~J±:t3J::LF;t7

--e '/ 1'~J±~lJJiO~tin/J\~ v)m~iHiO~~,~-r:~QiO~, ~(J)J:::>tJ:tj~~J:73 '/I\-~m

~MHiO~mv)Gtt~.

25-15:

~ifrff~~0)~~m~i9~m~iH.-~O)~ifrfm~MH-r:~j:An, mn:t3J::LFt5-m~MfjO)

fjra' ~J: l' '7 / A~~ v~ ~d::1 /7/~-~imG-C*5~~ tt-C:t3 ~, ltiifrfa9~: ~J:*5~ ~ tt-c
v~tJ:V~. ~O)t~~{~~O)ltimt.6X:7}~j:m~i@1~~Jm~z:. ciO~-r:~tJ:v~. ltimt*-c'm~M9Q

m~iH-c'~J:mn(J);t7--e '/ 1'~J±(J)/F~iElt17J~~~t~~, ~/J\{~~(J)m~M-c'rJ:r'~~~~

Qtj~n~1bv~. ~ O)J:: 5 tJ:tj~, f~~O)W:ifrf.6X:7}7J~/F~tJ: G~i3tmtm~iH~m V~Q O)n~

fil*Gv~. m~i*-=f-c'~Q 1''7/YA~-~~~~-c'~J:, An (/\\-A~QV~~J:ijl)'Y
~) O)ltimt/\17 A ~J±cmn (:1 v!7 ~-~Qv~~J:7°v-~) (J)ltiifrf/\17 A~ff~J:*

~ <.tJ:J -C:t3 ~, *fJJlJo)I*:tJ: G~:~j:t5-m~MfjO)mn ~lti~~fjO)An ~:~~9Q::'
c ~j:-c'~tJ: v).

25-16: T 3 ':J 1~-~iI$;H (ttm~1323-1324)

ltimt.6X:7}~~ Iutif~~~tI~a9~Q v)~J:~-=fa9~:~~G3ti1rff~~~:~. • m~iG, fPJ
WJ~ifrf G-Cltiifrf.6X:7}~M~ G-Cl& ~ m9h~O)m~MH~ v) 5. w:mt.6X:7}*-c'm~M9QJ::
5 tJ:m~MH~::t3v)-C~J:m~i*-=ftJ: c O)~Jt17J~t!ll3t~~lJj.fftJ: cO)~{~~:J:: J L~1JJ9

Q~~, ;t7t'Y~~J±9~t>~mnO)£~~ff~.1JJ9Q. ::.tt~;t7-e'Y~~07

l' C::J::v5~. ~~:m~iHO)An$7}-r:~~Gt~;t7t'Y~ ~ I) 7 1'~J:, m~iHO)frj~'f!~:

m~M~ tt-cmn ~:~ttQO)-c'~WiO~*~v~. Gt~7J~J -C~/J\tJ:ltimtm~~m~i9~tj~

~::~j:, ::'O)J:::> tJ:;t7t '/ l' ~ I) 7 l' ~~~~ti~t/J\~<GtJ:~ttt~ttJ: GtJ:v). ::.O)J::
'5 t~ § B"J~:~d:7 3 ~ J\-~m~i~n~J:: <fflv) Gtt~. z: (J)m~i~~~J:, Anf~~~-iE

JajWJ-r:~~G -cm~MH~:AQ frJ~:3ti1rtf~~~::~. G-C G*:>. v)J t~lu3tifrff~~~:~.
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Gt~A1Jmi%~~mtm~MHl:'m~MGt~~~,fPJmmmt@]~l:'mmtGL7CO)mi%~:1lDJTo.
:: O)J:: 5 tJ:15Jtl:'~d:m~MHl:'~d:iRmtPX:7}O)mtJrM~f1 '5 ~'~iO~tJ: v~t~~, mtJrMH~:J:: o~

7~ '/ ~ ~ ') 7 ~ O)~~iO~tJ: <, ~ ') 7 ~ O)~~l1i~d:mtJrM Gt~~~l:'O)1lIDIJ@]~O)~l:' d!>
oo)l:'~.~d:/J\~ <, ~F*~:~}El3lO)ifljv~mtJrMHiO~~~l:'~o. 73 '/1\-~mtJrMHO)

1ff~~M~d:73 '/ 1\-JajtJt~O)~1/2 tJ:O)l:', J:: tJ ~v~1ff~~M~~'~cT 0 C~~d:ifljv~jI

I*fiJajtJtf{~ ~-:J~mtmtJrMH~~~J~:~*!fT o.
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Lesson 26: Signals and Signal Processing I
(fundamentals)

* tJ 7 each, every
~O)-~O) each, either, every, respectively

~J~ tJ7T/'
~OO~m ~39~/'tJ7~3

each/every point
allover the surface

~ tJ 7 comparison
tt~

tt~fJ9ftlj!IttJ:
~tJ7

~tJ 7T=t-tJ /'~ /'tJ:
comparison
comparatively simple

~ tJ /' converting, exchanging, replacing
;0)(;Z Q) to convert, to exchange, to replace {vt}; i'J)(b Q ) to be replaced {vi}

R~Jt1 :itJ /--t1 compatibility
~~ ~ /' tJ /' conversion, transformation

;;R Jr 'Y decision, vote
~(~Q ) to be decided, to be settled {vi}; ~(~Q ) to decide, to resolve {vt}

:tm~JE 1 ~Jr 'Y 71 decision making
rl:f'lmm~ .:c /' ,y1 tJ 1 Jr 'Y problem solving

~ Jr /' investigation
~IDE

~lli

=w "!J investigation
JE~

~~

Jr/~39

Jr/'~:::L'Y

verification
detection

scanning
inquiry, search, probe

K -If'Y miscellaneous; '.19 miscellaneous
~tf -If~~/

~~tJ: 7 7-1f~t~
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noise
complicated, complex



fdJ :;!J axis, axle, pivot, shaft, spindle, stalk, stem

~tl. ~1::3'7~!J

~.~~. ~'7y!JT/Y'7~/

& ~ .:I. class, kind, seed, species

t::...td. kind, quality, seed, species
ftilJ ~ .:L .I'( 'Y
~fj ~/~::L

ffi ~ :,.; confidence, faith, fidelity, reliance, trust
~.m~ t1~3~/~9

imm 'Y'7~"/

@
ll1t 'J '7 brushing, gathering up, sweeping

~J:(<)to brush, to gather up, to sweep

~51~ra' 'J '7-1 /~tJ /
~}g~5f TI"/'J '7-1 /

coordinate axis

coaxial transmission line

distinction, classification
variety

control signal
communication

sweep time
delayed sweep

compression ratio
proportion, ratio

ill T delay, tardiness
.t3 <(IS9) to defer, to delay {vt}; .t3 <(tlQ) to be delayed, to be late {vi};
.t3~«(,~) late, slow

~}g~* T I / ::I r) tJ retardation effect
~}gmjra' T I / :;tJ / delay/retardation time

:iZ.
JI!! ~ '7 expert, passing .

i))J::(5) to attend (school), to commute, to frequent (a place);
e:.t3(9) to let someone/something pass, to look through (a book), to pass (a law) {vt};
e:.t3(~) to be admissible, to pass (an exam), to pass through, to reach, to walk along {vt, vi}

iifimJe 'Y '7~ / 7~ / message
-Vim (J) 7 'Y '7 (J) ordinary, usual, common

tt l:: comparison, ratio
<~(~~) to balance, to compare, to contrast

ffCtt 7'Y~.:1.7t:

Jt~J l:: V1

D )v-1-class, description, kind, variety

mit ~ .:LJ!t-1
.~ J!t-1:;
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26-1:

Reading Selections

1a~ (~JJl978)

~JJl*0)tJ\1I~:OO9GM~~e)$9Gil. *f~:, ~ra'~~9tv:~~c L" t~~JJlaO)fL«O)
~ft~7J'9iJt~;Q~{§f}c L,,-etibtlG:' C7J~~v~. f§f}~J:~O)iJt~~:~c:-e, lE~iJtf§

f}, ~iMJiJt{§f}, !\J!tAffif}, JSJWJffif}, /f'mj{Uffif}tJ:c~:Jtm~tl~. ~t~~O){~f},

~J:t~:~'J -e7j-D !lffif}~T-1 ~~ J};f~f}~:Jt~t Gtl~. ffif}~J:, ±~:, iiffi~~iltl,

$I1.tJ: cO) ~ ~-c'M!m ~ tlG7J~, ~(J) ~ ~~:J:: 6 ~~:flB~~~:ffif}~l& lJ ti '5 O);Q~f~f}

JJlfnB-c'd!>G. ffif}JJlfnB~d:, ffif}O)A~7 1'J};mfJT, -if/7 1) /!I~JJl, .1lr:p~:s~tQ

f§f}O)*illi, iJt~O)1l7C, .:riltl, tfitJtJJlfnB, f§f}O)~f}ft, {§f}(J)m.JJlfnBtJ: c O)at'T
-~~~Iv-r:v~Q.

26-2:

.mtJtO){~f}~z~C: ~, ~O);'GiliffliJ~,gb~JmJJt (;'Gt4MJm~) ~d:~W~::~~f*-c'~~

r:pO)7tJmJJt~:~ Gv). GiJ) GiJt~~:J: 'J -cJm~(J)~:>~W (Jtm(J)d!>~~w)-r:~d:imfT

~:JtlLf~f}O)iJt~7J~<~tl~ tc.&), iltl~IJJ"~tJ:~~M~ ~ J$Jt~d:;'Gt4fflJ:: lJ ~j}!tl-eim

u. :. O)Jl~ ~f§f}JlllCv):>. ~WO)~l&*7J) G"tltc.~Jh~O)~~-r:~d:ffif}Jlll~d:

$Jlll~:~~ CIvc~ L" v~. JtmO)d!>~~.-r:, d!> ~ijlra~iJ) GiE~iJt~z fJ mL"tc. C9~
c, ~O)~.~;'Gt4fflJlll-r:im~, j}!tlT~~~~L,,~tJt~Mf}Jlll-c'~)$9Q.:.O)iJt
~7- 1) XJtm9tl~tf~f}~z lJ m9~fJfjO)~~~d:B:v) ~:7t~~:fTl~9 J:::> tJ:~JtiJto)

mtJ.fJbi±-r:~~ tl, ~ra~7J~tc.Jc~JtiJt7J~~tl~tlO)Jlll-r:imtc.&)~:, iE~iJtc:~~

~ .tJ:~ tJt7J~~~ ~£$JlJJt-r:,gfl9Q z:. C ~: tJ: Q.

26-3:

1ffffl9~f~f}O)*~ ~ C, f~f}~:imA 9 ~.1l0)*~ ~ O)tt~f~f}~t.1ltt~tc.~d:

SN tt C: v) v~, tfim~d:T ~~)v (dB) -r:~9. .1l c GL~d:{~f},gz*pqO)m~M*T~ft!!

O)@IIm$~7J) Gj£1:9~ ~(J), *~.1ltJ:cO)J:: '5 ~: § ~j£1:l3"JtJ: ~ 0), AI~tJ:j£1:

J*~ ~:£,.:)'<~O)tJ: C7J~9.AtL~~tl~. {~f}~t.1ltt7J~*~ v)~~ c.1l~d:/J\ ~ v):' C:
~~~9Q .•1l0)*~~~ cO)J:::> ~:#c~~7J)~d:, .1l~f~f}O)Jti.tJ:c~:J: 'JL~

7L1J~.tJ:'J L <QO)-r:-~~~:#c~ GtltJ: V)7J~, ~.1ltJ: cO)J:: '5 tJ:fI3mJ JtiO)tJ: v~/f'

mJlIj.1lO)~fJ~d:, .1l.J±~tc.~d:.imO)=*SJlJt3m~ ~'J -C.1lO)*~~ C:9 ~O)iJ~

tfii-r: d!> .Q •

26-4:

iE~iJtO).~f~f}~j£1:9Giltl~~. f~f}O)~~i~}ajtJt~~i!I!~I3"J~:~7LGtlG J:: :>
~=tJ:J-Cv~~iJ~, ~6~=tJN~M~afuJ, ,JajtJt~~affij, {}[f§~~~iJ)~t6tl~~(J)~~V). m
Jt&db(J),JajtJt~~Im~J: 10 kHz <"6 v)n) 6 10 GHz fi~~-r:O)ra'~:~fi~~~d!>~.~*j
~{~f!O)~m~~~~:M!vtlG::ciJ~~v)tJ~, ~fiO)@IIm~{~f},gzImO)}ajtJt~*Jtio)
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ifttl)El:n\¥lJf£¥lJ~~O)7t7t~.tJ:cl: ~*~1fmC'~~4 m~~:J::J L~*~d:.tJ:~n~,

FaJi1t~t(~1l~i1tm(}9~tJ~1ttllt)=C, ~t~Jtlt\m 11 v«)~$Btm-rftt.if-r·~~ ~ c
~ciO~m~~~o.

26-5:

~Iv 6 n\(l)¥lJ~.l:it.Lt G-em: c;ht~ft!!(J)~~.~ 7j- 0 ~.l: It){.,), ~.tliQ~Mira'(f(J

l:~f~9Qt:~, ~O)Mi*~Jm~~7j-Difm~t:{.,\5.t~c;t~i, ~t~ttilllMC',

iNAll ~MntIJ9 QjJj-g-, ~ ~iAlLl*i!tm~-r'd:, iNA~I:!tf9iJ Gt:..J±i6~m: t;tl~. G:6\ L,
~~=~j:, r7j-D~J LVi:J-g~~d: rT1~~)LtJ '=~t!tl·-rM!tJtl, i!l!~(f(J~~~~

-:J.~Yj-o~m, ~tJ~i!l!~(f(J~::~ft9 Qffl~~ yj- 0 ~ffl~ t:f*9~ z:. c:n~~{.,).
7j-D~ffl~~T.{ ~~ )ltrffl~':~lt9~~c~yj-D~· T.{:;~ )Lt~lt(A-D~

It), ~O)~~fT'?::C:~T.{ Y~.J~· 7TD~~lt(D-A~lt) C:~\5. *t:.., t::.cftL
~i, C~ffl~~::~tG, HIm~~., 1:/-Y7~/A, tmrfJM~tJ:cO)~~(f(J*-r(7j-D

~*-r) ~m~)L~I£Gt.:m~~~@I~~=et t) 7.{ )v~ I) /~tJ:CO)~~c.fT'5~ C:~,

yj-O ?~ffi~~~c:~\ '5.

26-6:

7j-D?~ffl~0)i1tm~mtJ:b9':I~~~::ON-OFF-C~QA1 ~T~~)5. M!m~.tl

Ltt)o~~(f(JtJ:~~t**-r'::~d:~~1;t-~, i' '7 /'~A ~-, FEi (Cw.~jj* i' '7 /~
.A~-)i1~~~. ~O)ft!!, I) - ~ I) V-~*.tll~') v-tJ:C7J~MMJl6l:~< flJm~tl

L~\t::.:b~, imllcffl.f£O)I~:6\ ~~<iO~~ijjt*A1 ~ T~:~~;Q\;t E>ttT.tt\.Q. PET
~1 ON gmi1~J'<+Q, OFF HImiO~ 1010 Q Wll-e ON-OFF 0)!tt1~~~1;t- ~~ "7" /:/
:A57-J:: tl ~J\:~<, fi~ yj-D ?~A1 ~Tl:iI Gt,::*-rC'~.Q. Ie ft~ ttT.tt\o 7
j-D!f:A1 ~T~1198%.~l:t1~PET -C~~. ~·1;t-~~J:~FaJi1t~f£0).ttt~:A1'Y

T*~~~~~~, -Y1;t-~~~~~~~~im~=~-~-~@I~~GT.~m~ttT

~)~. ~ '7 /~A~-~~~1;t- ~ cfJlJ c: <~FaJi1t~f£(7)flttt~A1 'YT*-rC'~ot1i,

«-A.imi?~ffl~l:~.T~t~~~~~~C:~9v).

26-7:

yj-o?. (i!l!~.) ~l& fJ t& 5 @I~-r, A1J <tttl1JO)OOf*n~@.~tJ:~m@]~c,
~~f1IO)!t~Jgu~I:~~~~.~@I~n~~~. tm;M~, ~t1R~, ~JJ@I~, i1t~~~, :I

/I,v-~-, fflb7 -{ )"'~-, .7t@]~, M7t@l~tJ:cffi~(})f1I.~EJ~~:J: t) ~)0

~)0~ffiJ~n~3;~. l&t)t&'5ffi~t>illim, ~mt, «tFaJ~, ~FaJi1t, x1~Di1t~:t>t:..fJ,

~tt~tt(J)161i1t~t!Xl:J::f'J @]~*-r, ~1£1J~;?'\fi~:Q. i!l!~.~lN Ot&5 yj-o ?~@

M~:~t G-cM1ft(f(JtJ:M~t& '5 @IM~T -{ ~~)It@I~ CIt' '5 ·

26-8:

~~~i!l!~(f(JtJ:~~fi(im~~J:.J±) l=~t~~it, ~it (~~:~7ttiWit) t1'\~mT~

~~ra'O)m1f*C: ~O)~J}lfiJ: (J)~~m~~: ~~;t lm-JJ~~fTTQ -flO)~ ~ .:L l/-
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?' --. 7 ~ ~?' )LtM~tliO~£*EJ9~:i1!~U~~ll~ ~lT:> (J) ~:~t G, 77-0~M~tI~~d:
jG~IJ.1J~]fL~Jll~IO~£*~tJ:Q. im1it0)77-0 ~~~It~:~d:.~ll~~ (1JD~, m5t,
~T/~ 3 ~-?'-tJ:C) C~F.~ll~~ (*~~, :J /!'\-V--?'-tJ:C) 1O~Jf.Jjt~tl

-C:t3 fJ, :.tlG (J)ra,~••~~m9Q:' C ~:J:: fJ ll~IO~r-rbtlQ. Gt~IO~J L, 47i- G
tlt~r~'Jm7J\ G~fj(J)fPi~~ra'O)~m~f*)EG, !'\ ~7~- ~J:~~(J)~2.~lT:>:. CtJ~,

77-D~M~tI(J)7D~7~/~~~Q.

77-0 ~M~tI(J)!t?f1l~7~ ~?')v~~tlC~ttt9~ c~o)J::5 ~~tJ:~. (1) ll.~
O)tltm~d:, ~O)~J.lEJ9tJ:'~.~:etJLf**~t~~, 1JD.~, m5t~, *~~O)J:::>~:tI

fmtJ~fi!!l)E1~~tlQ. (2) r~'Jm(J)fWfJTtJ~~J.I~~~:!1.7i-Gtl~t~~, .~EJ9tJ:il5t/]m

Jt(J)fWfJT~:~d:.tlQtJ~, IfLJf.J'~~:~d:ZGv). (3) ~J.I~~~ Jf.J v)LV)~ t~&), r~'JmO)~

J.lEJ9tJ:tEti, fW'RtJ~~~~tJ:Q. *t~, fWfJT~t~O)~f*O)~T~::>7J\U~ ~ ~~~~~

Q. (4) ]fL~Jll.tJ~1TbtlG t~~?l~lO~tt~EJ9Jlv). (5) ~J.lIt~t&:>t~&)mJ3t~:~H~tJ~
~ fJ, rtliJ< 4 ~tt~(J)mJ3tG7J\~t~it~:. CIO~~~tJ:v).

26-9: T ~ ~9)v1!~ (~J.l1340-1341)

~~O)~U~:J::JL*~~tlt~{~i%. 77-07"{ai%~iI~tJ:~ra,ra'~~~/71) /~G,

77-0~ • 7~~?')v~.~ (A-D ~.~) ~.T{~GL, ~~0)~1j~:~.9G. 77
D7"fai%0)~::>m¥li~~b9~:7~~?')Vf~i%~9Gt~~~~~d:, ~/7°1) /~ra'~~T
= (1/2)fmax ~-r~:9 ~~\~iJ~~~. :::: -c: fmax ~d:77- 0 ~f~i%O) ~ Jji*}ajtJ!~JJX5t-c:

~~.

~*, f§i%(J) 7 ~ JLt?' I) /~tJ:cO)~J.I~d:77-D~f~JJ~fI~:J::fJfTbtlLV)t~. G
10\ G, ilIiF, 77-0 ~f~i%~7~ :)?')Ltf~i%~:~.GL7~ ~?'JVBtJJIt~~Jf.J0)7~
:;?'}vllJJ~fI~Jf.J v)L~J.I ~1T '5 7 ~ ~?' )Vf~i%~J.liJ~~.~:fIJJf.J ~ tlG J:: 5 ~:tJ: J

t~. 7 ~ ~?' )vf~i%~J.lO)=Fi~c GL~d:, ~Jl7-1) I~. (FFf) ~7~ ~?'JLt7 ~ )v
?'-tJ:C7J!~m{~~tlLV)~. -/], im{~*~::t3V)L~, SN ttO)~J:~lti¥liItO)J.±m

tJ:C~ EI ~"GL, 77-0 ~f~i%~7~ ~?'Jvf~i%~:~.GL~Z9G7~ :;?' JvJmf~iJ\
frJ Jf.J ~ tlLV) G.

26-10:

A'1 '/ TO) ON c. OFF ~:~tJit' G-CmJ±O)?ili, flt, mrfrto)~, ~ c. vl:> ~d: J ~ l'J Gt~

~~~JJJf'F9G~T~Jf.JVlL.JJXGt~(EJImO)::'C. 7~ ~?')v(EJIm~~d:ON, OFF ~ 1
C 0 ~:~tJit'~it=i1t$~:£~<(EJImf.~~frjJf.J GL, J:: fJ fl~tJ:~J.I(EJIm~f.JJX GLV)
<. =)fg$0) 1 ~tt~~J\'17-1) -T~ ~'Y ~ ~v)vl, T~:)?' )vltO)£*ctJ:G C:'/ ~

~d:Z: ::iJ\ G~*ttt~~o)-C:~Q. (EJIm~T~:~d:, mT~, ~ '7 /:)A?'-, 7''1;t- p,
1)1/-, J\'7J.. ~O/, S~:17, :;3t7'J/~TtJ:CiJ\~Q. T~:;?')v(EJIm-c:1i

~¥*~tJ:~~J.I(EJIm~d:~f!m (AND), ~f!fa (OR), ~)E~J.I (NOT) (J) 3 fjJi~~G.
:: 0) 3 fj~O)~J.I(EJImiJ~tJi~'@IJ -C, J:: fJ fl~tJ:~J.I(EJIm~J <~, r'EilJ3ttJ:7~ ~?' )v
~~~A~b~~~~0)(EJIm~~ftB9Q. 70'/770'/7, ~~~~-, ~:;A

?,-, 7:1-7'-, I/:J-7'-, ~)vT7°V7~---, ~:r: 1) -~ V)Jt~(EJIm~9~L

£*~tJ:Q 3 fj~O)~J.I(EJImn)GffljJJX~tlQ.
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26-11:

*~O)it!i1rf.ff~A-D ~~B~~J:: J) T ~ ~~)V.~~~.G, ~*~~7J'g-~.ffM.

m~O).ffM~~tt~Lm~~~J::~~~iO~tJ:<M~iO~iGi <, iJttliEM*~71) /~-tJ:C~~

~2. Gt::. fJ, MJJfI~9l1J11!g- Q (J) ~~ fJ!f(J~ li> Q. 15~c GL, tt~~(~~tt~~, ~

~tt~~) CM~~ (7 /7~, fl7t~) tJ:cn~li>Q. fl7t~~J:, iJttliE~rl3'n~~~£v~n~,

fJ7t~~J::J-CiJttliE.ff(J).-tr~1JZ~{tG,*t~fl7t~rl3~~~i1rf.j1jO)1 ~-1 ~)v~~g-Q

~ c~:J:: t] ~i1rf.j1j0)~.~~~t~ ~ cn~~i!~. fl7t~~~~, T;I. 7 )VA D~7~,
flff • }ajtJt~~.~, /,)vA~I~~~tJ:cn~li>~. :AiiliO)T~ ~~)V.ffM~d:, iJttliEft!
Imn~ElJJJa9~~WJ t] tr\b~ ~O)n~~v~. *t~ffl~AfJ@J~~~;tL, gtfLfii~~i1rfO)flff,

fli1rftJ:c~iJttliEg-QT~~~)v.~iJttliEn~~i!~.

26-12:

.i1rf, .fftJ:c(J)77D!I.~T~ ~~)v.~:~~g-~ ~ c~77D!I· T~ ~~)v

~. (A-D ~~) c v~ :>. A-D ~~B~: ~d:fI~a9 tJ: ~ 0) c fIra9 tJ: ~ (J) iO~ li>~ . 001!f~: ~d:

~~ 71'I/::I-~-tJ:cO)fI~a9@J~tLfiI~~fii{t9~ ~O)tJ:cn~li> t], .r~(J)15

~c G-C~d:fl7t~, M~~li>Qv~~d:~~tt~~, Ml~lJtt~~A-D::I //,-~-tJ:cn~
li>~. =mfl7t~ A-D ~~~J:MJjtn~iWiv~(J)-c', T ~ :;~ )v.ff~t~~M!bn:Q ~ cn~~

v~. Ml~lJtt~~ ~d:~ ~ iWiJm-c', 1::T;t{~ ~tJ: cO) A-D ~.~::M!ffl ~n, * t~~~tt~

~~d:JmJjt, MJjt, 1iffim~::Sv~-C/\7 /AiO~cnt~~.15~-c', m1£~~~< M!ffl~n-c

V~:Q.

26-13:

T,{:;~)vii-r*m~n-cv~.Qii~77D!lii~::~~g-:Q::c (D-A ~~) ~v~:>.

D-A ~.B~d::: O)flfj~ ~ ~ J ~r-C, ~<0) ffl~~ ~~A-D ~~BO)JL\JJi$ C~ tJ:.Q.
::I /' t:;I.-~-~:J:::Q77 0 !lffl~O)tlifJ, q:.~ 7/ (7~- *t~~d:!l7 7 ,{ 'Y (7 T ~ A 7°
l/-~~, iEliffVl{, T~:;~ )v$tl~~~tJ:c~:~ffl~n:Q. J*J1I!~d:t~c;t~iiE.ifrtVl{

~T~:';~ )VAJJ{~~-c'WJ~X -C, tliJJ~~~J:::O)liimO)fo, *t~~d:~tl~~~G-CliJ±

c G-ctliJJg-:Q.

26-14:

7-1(7D*/~-tr~ffl~~_tliG-cliffm~~ft~G~t],~.M~~JjtM~_tliG

L~.fJ~ft~g-.QJ::5 ~:, DCJO)~mf:l.~fmfl~O)~f:I.~:si!;O);tQIIJi!~g-Q

~r~~~~~ffJ\G-cv~:>. ~.Bc ~ v):>. _tli ~ n.Q~J1I!.cG-C~d:~{ft, £~,

)±JJ, ifrtii, @J~~, }ajH~, tLm, ~Jjt, ~ii, ~., .M~., m-trH, ~7tO)R

~!:ttJ: c~flm~:bt~Q. -15::n GO)ii~~~~~:~d:li~~tJ:ii (liim, liJ±li>G v~

~d:.~~., -1 /~(7~/A, .~gtfL) ~:~~9.g'bO);O~~'b~<fflv)Gn-CsO,

~v~:ft,*-r.:cn G~t~GLV).g . .:cO)J1I!E8~d:li~ii~:~t GL~d:m~M, }ajH~~~.:cO)fm

O)~~~li~@J.O)~.~~ffl~~Go)~, ~~, E~, ••, S~~EO)~~~~.
~=1"11JD-r~ Q;O) G~ li> Q. l' 7/ / A T::L -~-~d:, ~J1I!~O)J*J1I!~m~7J~iRf~~ffl ~ tl
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QJ~~"g;R~v) ~0)7: d!>~ ~jt~:, ~1ti~liJf~~I~~iJ{tl ~:~ v) -Cn:vtl~iJ{tl)E7:q:rJL\
~t~~~WJJ~~d:t~ GlV)Q.

26-15: 7 ~ )v9- (#.JJ.m1787)

!M=)EO) )aJtJt~fBrm~: d!>~ )aJtJt~O)f~ ~0)Jj- ~jii&l G, ~tl~~O) )aJtJtfAO)ffl~~Ma

~~lG*5=~TM§~. )aJtJt~h~~O)f~~~Ma~~, ~tl~~O))aJtJt~O)ffl

~~d:jii&l~~Q{tt~jii&l7 ~ )v?7-, )aJtJtfAfL ~~O)f~~~Ma~~, ~tl~~O))aJ

tJtfAO)ffl~~jii&l ~ itQi&i~jii&l7 ~ )v?7 --, )aJtJtfAfL tJ~ G)aJtJt~fH O)fBrm~: d!> Q{~
~~d:jii&l~it, ~tl~~0))aJtJtfAO)ffl~~Ma~it~m~lmi&l7 ~ )v?7-, )aJtJt~fBrm

fL-fH ~:d!>,'Qffl~~d:Ma~it, ~tl~~0))aJtJtfAO)ffl~~lmi&l~it~fff~~1l.I.l:7 ~ )v?7
;¢~d!>,'Q. gtit, :J /T/-tr-, ::1-1 )vt~cO)~JJJ*TO)Jj--r:fM~~tlt~~JJJ7 ~ )v?7-
~:~tG-Cfj~JJJ*T(m~i*T)~~U7~)v?7-~fi~JJJ7~)v?7-~v)5. *t~fI~~

'h~f(JmGt~~:JJ=:JJ )v7.{ )v?7-, --e7 ~ 'Y 7 7 ~ )v?7-~d!>~. tJt~ffl~~T~ ~

?7 )V~J.m9 ~:: ~ ~:et t] 7 ~ )v?7-{tFm ~~~9,'Q ~O)~T~ :J?7 )v7 ~ )v?7-~v) 5.

26-16:

f~~~J.m~:mv)GtlQ 7.{ )v?7-O) 5 ~, f~~~~O)* *7:J-D !1§~~:J::J -C7 ~
)v?7 1J /!19~~0)~v)5. -1 /~7?7 /A~~~/\~?7 /A~.~*T~9~ LC 7.{
)v?7-, m~M~cgtit~:J::~ 7 7 T.{ 7'7 .{ }1;?7-, 7J<mr~'hT~:J:: Q7J<mr 7 ~ }1;?7-
t~ctJ~'&JQ. -~~:, 7.{ )1;?7-~d:7:J-o!17.{)1;~-CT.{~~}1;7.{)1;~--~::*ZIJ

~ tlQ. 7:J-0!17.{ )1;~--c'~d:, T.{ V?7 )1;7 .{ )1;?7-~:'&J t] tJ!~ t~~*{l:~:{':>~
~, l~)fO)n&)~~, i&iv))aJtJt~~7}~~ -:J{~~O)tJkv)~:<~ 7J!tJ: v)7J)V t] ~:, !M='t1O)
*lmf~{(j~~mo)U9tJ) G~ tJ: cO)J(J~tJ!'&JQ. 7 ~ )1;?7-O))aJtJtfA!M='t1 c G-C, Ma

.!M='t1~f}[f§!M=It1tJ~mv) GtlQ.

26-17 :

tJt~f~~~T .{:/?7 )1;~fJI!9Q ~ c ~:et '"? LJm~O) 7 .{ )1;?7~~19!m Gt~O) c (PJ3~:

~)E0))aJtJt~~7}~1~Q ~O). Jm~0)7:J-D !10)7.{ )1;?7-~:!:t~Lr0iMJ3t, {tt~tf-c

'&J t], fJI!~~~:PJfj~t~!M='t1t~Gc IvtJ:!M=It1-C ~~~-c'~ Q c v) 5~M~~ J LV~Q. f~

~~E~G-C~G~J.m9~~&)ffl~~~~(PJmf~fJI!~-c'~9~~~.~~~~-r:d!>~c

v~5 J(J~~d!>G. ~J!7--1J I~~~mV)L)aJ~~~~-c'?~)f9~ eO)c, A1J~~~

-)EO)mfra~ra~~-c'*HI7}G, A1J~O)*~~ ~:!:t{?iJ9 QJ,)1;AO)*~1j C G-C, ~tl G0)

7.{ )1;~-O)-1/J\)1;A~~CO)t~t~~~~~t)f-c',lli1JtJt~~*~~mfra'~~-r:O)~

J.m c 7J! '&J Q.

26-18:

mfra'~~:~{~9Qf~~tJt~~:17r) /~Ufi~~=.J~O)'ltlFJl'tJt~C: G-CllilJ-r:~ ~ifJ)E

~-c, ~fjO)~~O)ilJ)E~~~@]~O)liJf~~:/FPJJ(O)~O)-e'&JQ. A1JfB~n!< Q*-e
.J~~d:~tl9{§~~:(PJWlG-C~0)~517J~Mt*Q ~ O)~d:~ /7 DA :J--7°C e J::~itlQ.
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JtifJ~ ~J: 7~7 r) /~O)ltifmrtilJ:.f:) J::(tx V ~ l' 0 =~A@I§O)itliim{t, *~~fljffl ~~ J:: ,Q
{~ ,Ji~rtilJ: c C ~ ~~~~G, 1 GHz O)lMJiJlm~~mrmll?JtUPlfm c t~ J -C v:\:Q. 1 GHz ~
J:O)itliimm~~~~J:~/71) /!/lt~ffl v:\,Q. *ZIJ G-CIOOitiJ:O)tJttf3n~~~~ tl,Q~fl~

c~~~fJ~n~d!> tJ, 1i#7J~1b <M!ffl ~ tl-Cv:\,Q. tJttf3O)~7J'1Jlt~~J:: tJ, {~~~~O)*
*?JtU)ET,Q 1) 7 }~~1 bltc~im~. tJ~GtJttf3O)-$~~rl:f,~-rG G-C~~ c~/7

1) /!/ G-CfltimO)tJttf3~~~~T ,Q~ /71) / !/ltn~d!>:Q. ~mr$dIO) }ajtJtlc~,tin~~*Er9

t~Jtifl~~~69:Q. ~mr$dImrfJMu-eA7Jm~~m~MG-C, -)E~rl:f' (-0.1 JlS) ~g~tt-c
J7r) /~O).rtJfn\Gmt~.rt:-b~1irtilT:Q.fPJ~~~, m~O)-$~Jt~G-C~

ra~$dJ1M5I@1§0)l' 1) jJ-@l§~~Q. ~0)J:::> ~~ G-c.}~(O)~I«$dI1irtiln~~J:t;*,QJ:: t]

9G~~~ra~$dI0)1M5In~rm~~tlQ o)-r!, 7 /~b ~~~~m~~~~O)rm~lWn\ GO)m~tJt

tf3iO~Il?JtIj-c'i! ~. *t~~ra~$dI1M51 ~H::liO)~rl:f't~~~t~g (~g1M51) ~ it:Q ~ C ~-r!i!

Q. ~tl~~J:: tJtJttf3O)H:AiO)$7t~~*G-CIl?Jtq-r!i!Q. -&:~: 2~O)m~~fPJ~~:1l
?JtIjPlt~~:tJ:J -C.f:) tJ, ~rf3~$dI1M51 ~C ~:A7Jm~~-Ij}]~x~1Jltc, 1 ~0)1M51~rl:f~0)

rl:f~-e 2 tJttf3~~im~:~li~:~ /7° 1) /!/G -C~7J'T,Q1JlttJ~d!>JJ, ~t~ct~~~~O)im

~~:J:: ':J -CM!v)b ~tQ. ~ 0) J:: :> tJ:-Ij}]~x1Jlt-c'tJ: <, .rjJfn~ 2~ d!> tJ, %~~~fPJ~

~2m~~Il~-c'i!~2t:-AO)J7r)/~~M!fflGk~0)~d!>:Q. *k2m~~~tl

ttl~I«$dJc~rf3'$dJ~:Atl, m1fO)f}[f~OOf*~~:Q:: c ~-c'i!:Q. ~~DA:J-7(J)lti

fI~~d:±~~Il?JtUPlfI~tJ:f~ ~O)}ajtJtlc1ff~-c'~)E~ tlQ tJ~, ~~(J)1>tJ:v:\m~tJ~I«mDH-rJ!
GtlQ 10\*t~~d:~~~.-c'i! Q7J\~d:J7 r) /,~O)Jtiff~, ±~~1JDim.l£cm7t~(J)ltiff~~:

J:::QO)(!, ::ttG 'bm~(!~Q. ~flO)M!ffl~~:~~~it:Qt~~~iR$dIc~ra~$dJO)@I§

tJ~7°7!/1 /'1Jlto) 'b 0) 'b ~:Q.

26-19:

~ /'7° I) /'!/~~D;A :J -7° C: T ~ :;~}v~IcUC: ~tJl~~bitL, tlttf3O)Il?JtrJ c fPJ
~~~, f~~O)}ajWJ, 11:J: t) ~ra~, tJN~itJ: c ~MJ3tJ:: <T ~ :;~ )v~~-c'iJt~ ctl~~~

D;A:J-7°. A7Jtlttf3~d:~/7°1)/!/@I~-c', tlttf3O)-$~fEtIm~tl, .t)~GO)Jl!v)

fEl1~tJttf3cGLJ7r) /'1f~:A7J~tl~. 1M5rfflO)~~tltc:, 1*J.00iRifrt~~.1£~~

/70)v~tlt~f~~tJt~rt~§J~-c'rt«,7JIJJ)E~tltc.*E*~~~T~.?1 ~ D7°D~'Y

~-~I*J.G, ?Jt1j)E*E*~~$~:iJt~mGt~ ~, illj)E~#~~$7J\GfffrJ{MJT~:: ctJ~-e

i!Q ~O)~d!>~.

26-20: A~? i'7A777~~-(~~1043)

A7J{~~~JaJtltlcJJX:7t~:7tmG, ~JJX:7t0)5iJ3t ~£{~T Q~.. ~flll*J~: ~d:JaJtJtlc

fL (J)~$jftJNU~ ~ ':J -C.f:) t), A7Jf§~~d:fL~:JlJJJGt~ 7 ~ )v~-~:J:: J -C f <fL O)JaJ
tJtlcJJX:7t GtJ\JmlMJ-c'i!tJ: v)J:: 5 ~=tJ: ':J -ev) Q. rm~U~JmT c, f§~O):>!>f 0)JJX:7t~d:

fL±f O)JaJtJtlc~=~~ tlQ tJ~, JaJtJtf(hF «fJ 0) *b ~ ~:~v)Jm~1ff~~i~'b Jlftra'JaJ
tJtf(m~iU~JmT cf=fL -hF O)JJX:7tti~tn~mtlQ. Gt~tJ~JL, fL ~tfffsrT Q C:, f~

~lftO)~JJX:7t~~lli-r!i! ~tJ~, ~n~~tJt G1MsJ ~=fPJWJ Gt~~~ 0 A:J ---7°~=A7J9tl
~i, f~~O)~JaJtJtlcJJX:7ttJ~~~-ei!Q. JaJtltIcO)7tmfi~~d:lftrf3~JaJtJtlcm~iUO)1ff~~M

J1hF tJ~/J\ ~ v) ~~ cl:tJ~Q tJ~, ~0)1ff~~tfff5rT Qffi¥ra~ J1T ~d:~tl~:~ttfrtl G-e~<GtJ:
~ttl~it~GtJ:v). ::tl~d:~ML\hF0)7~ )v~--~:~tT~f§~O)~~~:~d:, 1>tJ:< C:~
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26-21:

100001:0) X, Y O)~~~T~ ~~Jvf~G, ~mtJ:CO)T-~ ~MJJtI~:~~~ Git:Q
~•. T-~~7v'/l'c~et~1tl, 3flfil:O)~/O)fft.~~ttlT~O)~:fiJ.lt,.m
It, m••lt, *oij~blt, .fflt, ff.lt~cO)~$~~~. *~, ~/~M~~

~Gl, ~tl~3flfifJ{tl-c'~{~GlflL.~*Ij)ET:Q~O)~, ~~:3flfiO)~$7J)G{~~~~

Gl, ~tl~~/n!~ttlG-cfft.~*Ij)ET:Q ~O) cn!~Q. 7tmfm~d: 1-40 *_mm- 1 0)
~O)n!~ tJ, rei7tmfmO)~O)~d:1OOfiA7J~:M!btl, fft.O)mJ3t~d: 0.25-0.1 mm fiJ3t-c'~

Q.

26-22:

f~~9l1~~T~:;~JvfJ9~:fT5~~tJ:?-1~ 0700t'/~-~v)5. T~:;~Jv{~~

9l1~~d:T~:;~Jvf~O)f~lclj{JJ~:etJ-c7~ Jv~-tif'F, ~flaMJtif'F, A~~ l'JJ;7tfJT,
_m-riltltJ: c ~fT 5 ~ 0) -c', fJl*O) 7 j- 0 ij{~ ~9l1~-c'~d:~JJln![E.-c'~ J t~tlff~ ~ rei
mI3£n)Jrei~)E~:~JJl~~ ~ c v) 5~~~ ~J. Gn) G, ~tl~~~r~'~:fT5 t~&)~:~J:,

)Hl~0)~ -1 ~ 0 7°ot '/ ~-O)fj~7J~ ~J:Q iJ) ~:~;t Qlj{JJ9l1~ ~~fT GtJ: ~ttl~ttJ: GtJ:
v). 7cO)t~~~:7ctl~tlO){~~9l1~~:Jt\c:t~w:m LSI ~{!PQ!ift~, rRmO){~~9l1~7°

o~ 'Y~-0)~-1 ~ 0 7°0 ij~b ~:et J -c § fJ9~::~tJt\TQ!ift cn!~Q. T ~ :;~ JJ;ffi
~9l1~7°ot 'Y ~-~d:-~~:: ~ O)iilli~~mTtt~, Rlm~'j:~~::l~~O)hi:l9R-c'M!btlQ ~ c
n!?Pv). ~Jm*~~~I*J. G, 1frl%CT-~ O)t~&)O)~cti~. CJ\A ~7t"TQtJ: cO)
I*:~:J:: J -CT-~~zO)~Jmf~~~J -Cv)Q.

26-23:

.~n~ 1 mm (JaJ.1c 300 GHz) fjI3£iJ) G 1 m (JaJ.1c 300 MHz) fiI3£*-c'O).m•. 71<
tJ: c ~:e&1& ~ tl~ <, 7tO)et 5 ~::t~~J~iJ!5tv). )Hlf~, reiJaJ.j]D~, v-~-tJ: C~::frJ

m~ n~. Jmf~¥~ c G-CM!5 !ift, .lftJl ~::et J -C&M~ tltJ: v)O)-c', iRttJ!iM G0)

-c'~~~rmGn)~.iJ!,FaiiJ)tJ:v)iJ!§ ~*.~'j:1>tJ:v). ~.~~.~'j:~ -1 ~ 0.0) ~ O)J~

Jt~~rJmG-CffBJj(O)~O)~f*iJ) GO)J~~~1~J:: 5 cTQ ~o)-c'~Q.

26-24:

!fo/.JJt~:J::~7-1 ~ D.O)e&1&~~v)~d:ti~lliA~~ ~)J;O)*,t~. ~rA e /~~~~~m
Jt1~~~ ~ ~ O)it~-c'~d:7-1 7 D~A.r:z7 l' )J,;~4;z~ ~ c ~:tJ:~ ir~, *$7}~d:~f*0)J*

T· 7tT~:etQ~o)-c', e&1&A~~ 1')viO~7cO)*~~J5~~. 7tTO)~-1~ O.A~~

1')J,;~d:, 7 /t=77trO)&~A~~ 1')vtJ:Cb97J)tJ:frtl~~~< c, 1EI~~~r~'O)iI

~ ~:~t9.QIEI~A~~ l' )v-c', ~O)mfJT7J) G7trfM~~: '":J v)-Cm~~mtJ:~~iJ!1~ Gn
~. -IN:~:7-1 ~ D~~d:~~~~:J:: J -C~1:. ~ n.Q ~ c, *t~§~~M~ ~ './ 7°7-~Mn!
7-1 7 0 ~~~-c' ~d:I!~ -C IJ\~ v) ~ C 7J) Grei v)7tmfj~n~~~~:1~ Gn, A .r:z~ l' )J,;O)M
*HIf_~, mMmf.~iO~7tlftlflillJ~ n:Q.•rO)A 1:: /~$JLJ!!f:EJ~JJJ.O)l~~ G-Cv)Q)Hl
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.~~~~~, .~~~~-~~~~~n~~~*<#.M._.~~~®~li~m,
-g-tJ:bt>.~~~~jj*~~~~{~~f9ij~d6:Q. _~A e~{>$JtJaPJ~jJJ.~~d6:Q~~~:~d:,

~n 6 ~:ffi1$i~1J[];tt~PJ~jJJ.~r~~~:m~a9~1i~m~~d6 t), A /'\.!J ~ }1t'.~~~~-g-:Q.

~®fWfJT~\ 6~~pq~_~~~S~:Q *v~~:Jv~-Ctf~i¢~f~c;n:Q. -~~: ~.:L~ }v!Jw.J*
{>~-~~w.J*~.~-g-:Q~~~.~~, OO.~c;~~~®_~~~~~-~~~~~

~~n.Q. ~ c; ~:~~pqffi1$i{>&:$itJ:c*~tJ:~~i~~J~~pq~jJJ~:JV~-C~~~tJ:
~Ji;Q~f~ c;n:Q. *t~:A /'\.!J ~ )1t'.®~MiJ\ c;~~r~~1J ~~-r:Q ~ ~ ~~~:Q. _1Jtfi!i§
.~:J: tJ 50 fj~J:®~~®~1 !J o1Jt:A /'\.!J ~ )viJ~.?lq~ n -C:t3 ~, ~®~~l~~fI

lt4tJ: c~:JV~-C~)t~J:m~tJ:~Ji~4;t -CV~:Q.

26-25: x ~ ? [J jSlilm (~~2052-2053)

.mJ1Jt1t 300 MHz ~J: 30 GHz <6 v~ * ~~~m1Jt~-~~:~1 !J o1Jt c J: Iu~ :t3 tJ ,
~ ~ .mJ1Jt1t1ft(J) _m1Jt~ frjm-g- .Q ii{~ ~~1 !J 0 1Jtiim~ v~ '5. ~1 !J 0 1Jt~d:* ~ IPJ~
~:i«~JJ1~~t>, mJtIja9tJ:&:M~-g-:Q~~, ~~, TVt:~3 ~f~~, 7-~tJ:C~'m.

fi§.~j!, r:p.~:J::Qm~m~fi§.ii{~, v-~-tJ:c~:fljm~n-cv~:Q. ~1!J o1Jt
im{~ ~*f.~d:, (1) ~.*fJJ1;Q~~~~i@jr5fi.ffi1.;Q~~~:Q, (2) ~1ft~~j!;Q~~~:Q, (3)
~$~ifrJi;Q~:PtJ:v~, (4) IJ\~-c'~ffj1~7~Tj-;Q~M!;t:Q~ ~tJ:c-c'd6 t), iJi~~<m
v~ c;nLV~:Q. ~fi§.iiffi~~~~r:p.r~~~~d:7 I -~~!;I (~r~~~.Im~~{>&:M~:

J::Qf~~5~J3t~~fJJ), ~iftJ: c~~l\IGL 3-50 Ian mJ3t':tJ::Q. ~wm1JJ:t~d:~~Im~
~ifO)~.~~~t~: <v~.mJ1Jt1t~~,MJ, /\}1t'A~~tJ: C;Q~m v~ c; n LV~.Q. ~ G~:.mJ1Jt1t

n~~v~~ 1) 1Jt1ft (30-300 GHz) ,:tJ:~ c, *~{>m':J:.Q~J&{>~!Ln~*~<tJ:~. Mt
l1:~~n~r:p.AT'--~ 3 /~:M!mPJtl~ctJ:~ -C!-IBJ)j(~~~W;Q~imffi~rm ctJ:~ t~.

26-26:

Jft~~*f~~~W~j!.Qf~z1JJ:t~v) '5. *~I*)1t~- c GL mv).Q5iJ3t~IDaJ1JJ:t

c, *~1JtcG-Cmv~:Q:J 1:: - V / ~imf~1JJ:tn~d6:Q. {~fjl:k, ~1ft~, ~~~0)*7 7
1 J\-7-7")v*t~~d:~ra~~~~c GLmV~.Q. 1Jt~ (= 1/.mJ1Jt1t) O).tJ:.Q.lto)*{~
~~*tJ.-Cf~~-g- .Q~m{~1JJ:tn~d6 tJ, *{~~0)1Jt~ra'~~*/J\~:J: tJ, 1Jt~~m~~

1JJ:t*t~~j:.mJ1Jt1t~~tl1bm~j!1JJ:tcJ:~1n.Q. *iiffi~AT b(J)lt4~~j:, _5a.. *~
~~~c~zIm (*7 71 J,-*t~~d:~ra~)i:l~ GtJ:.Q. *imffiO)~U1~d: 1960 ~{~O) v
~-O)JeIJfJ, *771 J,'--O)t~~~::fitM~JeG, VADi*~:J:~f~tJl:k*771J,-(J)~

m~~, ~fi§., * ••~j!1JJ:tcG-C§Iu~:~Jf~~n, ~m{~n~~~Gn-CV~G.

26-27:

*~~~a9~~c G-CmV) ~ {~ ~9l1~ ~ V) '5. *{~~9l1~ ~d:.5a.{~ ~9l1~ c tt~G-c,
~lft~JJ1, ~JmJJ1, ~ra~a9~~IjJJ1tJ:c~::OOGLffn-Cv)G. 7t{~~9l1~~d:±~::, 1) ~
*~1j7j-O !;I9l1~, 2) ~*~1j74'V~}v9l1~, 3) Ml~U7j-O!;I9l1~, 4) Ml~U74' V~
}v9l1~, ~=*7JIJ~nG. 1) c G-C~j:*O)~Im~~ffjm G-C!ft:~0)1Jt~~iittR-g-~*7 4'
}v~-tJ:C~=J:~9l1~n~d6 tJ, 2) c G-C~j:*}X~~~~tJ:C~mV)t~T4' V~ )vffi1lm
'=J::Q9l1~tJ:cn!d6Q. 3) ~j: 2 ~7t*t~~j: 3 ~7C(J)00i~{>7-~ ~~O)**Ml~lja9'=
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m~~~~~~, 7-0X••, ~~~~, .~ .•~, *Dij~7~-, moo~.,

~r~~}aj~~7~ )};~ 1) /ijt:t-C(J)~~tJ~~~. 4) C G~~d:J't(J)~~Jm~fm1J~fJjm G
t~15~, lOOfjm~~m(J)7D--t~-!T-(J)7-:f.T?T~-~~ C:~: L-t::.~~, ~ 6 ~:*f

~tJ:7 )};:i 1) :A'.b.~?Jt.*~~: J::~~~ tJ: C t:J~~ ~ •
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Lesson 27: Signals and Signal Processing II
(applications)

Ire:
PITJ 1J? alternate, every other, distance

~t~(f::.~) to be distant from, to be separated from {vi};
~t~(l~ ) to interpose, to screen, to separate, to shield {vt}

lI~nttl)£ I/'1J ? 'J ? 71 remote measurement
ra'~ 1J /'1J !J space, spacing, interval

~ 1J :,.- emotion, feeling, impression, sense, sentiment
~EE*T 1J ~/7 'Y '/ ~
~~M~ 1J/~1J1t~

pressure-sensitive element
sensitivity analysis

manuscript
transmitted manuscript

EI
6 ~'f maximum, most

'b? C:('b) most
.~}]

liilflR
beginning, outset
optimum value

~ :;.:l. receiving
5 (~t:Q) to accept, to catch (a ball), to obtain, to receive, to undergo (an operation)

~ffi :; .:l~ /' receiving (a signal)

.~ ~?5~ ~~~

JiJ ~ .:l. r) circuit, circumference, lap, vicinity
~b(fJ ) border, circumference, rotation, surroundings

JaJJOj ~.:z.r):t:

JaJitlt ~.:z. r) I\'A r)
period
frequency

W t'Y carving, chopping. cutting, sawing
~(Q) to break off, to cut, to disconnect, to sell below cost, to tum off (power) {vt};
~(ttQ ) to be disconnected, to be injured, to be sharp, to break, to cut well, to snap {vi}

*WJ~ ~1 t 'Y t~ important
ifiWJ~ T~-e 'Y t~ suitable, appropriate, proper
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'} r) sendin0
~

S <(~) to see (someone) off, to send, to ship, to transmit

fi~iill T/'Jr)'J?~

&~iill T/'Jr)'J?~

transfer rate

transmission rate

'J'? continuation
-.:J-:5"«) to continue, to be contiguous {vi}; J-:5(~t~) to continue {vt}

=F~~ -C -.:J -:5~ procedure
il~- v /\J"!J - continuous

,;y -1 converting, replacing
7J)(;t~ ) to convert, to replace {vt}; 7J)(b~ ) to be replaced {vi}

-lj]fiX A 1 'Y T ~ t) 7J\ ;tA 1 'Y T on-off switch
ftfi~ -!l~1 ~1t: / substitute (item/product)

T / decimal point, defect, detail, mark, point, run {baseball}, speck

7\.~~ 7 Y T / weakness, fault, shortcoming
~J~ :;T / point in time, occasion

Iii: T >- expanding
jftJil
Jilit

progress, development
malleability

jI J\ planting, sowing; J\:;'; planting, sowing; J'\ :;.; planting, sowing
~« ) to plant, to sow

&1I~rfJ' T / /, :;tJ / propagation time
&lIm9c T / /, 'J / ~'Y propagation loss

M /\.1 closing, shutting
G(~~ ) to be closed, to be shut {vi}; G(aD Q) to close, to shut {vt};
C:.(~"9) to close, to shut {vt}; C: (G~ ) to close, to shut {vt}

OftM tJ 1 ~1 opening and closing
Mdbmi ~1 :f- 3 !J ~ / closed curve

~ 3 r) aim, essence, main point, need, secret
It ~(~ ) to need, to require

m~~ :;.:L r) 3 r)t~

~~ 3r)'}

-318-

important
element



Reading Selections

27-1:

~~*~~.~~~~~••@§~~MG, ••~.G~O~~~~.B®~~.~
MB~~et~1tl~. im1¥.;®.T@§~:mv~GtlQA1 ~T~d:, * ••~iii.ff~jJk5~

~ tJ~'.Ptd-v~®~, ~f!k$tJ~~.qt~:.lli~ tlLV~~.qt~MBtJ~~v~. *,*tJ: ~O)~~J:,
~J~~il.bO)qt~:Atlt~il.bA~Mt6,*t~~J~C.~~J:lt*.~jj7A1fr*J$~:!\fAG,
*.~~~~~.~OO~~~G~O~~~~.~0)*.A1~T~E~~~. ~tlG~

iii.ff, *••td- EO)~Mmf~:~-r~1<~1R.~:et J L~~.~O).m~l.I:~, ~.m

A1 ~T~GLmV~Gtl~.

27-2:

~~~.ZIJPJfj~td-, 2 J®.td-Q~g~~J@§®~~~, ~g~~~~®~:~d:.ff,

••, mm, JaJ1Jtfx:, ftl:fEJtd- EtJ~~ ~. @~*T~d:im1¥.;.T~~:*,J~~i! ~ ~ O)~, "
7~~A~-, ¥1~-~~EO)~~~.TA1~T, 0~-~0-~A1YT~EO)

.T·.~A1~T, ~~~~~~.T~.~~btt~.T·~A1yT~~~. A1
~T~!f@§~d:M~@~, 1J{ft, ~cti@~td-ET.{:;~)v@~O)~*~~~.

27-3:

A1 'Y T /'!f@~~:~v~L, DcJ O)~g7J) G~~7J)O)~g~~fT~~ 0) ~:~~~ ~r~,.

" 7 ~~A~ -A1 'Y T-c'~d:i!!~mfr~, td , liJ: tJ mfr~, tr , 4=-~ I) -V-ilrflmfrl3' ts' lir
o ~r~, t f 7J~~*tlQ. i!!~mfrJ:f,O)~-r~~E13 ~d:± ~ GL 2 J ~ tJ, D~ J ~d: OFF~g
7J~i2!J'17A~, X~ 'Y~- • «-A~~O)Mt.~.~:i2!1JrttJmff7J~~jtGtlL~ tJ,
~tl7J~JIW11JrttJ.ff~:7C.~ tl~ *-c'O)~r~,-c', i2!J\17 A tJ~*i! ~ttl~ti!!~mfr~, ~*i!

v). ~~7J)~d:X~ 'Y ~-mrm7J~~- A~~~:1Jt~~~O)~:~~~~r~,-c'~~. lil: tJ ~r~,
~d:m:~m~Mc[PJC:< P~~JaJtJtfx:7J~*i!v~~~E/J\~ <, *t~Jm1JrttJ~-A.rm7J~*i!

~ttl~t/J\~ < td-~. ~fl~r~'~d:, ~fo~*Jij-c'~Jt~:J ~tJ~- • ~-A~~7J)Gi&1"J'.P
fx:4=- ~ I) -V-~-tw~~ 0) ~:~~~ ~r~,-c', mrmm~M$hfe 7J~*i! v.~ ~~ E, * t~i&1~fo

-c'~Q ~~ E*< td- tJ, i2!1JrttJAt-Amrm7J~*i! v) ~~ E~ < tJ:~. lir tJ mfr~'~d:liJ: tJ ~
r~, c [PJ c: < P~~JaJ1Jtfx:7J~*i! <, i2!1JrttJ~-A mrm7J~*i! v~ ~~ E~ < t~~. ~1¥.;

tr » td , ts » t f -c'~~. A1 Y T ~!f~r~,~~ <~~ ~:~d:, ~F~fll~g-c'~~~it ts = 0
C~~.

27-4:

~~~¥1~- ~-c'i2!J\17A cJmJ\17AO)~~jt-c', ~0)1 ~t:-¥~A7J~ 0 c
00 O)rl3'~DJJrl3'ti9~:~1~~G¥1~-~-c', mTA1 yTO)IJJi!~~G. ~O)A1 'YT/
!fJJJfFO)i!!tlO)~c~:tJ:G:Pfx:4=-~lJ-V-irfl~jj*~/J\~<~~t~~~:, ~, mtJ:EO)
¥J*5~qtJL\~J< ~/F$it!!Jo/.J~ ~-t:~!fGLV)G. J'\)VAO)~~~~~;tQtJ 1) 'YJ,\-
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27-5:

~.~:~J:~:7 /YA~-t~CO)A1~T/!/*TO):;t/• :;t7ifjfJlMJ~:J:: fJ DC-DC ~
~~fiv~ttltJ.J£~~)EftT :QlID~~Q v~~J:~nt~v~ 5. J.t.~:~J:~i1rtH'b~~t~W:i1rt

~)Ef~.?1j~fiI~v~'5. il~ifjfJ.O)~I) -A'V=¥:1. v-~-O)157J~~)EmO)J~~.tlL
v~:Qn~, .tJm~n~*~V~0)~A1~T/!/V=¥:1.v-~-n~~<M!vtl:QJ:: 5 ~:t~J

~. A1~T/!/~=¥:1.~-~-~A1~T/!/~.~~~m~.~J::fJ~<, ~-~

-t- kHz ct~ fJ, 1 /-Y!7 ~ /A~ ~ 7 /An~/J\~~:t~:QO)-r:, IJ\~-r:*~.O) 'bO)n~

-r:~ttltJ 1) ~ :t)v'b~.~n~~V~O)~~*L,~Tv~ . • tJO)m~~J:*To)A1 ~T /!/
m~n~±ct~:Q. MJJtlO)J:: 5 t~~~lID~O).?1j~:~J:~~clvc ~0)~1 :to)'bO)n~M!v

tlLV~Q. -15, ~mcL,-eA1 ~T/!7~/1A'n~ttlQt~~, ~MJ3t7:t-D!7~lID~m~:

~J:~tRJ~~~~.

1iJ:\c L,L, ifjfJ.~i1rt15J:\, if[i1rtlltJ~if[~:;t/· :;t7T:QT3 ~/\-15J:\, w:i1rt~

f£~0)~.~0)~i1rt~:~~T~1/J'-~-15J:\i:J~~~. lID~15J:\i:J)G7t.T~c, {ft
f§ifjfJlMJ~, 1\)VA~i~.~ (PWM) -t3J::lt}aj.~~WM~t~c7J~~Q.

27-6: ~A,;( ':17 (~~1699-1700)

7Ce-~O)A1 ~7fPm~fT'5 'bO)~v~'5. TtJ:v!>7C~$r§b~tI~Et9~:3JJJ~itt~

tJ, .~7C~7J.J*tJ: C~mv~L7C~)E~~~f~~ itQ ~ c ~:J:: J -e7Ce-~O)-f1Jtf5t~
fT:>. 7CA1 ~T~J:~-~-~mv~t~7C~*~:-t3v~L7Ce-~O) ON, OFF, v~<--:J7J)

O)7C~~O)-f1Jtf5tt~ C ~:fljm ~ tlLV~Q7J~, 7C 7 71 J'-~~7J~~mft~ tlQ~:f*J L,
2f{inJlID_O)-f1Jtf5t, ~~~O)-f1Jtf5ttJ: c~:m~~:tJ:J L~t~. x )VT~- ~7C7 71;,
-O)-f1Jtf5t15J:\o)Dc--:J-c'~d:AM7Ce-~A ~J: 2 ~O)ii7C~:7ti:J)tlL, ~tl-ttl:tl)

A'~ -c'&M~tl, ~=O)ii7CA 7°1) ~~-~:~TQ. ~=A 7°1) ~~-~J:ii7CjgO)lIDE
;¢~tJ: ~ttl~J: B 15tRJ~:rmi:J) '5 J:: '5 ~:fi2nt~ tl-C V~G. ii7Cfi~:.J£7J~4;t GtlG c.~
7C~~jj*-c'ii7Ci:J~90° lIDE GL, 7C 1::-- be ~d: C 15tRJ~:v~ <. ii7C[fi (J) 90° :fitJ:J t~AM
7C~:~t L, L~d:, ~ (ii7ClIDE(J)tJ: v~ c ~ C 15tRJ) ~:t~:Q. -f?iJ c L,Lii7ClIDEfi~d:~A
~mv~t~ 'b (J)iO~~:Q ;¢~, Jt\~imm~d:J!!v~ (-100 ms). 'b? ---:J0)15J:\~d:=:;t7'fttI) Try
b. (LiNb03) ~f&J:~:~.Jm~~~tL, lft-.:c- ~ 7 71 J\-m7CA1 ~7-c', 4 --:J(J)A
tJ7Cti1 ~ ~:lNf'f~tt~ 5 ~JlO).~~::J: t), 4 MO)ttltJ7Cti1 ~~(J)-f1Jt¥5t~fi5 ~ c.;¢~

'l:~:Q. ~(J)~~, LiNb03 ~:.~~45tQ ~ c~:J:: t], 7CJm*i:J~~ftL" -f1Jtf5tn~fi

vtlQ. Jt\~immtd:imv~. m5a:7C~~jj**t~~d:~.7C~~jj*~mV~LJPJ~(J)JJJfP~fiv

it:Q ~ c 'b~~GtlLV~:Q.

27-7:

[1] &E7t~~~(J)~-~-•• r:p~:: v-~-7C~i±AT:Q C, ~~t&ttli:J~~~~t&ttl·

J:: t)*~ < tJ: tJ, AM L, t~7C ~d:{}[f§, • * ~1* J t~**imfiTQ ~: --:J tlL%lmn~m1JDT
Q. ~-~-m~MHc.'bv~5.

[2] x~!7 ~ D)v~*'/--e/A (EL) ~frjm GL7C~m~iT:Q~nt. -t3'b~:~0)2--:J0)
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jj7*7J~iJiJ ~. (1) =m,.~7tm~MH : 7t2jfl~.C EL 1t7t1* C~~&~ftbitt~=mJl
~O)7tm~iHl:'iJiJ~. 2 ~O)~~flti(/)rf3~~:::f~~JI~fIGL EL 1t7t1*JI C CdS (/)7t
2jflJl~~/' ~1 ~T~~:~J:t)ftbitt~.~~:tJ:~LV~Q. fltlrf3'~:3Cmt.J±~1Jn;t L,
ti.iJ) G7t~flJI~:7t~~-c Q C, 7tO)5i§~~:~C:L7t~.JI(/)mtJL7J~r7J~ t), EL JI~:

iJ)iJ)QflJ±7J~~tl~:~C:L J:~ GL~7t5i~~m GAM7t~ t) 5iv~7t~1& t) ttlT ~ C7J~

~~Q. 7tjl~JI~J:ELJlO)~7t7J~7t2j.JlO)jj~:7~ - ~J\~ 7 c!tlQ(/)~~<"t~~

0) ~ 0) l:' iJiJ~ · ~ tl~1&1*<C, AM7t7J~tJ: <tJ: J L ~ ttl tJ7t ~J:l~;t-r~~nJjJfT Q(/) l:' ,
7t(/)~ati~f1 c GL M! 5 ~ C7J~-e~ ~. (2) 1fiJl~7tm~MH : I 1/7 l' 0 7 ~ 1')It~*~
--e /'A ~fljm Gt~ ~O)l:', 7t~wtl.c! tlLV~Q1t7t1*~:fltlj~iJ)~tQc~7t~:m7J~~{t

T Q~~~fIJmTQ. ~~.tiO)J:~:Mn ~i!'t1ffjC! tlt~ ZnS m7t1*~~ 10 Jlrn O)J¥
c! ~~~~ G, ~O)r~~:~~flti~::>~t, .tirf3~~~L!mt.J±~t:P1J[]T~. ::tl~:~~.*

te.~J: X .(/)fi~JmMTQ C, AMfi(/) 5-7 f~N~~:m~Mc!tlte.iij1Jlfi7J~f'~tlQ. ::
O)et 5 tJ:7tm~iH~J:m~i~~J:iJiJ * t)*~<tJ: v~iJ~, $fitJ7J~ti~Lfii6v~*f.~ ~ J LV~
Q.

27-8: 7t7 7 ~I~- (~m~1704-1705)

tJ:;; A ~£*j c Gt~7tO))aJ7Jtfx:mO)~7JtIml:' iJiJ Q. 7t7J~~r:pTQr:pJL\$7t (::I 7) ~d:

fjl~O)1>tJ:v~SiOz ~±fJX:7tcTQE~tJ'7 A~:Jffitfi$O)aIJ~~: BZ03 , PzOs' Geoz tJ:c
~1JD;tte.~ 0), iJiJQ v~~d:'J-~EPJ<tJ '7 A, *'771 ~tJ'7AtJ: c(/)~fJX:7ttJ:;; A~m
V~Q. 7t7 71 J\-~:~d:Jffitfi$7tmO)~~~:ett), AT~7°1 /'T~ 7 A~c:7"I/-T

~ ~1 /'T~ 7 A~7J~iJiJ~. Dc::>O)f?iJ~d:, &tliijfj~tJ:7tIm7J~ 1 ::>-r:, ~/'if)Itt- ~

7 71 J\ - c et ~!tlQ. ~ 5 Dc::> ~d:7tIm7J~~fx: (:::: 1000) #1£TQ '7 )ItT1::- ~ 7 71
J\--r:iJiJ:Q. ~7c.77~ ~O)m~-c'~tJ~T.&M§J~ii~~v~~O)~~~t-~, ptJ:
v~ ~O)~{tf;~t- ~ c.J:~S~. ~ )YTt- ~~d:1 /'J\)YA7t~AMGt~c.~, fii6~t-~

c {tf;~1::- ~ O)7tIm~~:et tJ ~ilffij-c'~d:J\)YA 0) rtiJ~ tJ ~~-r:Q. z:tl~:.:c- ~ 7t=Jtt c. v)
5. ~-~7t=Jtt~&tlm.~~~TQ~~o)l::>-r:iJiJQ.:J70)~.O)Jffifi$~7t0)7Jt

If~:~ tJ ~{~TQ c., 7JtIf~:rt7J~ tJ 7J~iJiJ Qtljft, If7JtIf c~7JtIf-c'7tIm~7J~-r:~ Q. z:
t1~~jf-f7t=Jttc V~ v), &tlm.~ff1U~HTQ-~ ctJ:Q. ~)YTt- ~ 7 71 J\-~d:1::

~ 7t=Jtt~~jf-f7t=Jtt~:ettJ, &tlm.~d:~+ MHz-km- 1 fiJ3t~:tJ:G. ~ /'if)Itt- ~ 7 7
1 J\-~d:t- ~7t=Jtt~:~Gm.ff1Jj~H7J~tJ: <, ~ GHz O)rtm.&Z7J~iijfj~-c'iJiJQ. GiJ)
G&tliijfj~tJ:7JtIf 1 ~d:~ 70)~ a c:J 7 C7 '7 'Y ~O)}ffitfi$ n1, nz 0) C:: ~, A> 2na(n1

z

- nz
Z)1/Z/2.405 -c'4;t ~t1, a iJ~~ Jlffi NJ3t~:tJ: tJ 7C7 71 J\- c 5 GO)~~~j!~ilffij-r:

O)7t~TcO)Mft7J~.G v~. t- ~7t=Jtt~tJ:<Tt~~~:Jffitfi$7tm~il~~~:~;t, :J
7 O)r:pJL\$~JmG7t~d:J}! <, )aJJll$~d:i3! <&tlTGet 5 ~: Gte. ~O) ~ iJiJ~. z: 0)*5*,
&tlm.~j:~EiMHz-I GHz-km- 1 ~::~T:Q. 7t7 71 J\-O){~tlf~~-r'~~O)~O)~j:,

~tJtIf.-c'~d:Jffitfi$O)~ G~'~:~ tJ ~-rG1/1 1) -=Jtt~L-C A- 4 ~:ttf?iJT ~. IftJtIf.-c
~d: Si-O *fiftO)$~~!&~:et Qr6.n~iJiJ Q. z:tl~:*jf-fr:p0) OH £O)~JJJ~:etQ Wk!&O)
e-77J~1JDbG. OR £O)~~An~fx:+ppb ~r~:tJ:G cr6.~d:~~c.luctJ:<tJ:G. 7t
7 71 J\-~d:1tt*O)~1*~M!mGt~7-~)y~~~t~Ljf~a"J~=~frj-CiJiJGz: cO)~~n)~:,
rtm., {tf;fl~, .ma"J~~~:1!t€~f*, iS~I57J~tJ:v), ftAtJ: c O)frj}~(n~iJiJ t), Jm1it0)7
-7')y-C ~d:/Fiijfj~-r:iJiJ J t~7tJ1~O)~m iJ~iijti~-c' iJiJ Q. n~M*j ~:~RlT ~ c, 71~~
It~O)f~~tte.f.~~~ran~, *~RI~=J:J L~c:t~IEfL~.T~tm;tL~1SG, ~lM!$7J~{tf;
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27-9:

~tJJL,LV):Q{~~o)}/«)v~H::l\O)~rp'~::HbmL,L, ~O)fl~f*~T:Q@I~~, ~(J)

m1J~d:~tJJim13tJ::fJ~v)tJJfF(J)iltlAEH~~.iltl~i!:Q.~/71) /7~;t~DA:J-7,

7:J-D~ • T.{ ~~)v~.H(J)frjtrl@l~tJ:c~::mv)6tl~. A1 '/7 S ~d:~/7)vl\

)VA V ~:J:: fJ fmMT:Q. ~/71) /~~rp~ 1"(J)ra~ S ~d:Mt;L:J /T/~- c~11t.~
c

tl, s ~fmv)t~ei!(J)A1J{~~ ~ (J)}/«)vn1~(J)~/7IJ /~*-ef*~~tl-c~Q.

~(J)~/71) /~~ra' T(J)ra'~::7:J-D~· T.{ ~~)v~~tJ:c(J)tlfFn1f-jbtlQ. A
1 'Y7 S ~:~d: l' '7 /~A~-, ~1;t- ~t~c~2i~• .:rA1 'Y7n1M!m~tlQ. ilU
AE~~~d:1t.(J)~AEIc 1C(r~d:rn~1JfeA1 'Y7(J)t!tm(J)fll) et&.(J)~AEIcRC(R~d: C
t3etlt S O)~tlt!tm, C ~::]ft~u~::~~~tlQm~iHt~cO)t!tmO)]ft~Jft~fl) ~~* fJ,
1C« T, RC« Tn1~31<~tlQ.

27-10:

~'< fI/j\tJ:{~~~m~MTQ~ft~::mv) :Q~~(J):Pt~ v)m~MH. -~~::, m~MH~~d: ~

'7 /~A~-~ • .:r~t~c(J)m~M~.:r0)~~TQ~~7J1rJ:t'Jm~:t~:Q. fI/j\{~~~t&5~

ft~:~d:, *f~:{~~~(J)m~MH7J1!Z\~et~:Q. ~~m~MH-e~d:*JJ~-e~~T:Q~~(J)~4

7J~ji~*i!v)O)-c', *JJ~O)~~~~~:/j\~ <T:Q:' e7J~*-f;J]-c'~Q. • .:r~~mv)t~m

~M@I~-c'~d:, -~~:,*§1[:J /~!7 ~ / A gm (J)*i! v)• .:r~~~ cA1J~~~~7J1/J\~ v).
*t~_I&~(J)157J11i1&~ et tJ ~~7J1/J\ ~ v). *t~{~v)JaJ?1tIc-C~d:7 I) 'Y jJ-~~7J!*i!
<t~ QO)-C, -c'i! Qt~~t7 I) 'Y jJ -~~O)lj\~ v)• .:r1J~m v) :Q!Z\~7J1~ Q. =1&1J~

~d:~l) 'Y ~ • 7°}/- ~ra~~.O)t~&), ~JaJ?1t~~AE~:m~MTQ:'c7J1BGv)0)-c:', _1&
1J~jJ A:J- ~~~Gt~jJA:J- ~m~iH7J1~JaJ?1t{~~~m~MHcG-c J:: <mv) GtlQ.
~ '7 /~A ~--c'~d:, :J}/7 ~-.i!rto)~t3 ~'~:~~ <~~, «-A.mto)~ t3 ~'~:~
:)'<~~t3 J:: ltJaJ?1tlcf ~:octtf9iJ L, -CJaJ?1tIc7J1{~ <tJ:Q ~:-.Jtl-C, m1JDT G l/f~~7J~

~G. -~~:~ I) :J / ~ '7 /~A~--c:'~d: l/f~~O) § t~!>Ml~GJaJ?1tIc~d:, IcEf Hz
fi13t~~-C~G7J!, {~~~ ~ '7 / ~A~ ---r: ~d:Ic+ Hz fiJ3t~~0) ~ 0) n!~G. :J V 7
~-.i!rt(J)~ t3 ~'~:~'":5'< ~~(J)A1J~~~~~d:, l' 7 /~A~-O)f§1i:J /~7 ~ /
A gm 7J~:J V 7 ~-.mt~:tt-wtlTG :. cn) G:J v7 ~-.i!rtO)*i!v)l5n1/j\ ~ <tJ: tJ,
*t~{i3~1Jf1 / e-~/A ~:~d:~~ eN cet t3 tJ: v). -15, «-A .mt(J)~ t3 ~'~:~:)" <
~~~d:~-A .if,t7J!:J }/7 ~-.if,t~:.ttf9iJT.Q~ en) G, :J}/7 ~-.mt(J)/J\~ v)l57J!
IJ\~ <tJ: tJ, *t~{~~1Jf1 / e-~/A ~:ttf9ij L, -C*i! <tJ:Q. Gt~n!J -C, ~Q{~~

1Jf1 /l:::-~/A~:~tG-c~d:A1J~~~~~ji/J\~:T~:J v7~-.mt7J1AE*~. {~~

~m~MH~~~~tTG~~:~d:{~~~ l' '7 /~A~-~mV), M!mTG{~~1Jf1 /l::-~/

A ~:~t L,L~~t~1c ~ji/j\ ~::T Q. :J v 7 ~ -.mt ~~~S~::e 7J!*-wJ-c~Q. ~ G ~:: itt
~~O)m~MHc L,-c~d:, 1\7}. l' I) 'Y 7m~iHn~mv) GtlG. /\7 ~ ~ I) 'Y 7m~M~~d:

~ C: ~ c~~O)~~ GtJ:V)~F*~:m I) 7 7 ~ /A ~:J: tJ m~ifFm7J~f-jbtlGO)-c:', {tt~~

0) ~0)7J~1~ GtlG. J: tJ {~~~ cTGt~~{~tli\.~ I) '7 l\tiAtJ: c-c{f.JW~ tlt~{~tli\./\ '7
}. ~ 1) 'Y 7 m~iH7J!.?1t~)j.tJ: c ~:ffl v) GtlG. * t~J*.:r~7t.:rO)x*)v:¥-~{}[ra'

(J)~~t&M~frJffl Gt~}'-~-7J!m{~~~m~MHe G-cfflv) GtlG.
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27-11:

~v)m1tJtf{~1) 7!J ~ :/APX:7}n~/J\~ <, gtJi:f~n~-)E~d;.QgtJi:$O)~ c. )1*0)
gtJi:$~~d:gtJi:i*~:gtJi:f~iJjmffl~:t; itIv~O)i14~WJJ-r d;.Q n~, ~n7J~~m1tJt~~~d:

gtJi:~:OO:~JtJ:§B~ :/Y!J ~ /A c G-CI1J<. *t~gtJi:i*n~~~lt.~.~~ltYJJ*O)

~.~E~~m1tJtMtt.~O).~c~.Q.

~ :/~~!J ~ :/AO)~.~:PtJ: <g-.Q ~:~d:, ~n~tT~~g-t~~~:gtJi:i*~ft~~.~c

Gt~ft~2IMtJi:$, Gitlvi14O)tJ:v)'j 1) 'Y ~MtJi:$, ~~ltJmMtJi:$tJ:E7J~d;~. 25•
• (J)~V)~~ltJm~d:ttJm~:g-~ ~ c~~lt~jj*~:PtJ: <~~, ~*ltJmJ: tJ M'f17J~J: V).
tJ:.t3gtJi:fli7J~*~ v) ~(J)~~ E~m1tJtM'f17J~~ < tJ:.Q (J)~, @J~a~~~:~ J -r~#O)Wfg

iJ\~' tJ f~f}fflft{iij(J)gtJi:f~~d:/J\ ~ v) ~ 0) ~:g-~ft2.~m~~d;~.

27-12:

iWimltJt~:.t3~t.Q.J±7ltl)E~:~d:.T1fd;.Qv) ~d:~~f*O)~tJtfPffl ~ffJffl L- t;::,.T.J±~
7J~M!vn.Q. AJJf~f}~d:*9mffrt~ n -r[!ffrt.J±~:~~~ n.Q. mffrt1iJ:t~:~Jmf~mffrt,

~!$)f~mffrttJ:E 0)1iJ:t7J~d;.Q iJ~, ~ttffl v~ GnG 0) ~d:~;f CIv E~Jmf~mffrt~d;.Q. 7ltl)E
g-~~m1tJt.J±~:OO:tm.J±iJ~m~ G-rV).Q!~~iJ1tp,v)iJ~, -~~~:, ~ t) t~ V~(J)~d:~m1

tJt7}ti~t-c' d; J -C, ./cO) c ~ ~d:~~fjJ:tO)1in~J: v). t~ti~7fjJ:t~d:OO:~IjJ:t~:'J::t~.Q CAJJ
~ :/ l:::-Y/AiJ1~~{~v). ~m1tJtO)7ltl)EO)!~~~d:, 7lU)E}i~iJ\t;.J±~*~(J).~iJ~~
~~ /Y!J ~ /A C~.iJ~ft*Jl-c'~9, m1tJtf{iJ~~V)~~E.J±~tO)AD(J).J±~d:7ltl)E}i~

O).J±cjl~ -C < ~. :. O)t~~~m1tJt.J±~-c'~d:~~)]O)mtm$~/J\~ tJ:7°D-7"~:'Rf3~,

./cO)[!imttl JJ ~7-7")V~:J: ~ -C*i*0)@J~~:'*.Q J:: :> ~:. G-CV~.Q. [!ffrtm~M~:~d:~JJJ

m~M~d;.Q v)~d:~ 3 ~ /\-~m~i~iJ~M!vn.Q. AJJ{~f}0)~/7°1) /ijiJ~fTvn, ~

:/70)vttlJJ~d:m~i~~*-)v ~ ~ n.Q. z: O)*-)V ~ ttlJJ ~~tJtmtm G-c[!ffrt.J±iJ~f~ G
tl:Q iJ~, z: tl~d:~m1tJtAJJ O)~!$)f~ c tJ: Q. tJ:.t3~/ 7° I) / ijm1Wl~:~d:~iJj~tJ\~t-c '7
:/YA~ /7° 1) /ij~g-GJ::> ~:.tJ: -:> -cv~-c, ~ /7° I) /ij cAJJf~f}m1Wl7J~IPJWlg-:Q

O)~rsJjv)-c'v).Q.

27 -13:

~m1tJtO).im~7lIJ)Eg-Q ~(J)-c'd;~iJ~, )I*O).tm~~d:*~~~.~~:'J::Q~ /Y!J
~:/A~7$irf~.0)~:1J*7J~*~ < tJ:.QO)-r:, {~m1tJtO)Ji~ c:jI~ -c.tm~t~.~~:.[!~

~Ag-G ~ C:7J!JI~-c'~d:tJ: <tJ:-:> -c <G. tJt*~:tt~-C7lU)E*T7J!/J\~ v~ 10 MHz ffiJJt
*-r~d:~.~.t5Tt~iJ!M!vtlG. 100 MHz ~m;tG~~-r~d:.t1rt~O)~A~:'J::t) m~7J~
!LtlQ C, )E1:EtJt~:'J::.Q~~7J!~ GG. ~ z: -r:.tmiJ!J <.Qm!~~~ttlg- ~1iJ:t7J!M!v

tlQ. ~m1tJtMJf1O)~v)7 x. '7~ l' -c' l' '7 /A ~J<tJ, ~~~tlQ=~.im~:itG L
~.~ c: IPJ C7lU)E ~fT:>. z: 0)1iJ:t-r: 300 MHz * -c'O)tJtlJ)E7J~-r:~ Q ~ 0) ~ d; Q. =~
.t5Tt~d:-;j(mt5Tto)(~*jtt)-l f~~:tJ:GO)-r, ~~:*.t5Tt~mU)Eg-GO)~:JlL--cV~G.=
;j({QIJ~:,~*j~AtlGiJ\V ~ ~:.m~i%~~AtlQ z: c t>J:: <fivtl, {~~tJtm~[!~~m1tJt

m~~OA~-~-r:.~g-G~,mffrtL--c[!ffrtm~~-r:~)Eg-G.
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27-14:

JajtJt~iO~~<tJ:Q ctJt*iO~~.~Im~O)*~ ~ ~:ilI~v~-c <Q(J)(!, f~~O)~~~:~J:

7tm)E~Im~~ll~Im~7J~mv~ Gtl~ J:::> ~:tJ:~. ~tl~:f~J Lmi1rt~mJ£C v~:> .~J:

1& tJ f&v~ ~:fJ!fIJ(!tJ: <tJ: tJ, ~Ef MHz ~J:(!rnr~mtl)E~tlQm~flcG-c~J:m1J7J~1ft

JL\~:tJ: J -c <Q. ~1 ~ otJt~~(!O)m1Jmtl)E(!~d:it~~:il1J ~~.t&~i:t-c~0)71fi\~J:

~~j!~~a91Ji*7J~mv~ Gtl~. IJ\.1J~~J:71fi\I3t~~O)*~v~gm~.:r (~D ~ -~-)

~M!v~, ~tl~~1ti7"l) ~ ~O)-m~:Atl-c~O)gm~f~~~llig-~. ?1 ~ otJtil1J
O)tJ: v~ c ~ ~:rn:i1rtmi1rt~~ 0 ~ -~-~:i1rt Gt;:tJ\~(!7"1) ~ ~0)~1ti~ c tJ, ? 1 ~ 0
tJtm1J7J~A J t;: c ~ ~:~J:~ 0 ~ -~-(J)71fi\~ (J * lJ gm) ~~;ttJ:v~J:::> ~: Rs ~~;t
-crnri1rtA1J~~~g-~. ~1ti~O)~o~-~-O)gm~R, ~D~-~-~i1rttl~rn:i1rt

mi1rtiO~~1 ~ oA1JiO~tJ:v~ c ~ 10 -r:A1JiO~d!JQ c ~ 1 cg-Q C, ~1 ~ otJtil1J p ~d:

P=R(I0
2 -12)l!4ftLGtlQ. ~O~-~-*T~:~d:*H1v~~~.,tim~Jm, ~~~~

~ A~-t~ciO~M!btlQ. *il1JO)mU)E-r:~d:7t~tt(J)biO)Jt~1JftijJt1~ft~~:J::tJ 3:_
1J0)-$~c ~ tiL,-C~D ~-~-~:J::QmU)E~g-Q7J), rnr~, ~~flO)*~v~~~*

t;: ~d:~~O)~it1iif~:~.t& ~ i:t-c71fi\~O)J:~~ j!Q1J7*7J~M!btlQ. rtfimJajtJt~c~1 ~

DtJtO)ra'O)~.JajtJt~-r:~d:, C-C ~ (~fI*5ft~) d!JQ v~~j: C-M~ (~. • f§1f~~~)
tJ:c~mV~Q.

27-15: 7 7 ? ~ ~ I) Crt~627-628)

77~AC~~.g-~. ~MOO~~*, ~~~cO).~~~~~-~.G-C ••M~
~:7tmGL~ZG, ~fflfJ{U-c z:.tlc fPlW3 GL~.~1Tv~, zf§.~~¥J~g-~'rt~O)~

~1JJ:t~ v~:>. 7 7 ~ ~ ~ 1) O)~~f~1JJ:tc:fffU~~flfj~~d:, CCfIT (OO~_f~.~~r~,~
ffit~) ~:J:: J -c*O) 4 fjmO)1JJ:t7J~itJ!ff • fj~1~~ tl-cV~Q. • ~Im*j~M!J -c7:TO
!/ffl~~:J:: ~, )E.m~ 3.85 */mm ~ A4~.~~~ 6 7tl!~j!9Q!/)};t-7° 1(01),
~ 3 7tO)!/J};t-7° 2 (G2), Ilrwi 9600 bps O)T~ ~~ )};t{§~~=J:: ~, fIl'MjO)lmfi1Jfttjo)
3:~.mJ3t 8 */mm, 7C~*0)3fJJ1JfttjO)MJJ~.mJ3t3.85 *t~~d: 7.7 */mm -r: A4~.
m~~ 17tl:'~Zg-:Q!/)};t--7°3 (G3) C, 3:~=T-~~~M!~Lllrwi 64KbpsO)rwiJm
tJ:T ~ ~~ )};t{~ ~~: J:: ~ 3: • IrJ~.m~ 200-400 */inch -c'~f)-c'~z9 ~ !I)};t-7° 4

(G4) -c'd!J:Q.•m~z~{~g-~77~~3:l)~.-C~d:, Z{§{J{U~d:.~~1~-~~/

~--~mv~t~~1&tJ $-c7C~a9~:~1&~ -C.~{§~~=~~ L" ~O){§~~~~J.JG -clm*j
~:z~ lli9. ~{~{j{U~d:Im.-r:ztJlli~tlt~{~~~~~L,-c~2~~{~~~=~~G,~2~~$-r:

~~:~2~~9~.

27-16: i! /!t- (~~1116-1117)

t /'~-- C: v~:> fflm~d:llilIMi~~:M!btl -cv~ ~ 7J~, ~~jfflm C: L,L)E~ Gt~tE~~d:~

titJ: v~. -~~=~d: l' 7 /'A T.:z.-~-- (iJ{tl)EfI~:~t~ GL9l1~ L,~9v~lli1J~~i%~4jt

~~~~) ~t~9~~~ d!J~ L" l' 7 / A T J.--~-O)f$j~~*~d!J:Q~~*T ~mg

:I:~~~ d!J~. Gn) Gt /~--~O)~O)~d:E<n) Gfrjffl ~ tl-C~t;:. t~ cftL~1~ff~li'J;~

MO)~9:!~d:, E{~I~7° l' · ~ '/~~ ~ 7~-c'im~:: C:7J~~~~. ~1*O)~~~~~frjffl

Gt~t1f!J3tBt~E < n) GM!btlL~t~. z:.n G~d:{ft.O)~{ll:~lli1J C9~t /~---r:d!J~
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tJ!, m1:E~J:~ /'"!t- c v~;it~i~~ clu em~f~~~l£tJcT~ ~(J)~mTc~;it-C J: v~.

~ /'"!t-~J:, ~JJ&jArJ3'(J)~jt~~~f{tTT~t;:~ ~:ffjJf.J ~ tl-C~t;:tJ!, m1:E-C~J:~tl~i

iJ) t) -C~d:tJ: <, ArJ3'~:~m-c~tJ:v~~t~ (t;: C: ;it~tt&M.~-~{~Wt~tJ AtJ: e) ~ ~
~mTGM~C:GLffjJf.J ~ tl, ti'tJ{~~Ara'O).,,*~~:@:~:f~llJLV)Q. ~*(J)-e /'
'"!t-~J:~1 :J / c O)-1*f~ (1 /7 1) :; I / l' {~) (J)7Jrffl ~::lf¥u c.:y~ ~ tl-Cv~ ~. ~

Jf.J{~ ~ tl-Cv~ ~R~ffJtJ:~ /'"!t-(J)~~c%.~~T.
(1) tI~fiO)~ /'"!t- : ~jJj~J£~, A ~ 1/1 /1/-:), ex'/J£m~T, ex 'J+g

m~T, ~J£~1~-~, ~J£~~/:;A~-, ~.~1~D~-~-~e~*~Gtl

G. ~1*~Tc:GL~, =~~~U~~b~*~~e(J)~oo~tt.(J)~g ••~~Jf.JG

t;:~OO.~T~, 1,-~D1~7I ~11'tJ:e(J)mfg••~ffjJf.JGt;:~T~, D9~(J)

~l£~:Jf.Jv) GtlQ. ~O)frn, J:: < Jf.J v~ GtlQ ~(J)~:~T/~ 3 ~ -~-J:t~{ft-e /'"!t
tJ!~~. z:tl~J:IJ!!J~~tlt;:~.gtJi:(J)l:~~}~(tJ!TAtQ ~ (J)-C, ~J~(J)~{ft~:J:: J L~
.gmO)IJ!!J~iJifflC:~J~O)ra,O)gm{[iiJ!~{~TQ. 7.tmfj~~J:gm.(J)lim~:J:: J Ll*~G.
!XJ~C: GL~J: t::AT 1) ~AiJ!~ G~T<, ~t;: ~'~~.~~:J:: J Lgm{i«iJ!~{~TGtJ:
etJ!~GiJ!, tt~ffJ*~tJ:~f~O)~l£~:Jf.Jv) GtlQ. ~t~D-~ 1) x/':J-~+-~d:, p:]

t&:~:~~~J~tt~A 1) '/ ~ ~~~t, ~tl~:7t~~-C~i&!7t~~l£TQ ~ C: ~:J:: J L[EJ$i
P1~7~ :)~ )v~.T ~ t;:&j ~::Jf.J v~ Gtl~. z: (J)~~O)7.tm~~J:, p:]}aj~ etl <" 6 v~7.t

~JT~ iJ) -c'l*~Q. 7.tWIj~ C: GL 1000-8000 iJ!1i 6 tlQ tJ!, ~i&!$iJ!IE~ffJ ~::~{~T Q
~O) c: G-c~rr:r'Ttl~t, 50 7J - 100 7JO)7.tmfi~~ PJfi~-C~Q.

(2) IN!JJt~ /'"!t- : v~b~ ~IN!JJtM~J:IN!JJt~ /'"!t- c:~;it-c J: v~. Gt~tJ~J L~1*!t

AIN!~M, J£tJIN!~M, ~mM, gmIN!JJtM, Wt~gmIN!JJtM, '"!t-~A~-IN!JJtM,

7tiWiIN!M, =15IN!ll~t, ~tl~:~D~-~-~~~tlG. ~O)frnO)IN!~-e/''"!t-C: GL
~d:, pn ~1 ~- ~~ ~ 7 /:)A ~-0)IN!1l~:J::Q%Jt1~{~~fIJJf.JGte. ~O)tJ!~ t), ~

1 ~- ~IN!llM~ IC IN!ll~ttJ:e c J:: ~ttl, M!Jf.JIN!~~rm~d:1itIN!iJ) 6 ~ ~ t) rt < tJ: v~tJ!,
~1l, li*~Jt1, frffi~O) OO-c'~ tl-C v) Q. ~te.~ll9tiT~~~m~-C~l&iJiffltJ!IN!ll~{~T Q
z: c ~fljJf.J Gte. NQR IN!ll~t (40-450 K) ~J:iWiMJJt, 7 ~ :;~ )vl£tJ, ~IE/F~c:V~J t~

~ < (J)%15~ 't 'J. 7J<~(J)-wJ~rJP11l~I~Gt~7J<~IN!~~t (-80-250°C) ~ NQR IN!JJtM
C:f~te.%15~~J. ~IN!~~T~f:J:l-c't/'"!t-~Jt1tJ~~{~G~Tv~~~~:~d:, ~~ifIN!

~M (O-lOOO°C) ~Jf.Jv~ Gtl~.

(3) i1rtf*O)t /'"!T- : ~)v ~ /~J£1J~, 5'1 ~7 '7 bJ:tJ£tJ~t, mmi1rtfi~tJ: en~

z:tl~:~T~.

(4) 7t-e /'"!t- : 7tmTn~l£, 7t{~~, 7t~mtJ, ~m.tJ: eO)~jj.~fljJf.J GL, ~
li0)7J\1 AtJ~7tt /'"!t- C: G-CfIJJf.J ~ tl-C v~ ~. 7t~~~t /'"!t- ~d:, ~~1*~:7t~

~MTG C: 7~ ~ /o)J:*)v:¥-~~l&G-C~-v 1) ~-~~G, m.~~$iO~~{~TG

pq$7tm~jj.~fljJf.J Gt~t /'"!t--c'~:Q. ~i~.~~d:~Jt1~~1*O)~~~:~J:x*)v:¥

:¥-v 'Y 7°-c', /F~~m~~1*0)~~~:~d:/F~~m1 ~/{~~7 /~-v )v-c'l** t], /F~~~

~1*O)7J~:~.~~~-c'1f~jjtJ:~(J)n!~v~. ::.tl G~m~~~~(J)t /'"!t- cT~~~
~:~d:, 7 ~ J /O)~.~/J\~ <T Qte.rJJ, ~{*~~~~1*~ 1) ~b -C/f.J~TQ~\~iO!~

0, ~~~tl:tJ!*n!iO)0 ~:tJ:GftJlrffln!~G. ::. O)f:J:l-c'~~~f{~ffJtJ: ~0)7J! CdS -c'~

~7J) GPJtJl7t~~~:~tGL1f~jj-c'~ ~. ::tl~d:JJt~~ra'tJ!1> G~v~ c: v~ 5 j{J~ ~ ~ 'JtJ!,
/J\~, ~.-c'fiffi~~~ <, ?CO) 5 xftt!O)t /'"!t-~:l:tAt~+n)6~8 mW c:*~tJ:m

tJ~*U~MJ-c'~Qt~&), jJ~70).l£~t, 76 1) 1/-, ~JJ7t~tJ:e~=Jf.Jv~GtlLV~.Q.7t~

mtJ~jj.~fljfflGt~ 7 ~ ~ 5'1 ;t- ~ C: GL ~'j:, Si 0) pn f.t€~~ Jf.J v~ t~ ~ O)iO~/J\~O)?llj
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7't~tJ: c~:J:: <M!btL-CV~~. Si 7 ~ ~?'~ ~~ ~ ~d: CdS ~:tt~~tLt~iil.It1~ ~!),

~~i7't~:~~~~:lIJfFG, liJ:t>Jt¥rJ:l'~ 2J.ls ~r C:~b~-C~3'§tJ:~)t-!t--c'd!>Q.

7C~.JJ~~d:-Jf&~::7C&~~J:: t) Jt¥rJ:l'Jt\~ltt~:~tL, V-~-I\)vAO).ltl~7CJmmm

t )t-!t- c G-cm v~ 6tL-cv~~.

(5) m5[t)t-!t- : *-)v~Tcm5[Hfm~T7J~~~a9-c'd!>~. *-)V*T~d:, ~JM

~*~f*~:.mt (I) ~mtGmti (B)~1JO;!t~ c,v ~tLC:~iiltJ:1.f(tij~:.{ft~~~C~*

)v~jj*~ffJmGt~*T-c'd!>Q. ~O)c:~O)*-)v~.JJ V~d:

V =(RH/tl)(IB) (RH : *-)v1*lt)
-c'~~ tLQ. d ~d:*TO)J¥~ -c' d!> ~. ~~O)~TO)ffj~: ~ J:: Q7J~, *T~+~ffj~:TQ
C: V ~d: B ~:~~~£tt.gijTQ ~ C7J~~ GtLLV~Q. ~Jjt~d: RJd -c'~*~7J)G d ~d:tJ:Q~<
IJ\~ v~1.f7J~J::v~. *t~, =F~ 1) ~-0)3I1JJjto)*~v~ InSb ~ GaAs ~m v~tL~t~f3t~d:

J:~TQ. Si ~d:, 3I1JJjt7J~/J\~v~t~~$f*C: G-c~d:*-}v~T~:lIGtJ:v~7J~, tmrfri§J
~~fJl~ibluti IC f~n~~fj~-ea~i1n~d!> t> *-)v IC C: G-c~mf~~tL-cV~Q. m5[Hf
m*T~d:m5[Hfm~jj*~fJjm G-ct3 t>, ltf-l-C: G-c~d:*-)v~TC:fRJfI~:311Jf3t0)*~

V~ InSb tJ: C7J~m V~ GtL~ ~ c ~ d!> tJ, d!>~ V~~J: FeNi, NiCo tJ: CO)5mmlt1~~7J~m V~

6tt.Q:: c ~d!>Q.

27-17:

f~~~Jt~:Jt\~T~~ )t-!t--c' d!> tJ, ~ ~ )t~ )t-!t-, tJA~ )t-!t-, J\~~~ /-!t
- tJ: C~~U. tJA~ )t-!t- C: G-C ~J:, ~~f~:; )v::I=7 tJ: C (J)~f*tmJt (J)~ ~/~

tlt1~ffjm Gt::D*~ /-!t-, *~f*~:~tTQ tJA?tT(J)g&*~:J:: ~t5[~~It1(J)~f(j
~ffjm Gt~1i2"'Df~~*2if*tJA~ )t-!t-tJ: cn~d!>~. n ~*~f*-c'd!>~flf~AA'~d:{~

~a9tJ:*~f*tJA t /-!t--c'd!> tJ, *]}!mff)mtJA.~mtJ: c~:ffjm ~ tL-cv~~.
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Lesson 28: Computer Hardware I
(general)

* ;try middle
r:p~9l1~~trl

r:p~.tI

7-~ ry ;t ry Y 3 I) 'J ry 7- central processing unit (CPU)
7-~ry;tryT/~37 c~~e~trooe

A
:D; I.. understanding; tJ -1 assembly, association, club, meeting, party

(6 ( 5 ) to interview, to meet
m¥llf~*±~ ~ 3 ry*ry tJ y ~ tJ -1 information society
~*± tJ -1 y ~ company, corporation

Jim ~ an age, date, period, season, session, term, time
.raJMM y~ry~tJ-1

~JJM Y3~

periodic solution
initial stage, early period

Y book, chronicles, history
~5t:

~5t:a9§E~

v~~

V~~T~J\'YT/

history
historical development

8 ~'Y day, sun; .::T day, Japan, sun
-iJ~ day; D date, day, sun

B~~m =7-~3ry~-1tJ~

B* =*/
i± y -V association, company, Shinto shrine

~G0 Shinto shrine
13*± ~~~

~*±a9tJ: ~/Y~T~tJ:

daily life
Japan

the company itself
company-wide

~JJ Y 3 beginning, first
'5 v:\ first (time), beginning; -~(&) ~) to begin to ... ; ~d: C(&) beginning, origin;
~d: G(l1J-c) (for) the first time, not until; ~d:J beginning, first, new

~)]Mf~rl=J'Jm ~ 3 ~7-1:: /-;Y~-1 initial value problem
~)]m ~ 3 l' ry beginning
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#=Dt ~ 3 ry disguising, dressing, pretending; 'J ry disguising, dressing, pretending
J::~~(:> ) to disguise, to dress, to pretend

~2ti~til q:.;t !J 'J ry 7 storage, memory
AJJ~tII ::.:1. ry 1) 3 !J 'J ry7 input device

--e /' mainly, solely
~ J ~t( G) mainly, solely

~r'7tJf
~ffl-

~ !J desk, table
.£i[
~~.£i[

~/'~/'~/'~

~/'3ry-

T/~!J

tJ/AryT/'~!J

specialized field!discipline
dedicated, special-purpose

electronic calculator
scientific calculator

7 placing, putting, setting
~«) to employ, to leave behind, to place, to put, to set

~9:tif ~ 'Y T
ft2tif /\1 T

installation, placement
arrangement, layout

;.R, J\:/ pan-

rRffl
rRffl~7tT

1\/3 ry-
1\ / 3 ry :J ry~ / ~

general purpose
general-purpose polymer

c
IJIJ 1:: / article, dignity, refinement

G t~ article, brand, character, conditions, goods, item, quality
~j(~J1I! 1:: /'~ 'Y tJ /' J) quality control/management
~31<~j( 3 ryq:.=t. ry 1:: /'~'Y desired/required quality

* it:/ book, the current, the present, the same, this, {counter for long, thin objects}
~ c basis, beginning, formerly, foundation, origin, principal, root (of a tree), source

~$~* tJ !J 1) 'Y 1:: 3 ry~1 random sample
m*a9t~ :J /'~ /'T:f.t~ fundamental, basic

J.ff v:f. continuation, passing (of time)
t}9~JfI~ t}9~ J) vq:.
JfI~~~ 0V:f.7/'~3ry
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28-1:

Reading Selections

T ~ ~~ )vtt•• (tf¥ll479-480)

mTM~flc ~ v~:>. JiI~l19tJ:/\)ltA~U~~fii~~2~~:~tJt\c!it, ~tl GO)ra,O)jQJ.I
~~~:J:: ~ L?~~~fT:>fI~~v~:>. ~f~~mJ±tJ: cO)~J.I.~:~tJt\c!it, ~0)~1~e

GL.~~.m~~7~D~M~fleM~c!tl~. ~B, 7~D~M~flO)~~fI~~

~~cluc~J'\.-c-7 ~ :;~ }ltM~fI~ et tJ ~im7J)~*-£ml19~:~m~~ ~O)~, M~flc v~

x~t-7 ~ :;~ }ltM~fI~m~ ~ e7J~~v~. -7~ :;~ }ltM~fI~d:/\- ~ r;; I. 7 e'J 7 1'r;;
I.7iJ)GtJ:.~. /\-- ~r;;I.7~d:, ?ji(~~§, ~2.~fiI, AmtJ~§.t3J::lJ~tlG~f*O)

1JJ~~ilJfJ~~~ilJfJ~~§e7J\ GtJ:~. M~fI~lJJ~c!it~ 0)~d:$1.J~3!> tJ, ~tl~d:ilJfJ~

~fiI~m~c!tl':"(at~flO)fmO)$7}O)ifltl~IJJ~~fT:>. M~fI~:it~O)3!>~f±¥~c!it

~t~~0)$1.J0)*~Ij~d:7D ~7 b eJ::~ttl~. 70~7b3!>~v~~d:~O)m-@r, ~t~~d:~

O)flfll19~-@rf*~~~GL'J 7 l' r;; I. 7 C: J::1u~v~~. 7 )v:f 1) A'bO)f!ijiltJ:f±¥~:~t

GL~J:, ~O) l3119~~PX:~~ et:>~:7°0~7 b ~~~ ~ C:7J~~~~. ~O)r,RmJI1~:et ~

L-7~:;~)vM~fI~d:fmo)~~LO)fI~e~5JIJc!tl~. *JJm~:~d: 10 im~~f*m~~M
~fI~3!>~ t~7J~, ~B -r:~d:~~c:luc~~LO)at~fl7J~ 2im~~f*m GLV~~. -7~ :;~

}ltM~fI~~.~~tG ~O)~j:, ~btlLv~~fnUJ.I~Te ~ t 1) --O)IJJ~im~O)~~iJ\~:,

~f~O)m~c:.m~, $1.J0)flm, 7 ~ VA~ra'O)*~c!, ~2ti~., ~O)fmO)v~b~

GM~fl7-~~~~~--c:et~tlG~0)~3!>G. ~tlGO)fI~O):>~M.flO)••~
.C:.~~§~1~O)m~~.C:GL~mc!tl~~0)~~~~07D~~~--eetlJ,

c! G~:~2ti~flt~AmtJ • ilJfJ1ij~filO)-$tJ: C~~lut~ ~ 0) ~ 1~~ 7~~ !J 0 :J /

e :l--~- C:J::Iu-r:V~G. 1 JO)m~~.~:l&~~~ ~*Tf{O)fIltl~HiJ\ G, ~JJmO) z: ~
~~.O)m~~7~VA~OO~*~<c:tl~, 4e~1'~8e~~0)~~~D7D~~

~-7J~~btlLv~t~tJ~, ~~t3(~JO)im~~=J::~L 16, 32, 64, 128 e~ ~~~ ~D7°D

t~~-c:tJ: tJ, ~B~~J: 256 e~ ~~~ ~ D7°D~~~-7J~J.t~ tJ~J3!>G. M~m

O)fIJmtfO)ll:l:~7J)G~J:, ~~/7v-b, ~=:J/t:::L-~-, TJ-~AT-~3/,

J\- '}~ )It:J /1::::J..-~ --tJ. ctJ~3!>GtJ~, ~O)~BIJ~d:~\~G~ f!ijil-c'~d:tJ. <, t3(f;f\jO)im
~~:et ~ L~~ LV~ <. ~tlGO)r,Rm~t.mO)~~tJ\~=~JlI~d:~BIJtJ:l3119~~ ~ t~~t.m

tJ~v~~ v~ ~ C:{f GtlG J: :> ~:tJ. ~ L~L.t3 tJ, ~O)f~.l19tJ. ~ 0) ~d:A--J'\--:J /1:::.:L-
~--c'3!>G. TJ- ~7°D~~~-~7--bm~, ~attJ.cO)fll<O)m~O)q:t~=M~flO)

mfi~~~ ~ t~m~~.7J~t!I!66i6~tlL~btlGJ::> ~:tJ:.~ L~LV~~ .

28-2: • !il (1W~513-514)

mT~!$IJ:~t.mO)Pm. ~-O)~{f~:J: tJ lJJ{f~Ui~f~~ GtJ:.tJ~ G~t.~fT:> ~t.m

~, al3ti~tI~:f!;ffiC! tlt~ 7°0~7 b. ~:et tJ IJJ~~ ~-~O)M.fI c ~7J1J c! tl~. m!i!
~d:, fJlJ:-c'rmJ{Jj?Ji.~miff~=fT:> t~66(J) ~ (J)-c' 3!> tJ, AtJ~flt C: GL~/~--, mtJ~

fltC:GL.~.~~XG. W.~f{~~~-c'~~mfl~~f{m!$IC:J:~. W.~f{O)~

~~:~d:, J\- P r;; I. 7 f~tJ)~~tJ: CORDIC 7 )v:f 1) :A'b~m V~~~-@rtJ)~Vl. ~t~(J)

¥JIIi~actic!it:PtJ. vl~--it{f-c'~.tJ)-c'~ GJ::> ~: Gt~mfl~ 7°0~7 b m!$I C: J:~S~.
¥JIIi~f~~~ ~ t~66(J) § ~~d:, m!$I~' C: '=3!R EJ (J) §s§~~~JE~ G z: c:tJ)~Vl. r,Rm 0) §
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~~mv)L70!l'7 ~ /'!I~~~~ ~ ~(J)~j:, ~7 '/ ~::I /'1::.:J--7'- cJ:~S~. ~1£(J).

~~d:~m(J)~17070-e'/~-~mv)-c.~~tt,flfj~(J)~1Jo~~J!~~tt~~~~tJ:

t~~, ~tib(J)fj.~d:3-F1it~:~V). GIQ) G, pq$.~~:~J:d!> * tJ~ tJ lQ~tJ: <, !}!fln~O) ~

(}) ~d:, $tib}~~iO~b '-9iJ) 5, 6 J~~ d!>~ ·

28-3:

.~~~tH~g-Q*~~d:liT.~=FtJJ~.tJJ~tJJlQ)g-fl~~~J:~JJfI~:J: J L, Arp~~~

fr :>1ZQJ{lji~JJ~~WJG-cv)t~. 1962 iF~::.T~~::~JJ~fr:>.T~~J::~JffliO~iffj~
{t~ttt~. ~ G~: 1964 iF~:~d: ~ '7 /.~A7'-{t~ttt~.~iO~Y~-7~iJ) G~~~tt,

::ttiO~~1£O).~O)Jl(~ ctJ: J t~. ~ (J).~~d:$dlrJ~lciO~ 5000 111, m~ iO~ 25 kg -ed!>J
t~. ~0)1~, ·IEJIm*TC G-c Ie ~mv)QJ::> ~:tJ: ~ ,. IJ\~{t, ~.1J{t~~imluti. Ml
m¥~d:flfj~ C~:IEJ~~~t~~:~~G-Cv)t~. IEJ~O)~J!~:PtJ:<g-Qt~~~:::I /I::.:J-
7'--ef*m~tt-cv)~70 !I '7 A*,JJP(})~x15~l& ~ Att, 70 !I '7A$7t~~~(J)~~
1;t- ~iO)GtJ:QROM ~:~2.~itt~.~~mbttt~. ~ 6~:/J\~1~~ftimg-~t~~~:

B*(J).~~-tJ-iO~7~ I) tJ0)1 /'7)V~C~(QJ~rm~Gt~o)iJ~1!t~~)]0)~1707
O~'/~-~M~d!>~. ~17070-e,/~-(J)f*m-e.~fI~~~~·~~~~~

~:tJ: ~, ~~.~~7D7-'7 A .~tJ: c~JJ1fj~(J).~iO~/J\~iJ)~~fiffi~:fFtt.Q J: 5 ~:tJ:

J t~. LSI .flJ3t(J)-Jj(J)rtuJ:~:f~v), =F.flfl~, U~flfl~tJ:C~frmxt~.~~ tHm G
-Cv).Q. ~JJmO)tJlO).~~j:~~~C GLJ{~1f~mv)-Cv)t~iO~, ~7t7'~1;t- ~~~~

~~-cm1:E-e~j:~A~7I'~iJ~M!m ~ tt-CV~Q. • tJi~iffjm.tJiiJ) G, ~.ltI!, ~ G~:~

miJ~M{£-c'.ltI!5e.iJ~~mO)~~.ltI!~C:~1~G-Cv~.Q.

28-4:

~JJfI(J)fiiJJ9l1J.m$~1111* t;: ~j:~1II(J) LSI l:.~Gt;:~1 7 0 7°0-e '/~-~:a2ti

~ti~)aJJll~.C(J)1 /7'-7 I.-A IEJImtJ: c ~f11JD G~- ~ ~:m.Gt;:~JJfI~ v) '5.
~ G-C~1::r /' Cv) 5. 1971 iF~::1 /'T)v~n~, B*O).~~-tJ-O)~i'±~:JiC\CL
1!t~ji~JJO)x17 o::r / I:::l-7'-~tm~ GL £A*, 7°0!l7 A ~::J: J L~ * ~"*tJ:m

Jas~:§m-e~ .QrfLmO).T$~ c GL mJasiJ~tJt* G, LSI ~1WO)im~~:J:J L~.~~:

3£J!{ GL~t~. ~17 D::r /' I:: :l-7'-O)JiC\m7}If~d:~~~:bt~.Q. 1'\- '.Jj-Jv::Z /
1:::l-7'-~~=::I/'1::~-7'-, IfFfI~~I~o)I~~JPm~., ;t7~A;t-~

~-~ 3 /'tI~, ElIJJ.~*.~~~o)~Jl~i6~tJ:C, d!> G~.Q7}If~::§m~tt-cV~Q.

28-5:

CPU c~~2g-Q. T~ ~7'Jv~~tlO)f.~~*0)5!>, *,JJP~.C?~~~.~f*it

-C~*9l1J-'~UfC V~:>. ffJtlJP~1If~d:, i~~~1If, ~2ti~., A ttl tJ~1If C: ifJIJJP{~~~~
lJ C: lJ G, 70!l7 A-e7I'~ ttt;:9l1J.m ~1T5 t~~ ~:tfrtll*tlJP, ~2tifIJtlJP, AttltJifJlJJPtJ:
C~1T:>. tfrtllifJlJJP~j:, tfrtllO)l&lJttlG, m~, ;t~7/~77--eA, ?~JJ~1Tc:v~5

-llO)mttt~*,JJPg-.Q. AtH1JfiJtlJP~j:, ~*9l1J-'~. C:AtH1JifJlJJP~. C: O)r~~-eWUi6~
flfi~~M!~ -CJm{~ G, AttltJlJJ{"F~$tl~ijg- Q. i~~~.~d:, 1JoJJ, ~JJ:, *~, I*.~,

MID, ORUCO)~J.m~~~J:~Y7~~~uc~~frg-.QIEJImCV~A7'--e.~~
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tt, 1frl~$fJ.~flIn~m~Gt~~*~::£~v)Ll.JJ~~1TTQ. r:p~9l1J-'~flIO)~~i!~::

~J:, tJi~ftbitlBJ-'rmImti~t~::etQft2.IBJ-'c, lBJ-'rmImO)JJJfF~7D !J+7 14~$fJ.T
Q?~ !J 0707"7 14 cn~d!>Q. Jtifj~~{~'lJti(J)[tijJ:(J)t~~~:.~(J)r:p~9l1J-'~iI~ ~

J~JJtI~d!>Q.

28-6:

.~O)mi%lJjn)GO)mi%~~tt~tt.~O)~jt~~ c ~l&zTQt~~O)f~i%.~ v)
5. ~c~~, ~JJtI~.dTQ~~o)~*CGl,r:p~9l1J-'~ilcE.~ilO)OO~,

~2ti~flI0)7~ vA~~~TQmi%.~7~ VA/\A, T-~~EzTQf~i%.~T

~/\AtJ:CCV)'3. ~t~, .~O)~*n)G.d~ttQ~JJtI~ATA~:t:>V)l~d:,~tt

GO).d~*rJ:l~~d!>Q#t~Jt~mm~:etJlffli%O)~~c ~ ~fT5t~~0)~~1Jit~m

T. AtHtJI\A~d:~O)et5 tJ:1JitO)-fj~d!> ~, ~iRtlffltlBO)~~ffl CGle~f~~tt

t~ ~O)~:: IEEE-488 e~/\An~d!>Q. ~t~, ~ =:1 /1:::=z.-~-~x17 D7D~,/~

~tJl~Jblvti~AT 14tJ: C~::t:>V)l~J:, 1 -.:Jo)~~I'A ~:~fjO)~~~AT 14~~~T
tt~t, ~AT14O).dn~~~~::tJ:Q C C~~:~AT14O)tJA5iJtin~mT::' c ~::tJ:Q. I\A
~J:*fia9~:~J:1 -.:JO)ffl~*JRIm~.~O)~flIn~jt~ GL~Jt~Ua9~:~ffl9Q ~O)~d!> ~,

-~~:~J: 1 -.:JO)f~~ti~t Gn)WF~ tttJ:v)O)~I\A ~~fflTQflfrj~~)!JWTQt~~O)tI~

7J~~\~ ctJ:Q. ~O)tltI~~d:r:p~9l1~~iI~~ffl(J)I'A $J.~.~:etJ 19l1~~ ttQ.

28-7:

iOOWJ:-c'0) jJ~ '} )1;~~~tl~O)~JJJ~:ffl v) Q{}[ftfAtJ~ilO)-J. /J\~ tJ:m~-c',

tifF~O)¥JtO)~GtJ:W-c' ~ ~7J~TtifF~:et Q~JJJ.~fljfflT Q. ~JJJ.O)~tH1J~~:

et t]tI~itc7C~itc~:Jt~tGttQ. tI~it?'7 A~d:, Ia3tTQ 21J[tijO)rmEfBJO)*~

iJ~?r)AO)rW~~d!>~~~)vO)~JJJ~::f~~-CrmET~m~-e~~. ~rmE$fb~::~d:~~ 7
~I./:J-5'~7J\~~~tl, *.O)rmE~::f~~L.~x'7A~~~TG. ?r) AO)~JJJ
.~d:.~/,\)1;A~~t~G-C~~Q.~im?'7AO)J:W~:~iT-~AtJO):t/· :t7~m
~TQ7°,/ ~=z.A~ 'Y 77J\ft~t Gtt-Cv)Q. 7C~it?r) A ~i, mRrja9tJ:mf~O)taliJ)ttt~

f&W (?r) AI'\ 'Y ~) l:~:7t~~LtJ:7J~ Gtif~T G. ?r)Apq$~:~~~tGttt~~7C~/
~--c'.ocM7CO)~~a9tJ:~{l:~~tH G, 7C~itD-~-l) -I./::I-5'~cfPJf~~:.ocM

7CO)~{~~:~tJiC;Gt~.~!,\)1;A ~~~~it, !'\)1;A ~~t~G L~JJJ.~JJtHT Q. ¥~
tJ:f.~-c't(fiffi-c' ~ t), ~ t> l:~jL~ '5 ~\~n\tJ: v)frJ}~7J\d!> Q.

28-8:

iOOWJ:-rO)jJ~'})v~~~JIf~O)~JJJ~::fflv)G{}[ftfAtJ~lifO)-J.~ 7 '/ !J~-)1;
~:t?'7A ~:m~ Gt~~~~G-Ct:> t), ?'7 A cfPJf~tJ:tltI~~*T. JJJ{~J*~~J:, rmEJ~

~¥-c'rmT J:: 5 ~:ti{~TG c, rmEJ~~::f~MGt~Ia3tTG2JO)rmE$fb~:f~~~ttt~o
~~0~I./:J~5'~~rmEfBJO)rmE.~JJlliG, ~0).~GrmE.0)2fBJ1J[tijO)rmE

.~~6b, ~tl~:J:: ~ -cjJ-'} )v~~~JIf~O)iOOWJ:-c'O)~JJJ.~)E~Q.:; 31 A
T ~ 'Y!J c.tJ: t), rmEJ~iJ)G¥~"GL~r:pli~~~:~imGtJ:v). ~t~~r) A ctt~

TG c, tifF~:~\~tJ:OOffn~~ 7 'Y 7~~)vO)~~lifWffti~t-c'mufrJJ~iJ\~Q.
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28-9:
-'

1OO.~7J'~.O)1OOooJ:~::mQ-C~«I~tlGA 7 I) - /~O)fft.AJJ~tII~v~ 5. 10000
J:O)A 7 I) - /~::iIr~m-c'Mtl, -to)ffttlltwm~f~~~tII-c', ffttll~lli1JJt(J)~v~~:et

fJ, ~ffJt, HftfL,.Jt, 7tffttll~lliJttJ:cO)1JJt~!~~. m-c'(J)1OOoo~O)fil~tlfF~:et

~ t~3b~tffi5Jf1~J:et v~~!, m7J'mI3£~!{lf <00000~!l15tl~ !X}~~!~ ~. 10000 C:JlltlL~tII~
tl~ti~~::~J:, ~ 'Y 7/\*}~ C: et ~1tl~.

28-10:

~~~Uft(J)1OOoo7J)6lliQ7t~~lliGllIDOOJ:O)f}[Uft~~~~/~O)ffttllAJJ~Uft~v~ 5.
;ttifflf$7J)6AMT~7t~~.~itQ7t~*c7~~~)~~f1f~~tlQ. 7~ ~--e)~~~

/J1'J~::~~~tt~~c, AM7t~7t771 J\--c'~/~0)7~ ~--e)~~:~<~O) 2 fjO)~Jt

7J!~Q. fJllfJ1'J~~-~Jf*I3£~J:O)7t~~lliTQ C 7 IJ 'Y 77 0 'Y 77J!Bt~tI~::WIjJb~f~

~~z fJ, -to)lIJlrJ3,O)mT1::-bO)1OOOOO))E~f}[Uft7J)G71 ~ ~/iO!mGLV~Q 1OOOOJ:
O){}[Uft~~lliTQ. 71 ~~/~J:, frjm-c'~Q~~~.~!IJ7 v'Y ~-:1~~::~HGtlQ z:
c, ~~00000~iIr~m~T~~3b71~~/*~*~~~~00000~~GLG*5Z:C:,

r~~~~iO!*~ v~ z: C, tJ: c 0) !XJ~tJ!~Q.

28-11: v--if-:1 I) /~- e~m794-795)

f1T~~tI~~M!btl-Cv~~f1T~Jt(J)JJj{~~frjm Gt~/ /1 //\7 ~ 7 1) /~-(J)

fl. ~V/" ~tl7t~~f*, 7-t)v7 7 A ~IJ::J /'tJ:cO)7t~~Jf1ltf-f~~mGt~~7t

~ '7 b ~1Iffl~itL:t3~, ~O)J:~:: v-~-l::-b7t~~M!-.J L)t~/\~- /'~!mMG
LRtfl~.~~~G, ~f5fMn~~ (~T-) ~Rtfl5U:JJ-c'Rtfl~.~:>f'f~~it-c~. G,
m*Jf~~~~ G-c, -ttl~~*t~~d:ffJJ-c'~~T ~ r:PM1IJ~llI~ V~ 5. x*)~=¥-O)j@jv)fI

*BJtJ: v--~-1::- b ~M!-.J L)t~/\~-/~~~TQt~~, m.I3£tJ!j@j <, j@jJmr:p~-c'

~~ z: ctJ!*~-c'~~. m.1t:~d: 240-600 dpi, r:P~JmJ3t~J:~Jmtl-c'~?t 20,000 fT~~~
G, IJ\~tI~d:1J '/ ~ ~- ~*Jf.wm-c'~?t8-20 ~fiJ3t-c'~Q. *t~, v-~-1::--bO)

~~7J)~:§£7t?f1;t-~ (LED) ~ 1 ~1J~=}]fL«t~ LED 7 V1 ~mv)t~LED 7° 1) /~-~,

1fr7t~T c~7t ~ 7 b(J)ra'~=~d1r~~ '/ ~--~mv)t~~d1r7°1)/~-7J!~Q.

28-12:

J /1 //'\7 ~7°)J /~-O)-fj. fl/J\t£O)J A')~7J)GIfJtM~tlQ1 /7~*1lTf~G

L*Jf~={'f~~ itLr:JJ~T~ 1JJtO)r:Pijlj~llf~v~ 5. llDff Gt~1 / 7 ~ J A')~7J) GIfJtM~

ittJ:/O~ Gm~~1JfRJJJ~=J: fJ 1 /7mt~*1lTf~ G, -ttl~1Iffl~itLMtflti~=J: fJ ~2~1<f§

~~=}Jt; c:L 1 / 7 *1lT~{f;ftijffflJJPT Q1irrfl$U~~ C, Rtfl5U:JJ ~=J: fJ J A')V/O) G1 /7
~~51, llDJm~itQRtflllDJm~, ~2~1<f§~~=}Jt;C:LffJJ*J1'J0)1/7 ~=ffJJ/\)VA~lf

;t-r J A'}V7J) G1 / 7 *1lT~IlJtMTQ ~ 0 'Y 7°;t /77 / ~ ~7J!~Q. 1 /'7:; I 'Y "
7°1) /~-~j:, ~b~-rfttH~7J)Jj@jJm-c', tffJm*Jf~=~2~1<-c'~, 7J)J1J'7-f~7J!~~-c'

~Q C: v) 5*~~ ~ Jtc.?tJ1J 7-7°)) /~~c G-rM!btlQ ~ c:tJ!~v).
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28-13:

'7-70 c:um~9Q. ~~fI~mv)-c)(.~fF~·••9Qt=.~0)~ATb. f"F~G

t=.)(.~~.fI~:m~9Q~ ~~:J:: fJ)(.(J)*~a9~J]!tJ~1(;~~:fi;tQt=.~,~~fI(J)

B~a9t~fIJm§a9~GL~J~ ~rt< tt& G-Cv)~~ATb(J)-J-r:d!>~. JJ1.m(J)fI~

~ G-CfF Gn -Cv)Q~ (J) ~ , r}Lm~~fI (J) 'J 7 l' r) x 7 C: GL fF Gn LV) Q~ (J) C: tJ~ d!>
Q. )(•••(J)t~~O)flfmC:G-e~d:, )(.O)if!1JO· ~IJI* • ~J!, ~ /?7 1) /!1~ti~it •
~/~/1'~E0)7~-~T~/!1, ~.~)(~~*, ~~mJ]!~~~~M~m~E

~)EO))(~ • ~2~~~1T~fi*~:/f'EI~~:~tI~nQ ~ ~~iI~tQmJ]!) tJ:EO)£*flfm
O)~~tJ\, fAJ.t~~m, §*fF~tJ:EO)~mflfj~~fiii;tt~~ATb~d!>Q.~m~OOi.~

~ts)(.~t&5~ ~O)-r:~Q~O)~~V). V-~-71)/?7-~~~fltJ:EO)~ll1fj~O)

ttlJJ~tI~:J::fJ fflJtit:PiljtJ:~O)ttlJJ ~1'Q C: V) J t~~m1~ ~~Gn -ev) ~. -1J-r:~d:,

JJ1.mflO)lj\~1~~~~ Gn, EI EI3 ~:riJ!>)I~~fI~~~ <fF Gn-ev)Q. tT.~:J::QA

JJ1JJ.to) ~~~\~:, =F.~)(~~!& fJ ~-tf)1f~:J:: QAJJ~~~H)Ef'f~-r:~d:d!> ~ tJ~~m{~~ n
-Cv)Q.

28-14:

~{l~~mto)um~. ffBJ]!a9~:~-e-cii!7J\nt~~~fI~fiffii*~ii!tJ:EO)T-?7 fiffii*~liI

(DTE) ~Jm{~rm*J~1r G-Ct"im9Q~ ~, DTE 10\ GO)T-?7 ~~aMJG-crm*ll:~:~ t) ttl
Gt::.. tJ rm.7J\ G~f~ Gt::"T-?7 ~{laMJGL DTE ~:~Qt::..~~:M!m~nQ~ti~v)5.

T-?7Jm{~~J3l~1, 300-9600 bps ~~-~a9-r:d!>Q. :t:Tb~:~14.J.trm.m ~ 2 *JJ.trm
.m~~d!>Q. frJ~~1±~:JJ1.mrm.m~d!> t), 2 *l-rJ~~n~n~{~rm*Jc:~{~rm.~:
7.tJII G.-CmV) Q. 0~~~rm.~: t"im9Q~ft~: ~j: 2 *JJ.trm.m:t:Tb 7J~m V) Gn~.
::(J)t~~2.J.trm*Jm~Tb~j:rm.*,J~~ii!(NCD) ~pq.9~. NCD ~:~j:, ElfJJ~{~·

ElfJJftmO)flfm~~~~O)~~<, ~(J)~ft~nG~~7~r)x7~~~m~~9Q~

~O)fiJU~:J~ / ~ ~fiii;t~. 1::TbO)~aMJ1JJ.t~:~j:, ~~fAifJi~:f-~ /!1 (FSK) ~
{ftf(:jifJi~:f-~/!1 (PSK) tJ:E7J~d!> t), z:.nG ~tJi~ftbitLmV)Q ~ C:: ~d!>~. ~

t~~~~J3l2400 bps ~l:O)~Tb -c'~j:, ~ t) ~TlEflfj~~T-?7J±.flfj~~ ~ J t~7°0
l' :J)V~pq.GlV)Q.

28-15:

LAN c::Pm~29Q. ~ra'a9mA~tJ~}l~pqtJ: E~:~H~~ ntc.i'BIm-c', ~A~~Jm{~rm.~m

v)-e.~~nQ*'Y 1'lJ-!J. ~7'*'Y 1'lJ-!JO)-~. LAN ~~ra'a9~:~*GJ::t)

I€ii~~:Gt~ ~ O)~:, 7t7 7"~1'\--7-7')v~mv)t~ FDDI (fiber distributed digital

interface), *fim~O)~ l' D~ 1)?7 /Il) 7 *~ l' '7-7 (MAN), ~ G~:~*~ nt~m
mO)rt~*'Y l' lJ-7 (WAN) 7J~d!>Q. LAN ~j:~ra~a9~:~j:mm7J~*,J~H~nt~*'Y1'lJ
7~d!>Q7J~, ~b~LI€ii~tJ:Jmf~~~~~~Q.LAN ~j:*'Y l' lJ-70)m~~:J::Jl
7}~C'~, il~~<~6tl~0)~d:J\Amlc::') /ifml-c'd!>~. ~tl~d:, *'Y l' ry--!J ~IPJ

$dI-7--7')v~7t771 J\--7--7')V-c'~2*J9.Q~~=, ~tlGO)m~7J~ilt>*J~~7J~~<

ll1i~, ~9:fiii~.~{~<¥J3XQ ~ ~iO~~~Qt~~~d!>Q. I'\A~ ') /!1~m~9QJmf~
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'r-'7)V~d:, ::tt~::~~c!tt~~AT bi01;Jt~M!mT~ (J)-r:, 'r-7~)v J:.O)m~~~i01

liv~~::.~ GtJ: v~J::? ~::, .~lillil*,J.i01~,~-r:~G. :: O)*,J.~d:RV~~:7tft~~:~ll
Gt~tR~-r:~~-r:~~ J:: '5 ~2Lm:c! tt, ::tt~:J::J -C* ~ ~ '7-7 (J){~'ltti01ftiJJ:.T~.
• ~lillil*,J.~j: MAC (media access control) CJ:: ~ttt, CSMAlCD 11rt~ ~-7 /~: J::~
*,J.i01ft~~-r: ~ ~. lW1!f~j:J\A~* ~ ~ '7-7 ~:m v~ GttQ. f~1!f~:~J:/\A~~:mv~

~ ~-7 //\A11rtc I) /7"~~:mv~Q~-7 /1) /7"11rti01~~. LAN ~:!&~T~

~AT b 0)Iti01~v~tlft~J:,/\A~-r:~j:/\A ~~li~: I) l::-~-c J:: ~tttQ~.-r:~~
G*.~o)/\A*~ ~ 17-7~.~TQ. I) /!I~-r:~J:~mlJ /7"~ttmTQ:' c ~d!>

~. ~~7J\~:A~- (fIl) ~O)*~ ~ 1]-7 ~mv~Gtt~. LAN (J)m¥ll~~~J:~;tm~~

~JJ\'r~ ~~rt-r:fibtt~. ~~a:pJ\'r~ ~~:~~~t]i01~Ct~c~, ~t]~*ttlG

M~~:J:: t] lillrlT~flfm~ LLC (logical link control) ~:: ~t~it, ~tt~~1J[]TQ~ ctJ1
~~. 7 71 )v~-/\-~71J/' ~~-/\-~~~G, *3¥~(J)7t~*~"'7-7~~
~TQ~~~~. -11, ~1/7v-bo)~*~LAN~:!&3G,7D/"I/~*~

"ry-!;J ~~~Gt~ t), 7 71)v~ATA~~m7D~~~-~~~G-C/\~7 I./ ~
*~"ry-7~~~T~~~~~.~~, ~-~?X1~frGL, ~~*~~ry-7~

~li~~TQ~m{?iJ~~v~.

28-16: 7 7? i' V-~- 1';;( - y 3 / (iW¥Il628)

FA c~~TQ. ~.tJ:.~~J:*ti.llc!tt-Cv~tJ:v~tJ~, "~~O)MOOi, ~~M, ~ii:

~frmO)I3jJJ{~~fT'5c c ~ ~:, 13 Et9O)~~~iiJi~:'~ii:T ~ t~&9O)*,J., ifJJl, ~mtJ:

c~ 13 fJJ~~:fT '5 ItlO);gj~~ii:~ A T b" ~f~T~ c i01~ v~. ~ti~:: ~J:IfPfI~~ 0
~ ~ ~ tJ: C ~::et G~ii:0) 13 jJJf~ c, ~ii:7J~~ii:O)~$XIJiO)ftiJJ:.~ 13 roT FMS ~roT

tlft~ ~~. ~ii:~::s~t~~~fj1".fl::, kfiWlO)~.fl::~::~t~GL, ~i±tJ\6~ii:~:¥

~ *~O)~ii:fflfJJ~:s~t~~P-l~ATb~1*0)~jJ$~tJ:ifJJlc*,J.~fT5elM
(computer integrated manufacturing) C rPJti~: c 6 ;t 6 tt~ J:: '5 ~: tJ: J -C~ -Cv~ ~ .

28-17:

7t~~~1Jt~~mv~-cltt~~5ll1JJlT~MJJfI~ v~ '5. ~1:EO)~tJJfI~d:m~{~~~M!J l
m~~5ll1JJl G-Cv)~tJ1, m-TJ:: ~ f$fJJJ*~O)J*v)7t~m-TO){~ ~ ~::M!mTtt~i5ll1JJlO);gj

J*{(j7J~PJfj~ctJ:Q. 7C~lj{.5ll1JJl~:M!mT~tlft~:~,~ctJ:~7t.-T~d:, 7C~-~1I-T

~::~~ L,'"-CtJ) G5ll1JJl G, ~0)*5*~~~::If~ ~ ttlT C: v) '511rt~~~t~~, ~ffifJ~l:~d:,

JJlm~tJ:IJifi~~d:~~ Gtt-Cv~tJ:v~.
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Lesson 29: Computer Hardware II
(memory and recording)

-. =f- shaking, waving, wielding
v'S"" Q ( :> )to shake, to wave, to wield

~~Jt1~a. =f-/\~~1 =f-?t7
~~ /\ 'Y=f-

volatile memory
exhibition, display

71 diameter, method, path

li~

~~1JrRJ

T3'Y71
/\ /71 $'7:J '7

diameter
radial direction

rewritable
book, bound volume

~« IT=f- chink, crevice, discord, opportunity
g-~ crack, gap, leisure, space; D *dismissal, leave of absence, leisure

~~~ 7 '7 IT=f- void, vacant space
fl/J\rJ3'~~ 1:~ 3 '7 tJ /IT=f- minute/microscopic pore/gap

;A~ z: (ts) to be crowded, to require work {vi};
Z:(~Q) to concentrate (on), to devote oneself (to), to include {vt}

~~~ts ~~~ts ~re~~

~U~~ b t) ~~ interrupt

iii ~ 3 book, handwriting, letter, note
iJ~(<)to compose, to draw, to paint, to write

~.;tPIfi~ tJ: n\~ i)'~ ;t tJ J '7 tJ:
~M ~3~=f-

.Dh :; 3 help, rescue
g-~t assistance; t~g-(iJ\Q) to be rescued, to be saved, to survive {vi};
t~g-(~t.Q) to give relief to, to help, to reinforce, to rescue, to save {vt}

~~~ ~3~/A'7 p~ame~

:NIi~ $:; 3 assistance, support, auxiliary

IJ\ ~ 3 '7 minor, small
S-little, nice, pretty; ~- pretty, short, small; ~ v)(~ v)) little, small

tl/J\ =f- 3 7 ~ 3 '7 minimum (value)
IJ\m~ ~ 3 '7 =f-~ small scale
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,:wF3 ~ 3 ? erasing, extinguishing
~(;t Q) to be extinguished, to die out, to disappear, to wear away; {vi};
~t(T) to cancel out (numbers), to erase, to extinguish, to tum off {vt}

l~* ~ 3 ~ 3 erasing, purging, elimination
l~~ ~ 3 ? ~ 'Y disappearance, annihilation

~J~ 'J ? manipulation, operation
~~ 'J( .Q ) to manipulate, to operate; ~~ .t3 chastisty, fidelity

~~ 'J?~ ope~oo

7.t.~~ 7' / ') 'J ? ~ separation operation/process

'J / believing, existing, knowing, preserving, remaining;
'/ / believing, existing, knowing, preserving, remaining

#1£ 'J/-if1
1*# *'//

existence
conservation

power failure/interruption
termination reaction

7"-17/
7"-1 ~J\/ /?

RM
IJ1[", Y'Y removing

~«") to take off (clothes), to undress {vt};~(~f.Q) to come off, to slip off {vi}
ml71< Y 'Y A 1 dehydration
mlfll Y'Y ') elimination

~ 7"-1 stopping
f¥m
f¥l1:&~

:':1:"
ii7C l' 7 reading; ~ 7 reading

J::(U) to divine, to read, to understand
itI~ T37~7

~~~~~~.~ T~~~VJ::~~~

direct readout
reading handwritten characters

1* * to guarantee
t::. 'b('J) to be durable, to hold, to keep, to maintain, to preserve, to support

1*at *:1 protection
f*mE *~ 3 ? assurance, guarantee

~ o 7 record
~c~J

~~J

record, document, recording
registration
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Reading Selections

29-1:

MSS c~~2TQ. ~AT~~t~ fJ 1012 ~~ "fi~O)m*~Gti~.~~J~.flJfJ~

/7'1 /tfftWJ~2ti~•. ~~EJ9tJ:~.~d:mM 3850~, 2.7 '1 /7rfriO)m56:T-7~~

~~t::'7-~tJ-1' I) ~~~JfJ~~~. ~.~d:7-~tJ-1'I) ~~~t~t) 50 ~tJl''11'~

d!>fJ, 1 ~ATb~:!&~l:'~Q7-~tJ-" I) ~~~d:~Ef-~Tfill:'d!>Q. T-7~0)
.~J6~ • Mt~l:tll./~d: VTR c(PJfi~:@]~m~~~ ~ ~:J::Q~ I) tJ )LtA;f-~ / (~~~)

~~~fi5. 7-~~0)7~~A~m~7~A~~.~~~Tfibn~. ~ATA~_

0)~~~:ft2.~nt~~)V~~J7-~tJ-1' I) ~~m*t'i~, 7-~0).~J6~·Mt~l:tl

~~fi57-~~Gtifl.(DRD), 7-~tJ-" I) ~ ~~m*t'i~cDRD cO)rp'l:'3fJJ~

itQ 7 ~-eAfI.:SJ:lF{E:f*(J)*,J~fI.7J) GtJ:Q. j!ilI~d:tJ-" I) ~ ~T-7~1b~!&

*t'i~T(PJfi~fI~~~~.~~(J)tJ-"0~~T-7~.~~~<~~~T:St),*~
~*(J)J'lr5bc~T~d:7~~AJm~~:flnQ.~~(J)7t7,{A~~.7J~tff1kTQPJ~Jt1;Q~

d!>Q.

29-2:

2 fiiEJ9tJ:m{~(J)~(tij ~:J: fJ 1f~ ~~2~1<T Q z: c, * t~ ~d:~(J)~~~:J:::Q ~2ti~ ~~:>.

mtl5i~ ~jt7J) GlE~, lE7J) Gjt~~{~~ itt~ C:~ ~:mtl5i~;Q~ °C: tJ: J L ~mJt1f*(1)

m{~(J)5!i~ (m{~~~) ~j: °ctJ: GtJ:v~ c v~:> mJt1f*(J)Jt1W~frjJfJTQ~2ti1J~l:'d!> Q.
JO)JL~j:~.fI(J)±~2tiJO) GtfftWJ~2ti~: ~~t~:Q *-c'm~~2ti;Q~±f*ctJ: J L JfJ ~~ Gnt~

;Q~, j!ilI-c'~d:±~2ti~: ~d:J: fJ reiJm(J)~~f*~ ~ I) -iJ~rt< JfJ ~~ Gn:Q J: '5 ~:tJ: J t~. G
JO) Gm1:El:' ~, m~7,{ A ~~ 7 0 'Y e-7~ A ~, m~T-7°tJ: c ~~ c Iv C O)tfftWJ~2

ti~.~:~d:m~~2tiiJ~JfJ~~ GnL~~:Q. ±a2ti~:JfJ~~ Gnt~:J 7 ~~ 1) -~~d:~ll ~t~

fill? O):J 7pqO)m{~~(tij~:J: J La2ti~fTJ t~iJ~, tfftWJa2ti~.(J)~~-c'~d:1ff~0)" 7
~ ~ cJ:v'S~i!l!~tJ:~~J:(J)~ ~ ~ "f}[.O)m{~~fflU~GL~2~T:Q.

29-3: ia~T-"/(~~814)

tf~~~flffii%tJ:c0)7:J-D iff~i%, ~.fI(J)7~ :;~)Ltf~i%tJ:c(J)t1t~~~O)5i~~

~:Jt\CLm{~~, ffii%~~~m{~c:~La2~j~, ~tl~Mt~l:tlTZ:C;Q~-c'~QT-7~

O)m~~2.tlf*~~~. WFMtJLtD-A, jj[1~e=Jv, ~l) XATJv, ~l) XTV/T
v7 ~ v-1'tJ: c0)7,{ )vbJ:~= l,urn ~-rO)mJt1.~~J\'1/?'-ci!Eif 10-15,urn
0)J!i~ ~=~~~t~~O)~JfJ~~:Q. mJt1f*~d:f*m1JJO~*~< I3c~m~jj*;Q~/J\~ <, ~~
m*~~iJ~*~<¥J1::~~0)~~~ ~O);Q~J:: ~~. llfj~O)f?iJ C: ~LXif*~ '1 ~ Fe303 (~

is), t~~O){ftlC: GL tJ/x-~X~ '1 " r-Fe203 ($miS) ;Q~d!>:Q. T-7°~j:, mJt1f*O)
J!i~ iJ~~--c'U GiJ~tJ: <, tJ:Q.At <~v~ z: c, ~itiiJ~.lflrfttJ:::c, rlfft~, t1m~0)~.~

~~ttJ:v~z: c, ~~, -wJl*JT;Q~tJ: <~$X-c':&Mf*ff~: ~:t<~-c'd!>Q:: c, ~l*JT, ~~iO~~

~-c':&~ra~~2~j(iO~PJfj~-c'd!> Q :: CiO~~*~ tl:Q. m~T-7°~J:M!JfJ EI EJ9~:J: fJ m~a9,
fI~EJ9tJ:~fjO)mm7J~d!> fJ, li~Jt1~~j:JO)Qt~~ TIS mm~:JE&) GtlLV~:Q. et~flJfJ
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0).~~fe:tm~T-7°~d:;t-// I) - )~-c'JIrM 12.7 mm (112 in), 1f.~ 0.048 nun, T-/
~~d: 733 ~t::"~d: 366 m (2400 ~t~~d: 1200 ft) -c'~~. Z:(J)T-/O)~=Fjjfiijl:rdJ L 9
* (*t::..~j: 7 *) (]) ~ 7 y ?n'\~~tf>tl~. ~2SmJJt~j:" 7 '/? l:td-:> --C 6250, 1600,
800 (t3etlt556, 2OO)BPI(tY l---/1 /7) -c'~~. T-/O)1lliY:fifc:~*I:~d:7t~&M

~~?-~-ffi~O~~f>tlT~O,*~~W~~btl~. fe:tt3••~~S~.GT~
~ f>l:T-~O)~IDt]~~~~jJljtJ:~~~~~~UZ:C:I:fe:tJLt3t),z:tl~T-/x

-? C: ~) 5. ~ - " I) Y :)7-/ C: GL ~d:, 1/2 1 /7tMO):t 0) C 1/41 /7J1rMO):t (J)

tJ'\~ fJ, ry-?AT-~3 /fe:tcO)~2ti.f*C: G-CflJm~tlT~)~.

29-4: ffi~T-/itii(~~814-815)

m~T-/~mllj:~JJtltJ:ctJ\GO)mfJ':J:JL,m~T-/l:~:T-~~~cSG,

*t~WClN~t::..~I:, m~T-7°(l)~tJJ~ml, m~~~ ~t3etlt~tt':M~~~tltf4~~

U. Gn' GfM.tI~O)~< O)$5t~m~T-/*,J.~tlc GljJIjO)fiiffil=m~li-c ~:.

C: ~ L,~tL,~trrbtl~ .
• ~~fe:tm~T-/~tlO)tf4~~d:, m~T-/~~lt)t::"T-/I) -j};C, *JTt::..I:T

/~~lN~t::"~O)T-7°1)- )~~ ~ ~, z: O)l:f:lra,~:m~~ '/ ~ c:.T- /J! fJ O)tltf4~:t
JtJ~, ~ifl:~IIJ, Wll:~fT5T-/0)~~fe:t~fT~.~~~t,:~l:, T-7J!t]••
C:T-71)-)};O)ra'I:~d:, T/~3 /7-btJ\.~:J7b~~~t,••••C:.GT~~.Q.

Widj-~~0).O)T-7J!t) iflitt 0.32-6.4 mes-1
, ~~~GifJJtlj:iftt) :to)-r~j: 16 mes-I

~:t&~. m~T-7~ml~~tl~f*.~~~tlO)~$~.~.c:'L,-c~5a~, S~

T~A?~.C:O)OO~T-~~~~~~~~~ti~M~.~~o. *~T-~®~.~

ffO)t::..~I:~m~tllt3 t], T-7mO)1!.:t~~t.;tlL(,~~.

29-5:

.~~••0)~$~.~ml0)5~a~m~fe:tm~T~A?~.~tf4~9~~••~.

mtt~fl-c'~.~h~.6fe:t~.~~O,-~®m.~.jj~~~~~T-~~~.G,

*t::..Wi~WG~fT5.

~~~T~A?~~EG, .~~~, ~~WGm®S~~~F~~~,*~~3I1JG,

~O)flg~tll:M~~~~fj~*~~f-JGt~m~T~A?~~C:, Z:0)~IIC:AW1J7Y

*")};®ra,I:1tl:EG-cWCdj-.~0)*,Jjp~tT5m~T ~ A ?$tJiQI~.c l:~~tT.~~0 ~

ctJ~~<, *t~ 1 ftO)*,jiQJ~ml-c1l~O)~~T~ A?~~~*,J.9Q~c:tJ~~tt\.
1 ft(l)m~T.{ :A?~~~:~d: 1 ~O)T.{ A?t~~ttJ'\.~~tt:Q:tO)t1\G, 12~~llfl

~mtlt~T~ :A?~~.~~tt~ ~O)*-C~ t), ~t::"T.{A ?tJ~lN fJ5'}itQtf4~l:tJ:Jt::..

~o)~~Q. lNt)~Giij~fe:tT.{ A7tJ~ 1 ~O)~O)~T.{ A?~- ~ I) 'Y:/, 6-12~

O)'b(J)~T~A? I'f.~? c~lt, *t::"T~A?, .:cO)@JE••O)-$, :Betlt~'Y t:tI
fM~-.f*I:G~lN IJ 5'}1t:Q~5l: Gt~ :t(J)tJ~~-:>Z-, ~tl~T-~~~.::t - )vcetltJ-c:
v\:Q. ~ttc;lNt)5'}Giij~t~T4 A?~j:, ±B211~mlC:Ml:fe:tJT~IIBcti~.1£9Q

t~~t-r:t~<, T~:A? ~lN t)~ L,L~WJra'T-~ ~-f*ff9~ ~ cl: t>~btt~.
im~T.{ A?(1)~itil:~j:~+-~8*0)"7~?tJ~~~t.;tl:QtJ~,1 iti~t~t] 1-2.

(J)~ 'Y ~ ~m~G, :.tt~*~1Jfiij'=3tJJ L,-CWC~jf~ ~rr:> t>O)n~~ <, ~(J)J:::> t~

~(1)~iijtJJ~'Y ~~~T~ A? c~)5. ~~~O)m.T~A?l:t3lt)L, @lfifilt1\t;~
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i§"~:~ fJ, ~ '/ ~ ~~7J)~-r~:.~i6~~t~~l&fJ 7J~~~ ~ l' 7 '/!J O).~ fJ ~~ 1)
/,~'"-clt~'5.

m~T~ A!J~trto)~,/ ~~J:A 71 ~-c**TQf&~O).~-f*~:fI~i6~tl,A71
~'"-~J:/\*~T~A!JOO~rtiJ7J)J-C¥fJLt'":)~t6tlQ.-15T~ A!JO)rm~~:J::J-CA7
1 ~'"-~:ntt-f*1J~a9tJ:nJ:1J;O~~ C, /\*(J)1J C'":) lJ ftJ -C, fJfij~O)rp'~:./J\tJ:T~rp'

;O~~ CQ. ~(J)fli~J:f{,urn;O)Gf{7t(J) 1,urn ~~~;O~, ~ O)J:: '5 tJ:••~1*m LtLlt~Q
t::..~, T ~ A !JOO~d:A 71 ~'"-~:~f!!kT~:: ctJ: <, ~il~rm~T ~ z: C7J~~~-Q.

29-6:

~OO~:~W:tJ:m{t~~$Ib~~'":).$dJ.15JI1(J)mJI1~~~,lIM1tJ:5t~HB o)J\17 A
miJ.j~~OO:15rtiJ~:'1JD3tt~ c ~ ~:,§e~Tofqtl6~O)m~. J\~)y ~ ~1 /' C ~ lt~ '3. ~ 0)

c ~/\~)ym~~$O)m{t~d:/\17AmiJ.jc~fT~~ fJ, P'J$O)m{t~J:::tlc&:~fr~

~Q. ~-QfjO)~±.~71-*'/~, ~)y ~ 7 I 71 ~O).~A~~, 71 ~ 1) =r7b.-:J
/\}y ~ft~tJ:cO)~FA.tI~tJ:c, ~~a9f3§em{t7J~/J\~<, m~.15JI1O)*~lt~ltf-f.

~J!GtlQ. ~O)~~~d:m~O)~OO5iJJ cJ\17 AmiJ.jt3J::LF~OO~:~tlt~m.~:J::~

&:miJ.jO)fFm~#c~GtlQ. OO~~d:/\~}V~~/J\~ <, r~~~d:*~ <LtJ:: '5 cT~. z:.
O)*G*, /\~}Vm~~d:HB O)fii7J~~~fBrmrf\J~:~~c~~:~HJ-Cff1£T~. H B ;O~*~

T~QC, /\~}ym~7J~l~~G-C~~~J:-~m{tO)~1mctJ:t], IJ\~T~'~c, ltf~m

~~:tJ:~. J\~)vm~~J:J\17 AmiJ.jO)v-r7J)tJ:f~~ ~:J:: J L~OOrf\J~ f3 EI3 ~:3~~it
Q z:. C;O~~~, ~t~lIM1tJ:157!~§e~~G lt~~J:~~~~it~ z:. C;O~~~ Q. z:. 0) z:. c ~flJ

m LtL, /\7")Vm~~~0~tlv(J)3i(J)J:: 5 ~:mv~LJtt~O)~cti~T~~fl7J~, 1969 iF
A. H. Bobeck ~:J:: J Lf~~~ tlt~. z:. O)/\~}v ~ =c I) -~d:*IlO)ff~~:tc)£~:1Ir3t~z:.
C 7J~-r:~Q 0) 7J~~~-r:, ~B~m ~:f~ ~ tlL It ~ Q .

29-7:

~T~JJ.0)~2ti~!lcGL19!Vtl~~!l-c'~ J L, ~f&~O)mJI1~atikl-f*O)f&oo~:

~ilI~:miJ.j~7J)~tt~c~ ~:~CQ, ~$miJ.jc:&:~trtiJ~O)m{t~~ J fqt±~O)m~ (/\
~)v) ~ 1'":)O)l::'/ l'c~tJ:LtL~2.~:fljmTG~0).
mJI1~ctikl-f*O)~t.~:J:: J L l:~c/\~)vO)W:~~d: 0.1-10,urn ~:tJ:Q7J~, ~1£~d:t~ c 3t

~;!71 ~ I) =r7b. · 71 1) r7b. · 71-*'/ ~ (GGG) 0) (111) ooO)~tf-f.~mv~, J\~)vO)W:

~ 2-5,urn fiJ3to) ~0)7J~$ <19!vtlLlt~G. :: O)kl-f*ooJ:~:/,-~01~~~/,~-/'
~ir\~, 7J)~kl-f*O)oorf\J~:rm~mjfj~7J)~tQc/\~}v~d:/'~- /' ~:rdJ-C3~T~. ~

tt-r:J'~)V7J~~~~1m~1 c G, tel:v~~1m~0 c-g-tl~t, -fjo)~7 l' V~A~-~.
/iX:-g-~ :: C7J~-r:~~. c:: -0 -r:, 6nun f£JNJ3tO)kl-f*7 'Y 7l:~: 64-256 K e 'Y l'N~O)

T-~~~;t, ::tl~~$m:91J~:Ml~t~~7l' V~A~-~~< ~c, @J~miJ.jO)@J~

il~~d: 0.1-1 MHz (J)~-~--r:~Gt~~, ~\~tJ:T-~~l& tJ lliTO)~:~T G~rl=f~7J!

*< 10)10) t] T~'G. ~O):: C c~tf-f.O)j{~(aO)rJ:!~~IO) G, ~7 l' v~A~-O)f.~~, T
-~ ~.~i6~, ~~tfj G-g-Gt~~O)~ V~-)v-7c, T-~~~2tiTGt~~0)~1

j--)v-7°~:7t~t, 1JO);{ ~~-}v-/lJ) Gf£~0)~1j--}v-7°7J~7t~TGet 5 tel:
.~~:-g- ~ O)7J~iffJm-r: ~ ~.

m~/,/)v~cti~!l~~j:, 1 J0)7'Y 7°l:~:~ati-r:~GT-~Il7J~~~~ c*~<tJ:v~
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:: c, ~$m~c (EJEm~~n)~ttJ: ~ttl~ttJ: GtJ: v):: ctJ: c (J)t~li) ~:.It(J)T 'Y 7~~
Cli)L::L:::'Y l' c G, ~ 6~:::tl~v)< In).li)L~~Cg-G(J)7J~~iml:d!>G. fI~fI9

tJ:jJJfF$7t7J~tJ: <, ~t::m5a:-7~ A!7 J:: t) Jmv) 7 !7~A~rl=f'7J~m~l:~G C v):> ::. Cl:,
~1~(J)~~7J~m~~~ tlLV) G.

29-8: 83n/'\ ':J t: (mfi279-280)

m5a:-7,{ A!7, 7 0 'Y 1::: --7,{ A!7, m5a:T-7~fiI ~::t3 V) L, mlt1.-f*J:~:-7-~
(J).~ib~~~~ttlG~fi:>.m~.~T~v):>.)i*~d:MnZn7.r. 711' ~t~~d:
NiFe ~~tJ:c O)i\1i~m$*tf-t~m v)L, ./j\rl=f'~i~ ~ '":J 1) /' 7'"~$7t~::2i-f*:J1 )v~

~V)L.~~ tlQ. ~2.~~d::J1 )v~:.i1rf~t:(J1Jo G, ~O)rl=f'~n) 6i1mtlttl~m~~:J:: t]
mlt1.-f*l:~:m{~~{~~~c: ~ itG. M1::~~:~d:(EJE~t~~d:JEfTg-G.-f*J:n) G~1::g

~m*~~'Y ~(J)./j\rl=f,~n)GtB"v), :J1 }vllliililM~(J)~~~.J±cGL~ttlg-G. 1) /

7'"~$7t~::d!>Q./j\ra'~i C.-f*rl=f'0)~.7J~~2~JmJ3t~::*~ <~.G, m5a:-7,{ A !7~~

~~d:::O)rl=f'~i~-JE~:f*Jt~~(J)itm~A 71 ~-cl1J'G, ::tl~~~Lm5a:~'Y~ c
~l1J'g-Q:: c ~d!>Q. m5a:~'Y ~ c.-f*c(J)rl=f'~i~ 0.2-0.5 ,ummJ3t.GLf*~g-G 7
71/7'"~'Y~l:~, A71~-$7t(J)B~~~.~~fJ9~~~~~btl~~~c~~

LV)G.

29-9: *.1*i21i~T(~m~1671-1672)

~~f*O).fl(EJIm~ff~~m V)L~~~ tlQ~2ti*T. im*7J)tJ: tJ ?P1t(J)~T~ 1 T 'Y
7°l:~::.flG, /'\ 'Y 7-~~::1&~G Lf~*'ft~ tlQ. ~~f*~~O)OO7J)G~d:, /\1 ~-:7

-*O)*TC MOSFET (~~ • ml{~~m • ~~f* .~~iJ* 1':7/~A~-) O)~TciO~d!>

tJ, jJJf1:JmJJt~d:WJtf7J~Jmv)7J~, ~~••~ C:.fJJJtO)J~l:'~d:1~tf7J~fltlLV)~.-IN:fJ9~:

~d:.~ib~c~~WGiO~EJ EB~::fTXQ~TiO~±i1rt-c'd!>tJ, ::tl~ RAM CJ::~S~. Gn) G
m~~:J:: ~ -C~d:-JJt.~iblutiJ~fiiO~~btlQ C:~Q~~~d!> tJ, ~O) c ~ ~:~d: ROM
7J~f9!btl~. ROM O)tJ:7J)~:~d:-JJttffi~.~ibu c~tl7J~7k!l\~:acti~ tl~ ~O) C,
~BrjtJ:1Jrt-c'l~fi~~~*GLM.~ib~iO~-c'~Q ~ 0) C: iO~d!> Q. ~~, ~~WG~d:~im

O)1Jrt-CfT;t:Q .
RAM~::~d:(EJImf¥j~l: 2 fj~O) ~ O)iO~f9!m ~ tl-Cv)Q. ~O)~-~d:, 1 '":J9':)0) E' 'Y

l' ~a2ttg-Q O)~: 7 I) 'Y 7 0

7 0 'Y 7°(EJIm~~tl~tlf9!:> ~O)-c', A~T,{ 'Y !7 RAM C
J::~tn, 1 1::'Y ~ ~t~ t) 0) ~:7 /'~A~-It~d:4-8 00~~:Q. ~=~d:, 1 ':)9':)0) 1::'Y
~ ~::~tGLJ*~fJ9~::~d: 1 000) ~:7 /'~A~ c 1ooO)./j\tJ::J /-7/~-~mv)Q ~O)~
~:Q. l~fi~d::J /7/~--~::.~C:: GLirX GtlLV) Q iO~, :: O).~~d:lI~~::J:: J L~~

~g-QO)-c', mfi~~.~g-Q~\~7J~tJ:<-c~-JEO)~rl=f', t~cX~t2ms ::'c~:~~

WG-CM.~ib~~ GtJ:~ttl~ttJ: GtJ: v). :: O)jJJfF~ I) 7 V 'Y ~ =t. C V) v), ~t~:: O)J::
5 tJ:~T~~1 j- ~ 'Y !7 RAM c v) 5. ~1 j- ~ 'Y !7 RAM -c' ~d: 1) 7 V 'Y ~ =t. C V) 5 ~~
iO) v)tJ:tj{1:iO~~\~-c' d!> Q iO~.flJJt~d:rPJl:g-Q O)~ii~?P<f9!bnLV) Q.

• T~~mt~~d:±~ctt~~~~±~:: MOS ~1 j- ~ 'Y 7 RAM 7J~, ~t~~-v 'Y ~ =t. ~ ~

I) -- ~~/\1~-7-*0) A ~T,{ 'Y !7 RAM iO~?P <~btl, ~ t~*U~~2ttO)-$tJ:c ~~

ROM iO)Jij V) Gtl-Cv)G. ~~-f*a2tt*TO).fJ~~d:iF~EIjt~ Gv)~v)-CrPJl: G-C:t3
t), MOS~1j-~'Y7RAM-c'~d:l/\'Y7-~~t~t) 128ME''Y~, 256ME'~~, ~
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G~: 512 M ~ '/ l'~l:~C:im~JJd;.Q. *t~ :.tl~:Jtl-C1 ~ '/ l' ~t~ tJ O)fdfi*&~

~.~:{tf~G -Cv).Q.

29-10:

DRAM C:~~29.Q. Y17~ '/!/ ;(.:cl)-C~v):>. ~~JG~l:JjG·.~~~O)JiJ

tmtJ:*2Ii*7 /~~b.7 !/~A~.:c I) - (RAM) O)-fj. ~q: 1) -~)Vr:pO)~~/,~~

~:.;t Gtlt~.fpJIlO)~1"~:J: tJ ~ft~~2ti9 ~ ~ 1:: I)-~V):>. 7 I) '/770 '/7~
~1::1)-~)v~:mv)t~A~7.{'/!/ RAM c.tJ:tJ, ~~/,~~-~:.;t~tlt~.fpJ~J:

~ q: 1) -'"t)V~.PX:9 ~ l' 7 /~A~-O) pn ~fto) 1) -!/.i1rftJ:C~:J: J -C~,.q ~:t&

.G~btl~O)-c', 7 !/~A GtJ:v)C ~-c'~-)E~ra~ ~'C:~:.ft~~/Am~MH-c'JG~

l:JjG-CM.~~~9~ I) 71/'/ ~:LtlfFiO~!£\~-c'd;.Q. ~~17~ '/!/ RAM O)~q::1)

~)v~:~J:, 4 1'7/.yA~-Y17~ '/!/ RAM~)v, 3 l'7/.yA~-~~17~ '/!/
RAM~)v, 1 1'7/~A~-Y17~ '/!/ RAM~}viO~d;QiO~, 4~D~,/ ~~l:0)*

~.Y17~ 'Y!/ RAM ~:~J:~J~tG 1 l' 7 /~A~-Y17~ '/!/ RAM -e)viO~fljm

~tl-Cv).Q. 1 1'7/~A~-Y17~'/!/ RAMt)vO).flm~~~~/'~~-O)~
ll{iR~*~<9 Qt~~~:, ~~0)J:::> ~:fj,.q O);(.:c I) -~}v.~iO~~A~tl-C~-CV)Q.
1) 2 1M~~Mr~ I) ::I / ~.:c 1) -'"t)v. 2 1MO)~~Mr~ 1) ::I /tt~~mv), 1 1M EI (J)~~
Mr~l)::I /1M~~~/'~~-.~C: G, 2 1MElO)~*5Mr~I)::I /1M~~~ ~ 7 /~A~
-0)1/- l'.~C: G-Ct*m9G ~ C:~: J: tJ, ifi.fl13t~~~9~. 2) Hi-C ~ t I)-~
)v. ~cti~~J,~~-$O)~l):I /~miO)i~v)$7t~: ~7-/Ft4!~~, ~v)$7t~:7!/

-e7°~-/Ft4!!fo/.J~ 2 m~:1 :t/i±AG-C, ~~ J'~~-(J)~.{iR~*~ <9Q. 3) 1M
~~.:c I) -~)v. ~ J) ::I /~mi~:1M~tJffi tJ, 1MO)~mi~:rdJ -C*fg~~~1r G-c~i"' J\~

~-.~~~~~t-c, ~~J\~~-(J)~tltiJ.~mifl~m1JnG, ~~J\~~-O)~Il{~~*

~ <9 -Q. 4) A~ 'Y!/ 1'~~ J\~~-~)v. 1l.i*139~:~~ J\~~-O)m 1 .~JI, *fg
~~, m2 m~1M~~l)::I /~OOO)~$~:fi~mtl-c, ~~/,~~-O)~tltiJ.~OO~~

:fiDel", ~~ J\~~-O)~.{iR~*~ <9~. ~t~, Y17 ~ '/!/ RAM -c'~d:7 ~ VA
f~~e/~~69t~~, fT7 ~ vAf~~c:~rj7~ vAf~~~~m1I::G-c~7tWJJI39~:A7J

9 -QO)iO~v'S~J:> -cd;Q. 7 !/~A ~'c: ~:fT7 P 1/A1~~~~U7PvA1~~~4;t~J
~ )v7 !/~AmfI~O)~~7J\~:, (PJ-fTr*JO)ifi~7!/~AmfI~c:G-C, ~-.yt- p, =7'
)vt- p, A ~T.{ ,/!/::r 7 b.t- r: tJ: c ~ ~ J ~O)iO~d;-Q.

29-11:

~2.~T~::Ir;ZGnt~fl~7J~m7Jf~~~~Wl1:9~ C:~~~9~ J: '5 tJ:~cti~v) '5. ~2i

1*~ ~ 1) -~d:~$~~~m7J ~::J:: J -C 1, 0 0) 2 fiR~1ij~f*~G-Cv)~ (J)-c'f1J~JttO)~ft

7J~~ <, W.1l~:acti~ft~M~-r~ ~ J:: 5 J\ 'Y!/ 7 '/ 7°macti~fJm;t-c:t:> <!£\~iJ~d;

-Q. Jm*~J:m5<tT~ A !/~m5<tT-7~J''Y!/ 7 'Y 7°m~:M!m9~.

29-12:

~cti~T~:Ir;t6tlt~Jtfft7J~m7J~~ft~Wl1:G-C ~~~~GtJ: v)J:: '5 tJ:~2ti~ v) '5. m
~T.{ A !/~m~T-7°tJ: cO)m5<ta2ti~:J::.Q ~ t 1) -~d:mf~7J~!fo/.JW.~r:pO)mfpJO)f13
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IifFmeL" L - 11~:f*nJ~ ttj;f ~tQ (J) '7: , /Ff.iII~I~ (J)~ ~ I) - '7: a!> Q. ~ tt ~ (J) ~ ~ I)
_~d:f.iII~I~(J)~ ~ I) -(J)I, 'Y 77 'Y 7m~2.c L" L j{iO~ittJ: lt~. .ilI~~J:, *~f*~:=c

I) -(1)70 7~7 .b.lJJt~~ROM (PROM) ~.~a9~:tW•••;tlJJ~tJ:~:=C1) -iO~/Ff.iII~
1~*2if*~ q:: I) - c L"-c~ott-clt~~.

29-13:

.ifj~iI~L" -c 't~2t17-5' pq~iO~r~~ L"tJ: lt~ 7 /5'~b. 7 7--eA ~ t: 1) - (RAM) ~

lt~ 5. ~~~~~~2tiM~~:mlt~t~ MNOS ~ t: I) -~.:rtJ:cO) EEPROM *.:r~fljm L"
t~~ c, CMOS RAM tJ: c (J)r~••tJ (J)/J\~ tJ: RAM (J)7-5' ~.1tl!~:J::'? -Cf*nJ9~I, 'Y T 1) -I, 'Y 7 7 'Y7~0) 2 ••:Q~ 3!> ~. lifjff(J)-.~ 3!>~:iF}1J~ttA 5'T ~ 'Y 7
RAM ~d:, MaS ~A5'T~ 'Y 7 RAM (J)~q:: 1) ---e)v~: MNOS 1'7 /YA5'-tJ:C(J)/F
f.iII~I~~~I) -~fJl~~oit-c, im.Itf~J:ilI1it(J)A5'T~'Y 7 RAM c L,,-rj}JfF~it,

.ifjilf.JTItfC.ifjtiAItf~::A5'7~ 'Y 7 RAM c/Ff.iII~I~~q:: I) -r~~~tW.~-~~:~
~ c ~ ~it-c/Ff.iII~I~~~~ L"t~ 't(J)~a!> ~, ~~ ~ rJ RAM c 'tJ::~~.

29-14: ~7" .A? CtJ.602-603)

JtJ.(1).~Jb~· wt~l±l L,,:Q~7t~a9tJ:=¥~~:J:: ~ llJJn~tJ:fqfi (7~ A 7) ~~2ti~
f*~ lt~ 5. M~wm~, ~1J[]icS~, ••;t1JJ~~~:~7J'~tt, v--tf-7t~:J::~./J\

A~'Y 1'~:J::J-Ci9i!ff;13£(J)~2S·M~7J~PJfl~-c'a!>Q. tW.~J:, v--tf-7t~:J::~7~ A
7 J:~: 1 ,urn fi13£0)./J\tJ:[!!J8, t.~3!> ~ lt~ ~d:mf~~mO)~ c L"L~CS~ tt, M~~d:~c

S$(1)&M*(1)~, &M7t(1)~7t11~(J).~~mG-Cflott~.*.M~~~~£fi~

ill G-C~2S • M~'"C'~ ~ (1)~, .f*ti~t(1)!ff;MiO~lJJfI~-c' a!> ~, ffij1m1J!'~~:~tt Llt~~.

M~Wm~~d:t:7;t7~ :A7, ::1//'\7 ~7~:A7 (CD) cGL7-5'~mm~:JA<~
m{r:~tt-Clt~Q. ~1J[]~2S~, ••;tIJJfI~~~d:)(.771 lv, ~JJflm~ t: I) -, 100_
7 71 )v c L"LIm~ • ,£t\m7J~~1u -c'lt~ G.
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Lesson 30: Polymers I
(fundamentals)

~ 1 ease; .:r:.::f- divination, fortunetelling
~~ (L- v)) easy, simple

H~ 7/1
~~tJ: 3'71tJ:

,:.:J:.~ tJ 'Y being helped, living, resuscitation
ffllt1f~ tJ 'Y --e1 tJ
fflth tJ'Y~'7

~,~~,

!I(R ~ chain, connection, irons
<~ fJ chain, connection, irons

-fJttlijt 'J !J~
iiiJt&:~ v /'~J\ /' J '7

(relative) difficulty
easy, simple

activation
activity, action

side chain
chain reaction

~1 dose, drug, medicine
if~lI~J

~~~J

:;::J../tJ'Y~1

v1::f-~ !J~1

lubricant
coolant

Jt. ~ ceasing, halting, stopping
c(*.Q) to cease, to halt, to stop {vi}; c(~ .Q ) to cease, to halt, to stop {vt}

~lf:*~ ~1 ~~~'Y static friction
~If: ;f '7~ prevention

~ beginning
~d: c:(* ~ ) to begin, to date from, to open, to start {vi};
~d: c:(~ ~) to begin, to initiate, to open, to start {vt}

fmM tJ1~

~rjM 'J'7~

. initiation, beginning
creation, founding

li: :; ::L '7 -fold, heavy, nest of boxes, piled up; 7- 3 '7 -fold, heavy, nest of boxes, piled up
-Jt -fold, ply; S 'b(v~) heavy, important, massive, serious;
ir~ ~ (t~~ ) to be piled up {vi}; i:r~ ~ (Q~ ) to heap up, to pile up {vt}

m~1* :;::J.. '7:1'7~1 polymer
mt.J ~ =z. '7 ') 3 !J gravity, gravitational force
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JJ. Y 3 r) rising
(J) ~£( .Q ) to ascend, to climb, to go to the capital {vi}

~ti ~3r)jJ

~Jm ~3 r)~.:z./'

sublimation
ascending order

f4i Y 3 7 touching
c! b (.Q ) to touch; It'S''\(tl.Q ) to refer to, to strike, to touch {vt}

MPl ~ 3 7 J\~ catalyst
~M -e '/ ~ 3 7 contact

*Jl Y /' intimacy, parent, relative
:t3~ parent; Gt~(G v)) familiar, intimate; Gt~(Gb') to be intimate with

m7l<Jt1 ~ /'A ~ -e~ hydrophilicity, hydrophilic
mfo fJ ~ /' r; I) 3 7 affinity

m T 3 r) lengthening, stretching, {counter for stringed instruments}
~J:(~) to put up (~ tent), to spread (wings), to stretch (a rope), to be full, to swell

5r~~ ~ 5~ c! D ":J ~t ~ '"J J:: c! tensile strength
Jt~ ~ r)T 3 r) swelling, expansion

centrigrade scale
percent

1::-v77'/,~~ ~

1:: -V 7 7' /' I) ~

;jij T=t- drop (of liquid)
G9< drop (of liquid); Gt~t~(.Q) to drip, to drop, to trickle

~~ T=t-T~ w~oo

rEbrfij J..T =t- drop of oil

8 1:: -V 7 hundred
s7}§~

s7}$

111& 'J -V 7 abbreviation, abridgement, omission
1l1~ ~ 3 r) I) ~ 7
~a2 I) -V 'Y =t-

omission, abbreviation
abbreviation

:iIi
)i:E v /' clique, company, gang, group, set

'"J G(td.-.Q ) to be connected with, to range, to stand in a row {vi};
'"J G(td..Q); '"J(tl.Q) to join, to put in a row {vt}; to take (someone) along {vt}

-it ~TV/' series, sequence
it~- V/''/ 7 - continuous
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Reading Selections

30-1:

7t-=f1*J (J) ±jJt7J~jt1f*a~-c'*a~ G-C:t3 t], 7t-=fIi7J~ 1 ]jfil3t~J:O)f~~~~~7t-=ff~

~~, ~7t-=f~.~~.G, ~(J)~5~*~~7t-=f~~7t-=f*~~~*7t-=f~~~. 1
~*~~~~(J)~a.&(~/~-)~.~~G~~, ~~h~m~G~~(J)~m~~

*t~~d:~m~~-c'd!> t], m~~~~~~~t~~(J)7J~~*7t-=f~d!>~7J~, ~7t-=f~v~ 5 m
m~d:~*7t-=f~(Rj~tJ:~~~:m v~ GtlLV~:Q. 7t-=ffiv~<G~J:~~7t-=f~ ~~S~7J)~d:~

* J Lv~tJ: v~. ~7t-=f(J)~Ji~d:?P <, ~J.( (J)7t.$7J~d!> ~ 7J~, *~AI~~:~PX:~ tlt~

~PX:~7t-=f~, 13~~~:ff1:E~Q~~~7t-=f~~:*jjlJ-c'~Q. 1i~0)5~, -~O)~a,

tlfj~ ~ ~ J L~~I*J-c'~~ (J)fFm~~Q~ / 1'\ 7 ., ~MttJ:C~~~~7t-=f~ ~ vS~. *
t~~~~7t-=f~f~~~~:9l1~G-C1~t~ ~ (J) ~, ~~IWi7t-=f~2i~d!>Q v~~d:~~PX:~7t-=f

~ ~~S~. ~7t-=f~.(J)*$7t~d:1fltf(j~~-c'd!>Q 7J~, 7 A ~A l' (J)J:: 5 tJ:~tI~~f(j~

~, ~~.~c~~~~It~PX:IWi7t-=f~d!>Q. 7t-=fO).a~G~, ~a.&~mO)~5

~:-.JtJ:7J~J t~jl~IWi7t-=fd!>Q v~~d:*j~IWi7t-=f (.~m~~)~, =~7Cd!>~ v)~d:=~7C

~~:~~Gt~~~IWi7t-=f (~~m~~) ~:*}JIJ-c'~ Q. WJ~~d:ft7t7J)tl Gt~7t~~7t-=f

~ ~~~. jlO)ra'7J~~tI~~-c'*5~~ tlt~~tI~7t-=f~J:, ~tI(J)fi13t~:J:: J -cjl~d!>Q
v~~J:~~~:iliVliJ1It~/F~. *t~lt,.£~ ~ -.J ~ 0) ~1Wi7t-=f.mlt~ J::~S~. 1Wi7t-=f(J)
.~~~~~G-C, -$(J)~~IWi7t-=f~.~, .a.&~(RjG-c'~7t-=ffi~(J)~(J).~

Q~~7t-=fO)ii~~-c'd!> t], (Rj~0)7t-=fJ::t] PX:Qftf7t-=f~. ~~d:~~~iJ1lt7J~~~*~:.

~Q. 7t-=ffi~~~--c'7t-=ffi7t~~~~, .~7t-=ffi-c'.~~~~~.~-c'd!>t], 7t
~~~~&~.~~(J).~Q.~~~~~-, jtm~~~~~~~O)mPX:O)~~-, II
~mJtljiJ1(J)m~· ~~-tJ:c~d!>Q. ~tl6~J:~~~:~JL~.tJ:Qo)-c', (Rj-iJ.(J)
rei7t-=f~~~O)it11t, m~tJ: C7J~~~~~:.tJ::Q::~7J~d!>~. m~q:t~~d:rei7t-=f, mPl(J)
flJi~:~ J L~~O)7t-=f~~ c Q. ~~rei7t-=f~d:mPl-c'mmtt~~:J}if~ G, ~tI~7t-=f

c ~ ~ ~:-7)v ctJ:G ~(J) ~?PVl. iliiF, -7}v~r@j7t-=f~d:~mlt(J)7t" • m~~:J.t<mvl 6
tl-CVlG. ~7t-=f~~~d:tI~~· {l::~~~:5~v~~0)7J~?P<, ~~r~iJmiJ1, ~@{~iJ1~:J::J

LPX:~1JDIG, ~~(J)~PX:WH~· 7°7A7~7~G-CM!m~tl, ~1$, ~2ftiJ~:J::J-c5m

13t*tJ:*~, ~~ctJ:G(J)-c', ?P< O)~Ji(J).*i, 7 ~ )vb~tJ:J-Cv~Q. *t~:J"b5iji

it1, *~5ijiiJ1 ~/F~ ~ (J)7J~d!> ~, ~n G~d:~ft'-=f3!R~(J)it11t~, J.tvlm~~:fJjm ~ tt-CVl
G. jlili-c'~J:~}jIJtJ:tlfll§· iJ1It~1f~,'Qflfll§iJ1~7t-=f(J)~~. rm~~!l£Iv-c'd!>t], *JT7t
lf~(J)~M ~M1~~ tlQ.

30-2: ~~i!i1tT({~~937-938)

13~~O)M~-c'd!>~rei7t-=f~mJt-c'd!>t],~PX:rei7t-=f~:~tGLv~5. E~, ~-ffJ=, ~~

~q: /' ~tJ: cO)~~~tI~7t-=fc, ~~I*J-C-.J<6tl.Q~~1ftl~7t-=f~ ~:*}JIJ~ tlQ.
1i~~d:~~~7t-=fc~ J:: ~itl.Q ~ C7J~d!> t], ~ /'1\ 7 It, ?PM, ~~:ibtJ: c (J)J:: 5 tJ:
~~tJl.~f.PX:~ ~ rWJft'-=f~, ~mt, ~ /'1\ 7 IttJ: c(J)~ 5 tJ:~{*flfll§~:~J!l! G-CVl.Q
~ft'-=fc ~:ft'm~ tl~. -.~:, ~~~ft'-=f~d:{(j~~tJ:-~~a (.a.{ftO)ft2~1J, *5
~f~~, ft'-=ffitJ: C) c, tlfll§~~m~ ~ t;::&)(J)~~.a~1f G, ~(J)~~PX:ilf~~J:M
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*,&:Jt'~=et tJ 1fjfj~~ n-cv:\:Q. tJ::t3, fffiJ}-T~tJ:v:\~M.tJ: c~~.O)~~ifliJ}-TC:

9 Q ~ C: n~ d!> :Q .

30-3:

Erm, EPR, tJ-/\1 ~tJ:c~J*f-fcG-c1~Gnt~flt7.t-T.{tft~~,AI~~::mft

Cv:\ 5{t~,&:Jt'~ifliJ}-T.{t Gt~ t>0). ~n~=~tG, f3~~et tJ ~~Gn:QifliJ}-Tit~.
~~~ifliJ}-TC: v:\ '5. f?iJ C: G-C, ErmJ}m7JAJ:P et tJ ~~ Gn:Qx7- ~ /O)f'f1JDmft~::et

tJftPX:~n:Q~I)x7-~/, X7-~/?'"I):J-)v:t3etvt7~7~)vItO)mWft~:et:Q~

I) I.7-~ /7V 7 ~ v- l' n~d!>:Q. ft PX:jfljJ}-T~J:ifliJ}-Tf4~0)i1!~c c t> ~=7Rm ifliJ}-T
c G-ct~~t~tJ: <, 21f.'t1it1iJ}-T, ifliJ}-TM., ifliJ}-T,.tJ: cO)tI~{tO)1JI1il~: t>~<
~~n~Jilfm G-Cv:\:Q.

30-4: .€i ({t~654)

~.~=~j:, fltJ}-T{tft~n~~ft~.tJ)g Gmftf*~~PX:9 :Q'&:Jt'. ~O),&:Jt'~J:t~:fJt

v:\, ~~mft cil~Jtmft~~*lJIJ~ nQ. 1) ~~mft : -IN:~::=gfi~'t1O)••f* A-R-A,
B-R'-B n~~Jf L" v:\~ft Y ~--:> <tJ tJ:n~ G~~~~=jfljJ}-T.{t9 :Q'&:Jt'l:', J1<O)et 5 tJ:flt
7.t-TPX:7.t x O)Jmrll~f~ '5 mWft c f~bt~ v)mf'f1JDn~d!>:Q.

A-R-A + B-R'-B <=> tR-·Y-R'-Y1n + (X)
~1)7~~, ~1)IA7)V~PX:~=:t3~t:Qm~ft,~1)9V~:/, ~l)**~PX:~=:t3~t:Q

mf'f1Jon~{{;~~tJ:f?iJ~d!>Q. 2) iljttmft : :P.O)M. (fmMtRIJ) 7J\G~ Ct~ffl't1fj~= •
• f*n~J ~'J ~'~::*5ft G, iljj{~ ~::PX:~9 Q ,&:Jt'l:', fmMt,&:Jt' , PX:~'&:Jt', il~j{f$'h'&:

Jt', Wtt,&:Jt'o)~JO)*,&:Jt'n\GPX:tJliJ. ,&:Jt'~~J:Pl:'Wtt9QC, *,&:Jt'0)••f*
c.J}-T.O)mftf*~~Gn~o)~l:'~~mftO)~ftO)et'5~,&:Jt'~J:PO)~mftf*~~

~= <v). iljj{mft~J:, 7!Jt1fjO)i!!v:\~=et tJ, 7~tJ)Vmftc1 ;t/mft (7=;t/mft,
tJ 7-;t /mft) ~=J}~tGn~.

30-5:

Wftmft, mf'f1JotJ: c O)~ft ~:~ 6 nQmft,&:Jit\O)i1!fT~1ml:', ,&:Jit\n~il~~, ~~

~~=i1!u~cn\ G~~mftcv:\vn, f'f1Jomft~=~GnQiljj{mft~:~t9Qm. Z:O),&:
Jit\0)*~~d:, :)7 ~ :/c~tJ)v~:/Mn)6~1)7 ~ ~~ftPX:9.Qf?iJ-c''b~Gn)t~J:::> ~:,

~ntnO)J}-TfjO) t> --:>fflJt1tJ:gfj~~7J~tmO)J}-TfjO)g"~~ c~~~~:,&:Jit\ G-c7.t-TA
n!l::1f.9:Q :: c ~ d!>.Q. Gt~n~ J -C,&:Jit\O)~)]mO)~~~ ••f*t.J3t~J:~~~:~:PL", --:>
V:\l:'~PX: L" t~fltmftf*c '5 GO),&:Jit\iJ~~ ~ QiJ~, ~ra~iJ~t~J ~=Jn -C.mftf*E '5 GO)
,&:Jt'7J~'± C: t~ Q. J *nJ}-TA~j:mftmra~J:Pil~~~:J::1f.~~~t, jflj7.t-TAmftf*~d:ii

~~~l:'0)~~PX:9Q :: C~:t~ tJ, mft~)]m7J) Gjfljmftf*7J~-c'~-cv:\Qil~j{mft C~d:~t

~~~d!>~.

30-6:

m*mft c ~ v:\:>. :;7 ~ :/ c:;tJ )~~ :/ftO)Jm7J<Wft,&:Jit\~:J:: ~ ~ 1) 7 ~ ~ O)ftPX:~:
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n ~N(C~)6N~ + n HOOC(C~)4COOH
~ n [H3N+(C~)6+NH3-00C(C~)4COO-]

~280°C~ tNH(C~)6NHCO(C~)4C01n

7-10/66
J:~20)i9ij~j:1PJc~tm£~ 2 OO-r'"".:J ~'"".:J, v)b~Q AA, BB ~~ J ~-~fflv)t:::-ocJit\-c:

£6Qn~, AB ~-c:~IPJ.~:~U.

n ~N(C~)10COOH~ fNH(C~)10C01n

7-10/11
T v7 ~ )vft (£6Q v)~d:T v7 ~)v.~~T)v) cITV /~') ::I-)vn) GO)~ ') IT
v/Tv7~v-~0)~~~.~m~0)~~~0)-'"".:J~£6Q.

30-7:

~*~l*tifflj~:£6~fflJt1}i~~:¥.f*n~ocJit\G-C~*G, ~0)*5*, lPJ.tJ:fflJt1}~~~ c
Qcv)51m~lm.~:J:JL~Um~-c', ~~m~~:~t9.Qm. z:O)m~~d:, ImMlocJit\,
~*ocJit\, 1m~lf$JJJocJit\, Wll:ocJit\O)rzgJ(J)~ocJitIO) G~ tJ fLJ LV).Q. 1m~lm~~~

~m~ c:tt«tc.~~O)*~tJ:*1.~:~(J)}~(n~£6Q. 1) ~*ocJit\~J:1"~(J)fflJt1f.i (1mjl~

~f*) ~:¥.f*n~oc~9 Q~ c: ~:J:Q. 2) ¥.f*i.J3t~J:m~~~~< tJ ~1" G, m~OC.

Jit\0)~~f3t:1Sf~-c' ¥ltf*n!9!ff9Q. 3) m~(J)~JJMn)GiWiitT-.(J)m~f*iJ!~~GL
t3 tJ, itT-it~d:m~OC~0)~l&1~:'~~ C fu c ft{ff Gt~v).

30-8:

v) <'"".:J1O)(J)1mmGtc.~ocJitJ: tJ ~Q~~ocJit\(J)-~~. ~J: C~O)~ocJit\-c'~ Ctc.~:tc

~t~~rl=t~f*n~ft!!(J)ocJit\~~j£ G, :tc~t~~~~m c: 1PJ~~:'~LF~:tc~t~~rl=t~f*~~ CQJ:
5tJ:~~~:~J:, ~:tc~tJ:~rl=t~f*(J)~~· ~~¥"~*itJJgGtJ:iJ~GocJit\n~~1T9QIO)G, 1m
jJtIiJit C: J: ~ttlQ. tlj£oc~~ 1::=)vf~~~mO)m~ ocJit\~J:~O){~~EJ9tJ:i9iJ-c' £6.Q. iljl
OC~~d:, ~:tc~tJ:~rl=t~{*(1mjJtmf*) iJ!~ GQ1mjjtlmMl, 1mjj{mf*~:et tJ IPJ Coc~iJ~.
OJg~tl~.~~*, 1m~mf*~m~9~.~Wll:~O~~. 1m~mf*~~~~itT-~

*~~:ff1±9Q~~~mC:OC~GL~~~9Qii~, ocJit\tjj$~d:{tt-r9Q. ~(J)~~~d:. 1m
jj{~H~cv)btlLV)Q. *1~:, iljJtmf*~:ffi~EJ9~:OC~GL, 1mjJtOCJit\~~H~9Q~.

~1mjj{~H ~~J C: V) ~ •

30-9:

1f!~:rmMl~JC: ~ v) '5. 7 ~tJ )];~tc.~J:-1 ~ /~~~~:~ C1mjJtm~ocJit~lmMl~itQ

(J)~:~\~tJ:~m.~v)'5. 7=~/m~rmMl~J~:~d:7 )];tJ ') <tl~tJ:c(J)*~at~, tJT~

/m~~:~J:7°D ~ /Il, )v-1 AfttJ:c(J)*1iT-at~iJ~fflv)GtlQ. ~tc., 7~tJ)Vm~

~: ~d:JM1~f~~ / V -1 )];t~ c O)li~f~~m, 2, 2'-7 '}~e A -1 '} 7'70= ~ I) )vt~ c (J) tJ 'Y

7°1) /~Jt10)tJ:v)7Vf~~!to/.J, V ~ 'Y ~ Arm~aRJJ, 7t. n~M*JRtJ:ciJ~lmMlRJJcG-Cfflv)
GtlQ.
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30-10:

~'< :Pfi~1JD9 :Q ~ C ~: et t> mtJ&:./t' ~{Jfim9 :Q ttn.. ~ t;::., jf~~: ~j:f!k. C ~j:v~;t
t~v~tJ!, 1t~~:~j:mtJtmMi1lJJ~mtJf!k.~:~~n:Q. ~nG~j:~O)tlff4ir~G, '7~jJ)v

mtJffl, jJ7-~/mtJffl, 7=~/mtJffl, ft2fft7=~/mtJfflf!k.~:*.BIJ~n:Q .•
~1~~~t~f!k.~:7--!l7-·j-'/~f!k.tJ!3!>:Q. ~n~J:I7-v/~70l:::v/~{ltff

l:'mtJ~1:t:Q~~?it~:fflJt1O)(@jv~f!k.l:',~(J)~< ~j:m.~:/FmO)/Fi$)-*f!k.~3!>t>,
f&f[J~{~J1<;«(J)et '5 t~/FfflJt1t~m.q:t~:Jt~~it-cfflv~ Gn:Q. ~0)f!k.~7 )v7 ~ /
f!k.~j:lif**ftJt1mtJ~~9 ~ (J) ~ G-cm~l:' 3!>:Q. ~O) ~~7J\, I~~~:ffl v~ 6 n -Cv~

:Q{?iJ c G -c~j:, I7- v /, 70 e v /.t3J:'lt7+T /7J\ GiWi~~ ~ /{~jj,/ I) /~~~9
:Q c~ ~:~11D~ n:Q fi!!lf* I) /mtf!k.tJ!3!> ~j Gn:Q.

30-11 : !I~~]c~J({~~654-655)

mft~lI:~Jjc ~ v~ v~, '7 ~jJ )vmtJ&:./t'~l?Jjll:9:Q (J) ~:1f~jjt~ttn •. 11tfif*(J)f*ff~

~ii, ~t;::. ~d:/F~f[J{~tJttno)&:./t'(J)~~:mtJ~1!IJ;t:Qt;::.~ ~:1JD;tQ. 1?Jj1l:1lJJ~d: '7 ~jJ)v

~:~tG-c(@jv~&:./t'Jt1~~G, 11tilf*et tJ ~{§;t~~:&:./t'9:Qt;::.~, mtJ~d:~1I:~nQ.

mtJ~l?Jjll:9 Qtlff4iO\ G, I?Jjll:1lJJ~d: 2 fjli~:Jt~t GnQ. -1J~j:, rmMt1lJJ~11tfif*iO\6
~PX:9~:7:/jJ)v c.&:./t' GLmft~rmMt-r~t~v):tc~:7 ~jJ)vC:9~ q:t Jt1Jt-TO) !I)v
7°l:', Ml;«, w.t~, =f- / /~, t: ~ o=f- / /, ~ 1) ~=f-~{~ftttn, 7 ~ /, =l' 0 · =
l' 0 'J {~ftttnt~C7J!3!> ~j Gn~. ff!!1J~d:, mtJ* ~:3!>Q '7:/jJ )vc&:./t' G-cq:tJt1Jt-Tc
G-C G ~:> ~O)l:', :/7x=Jv 1::~ 1) Jv 1::: ~ 5":;Jv, l' 1) -p-= l' 07 x=Jv;A 7-Jv,
~ 1) 7 x=Jv7 xJv~~Jvt~ CO):tc~7:;jJJviO! ~n~:~t;::,Q.

30-12:

mtJ&:./t'~:f~:>~. lljjtmtJ ~j:&:./t'7J!lljj{~~:im1T9Q t;::.~mtJ~(J)ilrfJ7J!~ z:. tJ~
9<, ~PX:9Qmftf*(J)Jt-TfiffJfJfiPt~cO)Wn) G~mft~(J)~~7J!*~t~ra:t,ec:t~Q.

~O)t~iO) 'T:~m.~ ffl V~t~V~~~mtJl:'~d:mtJ~(J)~~7J!~F?it ~:~.l:' 3!> Q.

30-13:

/Ff&f[J~tJ~ ~ '"? t;::.{~tJttniO!i~Jt1fj (5" :; jJ )v, 7 =~ /, jJ 7-~ /) ~:{'11109Q&:.
/t'~. tJ)g9:: c. ~:J: '"? Lmftf*~~PX:9 Q~~.

n CH2=(CX)H ~ fCH2(CX)Hln
{'111o&:./t'~d:lljlltlf.'T:imts. ~~O)mftfftln\G~Qc, ~(J):>~O)~~cluc~d:~*· ~

;«=m*fift~ ~ '":J 1::=Jv{~ftttn7J!mft9 Q, v)V~Q 1::=JvmtJl:' Ci~ 6 n:Q. 1::=Jv
{~ft~m£A~~:~{'11JOmft9~~0)~d:~<,E1t*. E1t;«=m~ft0)7t7-v/, ~*. m
;«=m*fift(J)? )VTt: ~~~~d:C:~cG-C, C=S, N=O, s=o, C=N t~C(J)~TO~

m*sft{~ft~m~, c=c=o, N=C=O, N=C=N, o=c=o, s=c=o t~cO){~ft~mO){'11J[Jm

ftO)fftl7J~~Gn-cv)Q. ?t7-v/~7--ij5"-·j-'Y~M.t~c-rmft~it~c:,±
jll7J!~f~=m*5ftn) GPX::Q~ J) 7 t 7- V / ~~PX:9Q.
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n CH=CH~ fCH=CH1n
7 )vr 1::: ~ .~d:)i1it7 =;t / d!>~ v~ ~J::JJ 7-;t/~~:m~;Q~PJrm~, -c-o- 0). t)~G~
±.cTQm~-f*~4;it~. *)vb7 )vr1::: ~~J: l' I) 7 x=')v*:A 7 ~ /~ ~ I) I7-)v
7 ~ /~M.c G-Cm~G, ~l) ;t=\=-y~7-v/ (~l) 7~5'-)v) .B~;Q~tl~~tl-C

v~~.

n CH2=O~ fC~otn

mfJ=m~~f~~~(J)q:r~~d:1'J Y7j-- ~(J)7=;t/m~;Q~J::<.~6tl-Cv~~. 1::
PX:~~J:j-1 0 / 1~ d!> ~.

n RN=C=O~ fNRCOtn

30-14:

PX:~ffllt1.~~1;t/~d!>:Qilmm~~, ~(J)1;t/(J).fpj(J)•• ~~e:t t] 7 ::;t/m~

c:JJ7-;t /m~~::5}~t~tl~. 7 =;t /m~~:J:: t) ~ij: Gtl~m~-f*~~~J:~ I) 7+5' 9I./,
~ I) 7 7 I) 0':: ~ I) JvtJ: C~~ d!> t], :JJ 7-;t/m~~~J:~ I) 1 'J 7+7- V / , ~ I) e-::)vJ:

-7JvtJ: cn~~~ Gtl~. 7 9:JJ)vm~ c.tJ: t), ~m~&:Jjt(J)ffllt1f~I.*)v=¥-n~/J\~

<, fttrMr. -c' 'bm~Jm~n~*1! v~. *t~1::PX:T Qm~-f*~J:-~~::tt5}7J\tl7J~9tJ: <, ~~::

7=;t/m~~~~tl~g.-c'd!>~. PX:~ffltt.~±cG-C1;t/MO)B~#ffG, m
"~iIn~d!> ~ tc.~, ~(J)&:JjtIt1~d:m.O)tilt1~:*1! <~.~tl~. -~~:m.O)~.$

n~*1!v)~~cm~Jm~:t3J::LFm~ll~d:m*T~. *t~, 7--ij=)-. j-~5'M.tJ:c~
mv~~ c =) 9:JJJvm~-c'~d:.Gv)ft-f*~.It1m~~~:: T:: cn~~1!Q~~7J\, 1 ;t/m
~~~d:=) 9:JJ)vm~~~ cWJ1:&:Jjtn~~~~tJ:v~t~~ 1) e- /ijm~O)PJrmlt1;Q~*1!V).

30-15: I) ~/~'.~(f~~1509-1510)

l!t!jJtwJ1:&:Jjt~iljj{f$jJj&:Jjtn~'~~ c Iv ctJ:V~m~*~~j:, PX:~*tiffijO)ffllt1.7J~~~rf!~

f*~~ tl:Q:' c:n~d!>~. :. O)J: '5 tJ:~~, ~ J x-iO~T~Lm~-f*~::A t], m~n~~7
Gt~~!m-c' 'b*tiffijffllt1fjn~*fflit-r~:1::1!-CV)~ t~&), 1) e- /ijm~-c'd!>~ c v~btl,

:. O).O)ffllt1*tiffij~flT~~5}T~ 1) e- /ij~ 1)?-c V~ '5. ti't1O){ttv~!l!.-f*~mV)

t~, +5}~::~~Gt~7=;t/m~*~~J:WJ1:, iljJtf$jJj&:Jjt7J~~:' t) ~::< V)tc.~, 1) e
/ijm~~~m G~Tv). ~O)m~~~::J::~ C5}T.5}1fjo)~V~m~-f*7J~~ij:Gtl~. *
t~, !l!.-f*iO~~~.~ tl-Cm~7J~~7 Gtc.O)!> , MLF!l!.-f*~j][);it~ CPX:~&:Jjt7J~Mtm ~

tl~. 'b G, .fjO)!l!.-f*~j][);it~ c ~D ~ 7 ~m~-f*7J~1::PX:T~. ~tl~tlO)!l!.-f*

n~l!t!iJGT~~~ ~ f3 EH ~::WfiJOOl~1! ~ 0) 'b :: O)1J~O)fIjJ~-c'd!> ~. t~ c;it ~J:, ~ I) A 7- V
/' (J) I) e /' ij~ 1) ~ - ~: ~5' ~J: /'~1J[);t:Q c:~ 1) A 7- v/,· ~ 1) ~5' ~J: /'0)~ 0 ~

7 ~m~-f*iO~-c'1! ~ G, ~ G~:, A 7- V / d!>~ v~~J:m-=O)!l!.-f*~j][);it-CJtJ:~j~ ~ c
~ -c'1!~. 1) e/,ijm~O)~ '5-JO)frjJ~~J:, *tiffij~:~fj~£~~A G~Tv~ ~ c~d!>Q.

WJ1:RfJ c: GL=~{~~~~I7- V /;t=\=-~ ~ ~1JD;it~ C*tiffij7J~~tl~tl:JJ)V~=\=-Y )V£,
1::: ~ D=\=-~ JV£O)~5}T~~~~::~ij:~:' C7J~-c'1!~.

30-16:

2.m~~0)!l!.-f*~.PX:!l!~cG~m~-f*~~PX:T~&:Jjt-c',:.O)m~-f*~~m~
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~C v):>. m'@jfl.~:et tJ 7 Y:b )v~m'@j, 1 ~/~m'@j, ~$i'@j~:*ZIJ~ tt¢ . .$M!
m'@j~O)~m, ~m~f§MJ t~tJT Gv)Jf1.O)m'@j~~4;t¢t~~'@jPX:.»Il, '@jPX::114,
'@jPX:••tJ: cO)~.afc~~:m v) Gtt¢. *t~~m'@j~d:~m'@j~r:p0).$fi~0)~2~J7J\G,
fi2~JJmFfib~/FmjlljtJ:7 /~b~m'@j, 2 mO).$fi~;Q~3e1L~:~2~JGt~3e1L~m'@j, i2!~:

~mO).$.~7J~~< il~Gt~7'D 'Y !J~m'@j, ~ctJ:¢m'@j~O)c~ 0 c ~ 0 ~:, fmfl
O)m'@j~7J~fXO) et 5 ~:ft2~J Gt~ ~7 7 l' ~m'@j~:5t~tGtt¢.

30-17:

m.~:.$.~~m7J\G, m~~~fT5m'@j. ~~m'@j~::tt~Lm'@j~:f'5~~J:¥f7J~

IJ\~ <, tlffi.~*,J~'b~~-c'~Q. Gi1\ G, *.O)m.~I& tJt&:> ~ C:~, m~1~~:m.

~*~~~~~~~c~~O)~~O).~~~~. *~, m~~O)M~m'@j-c'~m.~O)

iljj{31JJ7J~~:: ~ t~liJ ~::~px:m~~O)7tTfi~d:~~m~ Gt~~'@j~::tt~L/J\~ < tJ:~.

$i'@jm'@j, mf11JD~~~< ~bttLV)~~~~, ~iIL~O)~if~~l) 7 ~ ~tJ:c~d:ftttlffi.

m~m'@j~~~~~ ttLV).Q.

30-18: -W-ifii (f~~248)

='JO)ffj7J~t~T ~ c ~, ~O)='JO)ffJO)ra'~:~~ .Q!j!~mi~ v):>. ~.~d:, ~O)J*JffB

O)Jf1. c~~JlO)Jf1.7J~AtJ:~ :. C7J\ G, 2 ffj7J~flT~ C: ~~O)~mi~d: 2 f§O)Jf1.~:*

~tJ:~.~4;t.Q. :J 01 ~m~~::s~t~~OO~J:, *~ < 7t~t-c 2 flMO)~OO7J~~~.
m-~::~J:, -~O)m~~~~O)m~~::JiGttG et 5 tJ:g~Jla9tJ:~mi~, 5a:. ~~mi, 5a:.
~~mi, ~·~~mi, ~·~~mi, ~·~~mi~~G. -~, :J01~mT~5a:~~.

~r:p ~::7tit GLV)G ~ ~ ~::Ji GttG et:> tJ:~~Jla9tJ:~mi7J~~ G. :. O)~~Jla9tJ:~mi~::~
J:~20)et5 tJ:~mii1~~G7J\, *~=::. O)e:t:> tJ:~/J\mTO)7tit*-c'~d:, 2 ffJO)~OOO)~mi

fl7J~~~1it~::*~ < tJ: J LV)G. :.O)t~~, [JtijffJO)'J < G~miO)Jf1.~::et J L, :J 01 ~

5tit*O)Jf1.7J\~~1it~::~.~ttG.

30-19: -W-ifii~t~ (f~~248-249)

='JO)AtJ:'J t~f§7J\t~T.Q ~ ~ ~::-c'~ G~mi~~OO-c'o)~~, sJ:lt~0)~f~~::{'5

~~~l& ~t&:>~rp~~v)v), 7tit*~~oom~~l& ~t&5:J 01 r:f~~O)-tiftij~mJL
V~Q. ~misetlt~mi~d:, ~O)~~ ~=J:: J L*~ <=J'::7t~tL~jt Gtl.Q. -J~d:,

-~O)~~~m.O)~mitJ:cO).tt~a9~v~flf!l!mi~~'J:I:~~~, fmO)-'J~d:, ~mT7J\

5a:f§r:p*t~~d:~f§r:p~=7tft • 7~~GLV~GJ::> tJ:~~-c'~Q. *~=f~~O)~~~d:7tftT

G:J01 r:mT7J~~<, ~O)~OOO)~OOfJn\~~1it~::*~<tJ:~:'C:7J\G,flT'Q~OOO)

Jf1.7J~*~~O)Jf1.~#c)ET.Q~~c~=*~<~.T~. ~misetlt~OO~::SV)L~d:, J*J
f§-c'0)~~a9 • f~~a9Jf1.t~~t-c'~d:m~-c~tJ: v~*AtJ:m~7J\~:' ~, J*JffBO)Jf1. ~ ~d:

~J t~Jf1.~mT. ::.n G~d:~f5 GL ~oom~e: et~;!ttLV~.Q. *t~~.O)~OO-c'~d:~

< O):I:~~, flT ~~.7J~~mi~=q&fiGt~ tJ, m=~m.7J\~mi-c'Mt~~PX:T 'QtJ: c*AtJ:
f§ ~~PXT 'Q ::. en\ G, *~=~mif§ c GL e: Gjt G::' C: 7J~-c'~'G ~~ c, J*JffBe: ~d:~ <~
'Jt~Jt1.~7J'T. ::.ttGO)$]Ji7Jl G, ~mWfl3liO)~mi-c'O),OC~~Jf1.~d::J 01 ~f~~O)

m~~~JtT'Q£Uf! ctJ: 'J LV)G. ~~mf~~~::sV)L~, *H1JJ?lMtJ*J~ -c'O)'oc~~B1fII.l1< ·
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~1ln.f~tJ: C O)1ln.ml:fl O)*tJJtJ: c~f*~ ~::~~t ~1b < O)m~iO~, .:c-O)~oo-r:O)tt.~&JiC'
111~::~4 G-ci'Jv)-Cv)~ z: ~tJ) ~, ~oof~~li"J~:~f**~~ XQ z: cn~Bit~ Gtl-CV)Q.

30-20:

7~ ~~IAT)vO){j~~cG-cti<tJ)G~6tlLv)Q~3'YT/ ·1\?x/Ii.JiC'~

iNi7tr{j~~:JiC'mGt~ t>0). 71<cii~~~Gt~v)~ltm.~:~1J)v~/ftt~ [] 1) ~ ~mmG,

~7 ~ /~J&ftt~J (l:flfl]~J) ~71<~:mmG, fIIij~~~M~it, .:c-0)~OO-em.{j9Q1J

~-e, ~OO.{j, ~OOm.{jct>v)5. &JiC'm~~ft.9QC~OO~:&:JJltJ~~~G, ::
tl~iI~tJ:Jmll-e51~J:~fQcil~m{j t> t:iJfj~-c' 3; Q.

30-21:

71<crEbtJ~ii{jG-CX~)V~3/tJ~-c'~Qm~, *t~~J:XX)V~3/~J<Q!ifF~v)

:>. 71<crEb~e:t <iiif{j09c~f~G-CIx)V~ 3 /~:tJ:QtJ~, ~O)~~f~~JiO~ff1£G

tJ:v) cIx)V~3 /~J:9<"~:.tl-C, 7C0)7]<e:rEb ~ ~:7t"G -c G* 5. ~f~O)1J~~G
-c~J:, tJ)~*if~, 9 tJ *if~, fIIij~~#fm9 ~1J~;Q~3;~. 7l<e:rEbO)iiif1J, ~f~~J

O)fjm~.O)JKLF1J~:J:: J L~J:, ~ir~ Gimif{jbitO)~fF~ Gt~ <L~, §~~:~f~;Q~

~ z: ~ z: C;Q~3;~. ~tl~ §§e~f~ e: v) 5.

30-22: ~Lft~J (f~~1034)

.r.xJv~3/~J< tJ~9< G, Gn1t>, -c'~t~.r.X)V~3 /~~JE~:'9~~ •.
~~:~oofflll1~JtJ~~f~~Jc G-Cmv) Gtl~. ~Lf~~JO)fFm~J:, 71< crEbO)~oo~:e&~ GT,
.:c-O)~oo~t.J~{1tr~it-C~f~~~~~:9~:: c, ~J::LF~~Gt~x~Jv~3 /1:fl·O)rEb
riii*t~~J:71<riii~1*~ G-C.:c-O)~trl~!k <9 ~ :. e: -c'3; G. .:c-O)t~~, ~f~~J~d:71<crEbO)

fIIij~~:fjlfDII1 ~ t> J~oofflll1~J;Q~m v) GtlG. ~ G ~:, rEb~:: ~J:v) ~ v)~ O)fjmtJ~~ ~ 0)
-r:, ~{I::RIJ~:~J:Jbv)iBImO)fjl7l<ll1. fjlnB1t!0)!\ '7 /'A~ ~ J t~ ~ O);Q~~\~ C: ~ tt~. .:c
tl~: ~J:~F4;t / e(1) ~oofflll1~J;Q~lli t> e:t v). :.tl~:4;t /111~oofflll1~J ~#fm9G z:
c~3;G.

30-23:

m{j1J~O)-~J:t-c', 71<~:~m· Hmll1O) t:::Jvf~{j~~, ~f~~J~f9!J -C71<~:7t~

~itt~~Jm-r:m-g.~itQ1J7!. ~{I::~J c GL~J:7.::;t /'*t~~J:~F4;t /'~oofflll1~J;Q~m

v) Gtl, z:tl;Q~~~9~ ~ --eJvl:fl ~:!l!.f*;Q~I& tJ 16*tt-cv) ~. z: tl~:rmM~J (Jm~~J:

iM!ftt{I::~~ V ~ ~ ~ A*O)7l<mll1rmM~J) ~1Jo;z~ C7]<JI-r:'7 ~1J )v;Q~§e~ GLm-g.~

rmM G, Jv)-r~~9 ~f1tm{jf*7 ~1J JV7J~2. tJvl:fl ~:A J -cm{j7J~jfgu c~XGtl-C
v)Q. ~Lf~~Ji~-c'm{j9Qt~~~:m{jJmll;Q~*~<, ~m-g.f*~f~~9<, m{jf*O)7t
r.7tm~~<, Gn)~, m-g.*O)*rSNl:~~t~v). *t~, 7l<~l!!~fl3c GLV)~t~~

~:m-g.-r:§e~9~~0)$tllMJio~~~-c'~~. ~ G~:, ~~~m~J:'7T'Y ~ A~tJ:O)-r:, *rS~

1110) r@j7tr-c' t>1iij!l! ~: ft 6 tl~ G, m-g.{*~ !l!1iIit-r ~:. .:c- 0) * * ~f-J..:c- 0) ttl!0)m~~:. f9!
m-r:~~t~cO)}~~*~tJ:~~-r:~Q. Gn) G, m-g.f*~d:1b< O)~$it!~e:~ffG-cv)~
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Lesson 31: Polymers II
(MW, DP, viscosity and processing)

ij I -1 /' drawing, hauling, pulling, quoting
D(<)to draw (a line), to haul, to pull, to quote {vt};
D(~t.Q) to be able to reduce the price, to be over, to close {vi}

5rtJ -1 /' 1) 3 !J attractive force
IJ& 5r :f. :1.. t7 -1 /' attraction, absorption, suction

F9 .:r. /' circle, yen {money}
~.Q(v~) circular, round

P3if
P3~0)

circular tube/pipe
round, circular

fEll ::t t7 compressing, pushing, restraining, stopping
:J3(~ 5t.Q ) to restrain, to stop, to suppress, to withhold {vt};.
:J3(T) to compress, to push, to shove, to stamp {vt}

¥fl G ttl G :J3 G t!. G extrusion
~¥fl G 1)) t::..:J3 G embossing, engraving

~..-n :f. beg, desire, dilute (acid), hope, rare
rtr~ :f.~~!J

~±M7C~ :f. P)v-17/'J

~
~ :f. .:I. t7 buying, requesting, seeking, wishing for

~ C(~ .Q ) to buy, to request, to seek, to wish for

*~~~ :f.:1..t7n!J~~!J
*.~~~ :f.:1..t7T/'~~~!J

~ :f. .:I. t7 ball, bulb, globe, sphere
t::..~ ball, bulb, sphere

i-&J)j( T:f. =t t7
B~.J)j( /\!J*YT/,:f.:1..t7

dilution
rare earth element

nucleophilic reagent
electrophilic reagent

the Earth
incandescent light (bulb)

t~ :f. /' average, equal, level
~-t~

SJZ~

uniform, homogeneous
average,mean
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fiji ~ r) pipette, tube
'":J '":J gun barrel, pipe, sleeve, tube

p:j1Wj X/1'r)
1fJ1Wj tJ!71'r)

cylinder
prism

coating, application
distribution

Ut J\'Y extracting, pulling out, removing
tJ.(tJ~T) to omit, to skip over {vt}; tJ.(tr~ Q ) to be careless, to make a mistake {vi};
tJ.(<)to extract, to omit, to pullout, to remove {vt};
6Q( ~tQ) to be omitted, to come off, to fallout, to slip out {vi}

tTtk < '5 !> tJ. < to punch out, to stamp out
ij If~~ rib D~ tJ.~ l::: / drawn product!article

ffi 7 cloth
tJ. (J) cloth

~~

7}~

Jtf£a 7 generally, widely
1*&
1*JmO)

dissemination, spread
ordinary, usual, common

~ 7]\ r) bubble, foam, froth, suds
~b bubble, foam, froth, suds

~m :t:*r)
~m J\'Y~r)

(air) bubble
foaming

~r) hair
~t down, feather, fur, hair

~if

~if*liJ3£M

~r)tJ/

~r)tJ/*/~71

capillary (tube)
capillary viscometer

JEj. 3 allotting, awarding, giving, imparting
~ t::..(;t G ) to allot, to award, to give, to impart

mJ4 tJ/3
?if4 :t:3

participation, involvement
contribution

5~ :7!7 collapsing, dropping, falling
~(!> G ) to come off, to fail (an exam), to fall, to fall unconscious {vi};
~ ( C:T) to drive away, to let fall, to make worse, to throw down {vt}

EJ EEriT :;::L r) :;; 'Y tJ free fall
ri1* :;; !7 39 1 falling body
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Reading Selections

31-1:

~XtT~.~d:-~~:XtTIl~~:/F~-(1bXt~) l:'~ t), .~.ftl~Gv~~d:••1*.
~~~C~, XtTIl~.~~&~~XtT~~~~~~G.L~~~T, ~~~XtTMM

~XtTa~-:J~fA{l~~T~:~d:,{iiJGn)~1¥~fl~mv~G~'~;Q~~t), ~~fli~1¥~

XtTAC:v~:>. fA1¥~XtTaMn' mfi1¥~XtT.Mw' t3J::lJzJ¥~XtT.Mz(J)3li
;Q~±~:mv~GtlG. XtTAMi (J)XtTli(J)fAt3J::lJma~ Ni t3J::lJ Wi cT~ C, ~tl

ttl~~J:t~4;t GtlG.
M n =DlM/"22N; ="22W!"22(W/Mi)
M w =DlMi2fINMi ="22WM!"22W;
MZ = DlM//"22NMi2= "22WMi2/"22WMi

Mn<MW<M
Z
-e~ t), ~~~~~v~~d:ttO)*/J\~d:/F~_Jf1~*/J\~~T.~~ft51J£c

XtTa~OO~~~T*~1J£J:tJ::t) ):j(~t~XtTa~d:,
Mv =("22WMia/"22W)l/a

C: tJ: t), *~1J£1¥~XtTfiC: v~ :>. a ~d:*li1J£J:tO)XtTIl~t~fA-e~ tJ, Mv~d: Mw~=ilIv~

tJ~;Q~1bv~. ~~I£i!l:'~d: Mn, 7t~!Li!-e~J: M w' *t~tt~1¥iIi!-c'~d:iRtl)E7t~*~:J::

t) Mwn)Mzn!1iGtl~.

31-2:

XtTIl~/F~-~.XtT~J¥~XtTIlO)-~~~O,XtTfiMiO)XtT~O)mll~~

cT~ c, ~0)J:t-e4;tGtl~. Mw="22WMil"22Wi =JoooMf(M)dMIJooof(M)dM
XtTa;Q~*~im~~~=Xt~LLV~G c~tJ:itGtJ~~J:, fJXtO)J:t~~~tl, f(M) ~d:.

Xtma ~=:Jv~L O)XtTIlXt~OOfA~~ ~. ± c LL, m~O)7tm!L:8J:: 'ltmmJL\fI ~= J::
~tt~1¥iIO)jji!~=J:: ~ LiRJj)E~ tl, .XtTO)1¥~XtTIlC:L-Cjl~1b<mV~ 6tl~.

iWiXtTO)&~~Jf1 C: XtTIlO)OO~ ~7J'TtJ~tJ: C~, mfi1¥~XtTIl~mv~ G~ c iJ!1b
v~. fAJ¥~XtTfiMn ~~v~~d:zJ¥~XtTfiMz C:..O)tt~d!J~MjMn t3J::lJMjMwO)ff!l
~d:, Mf-l-O)XtTfi/F~-1J£~~TR1J£C:..tJ:G. tJ:t3, ~cf}c:" G-C, Mwt3J::'ltMwO)C
~ 6 ~M!btl-Cv~~.

31-3:

XtTfiXtm~~~.XtTMf-t~=~tT~J¥~XtTfiO)-~.~cf}~d:Mr,v ~mv~~. M
f-fr:pO)~Xt i O)XtTfi~ Mr,i' mfiXt$~ Wi' ~-7· *-'7 ~ /7 · ~EBO)*li1J£J:to)

t~fA~ a cT~ C, Mr,v =("22iwMr,/J l
/
a

-e4;t 6tl~. XtTfiXtm0) tJ: v~~~~tJ:Mf-f~:~tT G*li1J£J:t [17] = KMra iJ!4;t Gtl-C
V~Qti~, ~Xt i O)~~*li1J£~J:· [1]]; =KMr,t ~:~5 ._*t~Mf-f~1*O)IJm~~1J£ [1]] ~J:,

[1]] ="22iWJ1]]i =KMr,va

C:.. tJ: t), [1]] iJ) GM r,v n!):j(*Q ·
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31-4:

m~f* 17t~~t~ tJ ~::~Jl~~~ttt~l1f.f*O)f(. 7t~.c[Rj~~::rei7t~O)*~~O)R

~ c G-Cmv) Gtt~. ±jJtO)f14~;Q~[Rj c: -c', fJltljJtti~t;Q~.t~~ rei7t~O)I(1Ji~ tt~T ~

~~~::~J:, 7t~.J:: tJ m~~-c'rei7t~O)*~~ ~~T15;Q~flflj-c'~~. 7t~0)*~ ~ 0)

7t~;Q~~~*imO)m~f*~~J:, 1Jl~O)fi.~::J::tJ, f(1Jl~m~~ xn ' m.1Jl~m~ll

xw' z1Jl~m~~ X
Z
O)~}JIJ~£!f:J.~:: G-C~<~,~;Q~~~.

31-5:

rei7t~.m~f*~J:-~~::m~1l;Q~/F~-t~im~~~~~ t~ liJ, {PI G7J\O)1Jl~fli~m~
~~7J'G, 1Jl~m~~Cv):>. f(1Jl~m~~, m.1Jl~m~ll, ~J::Ltz1Jl~m~llO)

3 fj7J~mv) GttQ. 7t~.~m~ll~::fif~;ttt~t, 1Jl~7t~.O)~Jtc[Rjflt~~~Jt~::

J::~, ~1Jl~m~ll~~.~tt~. mliO)~~~E~1Jl~7t~.c[Rjfl~~~.

31-6:

m~ll/F~-tJ:tei7t~O)1Jl~m~llO)-fj-c',m~llPi O)7t~fjO)f(~J:: Ltm.~,
N i ~J:Lt Wi c::T~ C:, ~Jt-c'4;t Gtt~. Pw= ~WiPi/~Wi ='LNiPi2/}2NiPi
m~ll~7t~.~::1i:~;ttt~t, m.1Jl~7t~.C::[RjC:-c'~Q. tJ:~, PW~~O)fj~O)

aci%~mV) Gtt-CV)Q.

31-7: ~.~ ({~~1557)

~jj{.ocJitO)I§~=~jJtmf*7J~~c:-C~mT ~ ~-c'~=. t]~~tt~~.ocJitO)1Jl~f(. imjj{
mf*7J~~~ G-C7J\ GWl1:T~ ~-c'~::~~Gt~~~~O)f(~=~tJitT Q7J\ G~jJt.ocJitO);jj$
~~TRll~::tJ:~. 7:JtJ )vm~-c'~J:, fmMiRlJ7J\ G~ c: t~ 7 ~tJ )v;Q~t::=)v~ J ?-~::

'!A~ C:: {t110 Gt~ O)'15~::Wl1:TQ7J\ G, ~jj{~Jh.ocJit7J~tJ: v)~~~:: ~J:, m~ll C::~~tJ:~
~7J~~~. Wl1:.ocJit7J~M*6~O):t~~~::~d:m~ll~J:~jj{~O) 2 115, /F~{t.ocJitO)~~~::~d:

~jj{~ C: -3&T~.

31-8:

m~g:r ~::~ ~t ~ rei7t~jj{ 0) rt7J~ ~ ~~i'fT~ t~ l1J 0)~T )v. rei7t~jj{ O)*M~~~ (~

!J:). / l') O)*~~ ~~~Jl G-c~8i:r~'Jmc::[Rjf~tJ:~~tl39t&v)~TQC, *tilfflrp,mJIIO)
*1Jli$J7J!*a~f(~=ttWtlG, *tilfflra~mJIIO)7tm7J!tJ9 A7tm ct~~. ~O)c~O)~T)V~
tJ9AmC:J:~. t!J:)'/l'0)*~~~~~TQc:tJ9AmC::~.~~rt~~~~~J::

5 ~:tJ: ~, :: 0):: C: ~tJ~~f*~7J.J*C:: v) 5. tJt) Ajjt~fM~iii7J\G*HJ7tT~ c::~O)J:::>

tJ:~T)V7J~~~. 1) EI EB~*6jJt : ~~ Z O)t!J:). / l' rp'0)*a~~7J~9At-Cff1\O)jJt-c',
*5~f(~ n cT~ c1Jli$J=**tilfflrp~m.~d:, <~>=nZ2

(-~~=~J:, <1> =~i nli
2

) ctJ:Q.
2) EI EB@JEjjt : ~f~*a~~ (n - (}) 7J!-~-c'pq$@JE7J~ EI EBtJ:jj{. n 7J~+7t*~v) C~
<~> =nZze(1 + cos (})/(1 - cos fJ) ctJ:.Q. 3) *~@JEjj{ : pq$@JE~: ~*tl~i7J~~.QjJt. pq
$@JE~ O)~~ O)1Jli$Jf~ ~ <cos l/J> cT .Q c, <f2> = nZz (1 + cos (J) ( 1 + <cos l/J>)/(1 - cos
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9) (1 - <cos C/1» C t~ :Q •

31-9: ~~ttili~T(ttm~583-584)

*SA~~~~~~~Q;@j7.tT~v~'5. *SA~d:)I*?P<O)!Ltl~~luti::f~~t~ ~O)-c',

.*6A~~~. iI!~e:t t)*6Af~~it~ cJtAce:t~ttl~.*6AO).-@j1*~~~9~ ~O)

7J~?pv~. *5A$7.t~~d:7.t-TM~d:~0)1JrtiJ ~fDU;t -rl§2~J G-rv~Q7J~, -*-*O)iJili7.t-TM
~1*7J~mJtJjEJ9~:fi2~JG-r*fiA$7.t~~~G-rv~Q O)~~d:t~<*6A~d:$7.tm~:e:t J -r.~

~tlLV~Q. *fiAmfJT~:e:tJ-r~&9GtlQ.~~d:, rei7.tT~Jt~1*O).~~~d:t~<, ¥ii
1*~£*¥f1LC9 Q,m)fflEJ9.~~~~ (Jt~?' /'I\? .~O)1:1*iJili7.tT~:~d:iflj7.tTM~

1*~M~0)-~0)~~~~9~0)~~t),~O)~-@j~M~1*o).~~~~~~Q).~

A~J1iJili7.tT~:~d:*SAGt~$7.tcC ~ ~:?P<O)~FA$7.t7J~~~tl-rV~Q. *SAf~~~1l~9

~IlSITC G-r, e=)1;*iflj7.tT~~d:, iJili7.t-Tj]{q:t~:.t3~tQ¥.1*O)mi· mi*S-@j, ~. ~
*6-@j~ll1*f~~EJ9.~::fmJlfj~J1t~ C7J~~~j 13tl:Q. ~ I) (AT V /') ~~ I) (~T)1;~?'

? I) V- ~) ~:JiGtlQJ:: 5 ~:, 71 'J?' ?T'Y ?~~/'~;t?'?T'Y? O)ll1*mJlJj~J1

~7.t-T~d:*5A~J17J~J::<, 7?'? T'Y ? 0) ~ 0) ~d:*aA Gt~ V~. ~ I) (e=)v7 )v::I - )v)
~T1 0 /,O)e:t 5 ~:7.tTra~0)71<$*s-@j7J~5~< fI~*6lbf~9Q ~o)~~Q. ~t~~f$~:e:t

tl7.tT~j{7J~~2~Jj G-r*aAf~9Q~O) ~~Q. iJili7.tTO)m~~t~~d:M~~~$Jit\1Jr~*6

Ibf~~tt~ c ~~tJ1'7".~ c e:t t!tlQM.t~*Slbt)v$D ~-~f~9 Qlj2rtiJ~lbf~n~

~:Q.

~7.tTj~O)~*~:tt~-r*aAO)7.tTj]{$(b1JrtiJO)*~n~~tt~Jlv~~:/J\~ V~:. c C:, *Sib·
~FlbO)=f§.~cv~5 2 JO)$~~mf!fJG'5 Q~o)c G-C, m~~ ~)1;.~~d:*v~ra~iJili

7}-T*sMJO)Pl-O)~tfi~f§ c: GtlLv~t~. 1957 iF~:, ~~m~7J\ G1:~Gt~~ I) IT
V /O)!l!*6MJ7J~, J¥~~ 100 ANJ3£0)~v~f&~8b (7 ~ 7 MJ) 'T:, J¥~ O)1JIRJ~:7}-Tj]{

n~lj2rtiJ (f&oo~:~r«) G-rv~Q:' cn~, «TD••.t3J:: It«T.@ltJT~:e:t J -r~~j£~ tl,
~tl~mf!fJ9Q~O)cG-C~7.tT~~.7.tT*SlbO)~oo~tJTtl~~~tl~~~~CQtJT

tl t~t~~.~n~f~JJ~~ tlt~. ~O)f~~ O)f.~~d:!l!~:1rf~m~n\ GO)*albf~~:~R G~, II!
~7J) GO))I~(J)*albf~(J)~-@j ~~&9 -r, iflj7.tTO)*6A(J)~~C GLflfiAmlJ1~ ~ J :. c n~

f!fJ G7J)~: ~ tlLV) Q. :. (J)tJT tl tc. tc.~$7.tn~M~ (J)~~ (::r /' 7 ~ - ~ - ~ 3 /') ~ C J

LV~Q 0)10) (~~-7°7~-)v ~), ::f~--tJ:~(J).~¥{1Ln~~FAEJ9t~)1;-7°~~~G-C

v~~ (J)n~ ()v- ;A'7 ~-)v~) ~:Jv~-r~d:~1:E-c'~~m~d:tJ:v~. tJT tl tc.t~ ~tlQij{O)*
~ ~d:*6lbO))f: ~ Cmfj€~:~f* GLV~Q (~~ -7

0

7 ~ -)1; ~ -c'~d:fJtijtf~d:~~~£~Gv~) tJ~,

*68bf~~flJ:, M~:~~WJ3£~:*~<ft{{-¥ G, *~ v~~~ c~<tJ:Q. fEf3lt-wJ tl jj{*aMJ~d:rei
ffrO)*Slbf~-c'1:~Q~ 0)'T:, 7.tTjln~tJT t) tc.t~ ~tl~~:fEf3lt-wJJ t~~~~ CQ ~(J)l:

~~.

31-10: *611 (~m~1570-1571)

*~&)~ij IJ -A O)J:::> tJ:mt1*q:t~~d:ttm1*~JJJn)9 c*~tJ:i!fm~~~t Q. ~ O)J:: '5
~:~1:EO)mt1*~d:, ?P1>O)~~d:~Q n~P'J$i!fm9tJ:b!J rtl~i~ J C V~ '5 ~J1.~ ~ J LV)
Q. ~0)It1.~*~ltiCv)'5. if,f1*(J)f,fi/J\1*~O)ilJJJ~d:]ft)it, @IE, ~~~:7}mGL~~
9 Q ~ cn~'T:~ Qn~, ]ft)itc@lEO)J: '5 tJ:WdU1*EJ9~JJJ~d:*~IJ1~:~lfit~, ~~~:~t9 Q
P'J$i!fmc GL*~~J1n~~~tlQ. =:1.- ~ /'if,f1*-c'~d:-~k:if,ftJJJit\1Jn~~~Jm~O)-~
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oo~c{&~~ tl~O)-~O)itf9iJ~~~*~lti$c v~ '5. ~tti!rt~O)~Jfj~j)j~::t3v~-C~d:~\

'-fmj)jI.*}v~-iO~~I.*}v~-~::~~g-Q. ~tl~I.*)v~-ft~c. v~ '5. ~~~ J)
ry b~d:~~rJiiJ3t 2.2 K ~r~~d:~ttiO~tJ: < tJ:Q. ~O)~~~mi!rtj)jc v~v~ ~O)tI\gO)~

J) ry b ~J:~~~ I) ry 14 II c J:: ~ttl~.

31-11:

ti~i~J3t~c.~ v~ '5. {tt7}-T~~~::iftj7}-T~.~~n)g-c, ~J3tO)m1JlliO~~~Q. *f
~::iftj7}-Tc'5 GO)~f!R~::J:: :Q~.~~~m~~:Q J:: '5 tJ:~tW~~~~J:, ~~a:pO)iftj7}-TO)

*~ ~ cJfj7J~, ~O) * * ~ O)*~J3tm1JIl~::&:~g- ~. ~O)J::? tJ:~ftFr-e>K~t~iftj7}-TO)

.&.J3t~~oO)~J3tm~*~~~~J3tCJ::~ E~[~~.g-. ~~~J3t~~ ~~
~J3t~~, iftj7}-TO)m••~~C~.g-c,

[11] =lim (11 - 11s)/11sC
C~O

31-12:

*6Itii!rt~a:p~::t3 ~tQ~lti~JJ~d:-~~:~Jfj(D'-fJj.) jlJ.3to)-~OO~C:{&~~ tlQ 7J~,

~O) c ~O)~~~ v~ '5. t~ c x~t, .lJZf~ 2 .lJZf&ra~ (ra~~ a) ~:d5Q*6Itimt~~::t3v~-C-/]
0)~~lJ:&), fm1JO)~~~O).lJZOOt*J-c'jl~u~JJJiJ)G t=. c ~O)i1rttl~d5.Q!J x. ~ l' 0)

rmn~=:t3v~L~d:, ~~=.lJZrTtJ:OO~:S~t:Q~~~JJ~~d: ~= J.U1,u/dy =p,U/a ~47LGn.Q.
jlJ3t1J~2 du/dy ~:~tg-~ ~ O)ttfrtl~~p, ~~O)rm~O)*~lti* C: J::~~. ::tl~d:*~~*t~~d:

*6Jti~~ C: ~ v~btl~. .lJZOO••~~~d:~O)1Wft~~oo~::Mg-~7*~jlJ3tO)*~tJ:c rJ.
tJ~d5Q. ~~v~••~O)l1iJ~~~XQ~~~:, 7**JRjlJ3t u·ti.~tO)-~7Ci1rtC:~XQ c:7*~

jl~0)1J~2 au/ax ~:~tG -C7*~~JJ (] ~d: (]= -p + (A + 2p,)au/ax ~.~ tl~. p ~d:~JJ~,

A~d:m=*~lti$ c J:: ~ttl~. A~d:.uim~O)~~ ~:~:lJ*7J~~·tlQ. p,' =A+ (2/3)p, ~~
3~Jti$ C: v) '5. tJ::t3 A ~f*3*6Iti$, p,' ~m=*6Iti$ c: v) '5 ~ c: ~ d5 Q. A=-(2/3)p,
(p,'=O) c::t3<O)7J~tfim-c'd5tJ, ::n~A 1'-!JAO)OO~~CV~v), r@j]±, r@j~J.3t, r@j
7}-T.0)~~~~~lli1&{~~:~lig-Q .•{}[~d: SI .{}[*~~d:Nes/m2

, COS .{}[*-c'~d:

p (~7 ,A'), 1 P =1 g/cmes -c'd5 Q. * t=.::' n~~~-c'Wtlw::> t~ ~ 0) ~JJJ*~It1$ c: v~ 3. ~
~O)~Jti$~J:rJii~c c ~ ~:m1JDg-QtJ!, ~f*-c'~d:~:Pg- Q.

31-13: *Ollit (~m~1574-1575)

~~, ~~, ~A~/~3 /O)*~lti* 11 crJii~, t.~, 7}-TlltJ:c c(J)OO~~~v)
5. J)j<JfjfMJU1**ft-T0)*~~A~/~3/~:~tg-Q7-1/~.:I.57-1/(J)*6~~11= 110(1 +
2.5ljJ) ~d:~1j-c'd5Q. ==-c' 110 ~d:~~IO)*~Jt1*, l/J ~d:~Jt*ft-TO)1*fl7t$-c'd5:Q. r@j7t
-TO)ff1£tJ~~rl:t'~~:*JJ~-C~~~~ tlQ~~:, ~O)mWLo)Dc -.J ~:tJ: w::> t~O)tJ!, ~.:I. 57 ry
T~/jj-·If$O)~

[11] == lim (11- 11o)/1Joc =KM
c~o

-c'd5Q (1931 iF). ::. =-c' C ~d:r@j7t-TO)mllt.~, M ~d:~0)7t-T., K ~d:~~, [11] ~d:~
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~MN~~~. ~~.~~~~~~GTmW~h~~~~-~·$-~~~~·~rn~

~

[11] =KMa

-c'~Q (1940 iF). :::: -c' K ~d:f@j7tTfj~m~, 7!iN~:~d:J::Q;Q~, M ~:~d:~f* GtJ:v~~

~, a ~d:f@j7tTO)W~, JffiEtBtt~:J::Qmfx:-c'~~.•~~7tT-c'~d:a =2, ~JffiEtBtt7t

T~~d: 1 < a < 2, .~** t) ~7tT-c'~d: 0.5 ~ a < 1.0, ~~~J::lF< G~~7tT~~d: 0 <
a<0.5, Il4Jtlf*JJ1<7tT~~d:a=O~tJ:~. jJ~AIt~:~tTQJlIIB~MN~cG-C,jJt~.

~~~OOO)~f*n~~mli~m~~.G~n-7~~~·7-1Ax/O)M~~
[11] =q, [<~>O/M]3/2Ml/2G(h)

;Q~~ ~ . q, ~J:~~, <r>o ~J:iJlijliMJra'Jl1.~=~.lJZf!?J, h~J: M 1
/
2 ~~ tt.giJT~~f*7J ~mB:

~m/\7~~5'--c', ~FT~~tNc~v~~. G~d:hO)~~~~t), h~0~~1m~~~1

~7tTI*J$~~A G, G ~1 h ~:tt.giJG, [11] oc M ctJ:Q. h~ 00 ~~d:m~~~1~Ait~

G~ ~fx:~tJ: tJ, [17]oc M 1
/
2 ~tJ:Q. -15, tJ~~f*fl~jj*~~lt:~~Aht~JlIfnB~~J.iG

-rv~~.

7!iN~:~Gt~~N~~ G-C~d:, ~-I) ~)J;0)*rSN~~7 / ~ v- ~O)*rSN~ l1=A
exp (E*/Rn ;Q~~~. ~ ~ -r: E* ~1~J))~~~tT ~ffiJf1{~J:*)J;~-, R ~d:~f*~fx:-r:~ ~.

31-14: *6~it (!to/)~1574)

~f*~~N~~~T~~~O)~~.&fjO)~O)~~~~, ~~.JlI~6~W, .f*,
@Jfi, tiJ)), .lJZfT.lJZfiO)&*~N~~:*)jIJ~hQ. (1) ~W*rSN~ : ~WJ:P~:~f*~~G
t~ c ~O)~fi, *t~~d:~WiJlijliMJO)J±7J~~iRlJ~Gl~7 :A'-1 :LO)7!J{rj~ ~ c ~:*rSN~~

~~. -~f*fJO)i1rtf*;Q~~tt~~:J:: tJ ~W~Jm GL l3~i1rt~T~O)~:~TQmfra,j7J) 6*rS
N~~~~l5~O)~O)n~~v~. (2) .f**~N~t : i1rtf*J:P~:JJ1<, F9tttJ:c~!to/)f*~.~~

itt~ c ~O)!to/)f*O).~JmNn) 6*~N~~~~. JJ1<~ffJm Gt;:.JJ1<*~N~~d:1~~~tJ: ~O)

-r:, A ~ - ~ A O)7!J{IJ~~m GLV~G. ftl#Jf.~ itt~ F911iWJ:P-r:JJ1<~E.~~ it~15~~
~O)'b~G. (3) @JE~N~ : i1rtf*J:P-c'~mf*~@Jfi~it~n), *t~~d:mtf*~@JfimtJ))~

itt~ C: ~O)!to/)f*rmO)~~t ~*~Jf1~:J:: J L 1:~Q ~ )J;7 O)iRlJ~7J)G*~N~~&)G. ~$dJ=

!lF911i, lli-F911i, F9•• .lJZfitJ:cO)*rSNBtn~~~. v~~h~@JfiJmN~~;tQc~tJ

JmN (JmN1Jlj2) n!~b tJ, ~~=:l. - ~ ~i1rtf*O)i1rtJ))~Jf1O)iRlJ~~:Jim-r:~ ~~.n~~

Q. (4) tiJ))*~N~ : i1rtf*J:P~JJ1<f*tJ: c~:tl c: tJ @JfitiJ))~4;tt~ c ~O)~~O)f~N~
~~G-c-~O)~tiJaj~~~~~T~O)~:~T~I*)J;~-O)iRlJ~n)G*~N~~~Ql5

~~, WJf1*H1*j~:':)Q ~ ht~F9fitJ: c~:tl c: t) @Jfil3 E8tiJ)).~~itt~ c ~O)Jajm c:~t~

~~~O)iRlJ~7J) 6*~N~~&)~15~n!~ tJ, ~~~~d:~f*~: ~Jim ~ h LV~Q. (5).lJZfT
.lJZfi*rSN~ : 2 JO).lJZ1T~:Ul7J)ht;:.lJZfira'~:i1rt1*~~~, -l5O)fi~JE?PJm~f$J))~it

t;: c ~O)fiO)f$J))JmN7J) G*~N~*&)Gl5~tJ: cn!~~.

31-15: *6ttmt (!to/)~1571)

WI*J ~~O)$dJ~:rdJ L*rSJf1i1rt1*n!i1rth~ c ~, ~O)i1rtf*O)&$n~1i v~ ~:im ~" tJ ~ '5 ~
c:tJ:<l1tG7J)tJ:$JLm~m<~'@J, TtJ:b~~5{-t~~K(=A/D)<O.OI <.:, n)':)V1
J )J;A'~ Re (= DVP/17) < 1200 O)fBImO)i1rth~*rSJf1i1rtc v~ '5. ~::. <.: D ~J:wO)~rm~::~

T G{~~a9tJ:~~, v ~'j:mtJm, A ~'j:i1rt1*?tTO).lJZit3 ~ E81Tfj, P 8J::V 17 ~'j:~h~hmt
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~®m.~~~Mtt.~~~~. G~~~TMtt~~~~e~h~~~®-m~~~~,

K~ 1 ®JI'@J(J)v)b~~1ffti5[~(J)~hg-tJ:bt>7t-T~cMttGT, K n!i-7t/J\~ v) ~
C e5iaMJg-~itl9R~G~tG~tMtt~c v) 5~~n!mv) ~h~. ~~~, Wn!i-7t*v)-fJ
tJ:~~®p:j~®JI'@J®*~Jt1~~J:,~7A'1J.(J)~hcGT~~hTv)~.

31-16: fO~~ ({~~1057-1058)

ifij7t-T~Jt~J:A~a9tJ:f?iJ~~.Q iJ!, ~~l: ~ tJ tJ:iJ! ~ 5ijiJt1(J) ~~iJ\~~Mtt e ~ ':) LV).Q
C GtJ:~th~t~~~~tJ:v)Jit7JI!fO~7 ') --;ltJ: C®~~e7J'G, ~~~iWi7t-T(J)~~~

M~~~~~~O~~~~~~5ijitte~g-. ~(J)~5~5ijittcMttc(J)m~'@JbtteM

5ijiJt1~.Q v) ~d:5iji*~Jt1 c v) v), M5ijiJt1e7J'g-~~ (~t~~d:~Jt) eM5ijitt~ c v) '5. M5iji
ttO)~~fnU~d:, 1850iFR;7J\Gif~~tt, t!l<~d:~7A9.:r.)v~~~7~-71'~~(~

t~~J:-7)v E'/~~) n\ ~~.Q 7J~~~iJ!~f'ReWJ~t~t~3b~~J:: <M!bht~iJ!, 1940 iFf-t
n\ ~ 50 iF1-t~~n\ ~tL~fJ]~r~,~ ~~j}!~~r~, O)il~7ttrJ(J).~~~£~v )t~.~M5ijiJt1

O)~fnUiJ~.ll. ~ ht~. ifij7t-T~Jt~~J V)L~d:, *~5ijiJt1(J)7t-TfnU~ V)0 v)0f~lfi~ h LV)
.Q. *55ijiJt1~e5ijiJt1~ctt~t~ c ~(J):&~*~ v)~.~d:, ~~~J:: ~~h(J)ffi{~ ctJ:.Q
Jit7JiJ~~r~, (~.Qv)~d:JJJa<Jiltl)E~~~~t~}ajtJt~) ~~%1<{t{ffG, 5ijitt$, ~(J)~~-c'~

~:J /7°717 /A, *~Jt1$tJ:c(J)M5ijiJt1~~iJ~~r~'~t~~d:}ajtJt~(J)~~~~tJ:~~ c~

~Q.

31-17:

~Qfj(J):J01 ~*, ~~~M¥JU~~d:~~~:Ah~ht~tI\m-c'Mi¢~hQc~tI\ ('/)v)
~::tJ: t), tJli¢el1:~L~Ml-gh~tij}vtl\e~g-~. :: (J)J: '5 tJ:~~~::~t G T. Peterfi
(1927) n~7:F ') l' 0 1:::- Cv) '5 ~ltf\e4;tt~. ~(J)fi 1930 iF1-t~::~d:~ < O):J 01 ~l4

~#~::J:~ L ~ (J)~~iJ!if~ ~ ht~ (J) -c'~Qn!, .~(J)~~ C M1::ef~ '5~~ -c'~Qt~

~, ~(J)~h1J~~~1Jrt~::~J-C.tJ:tJ, Jif§O)refln~~~-c'tJ:iJ\~t~. ~1±, v~

o ~-a<JJ!!tBn\ G~d:, ~iffi\.tI\m~::~V)L ~~~O)t~~ ~::J!iJ)~tM.iJ~-~a<J~::f~rg-G
~~c~;tGhQ.

31-18: •• (1t~1350)

~fI~ttt~iWi7t-T~~7J!~~~::~~ttt~c~,*.(J)~1*e~l&G-c, ~fteB~~::

m*~~G~~(J)::C:.••(J)~~e~l&-gGJI'@J, ~~~~~~<~1*~~l&G-c~

~(J)Jt1Jte~'5JI'@J~d:, ~h~h~l&~t~~J:mf'RC: J:~, JJjf~ C ~J:v)vtJ: v). ifij7t-T~

~~~iJ~JJir~tI\m~:: C: c~~ t~~~:: ~d:, ~~~fI.J;AJ:(J)m.(J)~fliJ~7t-Trt3' ~::~JJX:~

tt~~'~iJ~~ ~. JJif~tI\m~::~ ~ ~1*~ij)v C: v) '5. ~~ m~(J)g:t-c' 2 gfj~Jt1~ / 7-
c:~gfj~Jt1~/ 7-e3tm'@J~it~ c, ~o)~~-c'JJir~Gt~iWi7t-T~flij)viJ~1iGhG.

~ (J)ij)vefltt(J)m~g:t ~::~ GTt&llIg-G C, ij)vg:t(J)m~tMl.iJ!JftU~::Jh-cij)v~ft
iJ~~1tG, ~iJ~L*Jf Gv)~~g:t-c'(J).lfl~tI\m~::¥fj~g-~. *RIB O)m~g:t ~::~~t Gij)v1*
ftO)tt vivo e.lfl~~if~l:tcv)5. ~*)]O)m~iJ~iWi7t-T~:~t-gQ~m~-c'~ I), ~ttc:

*.McO)B'@J~1*g:t~~~tte~)E-gQC:,~~W~<lC:~~. g:tttifij7t-TO)JI'@J,
JJ~tt~d:B'@J.~g:t O)~F.1lJJtJl.(J)lft GiJ\tJ:~:p~~~::tJ:~. 1 ~ /Jt1O)f'RliI£e ~ J
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iWiJtTO)~tl7)v~:JV)L, fJJJ~0)~.~~T5 c, ~FmRJJt.I~n~~Qfii~:~Gt~cZ:~

~~~tt~d:/Fi!I!~~~:~1>TQ.TtJ:b!>, 7)v~d:J&W~O~mfi3~fT5.mfi3~:

{*5 ~~ttO)~f~.~d:, iWiJtTilJ:O)mlG£m~7J~~1>TQ~:Jtl-C~1>G, mlG£m
~7J~~Q*~fii~r~:tJ:Q c, lftlt1~JtT7)vCfJJJ~tJ:*tJJ~::3Q.EBlftfi- (1978)
~d:, ~1)771))v7~ ~0)7)vO)$Jt~1Jo*Jtm~fTJt~n:f-f.~mv)-C, ::O)mfi3~

~J!Gt~. lftlt1iWiJtT:t3J:~iWiJtT.m.0)~tl7)vO)~if~*tJJ~J:, :J~b~i1ciWiJtT

mmilB~m~ftbitt~ P. J. Flory 0)J.l1B (1950, 1953) ~:J:: J -C~IJf)~~Q. m.~tA~

O)~f~~:J: Q'1 ~ /1t1iWiJtT7)vO)f*fi~f~~J:, fff$~: G-C~sfff, ~Tfff~:1i~, iWi
~*It1*tf-f. c G-CIt <film ~ tl-C v) Q.

31-19:

I~(J)< ~£dj-*t~~d::J /T70)lft~:~ Q*tf-f~:~v)J±fJ ~1JD;t, T~rJl~7J\ G*jf-f.~ifrf

ttl~itQ ~ e ~:J: ~, -~~OO~~Jtlrir~J < Q1JoI7!~v)5. ¥JlGttlT1i~~:J: fJ
frj1i*t~ ~J:f~1i¥Jl Gttl G~:Jt~t GtlQ n~, ~~*tf-f.~~d:liTm-r:l.-- '/tJ: C(J)~~O) t> 0),

1l~tJ:~mi~~~t>J7)v~~'Y~, AT/VA~tJ:C7J~~O)1i7!-r:J<Gtl-CV)Q.
iWiJtT*tf-f~t:7 ~ 'Y 7 AtJ:C~F~~*jf-f.-r:~~< mv) Gtl-Cv)Q. ~~*j~O)~ftii

1t~rJl'1JoI-c'fTbtlQ7J~, It~~:~d:/J\~ tJ:*~t(J)-$~¥JlGttl G, ¥Jl G7~ fJ $Jt~ftb
itt~jFi~1JOIt>~*tl, ~O)~ft~:~d:~rJl'¥JlGttl G~tlQ~ft~~v). ¥JlGttl G1JDIO)
~, I~~:J: ~ ~*~ tlt~~tf-f.~d:}ajlmiJ\ G~v)J±WfJ ~~~ttJ:7J~ GfiX~~ tlQt~~, ~j

f-f~:*~tJ:~~~4;t.mtJ:~t.~1~Q z:. C7J~-r:~~ t>0)0), 1JOI~:~J±~~TQt~~

*~.O)1JOJ±~iI~~G, I~~J:v)t~~~Tv).

31-20:

ii1tO)*j~~JtTO)~ft~:~J:,£*~~:~d:3 JO)1i7!iJ~mv) GtlQ. (1) ~FAIt1~Jt
T-c'~d:jj:7Afi3}~, *6AI[1~JtT-c'~d:1MI}~~J:~:~tAGifrftJJl[1~4;t, m!O)lft ~:!tA
TQ7J~, m!~imlM!~itQtJ:Co)=¥~-c'~~4;tt~0)!>~~· ~1~TQ1i7!. ~tl~:~d:¥Jl

Gill GfiX~, Mill~~7J!~~. (2) ~7}mO)t~06l:~20)=¥$7J!Jt\m-c'i!tJ:v)~ft~,~
~O)~.a9~~7J!~G~ft~:~d:, m.-c'rllJ¥tJ:mmie G-cmtJJJ{~G, J:~cO)1i7!~:~C:

-C~~4;t, D~m.~:J: ~ ~{~TQ1i7!. ::tl~:~J:=t:-~A I'fiX~7J~~Q. (3) z:.tlG 2
JO)1i7!7J~M!;ttJ: v)~ft~:~d:~*57!iO!m v) GtlQ. ~1£0)e ~ 0 z:. 0)1i7!~:J:: fJ fiX~ ~
tlQ~j~d:~ I) T 1':7 7 )v~DI-rv /O)~-c'~Q.

-1im~~JtTO)~ft~:~d:, iWiJtT~:tJ:Q cimJJJI[17J~~btlQ o)-c', J:~GO) v)-rtlO)
1i7!~mv) GhtJ:v). ~~4;tt~~O-c'mftTQ e v) 51i7!7J~ C: Gtl-Cv)~. ~tl~t

/~-=t:-~A r-ev)5. tJ::t3, ::fl\0)1J[]iIrt~{*5fiX~~z:.O)fB.~:AQ.

31-21 :

?''1 Ae~TQfL~~I~O)fL~:1>G*§ O)~tf-J.~imT~ e ~:J:: tJ, *~jO)~OO3~

mlt1~~~:J:: tJ~1>~it, ?''1 AfL~~efJJJ-l*Jfmi~1~Qml[11JOI1it*~v)5. 5(~~

~d:~~ e Iv CO)~ft~ra'-c'fTbtl, 5If~~ rirO)'f7!M~~d:~ <, ~OO~d:~~-C~ G7J\ -c',
*BJv)~~t-c'~d:Ifi~ 10 mm fj~~-r:~J <Q~ C7J~-c'~ Q. G7J\ ~i!I!~~~:~M-r:~,'Q
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O)-c:1:Mltt~d:~ <, ~~~O)~v)iRmO)1il"'.~d:~~ C: Iv c~lf~i!-C:-:J <~ ttLV) Q. *
t::-~~1 A O)~~~~XQ z: C: '::J:: fJ, JIj~.PA~O)~bJ t::-f.Jfiii~~~ ~ JJ:: '5 '::ljf-f.~

1JOITQ ~ C: ~ -C:i! Q. ~lfki!~d:{$.It~:J::fJ'.~~I~Q::C: ~:J:: J LfTbttQ7J~, ~I

~1J ~d:~O)ljf.fO)'iiltt~N~mT~ C: ~d:-C:i! tJ: V)o)-C:, 1 @J 0) ~lfki!-C:llJfj~tJ:f.Jfiii~1"$

~d: 20-60% .PAr-c:, ~m*-c:~lfk <~:~d:7J)tJ: lJ ~~O)~lfki!@J~~~ G, ~O)r~~,:r:pr~~

iltJ:* G~~,~e:TQ. 5If~i!mJO)*~1J~d:~lfki!1J~mG, IA~O)~f'fi!*f€~1:

~Q O)-C:, ~lfki!mJ~:~d:5i$fJ~iMM~~~L+7ttJ:ir~M~~'~e:TQ.
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Lesson 32: Polymers III
(properties and applications)

I~ I
......A 1 because, by, by means of, compared with, in view of, with

~~ (J) 1 tJ1 (J) other than, except for
~~ 1 :J ry thereafter, from that point on

_ 1 fiber, rope, tie

.ffl:••
maintenance, preservation
fiber

alkalinity, basicity
salt water

I/'=t:t1
~37I/A1

1i ry being, existence; ::r. ry possession
~ (~ ) to be contained in, to be located, to exist {inanimate subject}, to have, to occur

~tI{g* =z. ry =t: ~=t: '.J organic dye/pigment
~tI~~1* =z. ry =t:J\ /' ~ ry 5'1 organic semiconductor

i.i X/ salt
G:J3 salt, seasoning

Jil£lJ1
itJil7l<

jJ =t: 3 ry 7')v
jJ=t:3ry:Jry~/~

~ jJ hanging, mount, shelf, support
7J)(7J)~) to hang {vi}; 7J)(~t~) to hang {vt}

~. jJ=t:3ry
mkfi~ jJ7JryjJ

*1 =t: :3 ry bridge
~d: G bridge

~.7')v

~.iWi?t-T

crosslinkage, crosslinking
(storage) rack

crosslinked gel
crosslinked polymer

Rl::ja
IJ ~ fat, rouge

~~5~ G fat, grease, lard
1;t/~~~n~

~~~n~

1;t/:JryjJ/~-=z.~

:fryt1~:l~

ion-exchange resin
synthetic resin
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-;; .:L tree, wood
.Rll~~
~fg.nllf9}

Y::L~tJ/'~/'

'7~!J~3!J~:J..~7/'

resin impregnation
toner

~ Y .:t /' charm, favor, profiting by, wet
'5 Q.t3( '5 ) to be watered, to become rich {vi}; '5 Q .t3(T) to profit, to water {vt};
'5 Q(U) to be clouded, to be wet, to become muddy {vi}

~if~~J ~'Y ~ ::J.. /'~1 wetting agent
ItliW ~ r)~ ::J.. /' swelling

_ -e /' fine, slender, thin kimono
~~.~ ::fr)-e1-e/,1
~~.~ T/'*/'-e/'1

synthetic fiber
natural fiber

m '.J modeling, molding
PJm~J5Cjj*

~PJmJ~.H~

tJ'.J~1:Jr)tJ

*'YtJ'Jt1~.:L~

plasticizer effect
thermoplastic resin

~ '7 -v!J arrival, finish (of a race), {counter for suits}
~ (itQ ) to blame, to clothe, to plate (metal) {vt}; ~ (Q ) to wear {vt};
--:J ( <)to adhere, to arrive, to reach {vi}; J (~tQ ) to append, to fasten, to put on {vt}

•• ~::J..r)'7~!J ~~tioo

~. t '/ '7~ !J adhesion

B J\!J white; l::: -V !J white
G -0 (tt) blank (paper), fair (skin), gray (hair), spotless, white

~B b r)J\ !J (empty) space, void, null
BrJU G t::. J\!J ,y!J G t::. cloudy, slightly opaque

~-n '* r) fragrance
t.r~ Iv ~1( G tt )) favorable, fragrant

1!fw~{~ '* r) :J r) 'J !J tJ
1!fw~£ ,*r):Jr)'J!J~

aromatization
aromatic group

~.:L/'tJ'Y:::L

1'r)::t
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Reading Selections

32-1:

±jl* t=- ~1{j{tljJt q:r ~:&:~tt(J)Jei v)gfi~£~~T ~Jei7tTf~~~. tt*O)Jei7tTf~~iO~,

~ 1) ~-~ltf-f.c G-ctlV), ~(J)7J~~J(1fi~:mJ~~1iIV)-CV)t=-(J)~:~tG, m~ttJei7t

T(J)~~~~1, ~1iXGt=-~ 1) ~-~Jei7tT.(J) "f~~~" c G-ctl-:J -cV)~. m~ttJei

7tT~1, l)g~£*t~~d:~(J)WJ~.f*~••.f*q:r~:~AGm~T~15$, d!>~v)~d:, 2)
Jei7tT&:~~:J::-:J -c~ 1) ~-q:r~:g~£~~AT~15$~:J:: J L~1iX~tl~. J:: <~ G
t1Gmfj~J(1Jei7tT~:~d:, ~7tTf!k., ~7CJ(1~7tT, ~;t /x.~D~, ~.J(1~7tTtJ:

cn~d!>~ . • iJi~~d:, m~11Jei7tT(J)~J.m~· f~~~mfi~(J)~~7J), 1::J.m~m~~:ffl3 G
-C1::.f*m~m~~~T~~mJei7tT~~1iXG, 1::.f*&:~~~~T~(J)~~6~, 1::.f*Jei
7tT(J)&:~m.~fWf!ijT ~ (J) ~:1~1L-C :Q15ftiJ~: ~~~ G-:JJ d!>:Q. tJ::SJ.t~(J)fI~ttiWi

7tT~:~d:, M*tJ: c(J)57 / 1'\ ~fi, ~., ~.m(J)J:: '5 tJ:Jei~tJ:&:~J(1~ 'b -:J1::.f*Jei7t
T'b~*tlQ.

32-2:

~7E!~::SV)L/J\~tJ:7J~*~V)~~~~~G, 7J~~< c.~Jm~:~~CIuC7CO)~~:~

QJ(1fi. TtJ:V!>:ib5¥JI1~7J'T~fid!>.Qv)~1~O)J:: '5 tJ:~fi~:T Q~ CO)l:~ Q~f-f.

Jei7tT~ v) '5. 7(~:ibn~~ 'J 7°v /O)m~.f*-c'd!>Q:: c ~d:T-c'~: 19 1lt*2q:r ~'~ ~:*rj

f!ijG, ~tl~*~'J~V/~G~b~~1iXTGU~~fibhk~, ~-~5-f!k.~U

~'7 bM.O)1£J!~:J:: tJ, Jv)~:7(~:i L c ~~ cluclPJc.~~~-:J cis-I, 4-~ 1) ~

'J ~v/7J~~1iX~tlt~. -15, il1)]~:I~f~~tlt~~1iX:iL ~d: ~ ~ ~l:1::*tlt~). ~)V

:iL (2, 3-~)'T)v7"57~X/O)m~.f*)l:d!>-:Jt~. ~O)f~~~c~Gv)~1iX:iL7J~1£

*~ tl, 7(~:iL l:~d:1{4: GtltJ:v)iWiJl1fj~I~ljf-f.c GL~:g~ Gtl, m=~*~f~*T*
T1£~G~B ~:~-:J -Cv).Q.

32-3:

:ib~1iO)Jei7tT~fi~:liiltl~tl.Q*~tJ:5¥JI1~~*tJJ~:iL5¥11c v) '5. ::tl~d:j]D

itt:iL ~:}I~~:~ GtlQ. d!>Q~~O)Uf-f.~~7E!rl:dl t~~t51~f$~tTc ~, ~tl~:

~G'5~7C7J~fCT.Qc, ~7J~m-$MJ::tJ,

dU= TdS - pdV + fdl
U~j:*O)I*J$X*)v;f'=-, S ~d:I/ l' 0 t:-l:d!>~. ~~7J~tt~l3"J/J\~ <, *t~~~~:

f~ '5 7tT~j{O)f$L}-ljJ t) ~jJ*7J~~tJll:~G~~iBrm-c'~d:, I*J$X*)v;f'=-~d:-~7E!~-c'~d:

~~~:ft(ffit~, * t::.-, =$fb~~rl:~d::iL O).f*fJl~f~~d:~~ c Iv C~tJll:~ ~O)l:,
f= -T(aS/al)T

c.tJ: t), f ~d:~~~:f~ '5 *O)I / ~ 0 t:-O)~f~~:J:: J -C1:: C, *fg~t7E!~ T ~:ttf?iJT ~.

:: 0)~111~X/ ~ 0 t:-~JI1c. Vl '5. :tL~II1~d:I/~ 0 e-5¥II1~:J:: J -C~f!ij~ tl-C
VlG. I*J$X*,)v;f'=-O)~f~7J~f~=~.T.Q:I:~~0)5¥lt1~X*')v;f'=_5¥I(1 c. J::~S~.
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32-4: ~1i!=rA ({~~467-468)

Eitb~O)fm~JJitflcG-C{~~fJ9~:~~~ tlt~:tb ~v) 5. ~}]~~j:~~::fbO)#t$ft/f'JE
~*"i:> fttf&b~I~fJ9~:~~9 Q C V):> ~\~Jti, ~,; ~:~~:J~b -e~j:~~ ,;tltJ:v)~iJtiit

~fl9Q~G v)::fb~~~Get 5 c v) :>itW\~:J:: ~ -C~~::fbO)iJf~n~l1!~ Gtl-C~t~.

fft~il~}]O)~~::fb~j: 1914~, ~1 v-eI~f~~tlt~~7Jv::fb (2, 3-~~7Jv7"~

~I/O)m~~)-el>~ t~. ~~=tb c~~clvclPJC.~~~J cis-I, 4-~ 1) 1 'J-;lv
/ (1 'J7°V/3b, ~~~~3b)O)~~~j: 1954 ~~~~JjjGt~. ~~::fb~:~J:~,;tl

tJ:v~iJiB~, ii*, iillf~, iJiB~&b, iJiBitbtJ:cO)M~Jti~~J~flO)~~~~::fb~rm~

~tl, ±tJ:~~:J~bt~~t-e~=+~fjlfi~:JM9~.ft~fJ9mJt&~~::fbcG-C, ~I/
*::fb(~7V/·7"~~I/::fb, 7"~~I/::fb, 1'J-;lv/::fb, ~DD-;lV/

::fb, 7 ~ 1) 0::' " I) Jv • 7"~ ~I/::f btJ: C), ;tv7 -1 /*::fb (7"7Jv::fb, I7
v/· -;lDl::v/:J~b, I7V/ ·lfFlll::=Jv:J~b, ~DDAJv$/f~~I)I7V/,

7 ~ 1) Jv::fbtJ: C), '7 V~ /::fb, ~ 1) :J -- /::fb, 7 '/ *::fb, ~irf{~::fbtJ: cn~
l>Q. ~tlGO)~~::fbO)~~n)~:, ~~::fb, ~*::fb~~Jijmtt:J~bn~l>Q.

32-5:

Eitb, EfJR, ~~jj~O)J:::> tJ:{~Ej(iJl{~JJitf-f.c Gt~{ttJ-t-TaO)f~~~n) G, m~,

m*ffi~, mf11JDtJ: c~~et ~ L~~ GtlQ (@jJ-t-Tfi (J-t-Tit 1 JJ~l:) O)~nlj~~it. 1JD~

9 Q c$X{~ GLmJti~JJ' Gf£ito)~~~~~~~ Q7J~, /fi*P9Q clI!!J{~9 QiM1fi~Jiji2!fJ9

~~fT:> ~ C7J~~~.Q~JijmJti~n~7J~±~, ~ ') I7v/, ~ ') 7°0 e V /, ~ ') jj[{~l::

=Jv, ~ ') A7 v/7J~~O)f9iJ~l>Q. *t~, 1J[]~9Q C:&:~7J~~~ ~ L--~7C(@jJ-t-T~

~~9Q C: 1PJ~~~ij!{~~~Z: G, JijmJti~¥J~~~tJ:v)~ij!{~Jti~D~7J~l> tJ, 7::r. /--
Jv~n~, ~7~/~n~, **~D~, tJ:C7J~~O)fJtl~l>Q. *_ffB&b, /\*Jv, 1\17°,
7 ~ JvbO)J:::> tJ:~~&bO)~ -c'tJ: <, f~~RtJ, ~f-f., ~ '/ ~ 3 /It c G-C~~~D~~d:b

tlbtlo) B*~·mO)l>'; ~QJ-tIf~:J.t<M!ffl ~ tlLV)Q.

32-6:

JJJ~~:t3J::LF~~j(iJl{7J)GIf>t t] te Gt~{t:~4m~JJitf-f.C: G, {t:~fJ9~~Ifi~~LJ <
Gtlt~.~~ , A~.*iC~ v) :>. {~~.~ ~j:flfl.*i c ~fI.*i ~:*}JIJ ~ tl, flfl.
~~j:~G~~¥j~.~, ~ft~.~, ft~.~~~7}m~tl~. tJVtJ--A, ~/1\7~tJ:

CO)**.*i~~l>Q~it~,~O)**~~tJ:mRtJ~:m7J)9tJ:tJ, *t~~d:1t:~5ll1~~:J::

tJ ~~~O)~~mRtJJijm~: G, f@j*~~.~r~J:f=t~fEJlGte GL.*i~~: Gt~ C~, -'/J(
.~0)±~J-t7J~, ~ C: O)'izJvD -A, ~ /'1\~ ittJ: c O)JJitf-f.~J-t~:FR~ LV) Q~ 0) ~¥J

~.*i (V-3 /'n~f~~fJ9), ~G9~:~~f*0)~~0)~0)~~~~.*i(7'izT- ".
~tJ:C) C: v):>. *t~, JJitf-f.0)(@jJ-t-T1~~4m~{ttJ-t-Tn) G~~G, ~tl~.*i1~ Gt~ 't
0)~~~.*iC:v) 5.

32-7:

{tt7}-T{~ft4m~JJitf-tcGL{t:~fJ9~:ft~~ tlt~(@j7}T4m~~.*i{~ Gt~ ~O)~, {~~
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••~-•. ~~••c.~~••~~~, ~~, ~OO~~n)~~~£~.m~c~~

~139· f~~I39Jrt.~A~I39~:~xGtl:Q~-c', m~~1J••, ffiig~tt••, 7C~••t~

c § ~~~: ~d:t~ v)~Gv)tlt~~ ~ 'J••~ 'J <Gtl:Q. **, tiJJX:••~d:~J:.~~Jrt~

~n)GL, rlr5bJrttg~~_Jrt, f¥if.~~~~~, 3tx~n~~*-c'~Jt~n~, ~r5b~:'J

~* C::J AIl39t~~t~ ~ ~fA:J t~~, il[iF~d:ffJlj~~ tlt~~tG 'J~ ~1JD~~ tl, 7Aln)~~

mltt~~:J< ~ ~~~••~:~M~il[:~5'~tQIx~t~~tlLV)Q.71 0 /~d:iI~~5iti

ttc5ititt§~*, 7~~~~m.~1Jttc~~tt~~*, ~=D/~~~tt, ~=U~

/~d:m~ C:Btf&tt, ~ ') XATJV~d:imf@jJrt(J)et~, 7 (7 ') JV~d:3tmti~:etQafc.~~fI

JrtC:W (n)~) ~tt, ~ ') r) v~ /~J:~(J)*~t~5ijiJrt~:~*n~~Q.

32-8:

1JD~~:et ~ .&Jt\n~~ ~Q ~ C: t~ <$Xf~ G-C, mJrt~ /J' GJJX:~-c'~Q iJ~, ~*PTQ C:~
f~T ~ttiB~. ~*Pc1JD~~. ~ jg Gt~tJti, mJrtn~nr)2I39~:f¥t~tl~.B~n~~nrmlrttti

R~-c'~G. ttiR~~~JJX:.&Jt\}JIJ~:7t~ff9G c, ft1JDm~*O)~J) ITV /, ~ J) 701::: V
/, ~ J) jj[1~~=Jv, ~ J) AT V / (~J:.~[g*ttiB~c v):J), ~ J) jj[1~e= ') ~/, 7
'Y*.B~, ~J)~~(7J))vll~T)vtJ:c, m.~*0)~J)7~~, ~J)IAT)v, ~l)

jJ-**-1', ~J) 7 x= v/~=f~~, mft1JD*~~nrmlrt~J)r) v~ /, rm~mti

*O)~ J) 7~~- JvtJ: cn~~ tJ, ~tl GO)ti~t~d:~ttin~(J) 80% ~J:.~ t5~-Cv)Q. ~

nrmJrtttin~~J:~ v ~ 1', ~*o)~-Cf~~~ tl, ~.f:)etltJ±1J ~n)~t-CJJX:~1JDI ~ tlEl 139
~~: ttJ:. ~jGtl~.

32-9:

~~~O)JJX:~~~}JIJO)~~:~~G,~*PG-C~O)~~~~T~z:. cn~-c'~, ~tl~1JD

~G-C~cO)~~:~T::co)'"C'~Q.7t-T. {rtl~:~J) / )v*)v*/7J~~~. ~J) / )v*
)v*/0) JJX:~r5b~7t-T~JJJ7J!{**6c! tlQ tJ ~A ~~r!lJJt 35°C ~r 0)~r!l-c'~~9Q C,
7t-Tjj{O)7J) G~~v)O)t~~~O)~n!f¥t~tlQ. 40°C ~J:.~:1JD~T~ c7t-T~JJJO){**5

n~m~c!tl, ~ cO)~~:mQ. :¥7"A, .~J\17°0)~~, J\17°0)~1=/iftJ:c~

O)fIJm7J~~XGtl-Cv)Q.

32-10:

~@1~lt17°~AT'Y (7 C ~ v) 5. ~O) ~(J)1l!3!R*t~~d:m=(J)~m.~1JDx-C1JD~T~ ~

c ~:J:: ~ -=~7C.~*t~~d:~~.~ctJ: tJ /f=i8/f=mO)ttiR~~:tJ:G, 9tJ:bt>@1~9 QO)

-c'~@1~Jrt.B~c v) 5. ~@1~It1itB~O)f-lt~{rtl~d:J7j(*.B~, ~ ~ ~ /ttiB~, 7 x / - )v
.n~-c'~ tJ, ft1JD.ti~:J:: J -C~ <. Gtl:Q. J7j(*.n~, ;{ 7 ~ /.n~~J:~f&0)~~1fIJ c
GL~.M!m ~ tl~. ~ (J) C: ~*f&O)~)vD- A 0) l:: ~ D:.F~ )v£C:(J).&Jt\~.tiJXJt\

J:P~::@~Q. *t~, ~@1~lt1.n~~d:-~~::-=:~7Cf.~~cGo)-c', ffii1~lt1, ffii1~r5bIt1,

ffii1{~It1, ft€~lt1, ffii1~*€It1, @JJtit~r'5J v)o)-c'~f-f., ft€~RIJ c GL~m c! nQ ~ cn!?bv) .
• n~f§1iO)f§mlrt, tmf[)lrt7J~J:: v)O)~-c'tJ: <, f§1i~:.&Jt\ G~ 5 o)-c', I~:.F~ttiR~~

~ 7 ~ /.n~'"C'~@1~c!itQ c v):> J:::> ~:f§1iO):&PJT~ttl G~ J t~~v)1.i7J!~?b<fTV
tl-Cv):Q.
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32-11:

tbft0)1 ~/'11m"£~~:JB*7t-=fO)::C:~, 1 ~/'ttif67t-=fC: ~v~5. *i3~J:P

~~J:g*tJ:Cfpj~ ~:Jx 7 0 1 ~ /' C6~ v~~J:if6Cfpj1 ~ /' c, .oc~t~i%O)/J\~ tJ:Cfpj
~ ~:JtbftO)~t1 ~ /'~:m"T:Q. -:J0)7t-=fJ:P ~:.ttm"£C:J.l£ttm,.£~ ~:J ~

0)~jitijtt~7t-=fCm.c:v~5. ftt7t-=fO)5iCm.O).~, .~~r~jLv~< C:~1~/

O)*b t] 0)1~/'~Im~~J:~ft~, :Jv~~:~J:T~L0)1~/'iO~~ll~:~JJJT~ J:: 5 ~:tJ:

~. if67t-=fCm.O).~~J:, x7 D1~/,O)jl~:rd5CfpjO)_~~n~~b~Lif6<,•
~~uffljtJ\O)~rt:f~pq~:AJ t=.~t1 ~ /'n~.f~T:QftCI*)v;f-~J:~I*)v;f- kT 0)
ftftl~: ~JlT ~. ~ t=.iO~J L, M1 ~ /O)n)tJ: t] 0)$7t~d::: O)ffljtJ\~rt:f~ ~:fm 6;t 6 tt,
J:: t] ~{J{tlO)~rt:f~~:~jj*~&~£T~7t-=fjj{O)fl9JJ.fpj~J:, {~~liDa9tJ:Cfpjo)I0-20% fi
J3t~::iIfrT.Q. ::0)~~~1~ / •• C: v~ 5 .•7t-=fCfWWO).~J:, ::O)fl~iJCfpjc:~

tt~::~~5~t1~/'O)ft.~l[fFm~::J::t], -~~:~b~L*~tJ:Jbn~t]~7J'Tn~, itt
7t-=fJ.l~~1JDT :Q C~~a9~: ~j: J:Pi1if67t-=f0)Jbn~ t] O)fiJ3t * ~l&.T~. ~ 0) J:: '3 tJ:Jt
ifllr1~~.Ir1~ffjm ~L1 ~/'~~.nlJ, *~~l:~RIJc GLfIJm~ttLv~~.

32-12:

1ttffilt~:.f:)~t:Q~~~~.n~102-10- 9 S·cm- 1 fi~~, .:c-O)tffiIt~ft{fflr1n~*~f*~:*fflO)

*tJJ~~T~7t-=f!to/.J•. -~~:, ±jJt*t=.~j:{j{tljf{~:Jb<~q~~t=. ntl-=f*~fl~-C.f:)

t), .:c-O){~~*a~*t=.~d:~rt:f~~JmG-cO)ntl-=f*O)mtJ: t) ~JmGt~$-}V*t~~j:tI-=f
0)3tJJn~*~Ir1~~ t:Q ~O) c v~btt-cv~Q. iWi7t-=f*~f*C:~tJ:~tt-cV~Q ~O)~d:ft

n~tbv~n~, ~tt~7t~TQ C~I) 7t-rv/,0)J:: 5 ~:~q~~I) x/*?Si7t-=f, ~9l1J11!G

t~~I) 77 1) O=. l' 1) )V~::ft*~ttQtb~~W~*?Si7t-=f, ~1) N-e=)v.71)V/\',/
)VO)J:: '5 ~:fj{UjJt~:*~tJ:~q~ n tI-=f* ~flT:Q 1Wi7t-=f, ~ 1) e=')Ve 1) ~ /, T l' 7
~7 /:f- / ~~ ~ /' (TCNQ) O)J:: 5 tJ:~7t-=fO)Cfpj3tJJ.f*~:*JJrj~~Q. ~7t-=f*~

f*~d:, Jm1t, ~F~tt~C6~.ftn~tb<, ~O)*fIr1~fIJm Gt~Jt\mrm§E]j~i1t~ 6tt-CV~Q.

32-13:

7tO)JmM~:J:t] {~~.ocJt\~~~ T~7t-=f.•n)~t, 7tfW, ~{5tJ: c7J~C6~7J~, lltlif*
10) 6 O)mft~~:: ~it:Q ~O)~~U. if67t-=fllt~!R~:: O)J:: '5 tJ:fFm ~fT'5 jjjft~~~:,

m~RIJ, mftlmMtRIJ, .li1*tJ:c~~1JDGt~*7J~tbv). Jb~~::~d:7tCfpj§E~, Cfpj.z
O)7t!to/.JJ1I!~fi~~T7t~.Ir1if67t-=f~~U.ft~C6~.7t~:J::Q.n)~t~~~T~7tIr1

£C: ~L~J:7C=Ii{I::~~~T71 &:mt£, 7C7tm~:J:: fJ :7 ~.71 )v~~PX:T ~ ~7 ',/£,
7t~=J:: t] ~1t1tJ:=' l' V /'~=~~9:Q7~ ~£tJ: cn~~ 6tt-CV~:Q. 7 )v:f-)v, 7 1) ---)v
Jy l' /, A)V*/~~tsrei7}-T~j:7t~::J::t]7}fW.ocJt\7J~~::.Q. o-:f-./ /VYV ~{~ft!fm

~d:7tJmM~=J::t] ~*7t-=fO)ml"~=~v)-C.71)v~:f-~)v£7J~~C::Q. ~ O)gfj~£~~urei

7t-=f~d:7tJmM~=J:: fJ Y)V.71 1) J1<m~~="ilJi3c::tJ::Q. ~7tIr1?Si7t-=f~d:$" V~A "c G-c
ml,t) 6ttG. C-=f_, X *j~:J:: fJ{~~.ocJt\~~~~tt~?Si7t-=f~~U:: C:: ~C6Q.
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32-14:

~~fjO)flflf~~~~A~~T~ c, -!EO)rJilJ3tl:'l!kmL, E3~ L,t~fJ5.tJ:ml~~:tJ:~

tJ~, ~ G~:~T~ c-!EO)rJilJ3tl:'~~tJ:ml~~:tJ:~. E3~ L,t~ml~~d:7t~(fJ~:J41JJl1tJ~

~ tJ, 7t~(fJ~:~1J(fJtJ:Jm*O)ml~c~ZIJ L, L, mlA (ml~*'5A) C: lt~ 5. mlA~7J'T

Jt-r~d:-~~:-~7C.~~Q It ~ ~d:aJ~lt~.~O) t> O)tJ~~ lt~. M~l:'Jt-rO)~JLvf}[filO)_

~7C(fJ}ajmJl1tJ~~t>tlt~fi~, JtT~rmO)~Ft=tJ~~JLlt~~~~tJ~mlAl:'~~. mlA~:

~tJt~tl~ ~O)~:~faStt~AtJ~~ tJ, ::tlG ~rttrp~mcJ::~S~::C: ~~~. Jt-rO)fi2~JO)

tt1J~:ttJ L*~T'Y 7mlA, A~7T'Y 7~A, :J vAT') 'Y 7mlA~:*ZIJ~tl~.

~-~~tJ~ 2 fjm~J:O)mlA~~~rJilJ3t~f~~:J:: tJ7J'T{7iJ~~lt~. Ermt:'YT~:J-)V

~-)vO)~f~~fil:'~tl~~A~ml:'~d:, 1"flfi~O)~!l~~~ft~~tJ~'7 ~ '7.~~ C:
J Lt3 ~, jJ-~*1~~A rttrp~m c lt~ 5. Jt-rtJ~=~7Cfq.~0)~~~:~d:flJltt~ft2

~JO)~m.mtJ~ttl~T~:: ctJ~~lliJ!lt~ti~tl, jJ 7 b~rttrp~m~Q,lt~~d:T~ A:J T'Y 7
rttrp,m C: J:: rJ., tt*O)mlA C: ~ZIJ GLlt~ ~. A ~ 7 T'Y 7 ~A~jJ '7b~~A~:~d:~ <
O)fjmtJ~ff1:ET~O)l:', mlMI~~~~!ET ~ ~:~d:fAil7t••• ~:J:: ~7t~~~0)1l~c:,

x .~rttJI1-r.@lffi~: J:: ~a~mfJTtJ~~\~ c tJ:~. ¥PX:JttJ) GPX:~~~O)rJilJ3t~ftl:'ttl

mTGmlA~~~~-q:l' D 1::: 'Y 7~MIC:J::rJ., m.~:mtJ)Gt~ C: ~~::mtlG~PX:Jt*
0) I) ~ !' 0 1::: 'Y7~A C: ~ZIJ GLlt~~. ¥3!k~Jt-C:~d:~MI~::tJ: GtJ:lt~.-r-m4~c.~~
~O)~~~&~T~~, ~Q&~~.~Jt-rOO •••~~~~BPX:~tl, mlA~~~7J'

T{7iJtJ~~Gtl-clt~ Q. ::tl~d:¥PX:Jt* -C:~d:tJ: lt~iO~, ~-q: l' 0 1::: 'Y 7 mlA~:Jtm~ tl~.

ff!!1J, ~QfjO)~Jt-r~mJ*B~Q lt~~d:rff~m~rtt-c:mlA~~~:tJ: ~, ~~:~Jt-r~Ac

L,LJtm~tlG:: ctJ~~lt~. ~m.~~~(J)Jt-r~c~J~~crm~d:m~, .~, J±1J, rJilJ3t,
~~tJ: cO)~.~~~~:~~t, *t~~Acff!!(J)fm~O)~~~WO)~~~:: ~(t{ffT Q. ~

~::J VA T ') 'Y 7 ~AO)~JjO)-T~t5~d: ~tlG0)~12Sl ~:J:: ~ jG~~:~f~TG.. 7cO)t~~,
~m.T~A~V1, ~-~~77~-, # ••••, rJilJ3tm~~, mv••J3tJt.~!E,

J±1J.~~, jjA.~~tJ:c~*3tJ:Jt\miO~tJ:~tl-clt~Q. *t~mlMIO)~2rmlti~lt~ '5~.

~ffjmG-C, lL~mJ{UII1~Jt-r(J)~PX:O)~c G-C, mlA~m.~::mlt~Q ~ c.iO~~Q. ~

~tJl.O)rtt~::~d:mlMIB~~C:Q ~O)~~<, ~~flfi~c~MIJI1O)~f*~::JV~-c~< O)IDf
~iO~i!&) Gtl-cV~Q.

32-15:

~AO).~7t~~jj*~ffjmGt~IOO~~~i*-c'LCD ~om~~tlQ. ~*~"*tJ:1Ji*iO~

Im§£~ tlLV~Q7J~, f~~(fJtJ:~O)~:t 1) *'~T 'Y 7mlMIrtt ~.i1rftJ~mttl~ C: ~, ~~~H

~{ii~~;ZQ c~Li1rf~~C7t~fX~LT~:' c~ffjmTQ~(fJfX~Li*. 2) ~W~.Jt~2
ftO)~~.lKiIfi~OO:~~i.t, 7c(J)rp'~::.~}XIK-rq:- ~ / !'iO~Jt-r(J)~$dJc:1"flIT-C:~Q

*~T'Y ~~MIJt-r~ 10,urn ~~CO)J¥~ ~::7±A Gt~tl c:tl*, XT'Y 7~)v~J< Q.
z:.tl~+~=:J)v (~Q v~~d:~fT=:J)v) (J)rp'~:~A L,~~7t~Il~Ttl~t, mlf~d:~

Q < (~<) tJ:Q. EP1JD.J±o).~~-c'tJlIfO)~~~ffffj1iPT Gtl C:tl*,xT 'Y 7~jj* (TN
~jj*) i*. 3) *,xT'Y 7mlMI~:=t5II1t5*Jt-r~0.1-1% mmG, .J±t:P1JD~::J::~t5~

Jt-r~5ifffUS"J~:~MIJt-r0)~2rm~::~.:s;ZQ7A r- · *A !,~jj*i*. 4):J VA T I) 'Y 7
~MIO) GME 1:: ~ T~~~~::J: J -cm~~i.tQ1Ji*. LCD O)~PJT~d:~~'"C'{tt~J±f"FfJJ,

fttl~.~fJ~::~Q. j{J~~d:7C~::~5j <, Jt\~JmJ3tiO!il!< ~/J'~JJtiO!/J\ ~ v~ ~ C: -c:~ ~.
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32-16: )I. ({~~1081)

10-100 /-lrn ~l3tPArO)J!jI~ ~ 'bJ~~ v~ v~, *~: 0.1 /-lrn (100 nrn) ~l3tPArO)JJ~~

~J~~mM~cv~ 5. -JfR~:~O)flfj~~d:Ic1i7J)';1c+1iO)7}.:r7J~fJJIGt~~~~~m

G, -15, ~)MJJml3t{JJit~Jml3t~d:~J!jI7J~/J\~ v~~~ cJm < t~ fJ, ~O)flfj~~d:~l3t{~T ~ (J)
~, miF~~~O)OOJL\7J~~~ ~ LV~:Q. ~~f~(J)ti~ic GL~f*~7J~d!> fJ, ~(J)JJ~ ~J:

6-10 nrn~, ~O)~T)Vc::t~~ 1) ~'J- b{J!!Jm(J) ') /D~ft=7}.:r~O)J!jI~ ~J: 6-8 run

-c: d!> Q. :kitifJ ~:tJ:Q C::, ~t1 § ~O)~~~f*fijT~ t~~ ~:!£,~t~fI~~5tl3t~ ~ t~t~

V~O)-C, -IN:~:iI~t~~fijf*(J)J:~:J <,;t1:Q. ~~C:: GL~J:, J{~.~, mtiti~~t~

C(J)_~~~~{J, ~itim~, ~~., • .:r.m~, 77Axm~~C(J)~~m~~~

cn~d!>Q. 7 /~ 3.. ::L 7 · ~D.yx 'Y 1'~~:et Q~fJJm~d:f~~~tJ:f9ij~d!>Q. mi'p)MJtJ:
cO)mm7}.:r7}.O)~~7J), J±•• ~.~, *1'~D3..'Y~~, Iv~1'D~D~'Y~~,

7t~.Jr1~tJ:cfjl? o)I*)v=¥-~~~.:rcGL(J)fJj}fl7J~~;t ,;t1Lv~~.

32-17:

~J!jI7J~H:~~J!jIv~i!I!~~c, ~~~:mv~f.~O)~~~~::~v~~J!jI C -r:~d:, ~~~~O).

5«:~Jr1ft~d:.tJ:~LV~Q. ~t~, 1~Gt1Q*DJ!~.tJ:Q.

i!I!~~o)~~-c'~J!jI~~< GLV~< c, .5«:ttfm~p ~d:m1JDTQ. ~t1~d:~~7J~•
.:r0).lJlt$) § EHfTfi c ~fj~-c'~;]:, ~ < T Q c~iti-c'• .:r~~L7J~~ <~~~ t~~-c'd!>~.

p ~d:~itiO)m~ tJ: c O)g*Jl~t~~iti.~~:~~-e d!> ~, Jm~f$j~ G-Cv~:Q*S6b*1lO)~iti

~O)~~L~~V~L< :Q.
~iti~:~f*7J~~~T Q c P ~d:m1JDTQ. P c:~f*O)~iti~fI~ () O)~f*~d:, -IN:~::¥

~tJ: 0 O)-;j(~-c'~d:~ittJ:v~. () O)m1JD~::ff5 P O)m1JD~d:, {~~~~~::J: ~ -C~CQ*s
~~::~~pqO)~~• .:r7J~C Gt1L~1>TQ z:. c: c (0 ~::H:{ftlTQ), ~~fj7J~~t~~::~!L

f*ctJ:Q z:. c ~::J: tJ ~ijij-c'~ Q. TtJ:bt> , § EH • .:rfl~7J~~ v~mfPJ~:t~ J LV~Q. G
10\ G, ~~*5*~JEfi~~::~ijij-g-Q ~::~d:~J -Cv)tJ: v). t~ C ;t~t, Au ",0) CO O)~~

O)J:: '3 tJ:!fo/.J~~~-C: d!> J L 'b, p O)~{~~d::k~ v). z:. 0):: c ~d:, .i1rfiJl~~*tJ: ctiftt
7JiA-c:~m~m ~7J{UJET Q~~, 7!~~{*0)~~7J~&~£-g-~~~+7}~::~ftT Q!£\~7J~d!>.Q

::c~/FG-Cv).Q.

~F~~=~V)~i!I!~JJlo)~~-c'~d:, p O)~P1JD.ff:ft{ffJr1, ~3~~~JJl-c'O)iJl5«:ttfm~j)

*, .~W~~*, ~.M~cO).MiJl~~*O)~JE.~JJlJ!jI,JJlO).~, ~~~f*~

C ~::5i <~W~ n:Q.
~.f*JJlO)JJl~7J~~~*~::~v)~~,JJl~15(1ij~:: l' / *)v~jj*~::J: :Q.~~~7J~~CQ.

~ (J) r- / *)v• .:r.M~;]:ftt.ffO)~~~;]:f=P1JD.ff~:ttf9iJ G, ~~;]:-JE(J)ttfmfi ~ ~ JiJ~,

iWi.J±~~d:~P1JD.ff~mT c.i1rf7J~~~~:~1>T Q. TtJ:bt> , JtO)ttfm*Jr1~/FT.

32-18:

l!!!If*~t~~d:~f*~0)1;t/7J~~nc~-g-Q~$m~~~::d!>.Q(PJ~~0)1;t/ CX~-g

.Q~~, .t3J::V~O)Jit}fl ~ § ~C G-CIf)( 0 t1k '315i:t. ~~=1;t /X.f*0)/F-g-1;t /X

.&rt\~~JL'CG, ~0)~~7J\1;t /X.~0)1;t /~i&1Jt!~~O).5«:{~~fi"JJt1ft, fj~
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O)Wk~f'Fm, M~f'Fm~1 ~ /~S"'~ v)~:lJ*tJ: c~~u. rnt~~~:~d:, ~OO~:-f:)V)L.5<t

~Wk51tJ ~:J: ~ Lf*~~ tlLV)Q1~/nt~$m~~:~~1~ / C:~.~~:3t.T Qijl
~c~m~~Iu~v)~. 5tfJTf~~~5tJilf4~~*f~~tJ:5tJf~~~GLV)~~~n~, I~

~~:~d:*~~, .O)~~, lff±.7C~O)5tJil, tm*O)mJi:~••tJ:C~:~m~tlLV)~.

fim~~d:, .tl1~ /3t.f*tJ: cO) J: :> ~: ~ ~*fiEtJ:1 ~ / ~:jfttR1'1~ ~ -.:J ~ O)~IAI3t

~f~~:J: ~ LWkm~T Q~M~~Dl1tJ: c*JT Gv)tlfmJf1~ ~-.:J~.ntWf~~ tlLV)~.

32-19:

1~/3t.mfm~ft1'1£(~1~/~3t.T~~*~~Ji:£1'1£(~1~/~3t.T

Q£) ~'b-.:J/Fm'f1~D~O)~~. -~~:~1;t/~.~D~(~1~/~3t.mfm), ~1

~/~.lftD~(~1~ / ~3t.mfj~) C: fffii'f11 ~/~.lftD~ (ftJf1-e~1 ;t/~., 7)v
tJ 1) 'f1~~1 ~/~•. r:prJ3'~~d:fffii1J0)1~/~3t.mfm)nt~~.•~~~:~d:, =tA
7C~~I3.~0)~D~~:j:tff*5ft~1~/~.£ntf*~~tlt~~ctJ:~LV)Q.~13.~

O)tl7J~ ~tI3t~d:mft~J (t~ c;t ~t:;1::=)v~ /~ /) O)Wtlft~~;t ~ :: c~:J: ~ L~;tQ
:. cnt~~Q. £f*~d:ifA!71<'f1~~QO)~, 1 ~/~.£~j:tff*~ft~it-Cfl*Jf1~:T~.

1 ~ /3t.£c G-C~d: -S03H (5:41ft'f1£), -COOH (~~Ml'f1£), -C~N+(CH3)2(C2H40H)

(5:41J.l£'f1£), -CH2N+H(CH3)2 ~ -N+H3(~~Ji:£'f1£) 7J~-~~~~Q. if6Jm~f*7 D~

"!/7 7 ~ -O)§£~n~ G, *ft-TO)~' <~OOO)~~:1 ~/~.£~~AGt~ ~ 0) ~mJt&~

tlLV)Q. %~d:B, ~, m, J!tJ:ct5-fl~~, *f~:m%Gt~'bO)'b~~. -~~:~~~

~t~ ~d:/F~~-c' ~ ~ ~ l1!!I <tJ: v). ~ C: O)J**€'tiO)1/'tJ: v)f)j(~O) 'b O)7J!mJt&~tlLV) ~.
j!n~~tO)mI3t~d: 0.6-0.9, *-c'ltir~Gt~ 'b O)O)¥ittm~j: 1.1-1.4 -r, 71<5t~ff~~j:~.

1 ~/~~:J: J L .tJ:~7J!f-J 30-50% -r~~. m~c:G-C~d:71(0)$j({~ · mJ.l, 1itM'f1~

~~~, ~J.l, ~~0)@f1&. m~, ••O)m~~~f~, ~mO)~wr· 7€l_, ~~a:lb0)~

~, 1ff±.7C~0)5t", 5tfJTf~~tJ: c ~:rt<fum ~ tllV) Q.

32-20:

71<~:m~tL7J(0)*OO~~tJ~{ttr~tt~fFm~~[fiffl'tiC: V) 5 n!, 1/'fi-c'W Gv)~[fiffl

'ti~~T~W~~[fiffl'ti~lJ*t~~d:~[fiffl'ti~J c v) 5. t 'Y J;r /~d:~[fiffl'ti~JO)-J-c'~
Q. ~[fiffl'f1~d:7J<C~~0)~[fi~:~[fiffl't1~JtJ: cn~Wk~T Q~ c ~:J:: J L~~Q. ~[fi

ffl'f1~J~d:* c:~5<tO)~[fiti~t-c'~d:tJ: <, 71< c:rEbO)~[fi, * c: l1!!If*O)~[fi~: ~ J: <Wk~T
Q. ~[fiffl'ti~JO)*f,ti~d:, .:cO)5t-T7J~fl*£cflrEb£ (ifA!7J<£) C:-c'.~~tl-Cv)Q:'

C:, lQrEb£~f.~TQ~{~*~£O)~~ n~~Q f~I3t (~~~-c'f-J 8) ~J::-c'~~ ~ c, lQ
*'ti c:lQrEb'f17J~~~J\7:/A ~f*J:' C: -c'~Q. ~ O)*,ti~:J:: l), ~[fiffl'ti~J~j:~[fi~:

Wk~G, *m~r:p-c' ~ t)v~J <~ -C, 71<~:m~t~: <v)~mW~mn~ G~U. *t~, l1!!If*
O)~tl1J~~;tQ. ~tlGO)f'FmO)t~6b, ~[fil!'t1~J~d:mli-C~J, ~L{I::~J, 5tft~J, &a
ir~~JtJ: c c GL mv) Gtl~. rJt~J~d: Z:tl GO){lpm O)~ft~jj*-c'~~. ~[fiffl'f1~JO)flrEb

£~d:±C: G-C, D~J)Jj~~{~*~£-e~Qn!, 7 'Y{I::~~£O)~ft~~ t), 7j=w~£~~

U ~ C: ~ ~:Q. lQ7J<£ C: GL ~d:, 1 ~ /'ti£ C:~F1 ~ /'ti£ C: n~ d5 Q. lQ7J<£O)flm~:

J: ~ -C ~[fiffl'ti~J~d:, 7 =~/~[fiffl1'1~J, tJ 7~:/ ~[fii!'ti~J, ~F1 ~ /'ti~OOffl'f1

~J , fiIij,ti~[fiffl'ti~J 0) 4 fI~:5tm~ tl-C v)Q.
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32-21: ~ I) -::(-7Cl.{ (1t~1374)

2 fj~J:(})mftf*'S:iJ£ft*t~~d:1t~~ft~itLf' Gtlt~ ~(})-e, -1](})~ 1) ~-iO~ftf!
(})~ 1)~- r:p ~:iI ~ ~:7tfX GL , S:i1ag~: ~d:~-f§ 'S:~GL V~ ~~PX:7t~~7tT 'S:~ I)
~-70-1 Cv~5 . • i1ag~:~~ C, ~ 1) ~-:J /7v~? ;A(})J: 5 ~:~-tJ:jlft~65

QtJ~, -J(})~ 1) ~-f§tJ~ftf!(})~ 1) ~-f§~=iI~ ~=7tfXG L~~-tJ:ff4~'S:J <~.ft
~65Q. ~(})J: 5 tJ:~~~:tJ:J t~~7tT~PX:7t~~d:PX:7t~ 1) ~-(})1f!tJ:~~~ag11J{~:
110ftL, ~t~tJ:~ttiO~~C~(})-e.DIj~::J~b(})aJ{~:~<fum ~ tlLV~.Q. t~ Cft~t,

:1b~d:~Jt1'S:flGLV~.QtJ~@~tJ~tJ:v~. -1], ~ 1) A 7- v /(})J: 5 ~=tJ7 Afi3J~tJ~1t

IMt~J:(})~iE~~ 1) ~-~J:@V~tJ~~0 V~. pIIj~'S:iI~tJ:WJJft-eiJ£ft GL~C~~ 1)~

7 0-1 ~d:@<L, ifiB••,t1(})65~~J{~:tJ:~.
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Lesson 33: Materials I
(ceramics; fundamentals)

~ 7J course (of study), department (in a university or a hospital), family {biology}
ljf-f.f4~ ~4 1) 3 97J tJ!J materials science
l3~f4~ ~~ /'7J tJ !J natural science

;M\S 7J error, excess
d!>~*(t:» error, fault; d!>~*(J) to err, to make a mistake {vi};
9 (~~~ ) to elapse, to exceed, to go past {vi};
9 (~'9) to go through, to overdo, to pass (time) {vt}

iMlflJ (J) tJ :; 3 9 (J) excess
J&Jm tJT4 process

~ 7J!J core, kernel, nucleus, seed
~m~~~ 7J!J~~~39~4

J*T~ J;I/'~7J!J

nuclear magnetic resonance
atomic nucleus

weakness, fault, shortcoming
indispensable

7J /' caving in, falling (into), sinking, sliding (into)
S t:> v)(~) to lapse (into), to slide (into) {vi}; S C: Gv) (tl~ ) to ensnare, to tempt {vt}

mT!R~ra ::I 9 ~7 'Y tJ /' lattice defect
.~!R~ ::I 9 '/97 'Y tJ /' structural defect

ly 'Y gap, lack
it~( ~t~ ) to be broken (oft), to be chipped, to be missing, to be vacant {vi};
iJ~(<)to break, to fail in, to lack, to neglect, to omit {vt}

m r!3 J-r- -"
An" ''/ 'Y T ./
~PJ!R(J) 77J7'Y(J)

~;t ~4 log, lumber, material, talent, wood
~jf-f. ~4 1) 3 9
~~j ~~4

~ ~ 3 9 fame, name, praise, title
{~lfJ\ '/ lJ ~ 3 9
~tlfJ\ ~ 4 ~ 3 9
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material
materials, supplies

common/popular name
symmetry



~1 making, manufacturing
.~
Sd t:I
~Illl

manufacturing
manufactured/finished goods

~ ~ /' all, complete, entire, pan-*J t::.(<)completely, entirely, perfectly, truly
~:@:Jtt :fJ /'~/'~1
:@:i* ~/'?71

~!l \.} taking part in
<~ class, gang, group, pack (of cards), set;
<(U) to assemble, to braid, to construct, to fold (arms)

fJlft-C <~t::.-C

fJl. '} ~=t:

~~ 1::: injustice, misdeed, mistake, wrong, {negative prefix}
#.M~ ~~~~3~~=t:

#~m~~ ~~/~1:fJ1D

~ 7 ~ composite, compound, double, multiple
~~tt~ 7~39~1039

~f{0) 7~A90)

!16
~]J 7 /' dust, powder

~ flour, meal, powder; ~ t~ flour, meal, powder

~~~ 7/'~1*9

~* 7/~'Y

If -V field, opposition (party), plain, rustic, wild
0) field, plain, wild

1Jllf ~-V

~r'7}1f ~/t/7/-V

*:1Jt-r lJ 3 9 charge, fee, materials, measuring, rate
~f-t ~lJ 39
r&f-} */IJ 3 9
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completeness, perfection
all, entirety, whole, total

assembly
tissue, texture, organization

non-contact type
nonlinear circuit

composite material
multiple, plural

grinding
powder

field of vision, outlook
specialized field!discipline

sample, specimen
fuel



Reading Selections

33-1:

I~O)~t~l:~Qltf-f.• I.*)v~- · iW.O)=*?tlfO):>~, ltf-f.~:~TQf-I.~~t1k

:>~r~'~ltf-f.l4~cJ::~S~. ~ltf-f.O)£~~:~ii~~:ffit~bJ LV)QIJ1Ji~ef~TQI~

O)£lIffBr,l:'~ t), ~J.I~, {~~, f{~, 1:.~~tJ: e O)~J1I!~C, *~,!*, ~~, iii?t
-=ftJ: eo)I~O)~mffBr, cO)rl3'O)ta7JlG~~~T Q. Gt~iO~J L, ~tl~d:~mJ1l!~~~~

J L, ~J1I!~O)*i!tJ:ffBr,l:'~ Q~IJ1~J1I!~C ~1~,-rG t>*,j~t=.~~glj~J~tiO~t::v)iO~,

~1J1~J1I!~iO~J::t) ~J1I!~~l:~QO)~:~tG, ltf-f.l4~~1, J:: tJ I~£lI~~~~ c v)jt
J:: 5. J~ t] ltf-f.l4~cv~ 5 ~r~'~d:, I~~~:.t3~tQ~m ~~j{~:Atl, ~O)=-A'~:

?'dJ t~ltf-f.~tUj!, '@JJJX:, rm~T QO)~:~,~tJ:£lI~fiJi~~ef~T QffBr'l:~~. Gt~

iO~J L~t~cT ~ltf-f.~1, ¥~:~~tJ:ltf-f.ti~tl:tJ: <, ••tJ:~A.~t>JI~ltf-f.~t>
~~t~Jbv)~Im~:bt~~. ~m~~ 1 J~aMJ~~~: t>, ~A~tiO) tJ ~tJ: <~FMtJi{>*~g

'!*O)~m~t>~ii~':aMJ~~ t>o)l:~~. ~t~./J\/F~~iO~'t~~:m*tJ:;jJN:~1i~£T

~, ~O)M~~~~, ~~, *~,!*, stt'!*, ~.,!*, m~~'!*, ~~~~~~, #A
Ji'!*, (@i?t-=f, .'@J,tf-f.1*, fr5g'!*, ~'!*" 11A'!*, 1:.~,!*tJ:e':~l:1i~S~. 7 ~ 1) tJ
l:' ~1, materials science C~~~tt~~ffB{>~l47J~*~0) q:a ~: tb <fi1:ET Q iO~, ~1J1~J1I!~

{>*tf-f.l4~O)ra~~: B*l:v~ 5 ~~ eO)~.~J:tJ: v~.

33-2:

2 li~J::0)~,t~. '@J GL l:' i! t~/F i$) - tJ:tb f13 ,jf-f l:' , • '@J ~: J:: t) tJ: Iv Gtl~ 0) ff-JjjJ tJ:
tlfj~~1:.~m Gt~'tf-t~ v~:>. ~*jo)~Jl~'@Jbit~1tblitbfi-c', ~~*jf-t, ~tI*jf-t,

fftl~MO)m~~.~'@Jbit~~c~t), ~,!*, ~,!*, .'!*~eO)tt~O).~'@Jbitt>

m"~-c'~~. ~ G-C~fj~.~, JJX:~9 ~i&!fj!~~f~-c'~tl~:J: J -C.~1*O)f1It~7J~fljtl

~~ tl~. ~l:O)~N:c GL, ¥-O)~,tl:'~J:1:.~mittJ:7J)Jt~I~Ji7J~liJ<(J).'@J-JjjjN:
~:J::JL~tlQ. d<~J:, m*tcGL±~:bG~im'@JGt~t), li'}), :Oc~~/l'~~~
~~/~0~1'~~t), ~~O)*~, tt, .~et>.'@J~MO)-li-c'~Q.lli~, ~M

l~~O)~~C, ljf-t~O)~31<J~"~O)(@i~f~~:~t~G,~liO).'@Jltf-t7J~ef~, rm~~tl

Q J:: 5 ~=tJ: J t~ . • JJX:~j:, ~,!*0)7 ~ 1) 'Y ~ A c?t~RJJ~t~~j:5i{~*t7J) GtJ:Q. 7 ~ 1)

'Y ~ ~ C GL~J:, ~~, ~7 ~ 'Y ~~, iii?t-=f (77 A 7"~ ~~, =1b) tJ:ei:J~~ t),
?t~RJJO)~~~j:~1*, ~1*, .1* (~m'!*) i:J~~Q. *ffB?t0).'@Jltf-t~J:~1*e5GO)
fJl~~bit-c'~~i:J~, ?t1ftRiJi:J~~~, 117~, -t ~ ~ 'Y ~~, (@i?t-=ftJ: e7J) ~tJ:~*ft-=f,
.~, ~~~~~ C ~~~7J~~v~. ::tl GO)fJl~'@Jbit':J:: t) ~llO)~ffJ\i:J~m v~ GtlL
v~~. ~ ~ 1) 'Y ~A«~A l:'?t.T~ c, ~~*-c'~d:, _~5!tf~~~(FRM), *1l-=f?t1ft
5~fl::~~ (PRM), ~tI*-c'~J:, ~-~ 'Y~, _*i5ifl::t:7 ~ 'Y ~ A (PRe), .~5i{~:J

/ ~ 1) ~ ~ tJ: e7J~~ t), (@i?t-=f* -c'~d:, .*i5if~ (~~f~I~) 7°7 A 7" ~ ~ A (PRP), •
~5~f~~mmJ~7°7A7"'Y~A (FRTP), *il-=f76tl{77A7"~~~ (PFP), ~1)~~7D
1, .~5if~=rb (FRR), *1l-=f?t1ft5~f~::fb(PRR) tJ:etJ~~~. f~~~tJ:.'@Jfjf'}c G
L~d:, 117A.*&~t::~J:tJ-~/.~~I~4=-~*~~7J)GtJ:~ FRP, ~D /_*&c7
)v~=9b~~tJ)GtJ:~FRM, tJ-~/J7'Y~.*1l-=fc::rb7J)GtJ:Q PRR, 77A
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7'/!7 Aq:r~:7°7A 7'/!7 A C.:J~b7tT~ij7 7 l'm~ Gt~~Jt~7t~~itt~~ I) '7
701tJ:cn~*~jGtlQ. • ~l,jf-f.c G-cO)flfl~n~+7t~}1JI~tlQt~~~:~d:, x l' I) '/
!7 A, 7t~RIJO)~-r:tJ:<, ~tlG~IiiO)~~· f~~Il9't1Jt, ~.B:f'FmO)rJ:l'Jmn~~n)tlQ

~ttJ: GtJ: v~. ~O)t~~lt~f-I.~O)~fjO)=F~n~~~Il9~:~m ~ tl-C.~l,j~n~~~ttl ~

tl-CV~Q.

33-3:

fi!i]1*~l>J-C, ~O)r"J$f¥J~n~=~7CIl9~:.~JJj{T (*t~~d:~O).ffi) O)nlJtlJiE GV~

• tJ ~G~~~-CV~Q ~O)~V~ 5. ~.~:~d:-)E0);;'~~~:Jlfi~A~m9~c ~l>Q.

~A~d:~O)~tJ.f\~:J:: J -C-t:JO)~A*O) ctl7J)~:~9Q. -~~:jjrtiJ~:J:: J -cttJtn~.

tJ:Q (~tl~.jjtt C. v~ '5). ~O)J:: '5 tJ:'t1Jt c G-C~J:.ftBffi$, 7tO)~JI){, ~,t1$tJ: cO)
tJ~Il9'J1Jt, ~.$~.5«.&2iJ3ttJ:cO)C5«.Il9't1JttJ:cn~l>Q. ~7t~tJ:cO)f~~~f~

~~~ ~ tJ: v)~~~:~J:f!ij.tJ:~flO);!IL~~ ~ -:JO)-r:, ~JtIWJ)EO) ElIl9~:M!vtlQ .•~
9Qlfif}[:~::~JL, 1tl~~A, 1~/~A, 7tTtt~A~::7tm~tl, ~ G~::~~1~~/

~O)~:>tJ:3tfl~~~A, 71<0)~:>tJ:**~~~A~J:O)7tm~::1JD5tQ~ ciO~l>Q. V~

o V)0tJ:'t1Jt~:r.±EI Gt~7tm~fJ!E:Il9~:1Tvtl-CV~Q (lfi$lb~Ac.$Ib~A, ~~1*~

A, §~.'t1~AtJ: c). ~AO)~~~d:~~~~~:J::J -C.tJ:Q~~n~l> tJ (~~O)~
~). ~tlGn~~.B:~:, l>Q v)~J:-jjrtiJO)~~:fi§~~~ 9. ~mll9~::~d:~)EGt~m~

~~-:Jn~, FeSl_Xo)J::5tJ:~F.jUll9f~~~~*aAcG-Cff1:EG5.Q.2~JtA, Bn~im

~G-CJ1J~m~O)*6Mt (~m1*) ~)EtJl~O)~A~-:J<Q ~ cn~l>Q. 1~~~d:7tTrt:l~f~

~~l>Q v~~d:~~rt:l~f~~~-c'l>J-e, iiIL~7J~~O)tJl~-c'Ii*~~-:J~~~45tQ. ~m

1*-c'~d:A, B ~d:Jm~~L.~::~~G-CV~Q7J~, A c B ~~7JIJGtJ:~ttl~d:_~7Cll9tJ:tJlJ{rj~2

~J7J~f*t~tlLV~Q. ~~f~~~~d: A 7J~-:J <:QtJlJtUlE Gv)~tJliJO)l> Q~Ar"J~:: B ~7t7J~

JI){~~ttt~~O)J1J~m~O)~A-c'l>~. ~ /!\7JttJ:CO)~1*~Jt~*5A~::tJ:~ ~0)7J~

~~l>Q7J~, ~~iWi7tTf~~~~J:-~~:*aMt't1O)$7t c~FAJtO)$7t~~Iv-c'v~ Q. ~
AO).~~~)E9Qjj~cG-e~X.~q:rftT.0)~ffi~~~~~-c'l>.Q. ~MtC&

1*CO)q:rrt:l~ll9tJ:~~C G-c, &Mt (p-7 '}~=F~7=- '.J- )1;tJ: C), ~fr5't1~A (~3 9 J
9), #7 A't1~Mt (~!7 D~=F~J -)v) 7J~~Gtt-cs tJ, *t~-~7CtJlJ{Ij't17J~7t~~:

~d:~llGtJ:v)~~~~~ (~Se04) ~~GttLV~Q.

33-4:

5«.~, &~ (&1*, m&, ml!k1*tJ: c), l> Qv) ~d:~:ti:)EtJ: ~~7J) G:ti:)EtJ:~~ (~Mt)

~O)§fT~~Af~*t~~d:Mtttl C v~:>. ~A~~~d:*5A~0)§£~C:~7J) GO)~AO)~*c
O)·=-:JO)~~~:7t~t GtlQ. *6Mt~O)~~~d:J±tJ, 7IiAJ3t, ~O)fmO)JJj{~-c'lMIf&f[J ctJ: tJ,
1Jl~O)~tlt~~~-c'o) ~ G~'O)~~C GL~~~~-c'l& tJ ~vtt~. ~Mt~~d:~\ -,G~
1WJ~~Mtc~~G-', .~~MtO).&T~~C~Q~c~l>Q(~c5t~Ie~!7~

~:J::~*6Mt~*). ~ G~'~::~Q~Mt~O)~~, 9tJ:V~*5A~c:tJ:QmJ3t*-c'*5Mt~

~&T (7tT • JJj{T • 1 ~ /tJ: c) 7J~m*Q0)~:~9~~ra~, ~1ti1l9~:~d:lMI~W C:7J~JM!

f&fll C7J)0)~F1Jl~~flF7J~45t Gtl-e7J) GlltlU~:7J)7J)Qf~J3to)*~ ~ O)~MtfJTllin~~~~ b
ttQWjra~ ~*5Mt{~~~Wjra' C: J::~S~. tJ:s, ~Mt~~::tJ:~WJO)~~O)1>~O).~&TO)m

* t) ~aJj~*t~~d:~~C v) 5. §£~Gt~*aMt~7J)GO)~AO)~*~d:, *aMtfJTlliO)~flF9
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tJ:b!>~t&fD~-t3et It*a5~n~JI~~d!>Q c, ~m.~~:*1lTn~f'f~L- Li1!fT L-, mltln~PJ

fmtJ:fi~O)*~ ~ 0)*5A ct~Q. -1N:~:=J~J:O)*6m.~1iO)d!> Q~~~JtO)~m.ft~

~J:~t&fD, ~~*Pn~lf L- v)ti~, ~O)mA~~:-t3v) L/F:t(~~~ d!> QjjO)~tmiO~;'G~:fJTl:H
L-, Jv)~:t(~~n~fJTlliTQ ~ cn~L-~t'L-~t'd!>Q ~ cn~tJ< n\ G~ GtlLV)Q. ~m~
O)*~v)'bO)~~J:, /F:t(~~n~L-tiv)~::t(~~~:~bQ~ c 'bd!>Q. ~~$j7tTfi!lIf*~J:

~m.JtO)$7tc~AJtO)$7tc~~bO)~.~~d!>Q. ~tl~~~T~cd!>QmA~~~

~~m.$7tn~~~~:m*TQ. ~tl~*6AftmA~cv)5. -jj, ~/I\~Jt~m.~O)~

Jjl~J:.iiO)~/1\~Jtiitf-fO)~m.ft~~\~cL-, ~O)t~li)~< O)15IL\n~fAbtl-Cv)Q.

33-5:

~m.ltt~7tTO)~f*O)et:>~:, $7tff9~:*6m.ftL-t~~f*~:-t3v)l;*6m.Pl~n~~li)QwrJ

~~v)v), mil7t$xe d!>Qv)~J:~f.W7t$Pe ~£{T. ~AC~Fm.o)=JO)Pl~iO\G~Q

tTJ!t (2 f§tTJ!t) ~{&~TQc, ~tlttlO)m~~de C da, ~f*O)m~~ d cTtl
~J:,

Xc = de(d - da)/d(de - da), Pc = (d - da)/(de -da)
-c:4ftL Gn~. d!>~mA~-C:O) de C daO){r«iO~biO\J -cV)Qti~~:'~d:, d O)~llj{r«iO\ G*6
m.f~~n~~1t-c'~Q. de ~d:!J!fftmTO)*~~ c~O)Jtt~:~*tlQ~J*TO)~7J\ G, da ~d:

~f*O)m~~~O)mA~~:fm~ L- L1fJ: GtlQ. *am.f~~O)ltl~rtc GL, ~~7J\~:lkmI/
~ J!t l::-O)?ltl~{il!7J\ G~&)'Qjjrt, X .@Jtfi~O)%l~7tW~*6m.-t3etlt~Fm.Pl~~:etQ
@Jtfi~:7t1il GL ~O)oof.Wtt7J\ G~li)Qjjrt, X ./J\~~~LO)*fS~t%l~7J\ G~li)Qjjrt,

~~. 7~/A~~ 1'J!t~:~tlQ~APl~~:~~tJ:J\/ ~O)%l~iO\G~li)QjjrttJ:ciO~

d!>Q. ~7tTfi!lIf*~J:.*tJ:~*~f14~~ C J -CV)Q t~li)~: 2 *~tT)!t~J:-JO)ilI{t{~:T~'

tJ:V). L-t~n~J L, IIJ~rt~:etJ -C*6m.{~~O)~{r«~d:~tJ: tJ, *t~~O){r«'b~J t~~~

~'bJ.

33-6:

~~~~OO~-c'~f§~~f§~G~~G~*6A~,.ffi~~Aoo~OO*tl, ~oof*O)~

~ C Q. ~~O)*am.~~d:, IPlfiffitJ:*6Aoo c ~d:v);t, j£~O)fi~7J~~ * ~"*~A.n~d!>Q.

Gtr\ G, :@:< ~jjff9tJ:!itJl-C~~n~fTbtlQtJ: G~t', IPlfiffitJ:*aAoo~d:T~-C1Pl G*~~

~:j£~TQ ~J:9-C d!> Q. ~~O)~A~J:!J!-O)lPlfiffioo~t'7J\tJ -COO *tl-Cv)~ b ~t~~d:tJ: < ,
{ilJfI~7J\O)lPlfiffioo7J~tiI.~~b ~ tlL-C~-C-t3 tJ (lPlfiffioo C:> G~d:1Pl C:*~ ~), ~tl~J!g

m~c: v):>. *am.O)~~~:~j:~$ff4~O)~tl$Jtt7J~&~~ tl:Q. }~'*O)~tl$tifF~*6m.O)

(h k 1) oo~:fFm ~it, 1~ Gtlt~lPlfiffitJ:ooO).~ {h k I} ~:et tJ OO*tlQ~oof*~*am.~c
v)5. *am.~~d:J!g~MC~d:~tJ:tJIf1~O)lPlfiffioo-c~~-cv)Q. ~m.~~d:*oo_, -*00
_~C:@:$-C~~d!>Q. *6m.~~~G~., ~O)~~~~J~**.~E.~c-c~

• L-, ~0)*aA**0)*5A~c ~d:~tJ::QBIJO)*aA~~~ L--Cv):Q ~ cn~d!>Q. ~tl~{&

_CV):>.

33-7: ~~~.(t 7268-269)

d!> Q~f*!to/.J.7J~~~0)1I/J\tJ:!J!*aA-c't.PX:~ tl~ V) Qti~, ~ O)~f*~Jt~~*6A.
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~d;:Q c v~ 5. -~~::fia~~J:~Mrf*C~F«L~~::7}Ji~tl:Q;¢~, ~A~~~ t; ~::7}JiT:Q
c.~lij{-T;¢~mJtljlE G< D2~JG, ;¢)Jd;:Q.~¥{1l:;¢~=~7t~~::.~i~::tJ: t; lu~v~:Q¥
~«L c, ~~O)¥~A;¢~.tx,JJ;~::.~G-Cv~:Q~~«L~::7}~t t;tl:Q. ¥~«L~::~J:~~1y
~~~, *«L, ~mE~e~d;:Q~, ~.O)~«L~O)*$7}~~~A~d;~. ~~«L~

.~G-Cv~:Q¥~«L~~«L~*t~~J:!1V1 ~ clP¥rJ, ~tl~tlO)!1i~~~«L!1i~*t~~J:

~~c v~ 5. ~«L;m~J:~~f1ilI~lij{-Tfi2~JO)}ajWJtt;¢~j{riGLV~L, ;m~EI~~J:E{1l:tJ:

eta--Tj{~raO).~~c~;t t;tl~. *t~, /F~!fIAt.~;¢~~ < tJ: lJ {>T <, /F~!fIA~::e:tJ'

-CfmO)~i¢~fJTlHT~ ~ c ~d; tJ, ~~~O)!fIAIt1~J:~«L*llJ1'J cn)tJ: lJ .tJ: J -CV~~. ~ 0)

e:t 5 tJ:~~O)Jt1.~Mti~~:ffjm Gt~ ~0)~:1z7 ~ 'Y ~ J,l) A~--;¢~d;~..

33-8:

~r&fIlO)?,t5(t{>m~n)t; O)~«LO)fJTlH{>, ~l4t*P0)1!I!~0).fi!il0) ~ c ~V~ 5. AI~
~:~A~J< ~~i*c G-C~J:, (1) itf~O)5(t~~~, (2) *m~i*{>77 'Y ~ Ai*~::e:t:Q

m~~H. (3) ~l) 'YV~/i*, *s«L5rJ:~j~, '/-/miik~tJ:cO)I!I!~~H, (4)M~

«L~tJ: eO)fia~~HIO~d;Q. ~ ~ 0 ~:J!-c, ~tl~tlO)lij{-T· 7}-TIO~~A~:I& tJ i6*tl
Q~m~~~TQ~:~J:, ~~~«Lc~TQ*btJO)~!1i~,~~~!1i~(5(t~, m~~)

ct.~~!1if§(I!I!~~, fia~) ~:*}JIJTGO)n~ffffj~ d; G, iW~~~J:, fttmf{O)~«L~

OO~d:lij{-T~R~~ J!-C1!!J80)j>tJ: v~1I t; iO)tJ:OO~ft4~~ tlG IO~, 1~~~~d:, ~m-TOO~:

bt~ J -C1!!J80)~v~mtlt~oo~.~~ tlG~~n~~v~.

~OO~~«LO)~OOn~~tl~tlo)OO~{}[ ~*ir.i GtJ:iJ~ t;~~~:~~T ~~m~~d:, ~!1i

~0)~~fll~*t~~d:~l4t*Pl3t~:pt\C:-C~*G*5A~~~{IE~T~~JJ~~~tJJJJ~:~tG

-C, ~OOn~1JZ1T~:~JJJT G~~~~iJ~ eO)e:t '5 ~:tJ:GiJ), c v~J t~~~~~~~n~.~

~:tJ:G. ~tl~::~d:, lJlijti)lflijc G-C, ~~~~n~±c: G-C~!1i~J1'J~O)!fIA.Mz{>~.z

~~D2~tlG~~.~C:, ~H~~~±C:G-C~~~OO~O)M.lij{-TO)~OO=~n~~

~m~~ tl,'Q~OO.~c:n~~}JIJ~ tlG. mtlt~OO-c'~d:iW~iJ~tI;tG, rl GiO)tJ:OO~~d:1~
~n~tI;tTG. ~oo.~-c'm~~ tlG~~~::~d:, !i!1if§n) G~*~OO~::AMTGlij{-TO)
'5 ~, ~5CJJ~::*5A~~:~Jl~i6*tlG ~O)~d:~O)-$7}~::~~'tJ: v~. z:tl~d:, 11 GiO)tJ:OO
J:~~d:, ~OO~~~T Gf1.lij{-T~d:A T 'Y 7°l:0)=l=-/~ g~:~J~G -C*JJ&)-C~7JJ~::*5A

~~::fJlJ>i6*tlt~ z: C ~::tJ:,'Q O)~, vlJ t~Iu~OO~::{1.Gt~lij{-T~~, =l=-/~ J~~~::~Jj~

GtJ: vl ~ 0) ~d:, M~~{>Mmmo)~-c'~!1ifEI~::ERGt~liJ-c'd;,'Q. z: 0) J:: '5 ~::, f1.lij{-T
O)~7JJ~I&tJi6J>DcG-C~mT~AT'Y~.~~~r.iT~G<J>cG-C~, ~.~~

~~~«LO)~~O)=~7t~~.c, j>~O)E~~~u~~~~AO)~~O)G~IuE~~

.C:iO~d;,'Q.

1;t/~«L, ill-V ft~!fIA*aA, II-VI ft~~m*5«L~0) ~~n)O)~7G*~A-e~d:, *-r~

g~~~~c G-C~JJ~~~JJJJJ~*~~~::~~~~~~~1T5iJ~, !fIA••~O)mv~~
c:tJ:~ r~*¥{}[J O)~~iJ~eO)lij{-T-Cd; ,'QiJ) C: V1J t~.~~d:~\-rG ~~ GiJ)-C~d:tJ: Vl.
*t~, ~A{tO)*~fi~:Jv~-C~, ~~!imfElO)~~~d:lij{-TiJ~ 1 ~-rJJlmi~fJTtfjT,'Q c
~-c J:: vln~, t.~!im*§O):l:jj~~d:~:7 A ~-~O).ffiJ*-T7J~.~T,'Q PJfj~lt1iO~d;~.

~~~H-c'O)~OO~~~O)~~~~~~HO)m~~~~-ed;Q. ~G*m~~H-e~,

~~~::J:: J -c (1 0 0) OO-ef.~~tlt~IEAOO~~::tJ:J t~ tJ (111) oo-e.~~nt~IEi\OO
~~::tJ:~ z: c7J~d; 0 (A*EJ~{~), *t~~1dfitJ:~~OO-c'Im~ttt~ ~O)-c'~, D~j~~o)J::

5 ~:, d;~ffb1J~O)*HI*v~~~~ C:G z: C: ~d;G (A~~fr;). ~fEI~ft, Mt~~fr;~d:vl
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~tl ~~iiiO)JJX:~JmJjEO)iii1J{}[{t{ffJ(1~:J: Q C:~;t 6tl-Cv)Q. :.tl~:~tG -C, ~O).

0)J:5~.~~M~~~*~JJX:~O)M.~, :.tl~, ~~~JjE*~~~~.JjE~*@~

~'QtJ!~, JJX:~~iiin~3Jliii~*tnJ~@tJ: < tJ:Qt::"~-C:~Q. mtJJjQ~~:, (&~:3Jliiil:~:,

~Q~~D~.~0)~8~~<~~~~Q~, .iii~~0)~~0)~~8m~~;tGtlQ

n~, ffg1J, J:: t) ~~~*t::,,~d:~~.O)~~~:A~ t::..8m~d:WJ~c! tlQ. :: O)fl~L&:~Q 2
~~.*~~~v)C:G-C, ~*~JJX:~~~Q~~~#~~~GtlQ. ~~G, .iii~~

O).1JJ(1~~LI Gt::..1& t) ti v)~d:i1illGLV)tJ: v).

33-9:

*5~~d:-~~::~~~, j{~tJ:C O)ff1:E~::J:: t) f14~~::~jG~J(1n~ff1:E~Qn~, J.I~t19~::

~d:JJj{T*t~~d:-1;t /n~~ < Q¥{}[O).~n~-~7Cl19~::mJ{IjIE Gv)ftC~J~ GL~r~~*8-T~

~~ < Q. ¥{}[f¥J~~d: 3 *O)t!*Mli1!""'~ l' )v~ 3.c~Q3JlrrAiii~, ~tJ:b~¥{}[

JJ@O)f¥J~~c!~n~, t!*Mli1!~~ 1')vO)~m~::~d:fi:i\J(1n~~ t), ¥{}[JJ@~GLt~~;t~t

r),{ !fj--. ~-1Y · ~)V~C~L~J::V). ±~::~~*5~O)~~l:O)mj{IjJ(1n)GM~pq

0) JJj{T0)~WJl19tJ:~2~Jn!tJ< n) Git.c! tlLv)t::..n~M. Laue G~d: 1912 iF~WJftC~JJJj{T

~::J:Q X .§JtJTO)~fnUc~~~:J:: t) ~tl~aiE~Gt::... 1913 iF~:: w. H. Bragg ~ W. L.
Bragg O)~T~:J:: t) X .§JtJT~mv)t~jl~JJO)*fi~fM~mfJTn~ NaCI, KCI, KBr tJ: c~::~
v)LfTbtlL~*, ~1:E~~ X *l§JtJT~d:*fi~fM~iR:~O)ji~~¥~~tJ:~ LV)Q. ~
r~,mT~~v)~d:~7~*8-T~d:14fj~tJ, ::nc§J$i$lb5, Gitlv$lbll, .~W, ~i1!

iii 5, §J,lR$lb, ~t~JL\O)~ 24 fjO)~t~o)~~~~Jl~~bitL-C:@ Q~.!RlltJ:~tl1J'O)~~d:

230 -c'~ t), ~O):t3O):t3O)n~~r~,~c J:: ~ttlQ. *fi~pqO)JJj{Tlj2~UO)~tl1J'J(1~d:~r~~~0)

Dc~ ~t~~~Q ~ c ~::J:: t) ~2izB:c! tlQ. *tc.~ra'f!T~d:~O)~t~~:1Jt~L 7 fj~:*J.jIJ

c! tlQ n~, ~tln~ 7 fjO)*fimr* c* t~~d:~*) ~:~t~~Q. ~ ~*5mrO)f¥J~~d:mT~~,

$lbra'~, ~ra'~, ¥{}[JJ@pq O)~~~t~¥{}[O) JJj{Tfj C~O)~~n!~*tl~tjG~ ~:~2izB:-c:@

Q. M¥tJ:*ff~f¥J~~d:~~~rtfjjA7C~*5~~:J!6 tl, Cu, Ag, Ne tJ: C~d:iiiJL\ll1J.
~,Mg, Zn, HetJ:c~d:A1Jjl~f14~, K, Mo, BatJ:c~d:~JL\ll1J.~~CQ. GiO)
Gffg1J-c'~d:, ~~~~~~::J! GtlQ*}ajWJmJtljfM~~~m{*O)~JJX:tJ: c, ~~tJ:~~~

?f,v). *tc.~-1~t/~c!f'777-1 "0)J::5~:?f,~~~~~0)~?f,v). ~~~d:~0).

mltfMO)~v)~::J:: ~ -C-1;t /*fiMt, 3t~*sMt, 7tTJ(1*sMt, ~~*fi~~:7t~t GtlQiO~,

Jftl~tl~::tt~l19~~l19tJ:f¥J~~~~j:~'@i~?f,v). jj[{~j-" I) r)b~fM~, mE~.~
~d:-1;t/'*5~~::~v)G, ~-1~t /' r~fM~~d:~~*fiMt, ~G-c~It{~'@i~tJ: C~~d:7t

TO)~ 1£:~ * tJ ~;t Q :: c tJ: <*5mr{~ G-c7tTJ(1*fiMt c tJ: Q.

33-10:

[1] *5Mtf¥J~iO~<~tl, JJj{TO)~2~1j~:: ~d:~<mJtfjJt~~d:tJ: v)iO~, ~~O)i1rttJJJ(1 ~~~ tJ: v)
J: 5 tJ:~~~~~-~~:~~~W ~ v) 5 (~~~W C: ~ v) 5). ~0)~~l19tJ:f?iJ~d:jj7A-C:
~Q. ~~, ~~~, mJti~, 7Eb7tT~{*tJ:C~fjO)~{*~::~~MtJt7J~m~9Q.

[2] ¥~::~F~Jt c v)'J tc.tJ!'@i, ~~MtJtO)~7tT~{*~ ~9:: cn~~~. Gn) G~7tTij{
§ 1*n~7tT$lb1Jrm ~=~ GL*@tJ:.1JJt~~ ~ J ~ o)-c'~ tJ, {~7tT{~'@i~mO) jj '7 A{~G
tc.~n~ cfPJ-~~Q c v) 5 ~1J~d:~\-rG ~JJX:.lL GtJ:V). ~ I) IT v /'7v7 ~ 7--- ,,~

mFM!~~iO) G~{f:J~~ c jj '7 A~~7J~1~ GnQ. G. S. Y. Yeh, P.H. Geil (1967 iF) ~d:7Eb
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7tmfm.rDi1Jt.~fi[m~ 10 nm O)i1Jt'J\*1lT~~~~ttlG, *1lTO)qtIL\~:~~~~n~~

QCfJi!~Gt~. -if, P. J. Flory G~;tJ.miBfJ9~jj(n)G, (1~.qtO)7.tT:J1)vclPJ~O)

~Fm'h~~~:~Q7tT~m~c JJ, ~O)* *117 Aft9~ c v~ '5~m~ C J -c~t~ (A
1 ~T~- ~.~). iWi7tT}\)V~O)~ ~ I) ~ ~ Aqt~:m*~ftGt~IPJ~7tTIt~~.
rm~G, qtJt1Tft~LJ:: JJ 7tTO)~;Q~ JJ ~, H. Benoit G (1974~) 7J~~ I) AT v /,jl~:J

v~L1lIj)EGt~~*~d:, (1 ~.O)tI~ c~< -3t9Q. Gn) G~O)J::? tJ:11'7 ;AiIO)tJ:n)
~:fiUPJffJ9~:~~~~7J~fft:E9 ~ PJfmJt1~1§)E~~td.v~. ~~O)if~~n~ X .'J\PJft!L
$~mv~-C, ~ I) I.AT)vO)~~n)~:~I) tJ)V~T-1', ~ I) mft~=)vtd.C~:JV~-C~
t'i GLV~Qn~, 2 -.::>O)~m~:7tn)tlt~* *~~Q. *1lT~~~d: / :;::L - )v~~, ~-)v

~~td. C c ~ J:: ~ttl, *1lT~:~i9 ~1 ~ /'X ~ T /'~~~*, ~9l1J.m~j}*, PJm~J~j}*td.

c7J~Il?ltl~ tl-Cv~ Qn~, *1lT~~~;tiWi7tTO)~W~j}*~: J::~ c v~ ? ~m~ft!!if~: ~ ~ .
CT., ~PJx.~fi$~'hm7t~~~O)~~~~~tl,7trOOO)mm••*~~N
~tl-Cv~.Qn~, *m.~~~:JV~-C~d:m~7J~1'JE~~.Q.

33-11:

£*fJ9JJX:7t;Q~~fI.ft!fo/.}~~JJX:~tl, ~rg~O)~JJX:~:J::J -C~ij: Gtl~JJX:~f*~~*~d:

--e'7 ~ 'Y ~ A cJ::lu~v~t~;Q~, m~~d:~ 1) :J /O)J:::> tJ:~~f*~, ~f~!fo/.}, ~f~~, *
'7ft!fo/.} td. C0) ~flft~!fo/.}0)JJX:~f*~JIl~~*jf-t-td. C~ t 7 ~ ~ ~A ~~~* tlQ J:: :> ~~ tJ: J

t~. t7 ~ 'Y ~A c v~ '5 mm~d:, *~±~JJX:!fo/.}~:li~9Q~ I) ~~m0)77.:cA~:EE*9
Q. b;Q~OO-c'~J:, ~~M!'5 I~ (~~) O)~dbc: v~ '5 :li~~~~~dbCJ::~ttlLv~t~;Q~,
~t:E~~d:, ~'7~ ~~AC:V~'5 ~~;Q~~<M!m~tlLv~~. ~m~, iif1<!fo/.}, ~~m*~
±.~db, 117A, ~~'50'5, ~~/'1', ~*~db, ifMljO)J::'5td.t!l<;Q)G~O)~t)

~:~.Q~db~t;Q)t)~td.<, mJt1f*, ~~f*, .~~rmm£fi, ~.f*, *~f*td.co)I

v~ l' D=~AO)7tJf~M!m~tl.Q~db~x/:;/m$db,WJ~rJI~td.cO)fI~~~m
$db;Q)GAI~~, AI~~cO)~~~~~~~c~~OOO)~db*~~*tl.Q.~~<

O)!fo/.}.~M.c~t), mf*~JJX:~~~Gk~M~~~,mf*~~, .M~, #~., ~

JIl, ~JIl, .*itJ:c~flO)~~~~9.Q*jf-f.;Q~~*tlQ. t7~ ~~ A~d:, l)f~~tJl

JJX:, 2) jjA!fo/.}fJlJJX:, 3) ~~if$, 4) flfj~Jt1, 5) m~tJ:c-c'7tm~tl.Q;Q~, ~fj~~~Ji

-wJtJ:7tm~J:~.-c'd!>Q. *r5±~JJX:!tn0)±~;Q)GMJ* J t~t '7 ~ ~ ~ A ~J:, ~9:!fJ9§eJ.iO)

1l}~n)G, ±~:71Mljj[0)J::5tJ:;R~~JJj{f-t-n)GJJX:.Ql'Jm~, ifiii1<~m, t~/1', 117
AtJ: c ~S~fJ9t 7 3: ~ ~A, *t~~d:t!lafJ9~ '7 ~ ~ ~ A C~ V~ '5. AId!>.Q v~~d:ftJJX:

JJj{f-t-n) GJJX:.Qt '7 ~ 'Y ~ A ~=::L-t '7 3: 'Y ~ A, *t~~J:*f~t'7 ~ 'Y ~ A C: v~ '5 ~ C:
~d!>.Q. =~-t'7~~~A~B*~~tlk.~·.TfJ9, fI~fJ9, ~~fJ9, ~fJ9, ~

f*tJ: cO)~flfj~~~~t9 Q~*~~JE~it.Q--e '7 ~ 'Y? A -c'd!> tJ, ~tl~tlflfm~:M;C-C

x/,V=7 1) /ij~7 ~ ~ ~A, I v~ "D=~~7 ~ ~ ~ A, /\1~~7~ ~ ~ AtJ:
cO)mmn~M!m~tl-cV~Q. ~~c G-c7 71 /--e7 ~ ~ ~A, 7 ~/\/A 1't'7 3: ~
~ A, T? =tJJv--e7 ~ 'Y ~ A, m"~Jt1--e'7~ 'Y? A c ~J::~itl, ~-~j{ <{~~O)t~

&I)~~~ d!>.Q.

33-12:

~'7 ~ 'Y? AO)im~ • §eJ.iO)l&!f~~~SV)L, ;R~JJj{f~~±f*c Gt~*!1f!n) GJJX:QS~
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a9--e 7 ~ 'Y!J A ~:~tG-C, filtlt::ifiij1<'J1, fI~a9ttJt, ~~tJ:_~~'J1~.tlt::ifiij~J5b

'J1~:~tg- ~~~~~~ ~it~t::~(1)AI~~ v)~d:~PXL§{f-t7J) GPX~~!1f!(1)--e:7 ~ 'Y!J A
~ v) ~. ::.:r.. ---e:7 ~ 'Y !J A C J:: ~ttl~ t> (1) ~d:, ~tl-ttl(1)mfR;~:-JN:a9tJ:--e:7 ~ 'Y !J
AJ:: t) filtlt::'J1Jt~ t> J t::~ Gv)rlJ5b~~~G-Cv)~.

33-13:

ifiij~tt, ~~~, ifiij*ft, ~~tt, ~~~, ~Mtt~~(1)~~G-Cfl~a9ttJt~~m

Gt::--e:7 ~ 'Y!J Al:, ~lil~~ftf-+cG-Ci±13 ~ tl-Cv)~. I/9/mlmJ5b, -wll=1IJIA,
ifiii*ft$J5btJ:~(1).It'm[ti7J~~~. -IN:a9~:Mt1~~--e7 ~ 'Y!J A~~d:7)v~ 7- (A120 3) Jt,
~)v:J=7 (Zt02) Jt7J!, ~FMt11::~--e7 ~ 'Y!J A~~d:~1t71 ~ (Si3N4) Jt, ~1t71~

(SiC) Jt7J!1~~f1iJ~~~. Si3N4 , SiC tJ:~(1)jt~~~'J1(1)~V)~FMt{t~--e7 ~ 'Y!J A~d:,

1)-V/!J~$7J~*~<, *lil, ~lil~~7J~*~v), 2)iiIL~, 7tmlil~7J~~<, ifiij~tt~:

.tl~, 3)~~7J!*~<, ma*ft'J1iO~~v), 4){I::~a9~::~~~~Q, tJ:~(1)~*7J!~

~. 1970iF1~n)G*OO, Jl9~, B*tJ:~~3tia9~:if~rm~n~fTbtl,I/~/$J5b

tJ: ~(1)I*)v~-~jj$~~~~7tIfl:m~tJ:l~WJJ~m ~ t>(1) CWJ1~~ tl-Cv)Q. ~mlt

f-J. c G-CM!ffl ~ tlQ t::. ~, L§{f-J.~ PXtt~7J) G{~ ,Ji'J1~1dfitt~, --e:7 ~ 'Y !J A(1)~*~ V)
n) Gt::~~Mtt~~:: ~Q-i!!! (1) ftf-J.I ~iO~illi GJ J ~Q.

33-14:

I v!J ~ O=!J A(1)7t!f~mV)GtlQ--e7 ~ '/!J A-C~Q. z_.(1)~-T~§JJJ.O)

~~~~R~~n~mn.~~~m~m~$~~~~~cGL~m~n~t7~'/7A

~I v!J l' o--e 7 ~ 'Y!J A CJ::~~JJIJg-QiO!, -~~::~d:~~G -eX v!J l' O=!J--e7 ~

'/ !J A CV~ 5. Al20 3 Jt~ 7 ~ '/ !J A0).31EJImffl O)~~£fi, MgO-TiOz *, BaTi03

*, SrTi03 *tJ:~o):J /T/~-, PbTi03-PbZr03 *O)J±_l,tf-t, MnO~ CoO, NiO tJ:
~O)ilf$~~Mt1t~~fflv)t::'~-~A~-, Ti02-SnOZ *, MgCr20 4-Ti02 *tJ:~O)~~

--e/~-, ~}EijtJtmjJ-*/· 'J 1) '/ ~Mm, ZrOz*~ (3-7)v~ 7-tJ:~O)I!!!If*.mJt,

Mn-Zn *:t3J::V' Ni-Zn * 7 x 71 l' tJ: ~0):J1 )};mJL\~m~~ '/ ~mf,tf-J., 7t~zmO)

717 A 7 71 J,-tJ:~, ~l:0)J::5 ~::.~ · .-Ta9, m~a9, 7t~a9~t~~d:{~~a9f1fl~

~fJm;Zt~t7~ '/!J A-C~~. ~tlGO)~7 ~ '/!J A~d:, Ela9f1fl~~~}1Jg-QJ::'5 ~::~

Jt§f*O)~'J1, *1l~0)~'J1, ~Qv)~d:~Jt~[tiO)~'J1~fljfflg-Qt~&), t!l..cll*HI~~

iO~~~~::*,J~~ tl-ev)~.

33-15:

~~~::~~~tlt~L§{~~mv),~~~::W!J~~nt~{~~~Jl~~~!>, J:: <~~M~tlt::m

~cfltlt~'fr!~~~t>J~'J1fj~--e:7 ~ '/!J A -C~~. ~O)flfj~~J:, .m~a9, 7t~a9,

~a9, fI~a9, ~~. {~~a9tJ:~ c~~-c~~n~, ~a9:t3J::V'fI~a9f1fl~~~~Gt~I

/V=70/ijt7~'/7A~, IV7~D-7At3~'/7A~R~M~~~. *~,

7 71 /t 7 ~ '/ !J A ~d:~~itJ:, lI*HItJ:, ~J7jtJ:, r1G*JJ!~ tlt~ ~ J cIt <~ l- v)tJ: ~0)
it~~, ~~::~~m~~~I~ffl~t7~ '/!J A~::~~btlLV)~.
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33-16:

~tI!fo/.JO).*HJtJ:~f*~TO).tif*.~TO)*~~ ~d:-~~::f(mm ~-r:-c'~Q. ~~f*

~~O)~M~G~~m~ttQ~~,&f*o)**-c'~MU, ~M, ~f*~~M, ~~U,

il!Jf1&f*, Mtl, ~~lttJ:c~::~m~ttQ. --e7 ~ '/ !J~f*O)~Jf1~flffic:G~, f~~fJl

d, ~TB~, &~~~, ~.OO~, *AA, ~'/~m.~c~~Q.
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Lesson 34: Materials II
(ceramics; applications)

j{ jJ fire

(} blaze, fire, flame

iif1<ltf-f.

J[ tJ tile
iJ)tJ 6 tile

iif1<.][
*~±.][

EJ< jJ1 ashes
~d:v) ashes

1<WW<
15W<

~1 jJ~11J 3 ry
T/jJ

~1jJv/tJ

*/~v/tJ

jJ~/~tv)

t~jJ1

refractory material
ignition

refractory brick, firebrick
clay brick

volcanic ash
lime

;~ jJ 'Y gliding, sliding, slipping
9 ~(Q) to fail (an exam), to glide, to skate, to slide, to slip; t~~(6 iJ)t~) smooth

ir~l1t :; :J... /' jJ 'Y lubrication, lubricating
.lJl11tt~ ~1 jJ 'Y t~ smooth

1-1-I
~ tJ /' crag, reef, rock

v)b crag, reef, rock

1<PX:E
E15

igneous rock
rock, crag

!! ij ingredients (in a recipe), means, tool, vessel, {counter for suits and sets of furniture}
~1*~tJ: ij~1 Tq:.tJ: tangible, specific, definite
I~ ~ryij ~l

~ ::I ry constant, hard, solid, steady, stubborn, tough
iJ)t::..(v)) constant, hard, solid, steady, stubborn, tough

~{~ ~ ryjJ
~1Jt ~ry~
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ifiH ~ l' enduring
t::..(X Q) to endure, to resist, to support, to withstand

ffii1~J('t ~ l' :t- ::L ry --el'
ffii11<J('t ~ l' :JJ --el'

endurance, durability
resistance to fire, fire resistant

t!! ~ /' carrying, raising
t.J~J( <") to shoulder (a load) {vt}; ~:t~(5) to bear (a burden) {vt}

tfIf* ~ /~ l' carrier, support
iljJttfIf* v /~~ /~ l' chain carrier

± l' earth, ground; ~ earth, ground
J ~ earth, ground, soil

7 )),:JJ IJ ±.1fl~ 7 )),:JJ IJ ~ )),1':t- /V7
±Jtl ~~3ry

7 'Y boiling, fermenting, seething
V(IO)9) to boil, to heat up (a bath), to melt {vt};
V( <)to be in an uproar, to boil, to seethe {vi}

i9llE 7 ~ --e :t-
~o - ....
f7Pn\~ 7 ~T./

alkali earth metal
soil

zeolite
boiling point

M x brushing, polishing, scouring
J:f1O~(<)to brush (teeth), to improve (skills), to polish, to scour, to train (the mind)

if~fj · ifLfiI~ -7/~7 · -7/'7:J rJ!I grinding and polishing tools
ifLfift -7 /~-if1' abrasive

~ 3 ry furnace, kiln, oven, stove
tJ'~* furnace, kiln, oven, stove

~~ 3ry;f3ry
~~ 3ryO

ceramics industry
kiln, furnace, oven

burned/baked/fired brick
insulating firebrick

_ v /' drilling (troops), polishing (speech), refining (metals), tempering (metals), training
td(Q) to drill (troops), to polish (speech), to refine (metals), to temper (metals), to train

1fl~M. :t- / 'J~7 t l' V / metal refining
E~m. T / 0 3 ry v / converter smelting

~ v /' kneading (over a fire), refining (metals)
td(Q) to knead (over a fire), to refine (metals)

~~.E ~3ryt1'V/ti

m1<~~~E ~1':JJ~/*'Yv/ti
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Reading Selections

34-1:

~.~:~d:~~~t~~~~~tJ~, -~~~:~d:~v~~~(J)~••f?j*~*-c'.~t=. C ~,

liI{~~~f1.~7J'~~.~~~t~~~~~. ~ G~:~.~:~d:--e;{ / ~ g:t-c'*$7t~t!i~

~ ~)lt ~ 7 / ~--e ~ / ~ ~~~~~~~tJ~~v~. ~9:!~~: ~d: 1::: 7 ~ ~ ~ ~:it~ ~ '5, ~
1) ~~, o-~(J)Jliil~~:~d:EEJ<, 1<LlJEJ< ~±f*c~:Q--e;{ / ~tJ~fJjffl~tlt=.. J.
Smeaton tJ~~± ~-2iUEEJ<E~~v~t~EEJ<tJ~*liIJt1 ~ 't> J ~ C ~~J!G (1756), J.
Aspdin O)~fF (1824) ~:¥~ -C, ~1£o)~Jlt ~ 7 / ~ --e~ / ~ tJ~jCPX: G t~. --e~ / ~ tJ~

liI{~~:Q••o)~< ~d:, 71.:JJ)lt~'7A, 7 )lt~ /.:JJ)lt~'7AtJ:cO):JJ)lt~'7A{~

~~tJ~*coc~G-C, 1IiiHtJ::J 01 ~~*fO~~~PX:G, liI{~~:Q?t17tJ~~v~. ±*.
Jl.ffl, ~~ffl, iilJtffl, ifift1<~j"~~ ffltJ: c~~ / ~ 0)f1.~:~ tJ ~illm ~:ffl v~ Gtl:Q.

34-2:

:J /7 I) - ~ tJ~JJt~.sJ:ltliIfI::O)JM1N-c'ffiJ*~ tl~ c, ~~!&.tJ~~~L ~tJ:.s~7t

O)J±.~t.JtJ~pq$~:~ ~, *G < ~v~HB~j~J3t~ 't> 'J. ::. O)et '5 tJ: 13 ~~:ffl v~ Gtl~JJt

~t.J(1)*~v~~~ / ~ ~v~v~, ::.O)et '5 tJ::J /7 I) - ~ ~7 2:JJ Jlt7°vA ~ VA~A:J

/7 I) - ~ c v~ '5. HB~j~~.sJ::ltft~5~J3t~~l:~~.

34-3: mM7)~~ j- (--e7190)

;'1 ~-it-c'f~Gtlt~*.f~7)lt~ ='7 A ~$!~G, iI~tJ:*a~RJJ~1JD;t -CPX:~1~

~ ~ 7 ~*t~ ~d: 0 -?t 1) -:f-Jlt /-c'~ 2000°C ~:~PX: Gt~ 't> 0) ~trfJm.v~ '5. Al20 3 ~d:

99% ~J:, N~O i:J~ 0.3% lJfjf~-c', .px:m~d: a-7Jv2 T~±C G, /3-7Jv2 T~~li{f G,
±~:ifift1<~ffl ~:-M!ffl ~ tlQ. t~t~ N~O (1)ff1£~d:t~~~fflt'7 2 'Y 7 A ~:~d:~Ji~tJ:

t~~, ~flO)~fJI!-c'~~.~ 1 ~tt~{Itr~ itt:: ~ O)i:J~-M!ffl ~h, ~t::-wJ~IJIAffl~:AI
~~i:J) G~iil G t:: ~O) ~~iil~ tlLv~~.

34-4:

i~Ec 't> J: ~ttl~. -~j\~d: M2/nOeAl203-xSi02-yH20 (M =Na, K, Ca, Ba, n ~d:flffi~,

x =2-10, y =2-7). (AI, Si) 04 DBWf*i:J~m}~~3t~GL:J <Q=*7C~~ l3f14iilg:to)~

fL~:7 Jv:JJ I) • 7 Jv:JJ I)±.~~, 7J<7t-T0)A J t~.iil. *7t-T~d:i!E~~~:Jm*. fl*
G (~;t'71 ~7J<), ~~1;t /x~fi~i:J~~Q. {~~~tJ: ~O)~d:, 1) 1Ji~E, ~;t71 ~ p
(~$lbmr*), 2) ~i~E, ~;t71 ~ X, Y (-1Jmr*), 3) '}-?fi~E, tJvT/~E,

~;t71 ~ T (i~1Jra*), 4) .i~E, *i~E, ¥lii~E (!Jii~ra*) tJ: c. jjl£Jt11<LlJEO)
~Jtll3~~ifPj, ~7J<~.~, ~EJ<E, #fJ~1i~~tJ:C~:~~Q. {ItJ3t~PX:E~:~JtGh

Q. I~l¥J~:~PX:~h, 7t-Tv'S'Q v~, f!k~, ~~RJJ, ~7J<~fJI!RJJ, ±fjlq{t~RJJ, ltO)7'6
~RJJ, tJ: c~:ffl v~ GtlQ. 1JD~~Q c::~mG-cmM~Q C:: z: 01J) G151J~'J v~t::.
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34-5: ~~ (~7401)

T? ~7'1l§tJ1i~:~TGJJA~1¥0)-J-c'~MJ.~t:p~:T~/*)v{~~)~ffl::J~1k

iJ!il!>~. ~1) jJ • 7 )v~ TllYiii~O).ftW~~:J:: tJ T~ /*)vO)*~~ cWtJ\iJ!J4tJ: tJ,
1Ji$E~I¥, 'J-~~7'11'~1¥, ~i$E~I¥, 'J-?fi$E~I¥, .:c)v7/i$E~I¥~:7t

m~tt~. f~~~~d:-~~: (N~, K2, Ca) [(AlSi)02]nxH20 c.~t~iJ!, ~~~:~d:Ba,
Mg, Sf, Li, CS O)A J t~ ~O) ~ ~tt~:BET~. Si02/AI203 tt~d:flm~:J:: J J4tJ: tJ iWi~ 1)
jJi$E cftt~ 1) jJi$E~:~7t~ tt~. ~t~, H 20 O).~lim~:J:: J -C.tJ:~iJ!, ~O)

$~d:i$E*clJ5¥~ttt~. ~~~~d:tt~a9ftttlffi.· fttJ±~~"F~~~GbiJ!OO~: ~~< BEtH
T~.. i$E~d:~MJ.~cf~~fJl~~:~c~< '1~/~.~, 7tTv'S,~V), ~~~, Mtll
lti~, fi!!l~l§t~ltitJ: CO)~ttiJ!il!> tJ, ~~~:BET ~ ~O) ~ffjm ~ ttLV)~iJ!, a, <. O)fI
miJ! :: 0) Ef a9-c'ft~~ ttrffft&~ ttLV)~ .

34-6:

~~:7'1 ~ O)jJT~/~.fl~:t3etlt7tTv'S,~v)fPmtJ:c~ffjmGt~Mtll. jJT~/~

.fl~~ffjmGl, 7°0 ~ /il!>G v)~j:a,1iffiO)jJT~ /~~AT Gc~~mtltiiJ!~~TG.
~t~, 1) Tryb~f*< 7 )vjJ 1)~~jJT~/~~ATQc~~J1i£ltiiJ~~~TG. )13
~~jJT~/~~AT~c, ~~:7'1~~MJ.T~g*~&TcGlfPmG,.~m~

O)MylfPm ~lJ'9. JajWl~~ 8-10 ~~~~jJ7~/-c'~AG, JI~tJ:~~-c'~7C9 ~

C~F~~:fJ&*HItJ:~~~TiJ~1:!}~tt, ~7t~~~MtlliJ!~~l:'~~. ~tt60)Mtllfl~c

7tTv'5,~ v)ftFm ~*5ftT.Q cWtJ\~tRltiMtlliJ!~~l:'~.Q. ~A~tt.QjJT~/O)flm

c~.$, ~~:7'1 ~0)*5Mtff4~~W~G-Cv).Q7'1*c7)v~=rybO)tt, MliLO)*
~~ cWtJ\tJ:c~lImT.Q ~ c~:J:: tJ, ~flO)JX~~:JI~Gt~Mtll~~~9Q ~ ciJ!(!
~Q. ErmO)~M7tm, ~T· $IrmO)Jj}t~5, :t=-~v/O)J4Jtif~, 7:f~~0)7)v:t=-)vf~tJ:

c-c'~~tRJtiM.C: GL -M!bttG.

34-7:

7'1 ~~~mO)-J. fJi~~Si02 • =1JMJ*. Si O)-$~d: Ge ~:J:: J -c Ge02 O.n% fiJ3t
~-c'OO:~ ~ tt~. ~{g - EI{g-r:ii:7 A7tiR~ ~J. t~tiG§fl~m~:J::J l~{g~ ttG ::
C: ~jpv). ~~~J:~{g~:)}iv)EI{g. WJ~ 2.6 g/cm3

• liI~ 7. ~rmtJ:G. I3W~j:.iii ct±
Iii C7J) GtJ:QAjfjt±~. ~liiO)~~T.Q z: C: ~d:tJ: v). Jll~~d:~b&)LJbfBlm~:bt~ ~,

MltiO)~fl1<~~, ~~~, *fJl~, ~71<JJA~tJ:co)~I7J), =~ti9~:rJl.Gt~7'1i'}}0)

et '5 tJ:W~ C:.Q:: C: t> il!>.Q. ii5 A, t ~ / ~ ~~d: C&)~flI~JJj{f-l-c: GL mv) Gtl.Q
~I7J), 7'1 $O)JJj{f-l- c ~tJ:.Q. ~t~~71<MJ, .71<MttJ: c~{g Gt~ ~O)~d:~E c GL mv)
GttG.

34-8:

JX~~f'tJ:btJ:v)1Jit(PVD) C: GlO)~~~~, '1 ~/7°V-T.{ /!f, A/\ 'Y ~

I) /!fr!tJ: c, :t3J::ltJX~~f'tJ:'51Jitc: GLO)f~~~~it (CVD), f~~.zit

(CVT), ~tiJX~ittJ: cn~il!>.Q. lW~~d:-~~:~~J£~rei <T G t~&) ~:1J[]~~T.Q O)-c'

-386-



~m~~~~, ~~G~~~*~~ff®~~~~~~~~.••~.M#~, ~~~~

1*~ i1rf G£f&J:l:JX~~ ~ it~ t;:. ~, £f&rHl3r (JX~rH13r) n!OO.~: tt~L iftj <J: 1::?'
:f-~~ )Lt~~~ G{>9v~. iIfij.~~:£f&®M~{~7J!m~t~~-Tl:~~.

34-9:

.~*~~v~~d:~~, f&~®--e'7~ '/ ~ ~ ~~rH~lI}lra~ffJ~:mikG, £~l:~:~~{1

~t~, ffM~'(1, ifJjiftt{~'(1, ffM*~'(1t~c®~.Jm~~~9~1J$~~~.mM$~:~J:,

~'7~~7-~$, #~*.$, .ft.M$~c~~~.

34-10:

~~®{fz~* t;:. ~d:~~ ~:~t G-C, ffMftt{~I(1, ffii~~'(1, ffii~~'(1, ffM*~I(1, jI~!Wi'(1,

~~*fS&'(1tJ: c ~ § ffJ ~ G~, ~ '7 ~ '/ ~ ~ ~~fl9~ ~ ~. ~1I~:~d:~C G~~~ '5 0
'5, CVD ({~~~~$), PVD (~J.I~~$), mMO)1J$n~fTvtt~. ~~ '5 0 '5 ~J:tt <rJ)
l3 ~~tt~j~, ~~£.~:#'7 A.0)~~~*~fl9~ ~O)~~~. CVD ~d:.f-f.#~~

:f-~ J) 7#:A ~ ~ ~~:i1rfAG, iftjrHO)£.*OO-c'JX~~itL~1*JX~1::~~~*fJ~it

~ ~o)-c'~~. ~tt~:~J:m 3 ~~O)ff1:Er-c'~~/\ D~~{~~m~*;«~7C9~1J$, ~

~m~:J::G1J$, £.§1*n!JX~O)-~~~tJ:GFt~$tJ:C7J!~~tt~. PVD ~:~d:,

J{~rp-c'.f-f~~ft~it::tt~£.l:~:••~it~J{~~~$, ~*~~-c'.f-}7J)G.

-T{>~ '7 A?,--~OP~lli G~tt~£.l:~:fJTlli~it~:A!\ '/?' J) ~if$, .f-}~~ft,

~*/1~~itL~~ff~t=P1JDGt;:.£.l:~:*m~it~~*/7°V-T~ /if$t~cn!~

~.•M~d:, t7~ '/~~**t;:'~d:~*51*~~7A'~~I'/1'{>ftt;«· 7--eTV~.l:
1JD~.i8 G, .riK1~£.*OO~:~~{1~t G1Jii;.-c'~G.

34-11: ifx~ (--e 7261)

1500°C ~l:O)ifij~*13r~ ~J3-~~~~.*t~~d:~O)~6b~ v~v~, -$~~7J!M!m ~ tt
LV)~~ 0) t>~U. ffij~*~m~J:}l~~-c'v) '51?Jj*~jf-}-c'~d:tJ: <, ~rH-c'.~tHv)~, iftj~

~:ffiji ft ~~mO)it~-c', ~rH~:iIDift, ~fJ~1~/J\~ <, flfJJtffJ5il3r t>+~-r:, rH~O)~~

~: t> 5~ <, t~f!R9 Qjj:A, A 7 if, ~~t~c 0)fJ!~, *~~: ~~m'(10)~Q ~ C: 7J!~}j(
~ttQ. ffij~*~mO)~M~d:.f-}, {~~~Jl~, l(1fj~, m~~:J:: ~ fI~ ~:~M~ttLv~~n!,

7C*~d:ffii'i*nti][iJ!ffij'i*~ ~1~* G, Si02 , A120 3 , MgO t~ c O)ftt1~~n!~1*-c'~ J t;:.iJ!,
iliiF~fI~I$O)rmft~ c ~~:~tt~:~~Gt~~)E~ffiji*~iJ!ft~G, ~O)M!m.7J~~

mG, *t~ ~JLt::t /, ~JLt::I='7, :A e*JLttJ: CO)~~Ml1~~m, ~;«.~ (MgO-C,
Al20 3-C *), ~1~~ (SiC), g1~~m (Si3N4) tJ:c~.f-}C: Gt~~fliID'i*~n!lli~G, ~*

O)ffij~*~m C: ~d:~f§ ~-~ GLV~ ~.

34-12: i!X:::J /? I) - I' (t7260)

:f--v A?' 7")Ltffii'i*~~ v~:>. 9tJ:V~, ffij~*ltfj~: 7 JLt ~ T--e ~ / l' ~im~Gt~ ~O)

l:, 71<~~1J[J, im~*GL~V<~:i1rfGJ6:~, ~JJJ~1J[Jft~:J /~ 1) -1' ~[PJf~~:iI1~~
itQ. ffM*tto)~Q:J/~U-1'O)it~-c'::o)~~~Q.
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34-13:

-~~:~J:ifH1<YtSK26 (1580°C) kAJ:O)~±O)~ftJ\~cI!>G. biO~OOO)±t~ifH1<~±~J:tJ

~l) /t3etlJJ{~it~±~cI!>,Q .•PX:iA~~d:V~9tlt>tJ~l)/iA~~±1*cG, .-r0)~~

tJ\E~, ~BJit~±t~ c O)iA~~f~ '5. *W~±~d:riJmJf1iO~*~ <*6~~± C: G-Cffl v~

Gtl,Q. i£l3~±~J:E~~~a~:"2iIu~t3 tJ, *'07t~~:et fJE~~,**G-c~~~±

t~GlJ~:y~~~ !'J*~cG-Cfflv~GtlG. *Wf6±, i£f3f6±~d:~~~.P, ~!j!~

~titJ!, =m~J:IfO)~!&~t~c~:Pll:tlT~.J{~it~±~J:g~fLi1~et<~~ G~G
O)~~~O)~~~PX:~tl, y~~~~C:G-C~ffl~tl,Q. J{~it~±~~~~~., m
1MJ~1Jl:Il!&~, m.~.!JiXt~ c ~:Pll:tlTo. ifH1<~±~d:-~~:~PX:TQ c 400-600°C -r:
~A*~t&l:tl G, ll00°C kAJ:~ b 71 ~ C: 7 I) A 1'/\71 ~ ~:t~.QiO~, iii7N!~PX:~fT

:> c"2i~tl.Q1>il0)7 )vtJ I) .-rO)fmO)PX:7t~J:Si02 c!XJt\G, #7A~~it~WPX:To.

34-14:

ffiji1<~O):>!>~~O).~~:fB~O)J:: v~W~~.-rt~;tt~ t> O)~, ~*~t~ c O)::f~Wffiii

1<~~::~ttt~tl.Q. W~~d:~Wmi][(230x 114x65mm) ~qtJL'~::G-CfJ~Wmi][, •
Wmi][~::7tm~ tl, ~~Im-.tJ::~ ~PX:, ::f~, ••mi][~::7tm~tl:Q.

34-15:

~~~~O)f~v~ffiii1<miJ[-c', ~~~OO7J\GO)~tjt~~$IiJ9tT.Q 13139-c'M!ffl~ tlG. ffl
~~:et tJ, ~~O)pgSi tJ fflifH1<miJ[ c~&: ~t~ ~d:~Jm1tiJ[ c O)qtrJ:1' ~:M!ffl ~ tl.Qf~7N!ffl

0) t> 0) C:, @:~~O)pg~, ~#$~::M!ffl ~ tl:Q t> 0) ~::7t~tGtl, fJfj~~::~j:f:E.±~±J*

f-f. C: G, 5!iYt~d:/J\ ~ lt~n~~~Jf1O) J:: v~ t> 0), r~~~::~d:~~Jf1~d:~~~.Qn~, ffiit1<Yt, 5!i
Ytn~~~5iv~ t> o)-c', ffijt1<*~± ~±1* C: G, J*f-f.qt ~:riJt!&~ ~~~ G-C~PX: Gt~ t> 0) C:,
ItSit¥E, rei?)v~ :r-ittJ:cO)~~J*f-f.~±1*C: G, ~ G~::5!iYt~~TGfijPJf~:M!ffl~

tl:Q. ~tlG3~~~Jm, f:E.±it.][, ~±it.J[, ~~ifH1<~~1ti][c~~T:Q.

34-16:

~~Jf1~1fT:Q~7~ ~ 7 AO)ffiji~Jf1~fljffl Gt~~~1*-c', SiC it, MoSi2 it,
LaCt03 it, Zt02 it, Th02 it, ~*itt~cO)iWi7N!~~1*c, PTC ~jj*~fljffl Gt~~7N!1::
-~-CG-co)B~~*~~1*~7~~7AC~cI!>~. ~~1*cG-CM!ffl~tl.Q~7

~ ~ 7 AO)miIL~~d:iiiv~t>O)7J~~<, m;tL~n~~v~~~c~~1*c GLO)M!ffl7N!Yt7J~rei7N!

~-c'riJfj~ctJ:~. ~tlGO)~7 ~ ~ 7~~1*~d:, ffijtlit{~Jf1, ffiiillJf1, fI~I395!iYt~(rijJ:

~it:Q t~~ ~::, ~1J[]~~t~~d:7t*0)-$~~7J~aA:~ Gtl-Clt~Q. t~ C: ;t~t Zt02 ~::t3lt~

-c~d:, .i~A ¢::} IE1JAO)riJi2!I39~3~:J::.QJm.~~~tJ:<Tt~~~:, CaO, MgO,
YZ03 tJ:c~~1J[]G, ~t~ '7 /~ /7 O'X11' LaCt03 ~:t3v~-c~, La O)-$~ Ca-ell
~T:Q ~ C: ~::J:: J -CHfm~~/J\~ < G, ~7N!7J) GO)Jm.~ riJfj~~:: G-Clt~:Q.
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34-17:

-~~:~d:-e7 ~ 'Y !7~~~ C(PJ~~d;:Q tJ~, *fStitt-e 7 ~ 'Y !7 A ~1JD~GL :: O)-e 7
~ 'Y!7 A ~~~M~cg-:Q l:::--~--O)tI~~-e7 ~ 'Y !7l:::-~-c lt~:>. 1i~O)tI~0)

-e 73: 'Y!7 AO)f,j.~J:7)v 3: 7, {3-A~~ =t. ~ /, ~)v:J /tJ: ctJ!d; t), ~t~ 1:::-~
.~~J:~~-e7 3: 'Y!7 AO)a:p~:~tJl~Atlt~ ~O), .~JlftJL~~JM~~: GL!tt;~luti

~O)~c~~t), ~$~.1:::-~-cGL~.~d;Q.

34-18: ifJe~J (-e 7124)

ifmlj(1tl~, *ljtJ:c~AIjt), 9t)~GG, ~t~~J:m<t~~~:~m9~~H!~~.

O)~~) ~:iAlIlti~f'f49~tJ: c~EI~~tJ:~~~fi2~Gt~ifmf,j!\,!r§b~lt)5. ~O)~

.~:~J:, ~~, ~-A 1'~, ~~O)~O)tJ:ctJ~~Q. ~~O)m~~J!!1I!tJ)G*.BIJ9~c,
I~)v~ 3 /~, ltbn~~, 3-Fltbn~~O)=J~:?t~t~ ~ CtJ~~i!Q. f?ij;t~t, 7 E/~:J

/ /'9 / ~, ~~J\7ifmRlJ, ~~J\7ifmRlJ, 7 '/ 7RlJ, J\)v7~ !7+7~ /7,{ /!7+:J
//'9 /~, ?f~~-t/~""-A I'tJ:ctJ~~~.

34-19: ifJeffil{ (-e 7125)

ifmf,j, £ft, ~~RlJO) 3 .~~*n)GtJ: t), m~KiftJ: cO)lJJmlti~f&~£f,jO)WJ:

~:ifmf,jn~~W~~:?tmG, tJ)-:J, ~~RlJ, £~,j~:J::JL~Q§~~lti~~:~~~Ji:~

tlt~.~~~JLV)~ ~ c~~.c9~if~JJ · ifmIA. 1tl~, *fj, ~O)tm-~O)if

~JJ •ifm1JllI~:~m9~. ~~c GL~J:, ~-1', O-)v, ~)v 1', 7,{:A!7, J4~r§b

tJ:cn~~t), ~m~tl~ifmljcGL~J:, mM7)v~7, ~{~7~*, X~')-, 11
*'Y 1'tJ:cn!-~~~Q. £ljCGL~J:, m, *1£, J\)VtJ7~A'~7Y~J\-, 7°7A
T'Y!7 7,{ )vb.t~cn~, ~~RlJcG-C~J:, ~:n)b~t~~d:~~lfn~~~RlJtJ!-~~:~m~

tlLV)Q.

34-20: -t! 7 ~ ':J?I~ (-e 7244)

}]~':t7~ 'Y!7 ~mv)t~-wJ~IjIA. ~*aIAO) 1 fI-c'~ t), -~~:~J:7)v3: 7*I
A, 7)v~7TiC*IAO)::c~m9n~, jiilI~:tJ:J-CcBNIA, ~*8~~~~-t/~

IA, ~{~7~**IAtJ:cO)~Gv)t7~'/!7IAn~-:J~'-:J~'~:rm~~tlLV):Q.-e
7 ~ '/ !7IAO)-~~~.~J:, t7 ~ 'Y !77J~~~~H!< L~V):: c~:~ t), ~tln~ilIiF

o)IfFfI~O)~~~~f~5 ~Jm-wJ~rJ • m-wJ~fJ",O)~~~~m~G-c*JT G v~IAO)I:ftJL~~ff1:E

ctJ: J -CV~Q.

34-21:

mH!~1tltJ:cO)-wJ~IjIAO)~W~:,iTiil*ftlti~az~9~t~~~:, ~f~~· g{~~·1l

f~~tJ:CO)t7~ 'Y 7 ~~~~, ~Q v)~d:1~~~~:~~~:*1tflGt~T'Y 7°. ¥$c GT
~d: CVD $, PVD $tJ: C7J~~Q.
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34-22:

T ~ -~)vX /Y/~V ~70x /Y /(J)ff&.~tJ:c ~1tl~IO) ~~~i1, ~~i1(J)J::

v)-e7~ ~!JA~:S~IO);tt~tJ, 71A~-l::/(J)ff&~H, fit., lJJ.tJ:c~-e:7~'/!/
A $diJ~:S~IO);tG z:. c ~:J:: ~ -cfF~~nGI/Y/. -e7 ~ '/!/ X/Y /~J:, 1tl~~

~1/f'iiJtmtJ:iGiv)fFlJJm~IO~~~-r:~G(J)~, ~~*~iGi?iJG z:. ctJ~-r:~, *t~~~~~\

~cit~, $Ifi-r:~G ~ clO)~, ~I*)v~-I/Y/c G-cr.tElan-Cv)G. ltf-tc
GL~J:, ~{t71 *, ~{t71*, ~17 0 /, $7t~~{ty)v:J =-7tJ: clO~iJflC~n
LV)G.

34-23:

M.J5t7t~i*r.tTG C c tl ~:, &:~~j}*tl iGi?iJ G(J) ~:7t7ttJ:~[tifJ(~r.t-.:J-e:7 ~ '/ !/
Altf-l-. J)j(~, .~:SJ::V:_(J).~~tJ:c-r:M!ffl~n, ltf-t~J:~a9, {t~a9:SJ::V:.~

a9~ftF~~tRT G.

34-24:

ffiji1<~C G-cO)~fflm~7J~ l000°C ~J:O)~f~~*ifiii~••~tJlffla9~:-e7 ~ '/!/ 7 7
1 J'\-cJP¥~G-Cv)G. mik••{~7!:SJ::V:lNlIK1*••{t7!(J) 2 fim(J)~~jj7!tJ~~G
iJ~, ~~fiO)*~~11N~~:d:: J -C:S tJ, jitl-~~:~d:J±W~5a:~fflv)t~ 70-1 /!17!
iJ~f*ffl~ tlLV)G. z:. 0)~7!~:J:: G•• ~d:, ?}v ~ j-, y I) tJtJ~~n~n40-60% O)fIl
J5t~ tl!>, 1JZ~••~ 2-3 Jlrn, ji*~~ 250 mm fi~O)m••~-~a9~:~1~FA.~
~G. 1960 ~~~~I~~~0)71 =/!1ftf-l-c GL(J)ffl~;Q~~~mllDGL:StJ, $I
fit · ~~JJ1fI~tJ:cO)~~tJ~fflffl~nLV)~. z:.0)?)v~ j- • yl) tJ••O)~~mG-c-e

:7 ~ '/!/ 7 71 J'\- cJ::~S~::C: tl ~G. lN~1*••f~7!~:J::~ L~~~n~-e:7~ '/!/
7 71 J\-~d:jim 10~~ tJ O)rm§£~:J::G tlO)~~GtJ~, ffiji~JJ1· f~~a9~~JJ1~:fln

t::..7 )v~ j-.*ttJ:cO)m••, i!!~.*t, {ffl~diJiJ~rtJl&~nLV)~.

34-25:

[1] J±.JJ1-e7 ~ '/!/ AO)~tJNm~~frjfflGt::..J±.-e5" ~ '/ !/*rO)~~7~ }v~-~

Jt1~~~~ 'b(J). J±ilJt1--e '7 ~ 'Y 7 A ~d:tI~a9 Q fjiO~~v)(J)-c', 7 ~ )v~-C GL(J)~

tR~~t::"~d:~a~7J~~~~:~~, im~~~~i~d:~JlPX:~~;tG z:. cd:: tJH:it~:~;tG::' c
tJ~~~~. a:pJL\}a]~~~d:J±.-e 5" ~ '/!/ *rO)tJNlJJq:- ~ ~~~~:: C: ~:J:: tJ ~OG.
AM:7 Y;tffl ~1455 kHz -r:~jjftiJtJNJJJ, FM:7 Y;tffl 10.7 MHz ~1I.*)v~-MC:ib?iJ:C
- ~ ~M!ffl G-Cv)~ tlO)7J~~v).

[2] ~H, 7)v ~ j-, f!i'ytJ: C0)*1l~717A. 7 7 'Y !/ A O)*Sft1ftJ~*Sft ~ it, ~~O)

m:rL~~t::..itt::..tlO)~, MrJij~0)7tl1l, ~1*, ~1*, ;m1*(1)iJt~, ~1&tJ:cO)~ft!~:ffl

v) Gn~.
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34-26: ~"5~ ':/!J If. ':/7-:; (~7245)

.~~.iO~1f1§~tlt~--e7~ '/ 7~~J:~:, *~f*~~~m.GL--e7~ 'Y 7=t-~ '/7
-c'!tll: Gt~~~. ~~7J\ G(J) A ttl JJlifM~(J)l& t) ttl G1J~:J:: '":::> LT::L 7 )v1 /71 /1\ '/
-7-:; (DIP), 77'/ 1'/\ '/ -7-~ (FP), 7=t-~~)v t:: /1\ '/ -7-~ (t:: /7"1) '/ ~ 7
V1), 7'/7=t-~ 1) 7tet.ciO~'JiJ~.

34-27:

IC ~.~$tirc GL5GfiX;~itQt~~(J) IC 7'Y7(J)~~~v~5. 1\'/-7-~IN~d:IC

7'/7~I!!!I~T~57~1*/T.{ /7", IC clifM~~.~a9~:~~TQ'71~*/T.{ /
7":t3J:: (J~$m!Jl7J\ G IC ~f*alT Qt~~(J)I\ r)~ / 7"INjtJ\ Gtet. '":::> LV~Q. J\ r)~ /
7"(J)fj.~:et t) 77 A 7'/7, ~7 ~ 'Y 7, =t-~ / (~".) 1\ '/ -7-~~:7t~tGtlQ.

34-28:

~7 ~ 'Y 7tJNtJJT~J:J±.~(J) BaTi03 , PZT *tJNtJJTcm~~(J)7:r. 71 ~*tJNtJJT

~:*}JIJ~tlQ. J±.~(J)PZT *tJNtJJT~J:~.$7J~*~ v~t~~tJNtJJT(J)r*J$1 / e-?'
/AiO~/J\~V~ z:. c, .~m~*5'@rf*fx:, ~~ff~$iO~*~v~tet.cO)%.iO~'JiJ~.~ G~:--e

7 ~ 'Y 7 AO)t~~, ~, *~~7J~H:~a9ff:1t~:-c~, ifiji~JJ17J~&v~. 7 I 711'tJNtJJ~

~J: Ni-Cu-Co * 7:r. 71 ~ 7J~±mt. ~l;~~~~tfL~'t '":::> LV~~ o)-c'~v~Jaj1Jtfx:*-c'rii.J.

mtm~n~tJ: <&WtJ:ti~$~ G~T.

34-29:

~fj~7~ '/ 7 A~*~f*f~G, ~tl~tl%.O)'JiJ.Q.~HftfLf*n~rm~~tlt~. ilift~

~ /-if- e:tJ:.Q NTC -if-~ A57-, =t- J. 1) -J~-c'.~~tfL{i«7J~~.~:llJ:Q PTc-if
2. A57-, ~FIOC.JJ1HftfLf*O)!'I)A57-, IJ\~*~.O)*~f*:J/T/-if-, tJ:C~J:V~

-rtl 't t 7 2. '/ 7 *~f*~: J::.Q fiX;*-c' 'JiJ tJ, ~ 5 Gt~ltf~rm§e~J:~ G~:mf~~ tl.Q.
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Lesson 35: Materials III
(glass, carbon and ,diamond)

j'd .:r. /' lead (metal)

tJ:* tJ lead (metal)
jBill
jB••7tf!

I/737
tJ:* t) 777/7

perpendicular
lead storage battery

[!!J :;t ':7 dented, hollow, sunken
[!!J8 :;t':7!''Y
[!!J v /,A' :;t':7 v /,A'

unevenness, roughness
concave lens

_ ::¥ 3 ':7 achievement, business, conduct, industry, occupation, service, studies, trade
b ~" act, art, deed, performance, trick, work

{~~I~ tJ jj 7 ::I ':7::¥ 3 ':7 chemical industry
~*Jl =¥ 3 ':7 t 4=- accomplishment, achievement

JA ::J ':7 broad, reaching, spreading
D ~ (v)) broad, extensive, spacious; D ~ (tJ! Q ) to extend, to spread out {vi};
D 0 (~jQ ) to enlarge, to stretch, to widen {vt};
D ~ (* .Q ) to become popular, to pervade, to spread {vi};
D 0 (~Q ) to disseminate, to enlarge, to popularize {vt}

J.t*~ :J ':7~11 4=- broad bandwidth
~MJ.t< ~j:~t'D0 < extensively, widely, broadly

:J 7 black, dark
<0 (v)) black, dark, dirty

~~

~f*t&M

::I7I/
::I7~1*':7~~

graphite
black body radiation

~IIIFJ ~ ~7 curtailing, reducing, paring, planing, sharpening, whittling
~t9(~) to curtail, to reduce, to pare, to plane, to sharpen, to whittle

~~-wJ~IJ1JOI 4=- / \/7 ly '/~7 tJ :J ':7 metal cutting and machining
-wJ~IjI~ t '/~7 :J ':7 if cutting tool

1m ~ /' childbirth, fortune, native (to a place), product, property
5 (*nQ) to be born {vi}; 5 (U) to give birth, to produce, to yield (interest) {vt}

Jm~ ~ /::¥ 3 ':7 industry
*.~Jm ~1 I) 3 ':7 t 1 ~ / mass production
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I-LI

IJ}(, ~ / charcoal, coal
T~ charcoal

:fiitR.
itR.~

coal
carbon

~ 7- 'Y obstructing, plugging up
~f*~~ :r:=r-~17-'Y'J

~~ 7-'Y'J

~ T=r- agreeable, appropriate, fitting, suitable
lI~tJ: T=r- I' ?tJ:
lim T=r-3?

liquid nitrogen
nitrogen

suitable, adequate, appropriate
application

~ T /' air, celestial sphere, destiny, God, heaven, Nature, sky, top, weather
3!>~ heaven, sky

7(~~?tT T / -* / :J ? -;J / ~ natural polymer
7(~:i14 T / -* /:i.b. natural rubber

m .:L? actor, gentleness, superiority
T <"(tl.Q) to be excellent, to excel, to surpass;
~~ (Gv)) affectionate, gentle, graceful, kind, tender

~~tJ: ::L?~ .:z.. ? tJ:.;t J.?t/

8 t- 'Y beetle brow
8m
8V/A'

~L '::.::z. ? the breasts, milk
t) t) the breasts, milk

~L{~RIJ

~L{~m~

I''Y~.:z..'Y

I''YV/A'

=.:z..?jJ~1

=:l?jJ:/.:z..?:i?

projection, protrusion
convex lens

emulsifier
emulsion polymerization

excellent, superior
precedence, priority

I~r;
-,.,- 0 furnace, hearth, kiln, (nuclear) reactor

J*T~ 7/~D

m~~M~ 7/=r-t1:J?D
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35-1:

Reading Selections

j1':5 A (f~~286-287)

~FMJ.O)~f*~•. ~~~:~d:=mf~71~~±fiX:Jtc:G, 'J-7'~EEJ<~=mf~=*ry

*tJ:cO)mf~!to/.J~IIjfiX:Jtc: GL~U~FMJ.0)1i!!If*~m9. 7t~l19~:~fJijtJ:Z: c:, ~3~
~~imA~it~ ~ c ~:J:: lJ ~{giO~lJJ~tJ: ~ c, ~t~he~9~ ~ c: ~:J:: tJ ~~~:~W-e~
~ ~ c:t~ciJ) G, tt< iJ) G~tf(im~tt~t~cO)~m~Jtc G-Cmv:\Gtt-c~t~. f~~~

M~ J:: <mv~ Gtt~717A ~:~d:, i) 'J-?fEEJ<~~U~.717A, ii) ~tt~:jJ J) fiX:Jt~

he x f~~l19~~'11~mGt~ rPJ t;~.* 0) jJ I) 71 7 A, iii) * ry 71 m*-r::JJ\-Jlt (71 7
A!tAm~~) ~~ I) -JT/ c:~t~."5i'f*Ic~~ :JliJ!.=~, iv) ~ /!J~AT /~:ilIv~

."5i'f*Ic~~:J~/~A~/717A, ~*ry71m*717A~~~~.W5i'f*1(0)

IJ\~ v~liJ!.-~(mliJ!. c: ~ v~ott~), vi) 100% =mf~71*O)E~717AtJ: ciO~~~.
fJE*f~~~M~:~d:, jJ I) 717 A*O)v~o~Qf~~liJ!.717 A7J~~Iu~~ott-Cv~t~7J~,

m1£~~d:~fclucliJ!.717 A, ~tt~liJ!.-~~:~o tJ JJ~:Q. E~717 A~d:ifii1~'11

7J~iNiv~O)~, il5[iPq:t~1X~~fT5 C~tJ: c~:m v~ Gtt~. ~t~, IJJfJlffBiJ) GilI~~ffB
~-c'J.tv~~*IiJ¥X~:ot~ J L7t~l19~fJijJ3t7J~iNiv~O)-c', Jt7t7tJ3t~O)~)lt~7t 7 71 J\
-c GL~mv~GttLV~Q.

35-2: jJ:5A {t (f~~287)

*5MJ.~f*~li~t~1Jit-c'~f*~5[f*~:~xt~0)15, *5MJf~ ~ ittJ: v~~717 AE37Al
J3t~~0)~f*~:9 ~ ~ c. *aMJ.~f*~1Jo~m1M!Gt~O)15~lfi9:Q O)7J~~~-~l19t~1J

it~~:Q. &~0)~m717A, ~., ~5~50)~~~, ~~A7~0)~fiX:~c~~0)

f?iJ~~~. 5[f~~*-I~1Jit(~~it, AJ\'Y~-it, ~D-1i~ilitt~C)~7)v~*-IQ

1Jit ('f)v • 7)vit) ~717Af~~ttG~ C~fTOttLV~Q.

35-3: 1::' I' 1/7A (t 7383)

717 A~~:t19K9~. ~O)~~d:~J3tO)e ~ 1) 7 ~ ly-~ 3 /O)*6*5[fL~7J~~V~-C

IJ\~ <t~ J t~t 7 ~ 'Y !J~~~:lim9 ~. 7:), 1) jJ l:~d: ASTM C242 l: r,,*~1 lv, ~
~1)vt3J::ltf~J±~T~~~Wk*~7J~0.5% ~~O)~~J ~1t19K9~. ~1 )vc:f~J±~

T-c'~d:Wk7J<*n~3% ~ ~ xtJ:v~ c ~~: ~ l' 1/7 A l:~~ cJ!tJ:~ tt:Q.

35-4:

~~O)EEo)*Jl.fiX:~d:71mJil71 '7 A 0)71 7 Af~*BIm(Aj~:~ Q ~ O)n!~v~. Gt~n~~ -c,
EE7J~{ij Gn)O)JJJtI2SJ~1M!l~~J:~:1Jo~~ tl~lfi~ tt~ C717 A7J~~fiX:9~. ~ttn~~~

717A~~Q.•~EG~5~Alfi~hT~G~.~E~R~119~~0)l:~G.~~,
~J1Ec:O)IJ~-c'A~Alfi~tlLl:~~1 /'J\!J l' 717 A7J~~~. FJ 0)717 A~ ~tt~:~

9.Q c~x GtlTv~~.
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35-5:

#7A~~~GLJ<~~~*,T~b~, 7D~~~~~GL, #7A~~M~~

J:: fJ ~ftttt~~~~.*6 Gt~#7 A.f*~ tt~:> .•*6~~~~{tttt~c~~L.ctJ: fJ, riitt~ c.#
7 AtI\~z:tJ:Q. ~*#7A~!t• .f*~~;I:> 0:>, #7A 7 ~ J1t~-~.*6#7A~~Q.

35-6:

7t-Tft2~~~tI~~Z:!Ltlt~q:.rf:f~fE}~~Q~*~It1*6A~~{fjT~c., {tt~~FffE}~~fi3

~~~fJ~GL~~~~**~{fj~~tl, ~~~~~~#7Afi3c~C*~~~T.

~tlJ:: fJ ftt~~tJ\m~J:~~I/ ~ 0 t:-~~ G~JJ~m=~JlIj~Z:~btJ:tt~. 7t-TmIL'~J:

MA.-T~~~GL7~IM~~4~, ~.~M~~~T~~~~A~~~~, 7t-Tft2
~~~!L.tJ:**3-F3¥Ii31i~tJ\m~z:~~~~, ~Gv~.~tJ\mc GL~~.~\G ~~~~

~~4~Gtlt~. ~70~:f-~J-)1t, 2, 3-~;{~)~7~/tJ:c, ~<~~f?iJ~~~~tl

Ltt~~.

35-7:

*aA{~#7c 'b tt~:>. ~-tJ:#7 A ~$X{~}~f1m~fflIJ~~ tlt~A7~:I. - J1t~Z:~J L
M1JD~G, 1I*HItJ:MAO)_* fJ ~:~~Q1J~~J < GtlQrst9m~. ffflliTQMA~fI.
~*~ ~ ~Z:J:: t] ~~tJ:~~tJ\G~~~tJ:~(J)tJ~~~Q. ~lt:~¥~~#7 A q:.~Z:*SMrtJ~

ffflliT~~~C.~J:~BIJ~tl~. ~~~ S. D. Stookey (J)1~~~:J:: fJ 71:: ~ O~7 ~ ~ 7
C. ~J::~~tl, 1\1 D~7bo)~-c'ml&~tlLv~~. 1IaJtJ:~AO).~.f*~:T~t~69~~

~lVJ1l'JcGL~, 8ftl, Ti02 , Zt02 ' P20S tJ:ctJ~~1JD~tl~ ~ c.tJ~~tt~. Li20-Al203

Si02 *#7 Atr~ G P-A~~:I.;{ /~ P-E~~~.f*~ffflli~itt~~~~~Q tt~~J:~~ftt

~5i# 7 A (~fIi.~:5i <IDm~mtt~~:m tt~ Gtl~), rii~5iO) Li2Si20 S ~ffflli ~ itt~ ~

(J)tJ~~:tJ. ~-BJ:(J).aJMA~ffflli ~ itt~ ~ (J) ~J:fI~~tJ:-fj}]~rJtJ~PJfj~tJ:~m~ c GL~G
tlLtt):tJ. BaNb20 6 tJ: cO)5i~~f§ ~ffflli ~itt~ 'bO)~d:~~.f*~:M!vtl Ltt~:tJ.

35-8:

#7 A 7 71 J'\- c. ~ tt~:>. *~fttJ:tJ\m-c'M~~5f J ~tJ L 5-15,urn mO).*fEtJ\~:

Gt::'#7 A. I~~~=~d:~MGt::'#7 A ~~f{(J)*DJ~L~~?ftl~7J\ G51~lli GLJ < Q.
mJas • 13~~=~CLfI~ ~m~O)~O)7J~J < Gtl~tJ~, ~~~d:ffiii7J<1t1, ~~*&KiIt1~:.

tlt~ E #7 A (Si02 53.5, Al20 3 15.0, CaOI7.5, Mg04.5, B20 3 8.5, 7 J1tjJ 1) .{~~

0.4, Fe20 3 0.2 ma %) tJ~mtt)Gtl~. ~~:J:: ~~••c.m••~:7t~tGtl~. 7t~f~ (
7t771/'\-, lfJT~lj, H&~lj, tFi&!lj, t!\V-~-~:mtt~Gtl:tJ~;I7J), 7°7A~'Y

7~t~ / ~ c~~{~G, #7A••~f~77A~~7(FRP) ~#7A••~f~t~ /
~ (:1 /7 1) - ~) (GRC) 7J~J < GtlLtt):tJ.

35-9:

umlfJ\ FRP. #7A.~~7°7A~'Y 7 (J)q:. ~=AtlQ:: C: ~=J: J L, 5i~, ffiii~It1~
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5tf~Gt~~0)~d!>~. m~~1, ~., 71v-~tJ:cO)Smlt, mtft, ~/!J, ~-~,

~tJJ.~7,{ -tJ:C~:J.t< M!m~tt~.

35-10: 1J7:AlItI (f~~287-288)

717A~~~Jt\$cT~1 ~/~tRlti.ti. f~~~tJ:~0)~1**1 ~/~:~tR~~:Jt\

~T~ pH ?J{tl~m715A.ti~, 1906 iF M. Cremer 7J1m~O)MJtiJj£~:715A~7J1~Jt\T
~ ~ c~~~~t~O)~:M*~. 715 A~O)fJl.PX:~~;t L, *~1~/~~O) 1 ftffijJ7~/

~:Jt\~T~.ti~J < GttLv~~. 715 A.tiO)~Jt\$~1J)j(~0)~(J)7J1~<, rJq$~Jm

•• (jJ 0 ~)v.ti*t~~1. • J.lf~••ti) crJq$~ [-~.Jj£0)Jt\~1~/c~Jm.ti

0).{fttR:~1~/~~trm~(J.lf~jJ 1) '7l\m~tJ: c)] 7J1A J LV~~. 715 A.tiO)C
f}[:~1, Jt\~T~**1~/~1 ftffijJ7~/(J)ffi.~:~tC,L*)V/A ~(J)J:t(J)~~:tt:>O)

~, pH ~ 1 ftffijJ7~/O)ffi.0)?J{tl~, tjij~tJ:c~:~m~d!>~. *f~: pH m715 ACti
~d:~B~~ffi~fQ~~QpH ?J{tl~~cc,Lffjm~ttLV~Q.

35-11:

7C~717 A g:t ~:~±m7C* ~Ic % mm C, t~ v-~-~. ~ v-~- 71 5 A Cv~ :> .
~tt~7C~mc,LV-~-7C0)~~·m~~fi:>&~~715Av-~-~d!>~. ~±m

7C*0)g:t~ Nd3+ 7J1ii~ v-~-~j]$7J1reiv~. v-~-715 AO)Jti.~d:-BJ1*715 A, ~
fp1~/0)f1~tJ:C~:.{t{ffTQn1, 1) /MJ.l* Nd: V-~-715AO)~~, ~~1Jt*

~d: 1.054 Jlm, J:~{ftO)m7t~1frt~d:K0 300 Jls ~d!>Q. ~m~d:Jm~/\)vAJJJfF(J)=ftJ /
~.~~fTbtt~. *~Mt~~(J) Nd: YAG ctt~~FMt.O) Nd: 717 A~d:, 7C~~~.

Jj£nt~ <, n)J{:Ejj:(J)~~~:'1J[]I~~Q. m7CA~!J ~)v~d:~~-~:.J.tntJLt3 0, ::
O)t~~~~~M~Wfi~d:K04x10-24 m2 C/J\~v~ (Nd: YAGO)K01/20). Gt~7J1JL/J\1~

~fIJ1ij:f*1c7J1/J\ ~ v~O)~, v-~-~.rJq-c'~~~~~~9 ~ ~ ctJ: <jc~tJ:I*)v;f

-~&&~~CC,L~;tQ~C~-c'~Q. ~ttGO)tt.O)k~~:717AV-~-~

/\)vA'hfFO)jcttlJJ v-~-~:)IGLV~Q. ~~m~M~fTv~, n)J~ ~-l\ft2li1cT~

~ c ~:et ~, /\)vA~M 1 ns ~ttlJJI*)v;f-7J110kJ *i0) V-~-~~7J~~~~ttLV)
G.
*t~1tf±~7C*~r-7°Gt~717A 7 71 J'\-~771 J'\-v-~-cv~5. IJ\~tJ:

~mAJJ~~~d!>~v)~d:m~M7J~1ij:Gtt~.llt*fJ1~~~i6, 7Cm~Mi6~cC,L, 7CJmm
tJ: c~O)Jt\mntM~~~ ttLV)~.

35-12:

~*.J*f-t~±1*cTGI~ltf-t~,~~~tJ:~~Ifi~:J::G~(J)c GL~d:, :J-!J
AtJ:C(J)~*~l::'Y7tJ:c(J)*a~~J~mV)LPX:~,~PX:c,L1~Gtt~~*•. ~tt~~

G~:'~~f~ C,L1~ Gtt~A~~~.7Jt~~{~~~tJ: ~ 0)~ d!> G. ~ tt G0)~*ltf-t~d:Jm

~~d:~fL.~d!>0, ~,~~:'~GL~PX:~D~, ~~tJ:C~~~GL~Jm~/tiCG, *t~J*

f-t~:1tl~~O)ft!!O)ft!!f1!fo/.J. ~~2~ GL ~'~flff~O)rtiJJ: ~ ~d:7J)~. :: (J) ~~7J) ~:'*f,*(J)~~
~:'J::Q 'bO)c GL~~flR~*, 717A~~*, .*i~~*, fJ1~Jti~~~O)ft!!ntd!>Q.*t~ft!!f1ltf-f c O)~~lt~~f1J < GttLV)~ . ~**tf-fU!!l~0) t3 'b tJ:*f_ C:: GL~d:,
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ii~JI1, ffiii~••ttn~~f¥l:mik, $Xf~T~ :: c n~t~ <~m~~ c5i~n~m*T~ · ~.
~$n~/J\~v). iMMtt~:f§tl~.•~, ~O)~~ttn~J::v). iifttt~:.tl~n~ltf~~:~d:

ij5jV). -IN:~:5i~O)~~f~~d:IJ\ ~ < iJ)-:J ~ 0 v). ii~, ~~, ~., ~~, lift, if~M

td- c ~ EJ I¥J c Gt~.~v)m~~:fIJm ~ tl~.

35-13:

Jlta.*6An~~Ie, /Fm.RIj~:.~GLl:~t~m••~f*. I~',ff-f.C:G-cO)~*, Jl
ta~T~L~*6AJltal:~~~,~~Af*~.dT~M~O)~AO)*~~,.~~.,

~Ara'O)*6~fJJtt~cO)ilv)~:J::fJ',ff-f.c G-cO)~JI1~d:*.~:~b~. f9iJ;?t~J:, tt~1¥J

*~ v)*6AiJ~rm C1irm~:ft2~JTtl~J:.1iJI1O)*~ v)Jlta,,fn~~~ 6tl, *6An~/J\~ <, iJ)
-:J~f!JCJf~:im C tJ ~v), Gn)~~tl6n~='!A7C0)~tI~ ~J -C*6~~ tl-cV~Q C: ~~:~d:
~1ittO)~.~*ct~~.

35-14:

*f~:i$)-td-~:rLm~~-:JJ::'5 ~:~~~tlt~~~:rL$ 50% ~J:O)~*'tf-f.. ~i$):rLm

20-150 Jlm fj~O)tt~I¥J:rLmO)*~v) ~O)~d:¥PJ/&~t.JA1JtftX~~~mt~ c~:fIJm ~ tlQ.
t.JA1JtftX.1i C: GL~f-f..W1.tJ: C~:m v~G tlQ~:rL.~*.~-c'~d:~i$):rLm~d:im1it, Ie
tJ:v~ GIe+nm C:/J\~ <, 7J)-:J~. fi!lI • ~-f§O)~~1*~«dTGt~&JO)~:rLm7ttrJO)
i$)-Jl1n~*f~:~*~ tlG. .~~~d:IEIi(~*Ii) C: G-CflJm ~ tlQ ~ C: iJ~~ <1t*0)
ffllt1~~ll1fl~n~mtJl~tlQ~ c:n~~G.

35-15:

~~A.~*~Qv~~d:3-~~ta.~*c:~ v) '5. ~*O)rm*f*O) '5!>, ~m~O)1JD~~f~

~:~ G-CW~~~~~ifi7tTn~='!A7CmJ{IjI¥J~:f1J1it9\ !LJI.~O)*6ATC G-C~~
G~~O)O)~•. ~-~A, ~-~~~5~~, *~~C~~Q. W~~~.ifi7tTJI

r~'O)ll§"~d:, 342-344 pm C:~~~~*5AO) 335.4 pm J:: tJ *~v). mJ3t~d:, ~taJ:: t] IJ\

~<, tt.ififl~*~<, ~f*, ~f*, .m~cO)~.MC:G-Cm~-c'~Q.

35-16:

tJvO-A ~Q v)~d:~fjO)~~{~Jl1tMn~tJ: cO)dm. ~{~~~fi!lIf§~m-c'~:Q~7J)~:

~*f~T:Q~ C: ~:J:: J -C~dTQA~l¥JtJ:.Jltaf~II1~*. tJl.~d:5ifi!lltJ:~tI*6~~:J::

J -C.d~tl-Cv)QtJ~, Jlta*~ATtJ~*~ <~~Gt~$7t~d:~lclvc~~~ 6tl~, f,lt/J\
td-7tftXGt~M~:rL~~G, m~~d: 1.4 g/cm3 iVJ1~c{ttv). ~1iI¥J~~ifitJ~t.J7 A~O)~

Il~~G, t.J5 A c:rmfjJ3t~:~f*~J/&J3t7J~~b~-C{ttv). 2500°C ~J:0)~m~9l1J1I!~:

J:: J -C~~ta*6ATO)D~td-d~~d:~ Gtl~, ~7tm~* C: ~d:~< ~tJffil¥Jff1£c v);?t:Q.
~J3t, 5!iJ3t~d:*~v).
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35-17:

~tI~n~~~J.I~:J:J L~*1~g-oi&Jm~JEt7k*, m.'@J, ~*J]{TO)m1~, Jj~~

1tn~Jm~~:i1!fTg- ~n~, g*Jj~~7tT~±f*Cg- ~.~n~~~g- 0 550°C llfj{~~~j:1'

ilp~m~:tJ: fJ, ~n~l:0)7A13t~~j:7tTO)fi291JtJ: c 0)*~MtJ:~1~~j:~ ~ fJ ;t-r, ~*O)

£*.~ ~d: ~~ ~£ :. O)mfJ~~#C)£ ~ n Q . :. 0) J: :> tJ:~m~: ~Q~*O)£*.~O)-B.}f*C
tJ:~*!1B~it~~*llfjmf*c v) ~.

35-18: 8<:~I. (--e 7280)

~*it~~ov)~j:~*1t'@J~~±J]{f-J.eGL~*~Q v)~j:~*~±f*cg-~I~~~

~~~g-QI~. I~7tlfe GL~d:~~~:Qv)~d:iI~1t~I~~~~G, fj~~tJ:~~I

me GL~d:~f*~1&t)t&5~~, v'~",:Qv)7t~t, 1m_, ~~:t3J:LF~~~~J:~.~, il5[
~~~J:G~~1tn~:t3~tJ: ~O)-C~ fJ, ~If~~:Ji1it 3-4 Jr FJ ~~g-:Q. jJ-~ /~7 'Y
~ ~fflJ[1~O)~~ ~ (PJ c: <~*~1& t) t& 5 I~-C~Gn~, ::n G~j:~tI~~I~~:7t1i

~n~*I~ e ~d:~ZIJ ~ n:Q O)n~~)i-c' ~:Q.

35-19:

~*ttf-J.O)1JDI~:Qv)~d:tJl~llL~:J:J LJ <Gn.Q~fjo)I~~~. ttit~:~d:~*

it, ~~itO)~~n)~fj~:bt~:Qfl'@Jttn~~:Q.1~~~tJ:~~~~~:{rtl~g-.Q.

6)~~m:.~~M~m.~, ~.~.~m~-A~, ~~~fJm~D'Y~:t3J:LFM

E, .~~ft~f*, GJg, .~, MA, ~~W, ~~~.

(ii)7CtJjm : 7t7C7tfJTm~ti, ~~mjJ--~/.

(iii) ~~{t~m : ~mm~ti, ~W!m~ti, o)(~1JDIm~ti.

60.tlm:~7~, .~f*, .~, MMf*, ~TW~~.
(v)fI~m: $Ib~, 1\'Y=f/!f, tJ:AJr'Y 1', «--/, l1!!If*ir~fFtRIJ, *~~j.

(vi){t~~film : ~~.~, ~, m, ~/7°, X~~~--, ~2W$~, 76:fll~, ~~f&,

ifii&!tt.
(vii) J]{Tnm : i»XJaItj, JXMlt, 1!&f-f.~~ ·
(viii)~O){lli: *mRJt~tI*t, V:;~--A~-~m~, ~iJt~l&f*, ~f*m*tf-f.

35·20:

~fliWi7tT.*i~800-3000°C O)-ilO)~~~1JO~~~~~J:~ L ~ C: O).*t~~~f*
~ t~ ~ *~*f~g- :QtJl, ~t~~d:*1i* Gt~ 1::: 'Y T~~~~g-:Q ~ C: ~~J: ~ L~~Gn:Q.*i.
Wt*.*i~d:**~1JJti~~2rtiJJti~::z Gv) ~ O)~~ ~ tJ~, ~~~i&1f~~::.t3V)L.*i~::~JJ

~7J)~tL}g1$g-~ ~ c:~:J: t), .*i$Ib1JrtiJ~:~2"fjG~J[1$~5i13tn~rtiJl:g-~. ~*.*i

~d:, ~O)~itWn) G~5~13t~~Jt1~*.*iC:{~~J[1 (~.Q v)~d:~Jiit) ~*.*t~:*ZIJ

~n, WJtf~d:±~:.*i5~f~fl~*tf-fm e G-C, {~tf~d:~~*t, ft~f*, 1\'Y=f/!ft~c

~~M!m~n.Q. *t~~fI.*tJ*f-fO)fj~~:J:: J -C--t)~O-- :A*; PAN (~l) 7 ~ I) 0=
~ l))~) *, 1:::'Y7*t~C~:7t~tGn~. ~"J~~7Jr'Y ~O)J::'5t~:A~--~m~nlGRJt

~fI~jf-f*-c'~MJ.tv)m~7J~~ t), *JT**t c G-cttEl ~mLF-cv~~.
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35-21:

~*••~5ift••~:mv~t~.ftljf-f. ~*••~J:tt5i~, tt~fi, iti~fi;Q~fm~•
• ~:< G~fk$~:filtt-cv)-C, $!.'""EiUi5i~, iUi~fiO).ftl,j;Q~f~GttQo)~~~~ ~

1) '/ ~A0) ~ 0)n~~~ ~ tt.Q. ~ ~ 1) '/ ~A 1J~7 '7 AT '/ ~A0) ~ 0)~ CFRP, ~~0)
~O)~ CFRM, ~'7 ~ '/ ~ AO)~O)~CFRC, ~*O)~O)~ CCM*t~~d: C-C::I /~~'/
~ C::e:tv'S~. ~0)~~7J)~~ / ~~::fA~x ~ 1) '/ ~A l:9Q ~0)~3;.Q. ~O)? !>:Ql~~

~l¥J~~mft~tt-cv).QO)~d:CFRP '""E, 7 1) 7v~~~:e:t.QMJMfiX:~7!*t~~d:7 ~ '7 ~ /
l' '7 -1 /T ~ /!/7!~:J::~LJ <Gtt.Q. ~6lJt:p~: t!i&).Q~*••O)~M$~d:)i1it

50-70% ~3;.Q. CFRP .00.t3~tJ:~6lJ~:~d:R1i:~'~EBtlt6mO).~$6lJ, iUiil@JE~O)

@JEDfPJ, ::f)V7~77', ~~, 77'/ 1'~~7J)O)v~~-m~, ~.x.m~'/~VA

l' ~J'\ '/ ~ tJ: c;Q~3;.Q. * t~~*•••~~7 I.)v l' ~:.R~~~Gt~ ~ 0) ~d:07 '/ l' 0)
/ -X':J-/~ / X')VA o-!' ~:, tI~$l,jC:: GL.y-)V~: ~mv) Gtt.Q.

35-22:

~*••5i{(j.ftljf-J.O) '3!> ~-BJ*j (x l' 1) '/ ~ A) ~~*7J)GtJ: J LV).Q ~O)••
7!~:~d:~*••5i{(j7°'7 A 7'/ ~ ~~9l1~GL-BJlj77 A 7'/ ~ ~~*{~~it.Q1J7!l:,

••00rl3'~~:{t~~~7!~:e:tJ l~7tm~*~ttM~it.Q1J7!l:7J~3;G. ~b~l5i~

O)*~vi~*ljf-J.7J~f~ Gtt, *'/ l' 7vAm~~R1i:~tl0)7~v-q:..y:2-~:mv~GttQ
~~7J), t!&~.ttf!m.Ii~O)1m~flO)>>moo;Q~if~~ttLViQ.C-C::I /~~'/ !"
CCM c:~l$~ttQ::C:7J~~.Q.

35-23:

~*•• ~: J:: fJ _fiX:~ ttt~~~, ~Jij C:: GL ~J:.{ff C::/F.~ (7 I.)v ~) C:: 1J~ ~Q.
~)i~J:v-3 /, ~1) 7~ 1) 0= l' l))vtc!CO)1ftl••~'J< ~t~{ff~~O)~tI\~f*J

t~* *1JD~9l1~~:J::J L~*{~GLJ <QtJ~, M!m § l¥J~:e:t ~ L~J:~*••O) 7 ~ :;, ~
/~~-/~~mGL~~9.Q~~~3;.Q.

35-24:

~2if, tlt6tJ:cO)m~'=F$O)~)E~-)vc:GLmV)GtlQ~*~6lJ. ~*~d:001~, 001
itl~~:.tl LV~.Q o)-c'~ilfft~.Q v~ ~d:.itl~mt~O) ~-)v~:~ GLV~.Q. ~*f(~ Q v~ ~d:

Jll}JtO)-~O)~*ljf-J.-c''J <Gtt.Q ~O)O)~~tJ), lJiiF-c'~J: 7 '/ **.R~9l1~~fftgGt~

~*.*fE~O) .y-I'~IJJ~I~Jl~O)~- ~ 7J~rmJe~ ttIt <fUm ~ tt.Q e:t '3 ~:tc! J t~. fffij
tf~d: vi~tt ~1JJ~1~~J±Wfl7CI~~:.tt LV) Q0)'""E~9TtJ:.y- )V*I~tJ~1~ Gtl.Q.

35-25:

~fi$fb~:rdJLO)mt~0)¥Mltl~~~9.Q§ l¥J~:M!m ~ tt.Q 1) /!/tJ\O)~*~6lJ. ljf(
':~d:~*Jt, ~~Jt.t3e:ta.~Jttc!c~flO)~O)tJ~~ fJ M!m~{lf:~:~Gt~ ~O)1J~mv~ G
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ttQ. ±tJ:M!m~JcG-C~1~1)livAJ±.flo)D~~/,~4=-/~, ~5a:?'-e/-t3eta

~1IfI*.mO)/\~4=-/~, ~/~, flj¢fI, :ID7tJ:cO)~7/ ~/,~4=-/~tJ:C-c'

~Q. ~7 / ~/,~4=-/'~~~~d:~D~1JDI Gt~~*•••mdb~PJ~It1m~~~db~~mlt~

GttQ.

35-26:

~*.O)T~fJ $Ib~~, M!m~ftf:~:Jjf;t:L~fjO)fjJi7J~~Q. ~~~d:§BiOOMII1~:~

~ma~i1, mattll1~: ~.tt-CV~Q o)~, ~ltb7J~/FPJtmtJ:J.lfi, ~tMt*t~~d:~Jil-rO)M!m

-c'iOOMltb~~M!;ttJ: v~J.I~~ Q lt~~d:l& ~ m:v~mt1*~:ltb~~imA T Q~ C ~~ G? J.I~tJ: c,
.~ltb-c'M!m-c'~Q0) ~~*f.-r:~Q. ~*~1~JJte~$I¢~~~~:<G~/J\ ~ It ~ 0) -c', M!m
tMt~~:-t3~tQim$iT~*~)I-wJtJ:f~~:~~TQ ~ C~~~\~~~Q.

35-27:

~*~1Itiljf-+cG-cmv~t~1Iti. ~*~1115a:~~111, ~~~II1~:~~, {~~fJ"J~:~

)E~~rA~:ifij1;tQ$Ilt~~F~~7C*~ lt~ 5 ~<O)*f:&~ ~J. ~ G~:f!k~fflll1~~ ~, ~

fLJi1*~.W;tJ:lJ!iI1*tJ: cJ <~ 1i~:et tJ 1t1~~~;tQ ~ ~7J~-r:~ ~{fflj~ ~ ~J -C, ~
7t!lf-r:It<.tic G-CM!m~tt-cV~Q. TtJ:b~, .mI~, 1I~.M, .m~~, 11
?tf!~ QV~ ~17 -!71&., .5a:~}i~(tJ:C0)I~7tlft1)G1I5a:7tffitJ: CO)Wf~m * -rItfBrm
~:fljm~tt-cv~Q. ~ c~:7 J- ~ljf-+~G-c*-wJ~~~. f&f-+.?tf!~~5a:.?tf!O).ti

1*~j:~fL1*~f!k~fflll1~1fT~.x /,jj /~.?tf!~~j:JEti~1I1*~:~*~~mV~-cV~Q.
Wf~m~:~j:, ~~iWi7tT~~~Gt~jj7A~jJ-~/~, ~~.~it~c~frJm~tt-clt~

Q.

35-28:

.-0)7C~ (WZ*) ~.~~tlLv~~7C*~~m-r:, ~$Ib~*. f~~fJ"JtJ:*5~~~d:/\00

1*. ~0)ftl!6 001*, 12001*, 24001*, 48 oo1*O)~O)tJ:C~~~. X~~1~t/ ~~J:,

§~~~::ff1£T Q~.o) 5 ~~~~~ <, JffitJT$7J~*~<, ~~2i$I¢~iWilt~tJ:cO)filtt
t~II1.7J~~tJ, tJ<7J)G~iWiO)3s:E~GLrtm~tt-c~t~. *t~, ~~, ifij1*~ll1tJ:c

~:1§G <flttLlt~Q ~ ~t1) G, I~m ~ G-CP-lttlmtEO) 65% ~l:I¢~t~.~ tt-cV~Q.
1955 ~7 ~ 1) JJO) GE*±7J)GA~~1~t/ ~7J~~~~ttL~*, ~1~t/ ~*1

JlitJ: C~:~d:, It <-~~:A~~1 ~~ /' ~7J~M!m~ tl~ J:: '5 ~:tJ:J LV~~.

35-29:

~1~-t/~O)1f&~*~:ffl~, ~{~~m, ~{~~mtJ:cO)~*~*a~~JcGL~1J[]G, m
iWiJ±· iWirA-c'~~Gt~-wJ~rJI~. ~~7J~~<, ffiii*~It1~::filttLV~Qo)~%.C9Q.

35-30:

~1 ~t / ~ ~li!tf1lcT ~Wf~rJli!tE. ~1 ~1:: /' ~ ~d:~~~v~~.~~tJ, ~.O)ft
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f-fO)~~IJ~:'JlG LV)~. GiJ) G~~1 ~~ /' ~ ~d:*J!ia9~:'~d:~~~d;fJ i1iN~It1~::z. G<,
~~~:~tGL~ft*~G~g-V)t~~, ~*O)~~tJ:cO)~AIJ~::~d:/FraJ~~, tJ7A· E
It· m~~~· ~lj--e7~~7AtJ:CO)~JJfBlt~0)~Afj~::JlGLV)~.-JiN:,!tfjL~~d:~

f~71 ~7J~~JJfBltf-}O):tiJfArJ~::JIGLV)Q7J~, ~~~5i~O)l~~~d:~iO)~::.ttt~5'1 ~t
/' ~ ~~~Gt~~EO)1J7J~w.Jtt~, m~It1c:t>~d:Q7J)~::{§ttLV)Q. ~~~JcGL~d:~
~:t3e:trt.n~7J~mv)Gtt, ~5a:fLO)~" I) ~ 7 A~~E~d;~. ~~1~~/ ~O)i1iN~Jf1

7J~.ttLV)Q t~&), (~5a:fL~ t>w.J~O)tJ~ttl7J~PJfj~~d; Q. ifljfafi~ d;~ t~&)ff~jl'ffffl$7t

~d:b9iJ)tJ:II~:~i Gltt~. -M!fflg-Q5'1 ~~ / ~ ~d:§a9~:e:t fJ fnlt1O)~V) t>O)~~~tt
O)~v) t>O)iJ~fflv) Gtt, .RIJ~~~JO)t>0)~::~d:~~~flO)~~1~.:c/ ~7J~~< fflv) Gtt
Q.
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Lesson 36: Materials IV
(metals)

~=J;~ tJ / circle, ring

~m

M~

tJ/:f-3Q
~::l-/tJ/

environment
cycle, circulation

~, :f- .:1. Q emergency, haste, suddenness
tt~~(<") to hasten, to hurry

~.t~ :f-::l- Q7:f-t~
~(f.j :f-::l-Qv1

i:Ji :f- 3 Q boundary, condition, region, stage
~ tJ~ tt ~ border, boundary, frontier, place

m~~# :f-3QtJ1V3Q7/
~m~m ~3QtJ/:f-3Q

~ :f-)' gold, money; :J )' gold, money
iJ~t~ metal; iJ)tJ. metal, money

~1i2 :fQ:f-/
£t1i2 ~d: tJ 7J~tJ.

abrupt, sudden
quenching

boundary condition
environment of use

alloy
wire

m ;f)' silver

~J£*m*T
71<~i!l~~t

16] :JQ steel
~d: 7J~tJ. steel

~*M
f~~1i2M

:JQYYA17/1'Q
A1;f/;t/~71

~/'J:JQ

T1:fQ:f-/:JQ

high pressure mercury lamp
mercury thermometer

carbon steel
low-alloy steel* ~ 3 !7 eating, food meal, provisions

<('5 ) to consume, to eat, to gnaw {vt}; <(G '5 ) to drink, to eat {vt};
t~(~ .Q ) to eat {vt}

it~J ~ 3 'Y :J !7 etching, engraving
~it 7 ~ 3 !7 corrosion
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iEfi ~ / stretching
(J)(~t9) to extend, to let (hair) grow, to postpone, to straighten, to stretch {vt};
(J)«(J-Q) to be postponed, to extend, to grow, to lengthen, to stretch {vi}

}!£f$ X. /'~ /' extension, drawing
f$ i.tl T /'~ /' extensibility

nI '/!J being among, belonging to, genus {biology}, subordinate official
J±}!£~~ 7'YX./~/'/!J rolled metal
{1~ 7 '/ !J attached, affiliated, belonging

~? copper
IljlPj
jlPj.

brass
copper wire

1iJi 1:: becoming tired, growing weary
--:JiJ)( G9) to exhaust (one's energy), to weary (one's mind) {vt};
--:J iJ)(tl-Q ) to become tired, to grow weary {vi}

~~5tJ3t 1::: D? =F- 3 ? ~ fatigue strength
~~~iJ3t 1::: 0 ? IT /' ~ fatigue limit

m! 7 corroding, decaying, rotting
<~ (6 9) to let corrode, to let decay {vt}; <~ (-Q ) to corrode, to decay {vi};
<~ (tlQ ) to corrode, to decay {vi}

001Jfjttl~ ~ -1 7 ~ 3 !J t -1 corrosion resistance/resistant
.tt~ 7 ~ 3 !J I =F- corrosive liquid

~jj ~? defending, protecting, resisting
v'S,it( <") to defend, to protect, to resist

1ZM~1I:Jm J\/'~~~?~~!J

~1I:1fIJ ~? ~'"!f-1

antireflectivecoating
inhibitor

".A'e ~ melting
~~~~

i1n!~~~

~
7j D? labor, toil, trouble

~~.~

lBl~att~

tJ/'~=F-~=F-/'

~'Y~=F-~=F-/'

1:::D?=F-v'Y
1:::D?~7/'
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Reading Selections

36-1:

~~Jlt7R~~G, fiJt1, l!£Jt1~:~~, .~c~O)~~Jt1O)~Gv~.f*setLt'@i~~v~

5.\ .f*;Q~~~~~~7C*~~~7C*,~~v~~J:!fi~::~~cv~5. -~~::~~~J:WJ~;Q~

~ <, 5i~;Q~*~<tI~a91JDI~1Tt§T ~ C:;Q~-C:~:Q. I!IL~~d: Hg, Cs, Ga O)J:: '5 ~::fjfv~

~O)~~~;Q~, ~v~~O);Q~tbv~. ~J~~d:-~~::~<, ~~~;Q~*~v~ . • ~gm~d:t1fi\.~

;Q~~ < tJ:~ c*~ < tJ:~O);Q~ft:.-c:~~. ~~mJf*lf10)L§{-Tft2~J~d:, OOJL\ll11, f*JL\ll
11, t\11iiWJO) 5 !> 0) v~-rtliO\~C J L S t), L§{-Trl3'~:: ~d:~~~'@i;Q~. v~LV ~ ~. ~~

0)ft:t1~d:, ~~~'@i, EJ E8.-TO)ff1:E~::E8*T~. 7C*~f*0)*9 2/3 ~J:~~7C*~~ t),
}ajW1~-C:~J:*Q*C7 A ~7/~~V'S~i$J.~O).O)tc~11~::fft.G-cv~~. tiJ:11~:~d:~F

~~;Q~fft.GLv~~;Q~, !Jl~f'fifiO)7C*~::~d:, ~~f*, ~~~, ~~D1 ~tJ:ciO~~Q.

~~7C*~d:~Jt1~~ t), iEO)m1~1k~c t) ~Tv~. m1~~SetLt*m1~~~d:-~~::jj[£

Jt1~~~. ~jt.f*O)'5!>, 1;t/1~fi~0)*~v~~0)~d:mC&:Jt\GL, ~"'fJ7;t/

C~ ~~-r~. ~"'fJ7;t/~d:)V1 Am~~~. ~~7C*c5 G~d:~~rl3'1~'@i~~~

v~~d:'@i~~, ~"'7C* C3-~~~7C*C~d:1;t /Jt1{~'@i~~J'< ~ ~ C;Q~tbv~. ~~~J:,

m~"'cfI~"', .~~c.~,." !l4~7C*0)~~cil3~~O)et 5 ~::7}.~tlQ. }aj
W1~O)~~~:~tJt\G L7 )vfJ 1) ~~, ffj±Ii~~tJ: cO)et 5~:: 't>7}.~ tl:Q.

36-2:

~MtJt1O)~~c~tJ:0, 3¥i$)L§{-Trl3'H§re(1)lkfti~J:(1)J.tv~fBJm~:bt~Q~JfJt1~~t~

tJ:v~, 7 /5'btJ:L§{-Tft2~1j~~J~~~v~5. clutJ:mJ1*ltf-t~~, 3-~MtW~~et t] ~
~JEtJ:*6~f§;Q~1>tJ:<C~ 1 Jff1:E9~ ~ cn!*-£~I39~:~Gtllv~~. 3-~~W~~~d:,

~}J~a9~:~~tJ::tcJEf~~~d:tJ:<, EJ~a9~:*fi~1~TQfi~7J~~Q. t~tiG, ~t1fi\.f~JJt

O)t1fi\.JJt-c'~d:, ~O)Jm~~d:~G< IJ\~ <, ~~t~*a~{~;Q~~~~tl~t~~~::~d:!{!!W~l39iF

f~~*-£iMI-r~~\~;Q!~~ c:~.:t GtlLV~Q. GiO\ G, {I~ (1)3-~~W~JII~:ft:~tJ:~~t1fi\.

JJt~J:~:t~,~. c, ~~t~*fiMt{~7J~~Q. 3-~MtW~~~d:, ~1*~~7J\t;(1)~{f.J, ~~~~

*t~JJ:m~~~~~1;t/(J){Jf71ffi.~OO~(J)~~*tdJ:.~,~x*)v=¥-;fkT.~:et~
~Mt~~O)!mttJ:c(1)11it~:J:J LJ < Gtl~. ~tlG (1)tJ:7J\-c', ~1*~~{f.JT ~11it

~#MtW~~~M~~<~.~-~a9~11it-c'~~. ~(1)~, ~Mt.~~ATQ~.~

4.:ttJ: v~ ~~ c~Jm~::{f.J*JlT :Q~\~;Q~~:Q. ~ O)~#n~fr£jt~ ~ tlQ C, ii&{f.J*Jl~f*~d:jj 7
AE3J~C: J:~ttl~71ffi.JJt-c'mJ1*c:tJ: 0 ~FMtW{~T~. ~~~:~d:, miik~~~~Jm-c'@lE

T~~~O-7-~rm~:~~~~tQ, v)b~~mil!f@j*ittJ: c(1)11it7J~mv) 6tlQ. ~

(1)J: '5 tJ:m~{f.Jit~:J: J -efj~ (1)~~MtW'@i~n~J < GtlLV)Q. Gn\ G, m~{f.Jit~:et

Q~~~~O)3-~Mt{~~d:*ti~~G lv~tJ:V~. m~~it~:et J lJ<GtlG~~~W~~~d:,

~~jj7 A *t~~d:m~{f.J~~c ~J::~1tl~. ~~MtW~~~d:, L§{T~2~1j0)~~JfJt1~&:~

GL, 5i}Jt~c(1)~11a9tJ:~}J~:5~v), mtJ:c~:~~tl~:<v), $X~Jt1ft:Jt1~:fltlLV~

Q, ~M.ji{I~~~t~:< v), tJ:c(1)fjJ<(1)Jt1W~~T. ~~MtW~~(1)~g-~tlG(1)ft:

Jt1~frjm G-e*JTtlfi~~tf-tc GLV)0 V)0 tJ:Jjtmn~~.:tGtl-ev)Q.
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36-3:

2 m£AJ:O)~.a7C*~ikm • .1Jm~itt~ 'bO)~v):>. ~~7C*O)~~~)~::~F~~~~~

~7C*~~U 'b O)'bJ.tv)~~-c:~~ C: J::~S~. ~~O)fJl.~~ C Gl~d:~Jt7C*O)im ~" fJ
1JJO) ~ IJmmf*~~~ra~f~~~~J <QtI~ c:~tl~ O)im~~~tJ:TtI~7J~~:Q. *t~,

~~~d:~Jt~-rO)I2~j(J)tt1J7J) ~ fif~~~~ c:~A~~~ c: ~::*}JIJ-C:i! ~. ~"J 5 ~~
c5 GJO)~~:Q~~~d:.~~-C:~:Q~~,~~7C*CH, C tJ:c~-r~m(J)/J\~tJ:$!7C*

C:~d:~A~~~~. ~~(J)lJmmfBrm~d:~.a7G*(J)m.~::J:: J llCt1~ tl, fif~~lJmmf*

O)lJmmm~~~~~~-rcGl~~~-r~m(J).,••~tt.0., ~.-r••~c~
~ ~j~ tl:Q. .Bt(J)~t~ v) 'b O)~d:J.tv)fBrm-c'lJmm G, .BtO)*i! v) 'b 0) ~J:lJmmG~:<v).
~F*~::J:: <IJmmT~tI~~d:~••fBrm-C:~$lJmmf*~~~T~.Ni-Cu, Co-Ni, Au-Ag
tJ:C7J~~O)-f9iJ-e~~. z:tl~::~tG Al-Zn, Pb-Sn, Cu-Sn tJ:c~d:im~O)WJJ~~::J::tJ IJmmf*,
~.ara~f~~~, ~~ v)~d:~tl~ O)im~~ ctJ::Q. Z:(J)~~~d:~Di~~::*69 ~tlt~~~~

~~ ~:: J:: tJ *IJ)E-e i!~ . ~~0)ai't1Jt ~d: ~ 0)fg.~~~~ J:: fJ * v)~~BttJ:~ . Gt~ 7J~ J -C
~~~iI~tJ:~~-C:im~T~ ~ c:~~J:: tJ, ~Jt~.acBttJ:~~JJI!~· f[j~~'t1Jt~4;t

-c~O)~m~~fii~m~~it~ z: c~~-ei!:Q. im~~~~Q~i8~~~d:-~~~ik}~7J~{It

<, 7~mttl~~J:: v)(J)~Y -1 tJ A ~~~ (Zn fJlUO) AI-Zn ~~) ~PJiik~~ c G-cflJm ~ tl
:Q. ~~ra~{~~~~d:-~~:: ~ 0 v)~~, v) 0 v) 0 O)ft~~ ~,t1Jt ~~TO)-e~tl~tlO)*f

'1'1~frJm Gt~ml( (J)~mljf-t7J~Im~~ tl-Cv) G. t~ c;t ~tm&2iljf-t(Nb3Sn), mE
(SmCos)' m~~ (Ni3Al), ~~f*ljf-t (GaAs) tJ:c7J~~~f~tl~. *t~lJmmf*~~~rJ3'

{~~~~= ~j:ili!~~{[j~=f* v)ml( O)~m ~JEg ~T 'b (J) iJ~~ <, z: tl~frJmG-c~~O),t1Jt
~ftijl: ~ itG ~ C7J~-c'i! G. ~tl7J~~5ll1JJ1!~ ~ tJ, :;:J.. '7)v ~ / (AI-Zn ~~) O)ffil;:1J-UI
{[j~, MO)i~Atl, ~~GtJ:cn~{~~~tJ:'bO)-e~~.

36-4: j1'7 A ~~ ({[j~287)

.~~-rn~/FmjlU~=!Ltlt~ft2~U~'bJ~~. ~F~Jt~~O)]jIJ~-c'~:Q. ~f*(J).~c

(PJ c: J:: :> ~::, mfBrm-c'~d:~~rJ3'O)~ v)/F~-tJ:.~-c' d!> Qn~, ~fBrm-c'~j:~1J~tJ:.~~

~G. ~~1J~c G-C~j:, .t§~Jt7J)~O)~~~~~, AI\'Y~--~, {~~~~~

(CVD) c, ~f§~miO)G(J).~~, ~f*~{fJ~, .t3J:V*5Mrf§~(J)r:p't1-r!mM~, Ii.
tJt~, -1 ;t/-1 /7°7 /T--~3 /~iJ~d!>~. ~FMrJt{~~::J:~'t1.(J)-~A9~f~c G-C,
1) ••&~SJ::V~O)ili!.f*~~d:*ili!-c'/J\~<tJ: tJ, ti{~ili!-c'~j:m&2i't1~/FT~~

'b d!>~ :: C:, 2) ~1Jfit~f*~~~1/'G, 3) 5ij!'t1$ ~ftf-r: G, 4) 5im't1JO~$Xm't1C: tJ:G~
~~m~n!/J\ ~ <tJ:~ ~(J) ~ d!>~:: C:, 5) -UI <-C5iv)iJ!fli~ ~~ C:, 6) f~~A9J::ffl't1

~~~0)-c'71<*~~1&T~fFm~M~cG-cO)ftFmn~(\jj*~n~, fL~~~~rJ3'.~~=~tG

~~d:5i< tJ:~::' ctJ:ci:J~~~.

36-5:

~f§~.*§~mO)~~~{fJ*tlJm.106
-

10 Kls -c'~{fJ~{~~it~ c, ~~~j:*aMr{~GtJ:
v)-c', ~~Ff=tJ:~-r~2~~~Jt~~~~~11~0)~~n!1~GtlQ. ~tl~~FMr.~~, 7
1::)v7 7 A~~ C: v)V), ~ 0) 5 ~ ~ili!-c's:im't1~~T 'b 0) ~~~Mr.5im't11*, 71::)v
77As:im't11*c:v)5. ::O)~~iJ\, *aMrfJ~c(PJf~~::, 7xl)m't1~Bt5im't1, At:/
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!J~7 Amftt~C~/J'9~(J)~~:Q .
. 3-FMr.ft~~J:, .±C G-CImT*miO~*~<.t~:Q7C*~.Jtm~ftvitt~ ~O)~,
3tMr}~f'fili(J)mJ£~fttikJi~(J)ft~~f' Gtl~9v). fFJ£t!~:~J:, ~~t! (AI, '/ ~ 1) /'
~t!~.~~~t!), ~f*~~t!(mJL\~~t!, .D-)lt~~D-)lt~~t!:~f*~~t!

~fFJ£G~#Mr.ft~~.*~~~,••~'/~t!~C~~~. ~tlG(J)~t!~~<

Gtl-CV)Q3-FMr.~mJtif*~J:,~~~~ (Fe, Co, Ni) ~'±f*~:, *~~. *~f* (B,
C, Si, pt~c: ::.tlG(J)7C*~~~D1 ~cv):», 4d~5d~~(Zr, La, Hft~c),

:t3~lt~±.~~~(J)ft~(J) 3 fjm~:*1JIJ~tl:Q. ::'(J)~:> t~3-FMr.ft~(J)-~tJ9tJ:~

It~ G-C, (a) ~tI9~::tc~tJ:1flIif§(J)ft~ti~t~tJ:<, ~tI9~:~:tc~tJ:~1fllitR~(J)ft

~~~ tJ, 1fl1if§~~J:f'GtltJ:v)mJ£(J)ft~~~~GtlQ. (b) ~Mr~~iO~tJ:v)~.tJ:ft
~~~Q. (c) MMr(J)9.A( tJ miiO~t~ v)(J)-etl~tI9~~iO~~v):> X, ifii1.ttJti~~.tl-Cv)

Q. (d) ~~(J)rMt~ (~Mr{~rMt~) ~J:~=1J[]~9 Qc, ~Mr{~iO~~:: tJ ~JtiiO~3-FiiJ~tJ9~~

~{~ Gl:im(J)~1t~~:> iO~, *SMr{~rMt~~-r-e~ J L ~~ 1< ~~~Jti ~~~iF~{~ ~~C Q.
~J:(J)3-FMr.ft~(J)~It~J:, mJti~:~(J)~:> ~:'&~9:Q. (1) ImTrt:l,m"iO~-~-et~

v)(J)-e~ttf§lifFmiO~Jt~G, -~~:5imJti~.:L 1) -rMt~~J:*SMret tJ ~ftt-r9:QiO~, ~

~:J:¥f9~ ~(J)~~:Q. (2) J.lmtJ9tJ:3-FMr.ft~~:~J:~Mrm ••~JtiiO~ff1:Eit9, .±~

G-C3-FMr~{"FJ£mf~=~A~tlQ~~m••~Jti (.~tJ9t~ImT~tJtm, JiC\tJ, l}9~,

m~, tttR.~) n~fftt9Q. ~JlPX:tt~lI~~=~v'S~cm~c1*mtJn~/J\~ <~m$(J)*
~ v)$XmJti~~9 «FegCo62Ni30)7sBloSils t~ c). ~ G~:3-FMr~ft~~J:••tretJi:$iO~*~

v)(J)-e7rWJ.mttl~~/J\~<, ri6)aJ~~lti~=f§tl-Cv):Q. ~(J)t~~mtJm l' 7/A, m.
~'/~, -:C-~-~=ffjm~tlQ. (3)m1Jj'±.~~(Gd, Tb, Dy, Ho) ~il3~~(Fe,
Co) iJ'~ GtJ:~ft~~J:, ~Mrf§~~J:~,.rt:l'{~ft~~~ < tJ ~mGtJ:v)iO~, 3-FMr~f§~~J:~

v)fBlm-c'~m G*~tJ:~~m••1Jlti~~ ~(J)l:', ~i«m{~Jmc GL7Cm.ltf-f~::.f9!b

nLV).Q. ~Mr~~n~tJ: v)(J)-c', {tt~~-c'ri6~~O)m.~2~~n~iiJfl~-c'~.Q (Tb-FeCo).

36-6:

~f*~~c~ v)v), 7J<~0)~:> tJ:~~O)mMf*~v):>. ~~lti~f*~::t3v)-C~J:EI EB~

T~=~.Q v)V~.Q~,.~ftn~.~tJO)*lt1C:~x Gtl:Q. ~~~, ~[ij~tJtJ:C~:tJtT

Iti~f*O)~+{i!7J) G~Ef{i!fil3to)*~ ~ ~ ~~. -~~:JJtt~~tJ:~~-e~J:m.tretJi:$~d:

mM~=J: tJ 1.5-2.2 {i!~=m1J[]9:Q iO~, ~f*-c' ~~O)fWi~:t~~~ffO)/J\ ~ v)fWi-e ~:Q (J)-c',
.T~:t~f*t:p ~ EI EB ~::3tJJ l-LV):Q C:~X Gtl:Q.

36-7:

~~~(J)~~~±JJX:7}cGt~ft~~v)5 (~~±JJX:7}cGt~ft~~d:~ft~~.Qv)~d:M

c:v)'5). '±C:l-L~o)J::>~:Jt.~tl~. i)jfPJft~. 1)if1ijfPJft~: jfPJ~fffin~

96-99.3% -c'1$~*j ctJ::Q. Cu-Be ft~~d:fJTttlB!{~~=~ tJ, ~mjfPJft~t:p.*O)~~~

7l'9. 2) ~jfPJ : Cu-Zn =7Cft~-c' Zn 2% ~-r~f}jfPJ, 30% ~J:~~jfPJ C: v):>. 3) AA'
1fjfPJ : Cu-Sn =7Cft~-c'.~ C: GL5< 10) Gmv) GtlL~t~. 4) 7 )v~ =91\1fjfPJ :
Cu-Al=7Cft~. lI~fiO)As, Fe, Ni, Mn, Sn, sitJ:C~~1J[]GLmV)~. af§ft~

~d:ifii1ttlti, (-firt:l'1J[]Iltin~~ <, ~~~tJ: c ~=m v).Q. (j f§ft~~:tri61Jltf-f c l- L mv).Q.
5):f-.:L 7°0= 'Y ly)v : Cu-Ni ft~l:'Ni fi(J)m*c c ~ ~::ffii1ttltic%i~n~m9. 6) 7$8 :
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Cu-Ni-Zn ~~. ii) 7 J!t~::.-7A~~. f$~lj C:.~lj C: ~:7t~t Gtt:Q. ~tt-ttt

Al-Si, AI-Mg ~~~ (~F~9l1J]!ml~~) s J:: (J Al-Cu-Mg, Al-Mg-Si ~~~ (~9l1J]!~~)

tJ:C7J!±tJ:~o)~~:Q. iii) X~*~-7A~~. 1).~m : *}jIJGL*O)=~~:7t~t:Q.
m-~j: Mg-Al ~~~m{tO)~}]WJ~:rm~~tt, ~1£~t:pJL'c:tJ:J -Cv~:Q. m=~j: Mg-Zn
~~, Zr O)*5A*1l.~{tfFm~:J::J L.ttt~5!t~~7J'9, m=~j: Mg-*±.7t*~:Q

v~~j:Mg-Th~~m~tt~~~C:9:Q. 2)f$~m: *m~O)mJ~~~7J!~.tJ:t~ab, ~

ra~J±g~:J:::Q.fit!~~J:*,J~~tt:Q. iv) T~ /~~. EI~}jIJ~:=~0)7~JJ;-~~:7t.

~ttQ. m-~j: a ("A15A) ml-e, 5AI-2.5Sn-Ti ~~. ~m~~-e~:tc~tJ:m.~~J.

m=~j: a + 13 (ft15M.) ml-e, 6Al-4V-Ti ~~. fi, ~, .tJ: cO)f$~ttO)~~~~~:.j!tt
~.m<m~~PJrm~~Q. m=~j: pml-e, ~9l1J]!~:J:: fJ Ti ~~t:p.~5!t1JtJ:~~~f~
~z:cn!~~~. v) :JJ'\J!t1', ::''./7J!t~~. Co£~~~J:.ER{t~O)fJTm~{~~:J::tJ

IUim5!t~~1~~ z: cn~PJfj~-e~:Q. ~ G~:lUimO)~J;t1J~:m;t~~~c G-C, Th02 ~

7tit Gt~ Ni (~, ttfi) ~ Ni-Cr (.fi) tJ: C~j:~*?if~t*~: J:: fJ f~ Gtt~. vi) f!f'ML~~
~. Zn, Pb, Sn SJ::(JBi ~~. vii) .~~~~. Au, Ag, Pt, Pd, Ir, Rh, OS SJ::(J
Ru~~. viii)~Mgft~. V, Nb, Ta, Cr, MoSJ::(JW~~.

36-8:

~~ljf-f.O)*~tJ:~.~J:JJX:~J~n!et<, G7J~~, v~J t~lum~O)~~~~JJX:~ Gt~ G,
~O)~~~7k~~~f*ni~~Q C: v~:> ~ C: ~~~~. G7J~ G, ~~fjO)~~ljf-t~d:~O)J:::>

tJ:-~I¥J~.C:~d:.tJ:JL, -~~~Gt~~c: 10-30°C N~1JD~9GC:, ~*~~2tiG

-Cv~t~7J~O)et ~ ~:~~lWO)~ co)~~~:~G~~~7J'9. z:ttn~~~~2ti~jJ*~~ t),
~5ijiI~ml?Jv'T/~~ !'~~~~9~~~~~tt7J!~tt~. ~ O)fRJ Gljf-f.~:P G~v~m
~ (Ms J~J:: t) J::O)-B}m~m)~~~9~ C, ~~.7J!7 './ 7 O)t*J{IjO)5ijiI~~.&~~m;tL
V~-C~, J;t1J~~* Gt~t~~t~~~lWO) ~ cO)~~~~tR~. ~tt~~m.5ijiI~cJ::v'S~.

~~7J!E{~O)~Jh~~£~'< ml~~~~~J te- C: Gte-tJ: 6, 1JD~~~v~~d:J;t1J~*~~~

lWO)~~~~~Q~d:-r7J~tJ:v~. ~~~2ti;jJ*~J::(J~~.5iji1~0)~~~d:?JVT/~~ !'~

~~~~te- ~O)l!~ ~. ? J!t'T/~~ !' ~m~d:-BJ:mmTO)1t1u~~~~~J::~ iJ~ G, ~~
Gt~$7t~d:~~~~~~~tQ. M.l<o)?JvT/~~ !'A~d:/J\~ <, fj.l<O)15{}[O)~O)7J!

~Q7J~ G, ~ttG 0)~~~~~J:-¥f!3{~~ ttL§:*Jll¥JtJ:5i~~{~~~~tttJ:v~. G7J~ G, 5i
1J~1JD;tG cDc-::JO)15{~O)?JVT/~~ !'A~~M~2~UG, ~O)~~~~n!5i~~{~~:

~tl~. z:tl~d:1JD~~Qv~~j:J;t1J~*O)~O)-BJ:m~O)PJi2!~i2!~m, 9tJ:b!>i2!rtiJ~0)

itIv~~~~=etJ Ll~~9G. ~tltJ!~~~2ti~j}*~G V)~J:.5ijiI~O)~tlGta«-c'~G .
.:cO)~.tJ:I~f(O)I.*)v~'--taH, ~fjI~taHSJ::V~.taH~O)fljffl7J!ffl~~=~at

~tl-cV)Q.

36-9:

~~a2ti;jj*~/F9~1tll!, ~1:ETi-Ni ~ Cu-Zn-AI ~1tltJ:C7J!1~~~~mljf-f.~~~.
~nGO)~~~d: pm (t::.:I.'--A • D-ifl) '--) ~1tl~=~9Q~O)7J!tbv~7J!, .ilI~~d:

Fe-Mn-Si ~Si2tJ: CO)~* (~~) ltf-+~~nt~. ~ffl~~~J:m5ijil~set(JPJ~~~~2ti

~jj*~ffJffl Gt~ ~O)7J~tbv). ~(J)PJ~~~~2ti~jj*~d:215rtiJ~~~2tic~J::~ttl, .~

m~(J)~tlffi.{j{uset(J{!fm1lltl-r:~2ti~tlt~~~n!, {fJ!fJ, 1JD~~:f'J LPJi2!~~:~{~9Q
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ijl~~~~. Ti-Ni ft~~~~~tlt~:@:l5f~~~~ati~jj*'b~O)jJT:ilJ-~::A~. 
~~:/'\*~~0)~0)7J~~< M!vtlQ7J~, .~, .~setvtf&~O)~O)~~~. Jit;millm
~J:, 1) *1I7tlf, 2) .fdij7tlf, 3) @.~il7tlf, 4) X*J!t=¥-7tlf, 5) ~~fI~7tlf
setvt 6) ~.7tlf~:vt~-.J -Cv)~.

36-10:

JAfi~~J:~~~:@:~~7J'T7J~, ~fi~~d:~"'••O)~~~, )]{~~~:{~ft~O)~~ff

1£T~~"'7C*~~7CG, ~i1irf.~~C:G-CfiQ ~ c:~v)'5. iit7C$~:~d: 1) ~*Jt
~Q v)~d:**~:et~~7C. 2) ~~/F~~7C*~:~tG-C et tJ .flltJO)~v)~~~7t~:et
~J1t7C. 3) *m~~~0)~7C~1I~7tm,~O)fm~m.~:et~~~••~~~~:~~
tl~. ~t~, ••=F$~:et~7t"cG-C~d: 1) ~f-f~1I~~:etQifhr!l••~¥i:Jt~.(¥i:
JtrEt~), 2) 1itr!lftiliO)*m~O)et'5 tJ:m.~:J::QHbl:fj, tR~, iit7t~fT'5 ~Jt~. (~

Jt~~). ~t~~l:O)'5!>, .~~.m~frJmTQ~.~~C:~-C1l~rEt~Cv)'5. ¥i:
Jt~~~d:M~, m~~, ~*5~tJ:c~ifhr!l~pq~ml!k~.G, §~~~~ti~~~:TQ

7J\, ~Qv)~d:?'/ 1', A/'\-1 AtJ:CO)~r~~~~~~:v)-.Jt~lvt.~G, /F~~~d:A 7~ C:
G-C7t.T:Ql5$~, mM~~~~d:mJ3tO)~~:et~-Cti~~, AJ'\-1 A, ?'/ 1'~:Qv)

~J:A 7~n~7t.G-Cff1£T:Q. A7~~~0)~0)~d:~ G~:i!~§~~~~1iQt~~~:~
~m., ~O)fmO)l5$l:'~.~tlQ. ~pq~:~d:'±)]{f-tO)~~7J\mRU, ~f-t, iit7CRlJ, ~~
tJ:C~~A~tl, T~-Cn~I!k1*~:~TQet'5~::T~. -15, ~JtrEt~~d:JI~tJ:*m~m

.~:~E~t~~d:m~~O)§~~~~mmG,~O)m~iJ\G{~~~~t~~d:.~{~~~~:~

~-1;t/ ~iit7C G-C~~~f*l&T Q7J\, ~:Q v) ~d: § ~~~O)~~{~ft~~MJl:fjtt~~ it
Ql5$l:', ~_JJA, '7:7 /~, /'\7:/'7 ~JJA, ~-::f~-1 1', M{~~JJA + ~ll~O)~
l:fj~d:tl<iJ\ Gmv) Gtl, i!ili~d:{ltt5b{~~~:~Jlm~ tl~ et '5 ~:tJ: ~ t~.

36-11:

-~~:.m~frJmGt~~~~.~v)'5. ::'0)~.~:~d:7J<m~~G<~d:mMjj[O).mm

7J~frjm~tl, 7C*~:et-.J-Cf§ilTQ7J- ~mm~t~~d:jJ'.J-~fJTl:fjO).~O)~~~m

G, ~~~~~~T :Q ttf,f~~ ~Q. ::. (J) C:~M!m ~ tl:Q .mm~ -c:(J)/F~~-1 ;t / ~:~t

T ~.mjj[(J)~~&:~~(PJmJ~:frjm ~ tl~. ti~~~~Mitic G-C, ~ti~:~1Fl~~tJTl:fj

~it~1ImM~(J){?iJ C: G-C1Fl, _, ~, ll, ='/ -7J!t, ~A?A, AA'n~~Q. -15,
~E7J\G§~~~~JI~tJ:m.~:~l:fj G, ~l:fj~~1Im~c G-C~ti~:ti~~~*-ItJ:v)

l:'~~~~tJTl:fj~it~1Imf*l&~:~d:~ll, jJ ~ ~ '7~, ~, ?/tJ/, :J/'\J!t 1', 7
Db, ='Y-7)vn!~Q. *t~7)VjJ1J~~(Li, Na, K), 7)vjJ1J±m~~(Be, Mg,
Ca, Sf, Ba), AI tJ: C~~d:mMjj[.miJ!M!vtl, !M=~: 7 )v~='7 b. ~d:*mfl~:I~~~
Ji:n!fTvtl-CV)Q.

36-12: Jil'lt (f~~936)

Au, Ag, Sn, AI O)J:: '5 tJ:~Jt~d:J±tJ~tT.~:J:: -.J -c~m~ tlQ ::. ctJ: <~OO~~:JA
~jGtl, tiv)m~:T~ z: C:7J!~~ Q. z: O)et '5 tJ:It1Jt~M't1c: v) '5. -~~:M't1~:'Mu

~Jt~d:~GiJ\ <, li!~ O)*~ v)~W~d:M't1n!/J\ ~ v). W't1~RJ3t~~;tt~tJ ~:J:: tJ #.JJtiJ!
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it.~ tl~ z:. C: trt. <~mT~!.Ift~:, -~7C~~:aI~ < 51 ~}jf~t~ tl~It1.7J~}jfIt1, =
~7C~~:tW< ~~j6tl~It1.7J~~,t1-e~~. ~1t1~d:~.O)fjmt~~t-c'~d:trt. <, J£1J~fT

.007J)~t11~7A~~:~mlf*T~. -~~:fre7A-c'~d:~ ~ ~ 7J~~tl~T<, *.t::., ~mii~

7J~f@.T~'-C ~ ~ ~ ~ 7J~~tl~.

36-13:

~~ltf-+~~7A~~:1JIJ~G-cf@{f.J G, $~~~~O)JMI~fO~mf*O)~~m.~f~~tI

fF. t::.cjt~t, M-c'~d:~~~~mGt::.;t-ATj-11'~1fi7J)6f@{f.JT~c, ~~/~1

l' O)fJTm7J~~!LlI:~ tl, x )};T/~11'm. C: J:: ~ttl~'!ftm.7J~f~ 6 tl~. Gt::.tJ~J L,
~*I1O)~Atlo)~ C: ~*f~:~Atl'!{tc: v~ 5 ~ C:7J~~~. 1100~Atl-c'x)};T/~1

l' m.7J~f~ 6 tlQ t::.liJ ~::~d:, ~G*~O)iiJj£J2AJ:-c'{f.J~TG~ c: 7J~~\~-c' ~G. ~O)ii
~~d:110){t~~7tc;t-ATj-1 ~O)~Mt*k~~:{t{ffT~. *.t::., Ni, Cr, Mn, Motrt.
cO)ft~7C~~~UM~d:.~{f.J~ii~7J~/J\~<, ~Atl't17J~~WC:trt.G. ~Atli1O)~

WtJ:M~d:, *m'f7!O) ~O)-c'~ JftJL'$*.-c''!{t7J~iiJ~-e, ••9J.J*O)/J\~ v~M c J:: ~ttl
~.

36-14:

7 =-- J) /7'" C ~ v~ 5. ~*.t::,~d:M~:Jv~-C § ~~:lS5 J:::> trt.'t1f(~f~G t::.liJ, li~

tJ:7A~~.c1JD~ Gt::.1~~J < lJ {f.J~ (5.5 X 10- 3 Kls J2Ar) T GtifF. ~O) § ~~:J:: J -c~trt.

*. G(J)117!7J~J4tJ:Q. pq$Jt\1J0)~*~§~cT~D9~C lJ~tJ:*. G, $Xf~~§~C:

T ~ Jft ra~~tJ: *. G, ~Mt*1l(J).aI{~ ~ § ~ C: T Q~:@:~tJ: *. Gtrt. C7J~ ~Q.

36-15: m~ L, ({t~1456)

~Atl Gt::.MO)tm't1~m*~it, *.t~'!~ ~~CQt~6b, ~~J~J2ArO)li~tJ:7AJj£~:

1JD~ Gt~ (J) t> {f.J*f]TQtifF. GtJ'~ G, ~Atl Gt~M ~~tR: G~: J:: J -C~ G~:'!{t ~ it~
!.Ift~~Q. tc.C:jt~t, ~ii~MtJ:C7J~~(J)f?iJ-c'~lJ, %,*~f~~ (W2C, Mo2C tJ:c)
(J)fJTm~:J: -::> -C'!f~T ~ (J)-c', ~tR: G'!ft C: v~-::> -C*im(J)~8C GC: ~1J1J G-Cv~~. ~8C

G-C$XftT.Q110)~8C G~ tempering, '!ftT.Q11(J)~8CG~ drawing C: v~:>. z:. (J)~:i7J)
~~ G~d:~O)117!~:J:: J -C, fi~~8C G, i1M~~~ G, mm~8C Gtrt.cO)MmlO~~~.

36-16:

~~ltf~*f~:Mlt~:J v) -C~iti 110) J}-'!{t~ it, ifii1**€'t1~~~5~~~ rffl.l:~ it~11
7!. *t;¥3t~d:-~~:'!{t~it.Q c:~tl~:Jt\C-C, ~G < trt.GJt1f(~~J7J~, ••~~{itj~

~~tG$~~:~d:~itit~~t'!ftGpq$~d:tm't1~ ~ Jltf-+7J~liG-C-f:) lJ, EJJJJ.$~O)liI.

~@JJi$~tJ:c~:~iti'!ft~~~d:~< fflv~ Gtl-CV~G. MltO)~iti'!ft7!c: G-C~d:, fre
~*M$~~~ilffi.~~~llIJ~~~jjAJft~:m~, ~*~$~~iti1l~:tJt~~it, ~iti1l

(J)~Atl~m Gt~1~l:'~At1~~~T.Q~~7!, fPJ~~:~iti1l ~:g*~tJtfa~ it'!f((J)
~1t~~1I~~~~itGg1t7!7J~~G.~t~~Atlo)C: ~iWi~~1JD~~1<~1J[]~~:J:: ~ ~

1I$ti~t1J[]~~At1~J1RT.Q~iti~Atl7!~J:: <M!btl.Q. ~~tJ:'bo)-c'~d:, ~t1G(J)
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~{~~~iti~Atl~~~nx.~frjm G-cfT5~~~~Q. ~O)~;tn\!Di~, 7 Db, 7)v
~=rybcv)Jt~1il~~MO)~itiJl~:iJA1a~~~it,i1iigttlt1~mT/itt, ~3 '/ 1'1:::
=~!/CV)J -c~itiJl~:1J[]ID!{~JI C:J±.llif~iJ ~1lG, ~~5!iJ3t~mT/ittt~c~

~itiD!f~o)DcJ~:Ic5t GtlQ.

36-17:

1il~l~f3I.~O)~ttO)reiv)l~f~O)mlt1~W~~~::Bv)-c,D-r~~m1J[]~itQc, ~O)

~W~:~TQ~iJ;Q~m1J[]TQ. Tt~b!>D!{~T Q~~~ ~T. D-r~D!{~ c ~ v) 5. V~

v~n\;ttl~t, m$rII~:D~~, .$rII~:~iJ~cJt~~~, mlt1~W~~~::B~tQ~iJ·D
~~Hb.;Q~IEO)f§t~~ ~J ~ C ~:m~TQ. -J3t1J[]ID!{~Gt~l~f~~MiafnTTtl~J:, ~

Gn\ C:&)iafnTO)jl~~~-CD!{~ G-Cv)t~ C: ~~~£(I3J C~iJn\ ~mlt1~W;Q~M* lJ, ~ ~~:

1J[]ID!f~n~~fTT Q . :: 5 v~ 5 It1Jt-c'~ Q n\ ~ , fi0)J±~~it~0).5f~t~ C0)mtt~

W~f~:>1JDI~~G-C:B <c, mtt~w;Q~~t) ~: <<tJ: lJ, l~f~~a~TQ~ cn~-e~

Q.
1il~O)~~O)1JDID!{~O)±tJ:flff4~d:,mlt1D~~~:J::J -C~<O)Efft~~~!to/.)n~~~

G, .:ctln~E{ftO)~JJJ~:~t G-c~~ ctJ:Q t~&)-C~Q. tJ::B1J[]ID!{~ Gt~1il~~reirA-c'

~tJ:* GTtl~t, §J~c v~ 5 ~~~:J:: t] 1JOID!{~T Q~WJO)~~~:ili:J</irtiJ~:$X{~T

Q. tJ::B1il~~~O)~~Wl~f~, t~ c;t~J:7°7 A7'/ 7 AtJ:c-C~1J[]ID!{~n~~~&) Gtl
Q n~, ~ tl~d:r'flJ7}rjJt;Q~*~tJ:~W~: J:: J -C*f~O)/irtiJ ~:~Ic~rtiJ G.:cO)ffi1[fFm ~:J::

t] ~W7J~ G~:<<tJ:~tJ: cO)flff47J~~;t Gtl-CV~Q.

36-18:

*J.JIJG-e 6 JO)/itt;Q~~Q. (1) ~~, TtJ:b!>iWirA-eifrtJJJ~~:Gt~1il~~, m~O)W

~~~:J <Gtlt~~0)~ ~:i±AG -e7J) G~*fl G-e~{~ ~ it~ /itt. (2) fi~, ~ t] 1J[]I,
fEJIGlli G~W, 7°VA1JOI, ta~~wtJ:CO)mlt11JOI. (3) m~. (4) ~-)v~, b1E~,

7 7~ A~tJ:c~mV~Q-wJ~rJ1J[]I. (5) ~f*~J±iJ~:J::J L~~LtJ) G;~L~£ATO)rAJ3t

-c'~*5~itG~*{ft~~. (6) ~0)~~7J\, mif~1J[]I, ~ 3 '/ ~ l:::-=./!/, ti~m1J[]I,

mr 1::- ~1JOItJ: CO)*f~1JDI.

36-19:

ItAO){~~fFm~:J:: t], ±c G-C~~ljf~;Q~.:cO)~iti7J) Gfft*€T~ ~ c. ItV):I:~~=

:B~tQ.tt-c'~d:f~~fFmO)~~7J), iJ~a<Jf~mtJ:c~~&)t~t], ~~lt~~~O)lt~-~

~~t~cGt~ tJ, ~mt~~t-c'tJ:< pg$~~5tt~ t]9Q~~~~Q . • tt~::J::Q1Jl~O)W

~~d:~f~-C~Q. ltf~O)-$n~~btl~ cv)5WO).tt~:JV)-et::~t-c~, *~ltf~~

iti~:rSJ -e-f~~:m~T~, *t~~d:i~v)tJ:t~ G7J)tJ:/FmJ{rjI!!I8iti~J <~ J:::> ~=ifrt~T

Q~m.tt* t~ ~d:-~.ttn~~Q. * t~~m~m~: P:]~L~* t~ ~d:~f51<~e '/ l' ~t14;Q~/F
mJ{fj~::~~ · ~~G9~ tJ $7}~d:JJj{~mO)W~~f*J~LtttJ: c~~u~flO)Nii$.ttn~~

tJ, ~ G~:Jmtt~:J::Q~tln~:~Q *-c'~flO)~~7J~~Q . • tt~~ C:Q~M~!j!c: GL
~d:, i~m~~m~~m~~Q7J~, .:cO)~O).ttO)JJj{(2g~::~§ G, ±c GLm~f~~a<Jm

~~::J::Qt1Mttc:, ±C: GL~mO)llft~:J::Qfitt~:.tt~*JJIJ9Q:: C: ~~Q.•tt~d:
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lt~~: C: -:J L~J:-~~:fl~tJ:fFm C: G-r1Jkbtt, ~~~1", [!!]8~:et Q~11.t:p ~::£~

< ltf-+O)~J3£f!tr~~fTJJ1J6j$.it~::J:~.)I~~~ltf-+O)WJJtttJ:clO~*f~::rl=l,mc: ~tt

Q . • ito)~~~, ~~0)~1"~~, ~~~~~O)m~~~, m.~1"~~~c~R~

c ~L~2img-Q::' CIO!~<, .it~~, .it., ~it.tJ:c~fiO)~~IO!mv~GttQ.

~"ltf-l-~*mrl:f'i!mg-Q t~ ~~: ~d:, ::. O).it ~1!lJffJfJ • ffJfJ~ ~ -ri!:> ~'~IQ~ CI!> tJ, ::. tt
~~itcv~:>. ~itO)1J~c~-C~d:, ~ ~:t:-~~~tJ:c~fiO)~"• ~F~"~fI~mv~
Q~~~:, .~~it~1!lJffJfJ1lfJtJ: CIQ!CI!> Q. .tt~·:~tg-Q§ij~~d:,' l~f-l-c ~O)ttf!k!l!1i c
O)m~~bit~:J:Q. t~c:;t~d:, 1itIA· t:pJJ1m~O)71<!ltJlt:p~:CI!>Qft~c: ~-r~J:, .~

~, ~7~/, iTfitti1IiJ~~, iTfittJJ1=~7)V· ~DA~~MtJ:c~J:.tt~~:<v~. ::.
O)J::> ~:, i!mltf-}O)iltR ~JAv~:ft,*-c'O)~tt1J~o)Dc J c:~;t Gtt-rv~Q.

36-20: • *(~~1417)

±~:Thlt1rt.~~ii~Thlt1rt~Yi!tl!~~:~~g-Q.t1rt~:J:Q~~O).it~~. Thlt1rtJ:t••
O)Jarnr.i1rtIQ! v- )viO) G*!tB~:~. ~, f'filIO)!tf!rfl~~~ (71<ii~, 11A~, Yi11 t3
J:lJYi~7- / Jv) tJ: C~:t1rtA~, ¥JlJ*!tI!~:i1rttUg- Q C, ~O)fI~~,.O)t1rttU$~:.

~{~~ff9tJ:.it~~IO!~~g-Q. ::tt~.ttc v~ '5 .•tttti1rttU.i1rto)*~~c~~~

rl:f' 0)fJl ~: tt~Jg-Q. ~i1rt. i1rt -c' ~J:.i1rt iO! rPJ - J~-c'i1rtAi1rt tU~. tJ Jgg-t~~Yitt ~J:PI)2!ff9
-c'~O)~~~d:/J\ ~ < rl=l'lm~:tJ: GtJ: v~~~iO!~v~. .tto)~rzg c ~L~d:, Thli1rt.i1rto)~~iO)

~:}aj1m0)±.~:J: QNOffBYi7tl!fFm ~:J: Q ~O)tJ: ciO!~;t GttLV~Q. ~l1:~tmc~ L~d:,

~tt.i1rt~~l&g-Q••O)#t~~~, ~~i1rt~~f*m~, IEYii1rtIO!Thltt*!tI!~t1~9:~~iO)G
i1rttU ~tJ: v) J: '5 ~: ~LV)Q. ~~:11A ~tJ: C~~d:A1frl~:IM.Jg- Q*.~~:JtJ:iO~QO)-c' t3
o~10) ~: -r:~ tJ: V~ •

36-21: ~jj* ({~~1350)

~~fjf-tO).itO)~l1:. ~m~altf-t~:t~<O)!I~r-c', ~11~ff9~:~LI§~~:.it

g-Qf§tftij~ ~ J LV~GO)-c', i!m ~:~~L.tt~l1:~tmlO!~\~-r:CI!>Q. £*ff91L~iO)G
~-C, .tt~l1:O)1J~~d:~O)=J~:7}m~ttQ. 1) ~tf~~:t3~tQ~tm : i!m~tJlr~
ffiiiitJJ1O)*~v)~~~tf~~~~g-G. 2) ~~fJlUn)G(J)~tm : !i~t:p(J)M{~RIJCI!>Q v~~d:

.ttJJ1~1*~~*g-G. t~ c;t ~d:, 71<10) G1l~t3 J::lJ=Il{~~~ ~, 11iIA11An) GS02
t3J:lJHCI~, ~tlm~7J)G71<~~<. 3) ~~. !ltJlO)f§tJl~~:t3~t~~tm: ~~c
!i~~1*C:(J)Thl••M~~~~k~, mittt~~~-:J~, #~~••~~, .it1!lJ~M

~~.~tJ:c 0)~1ti9l1~ ~fT '5. ~~O).ti.{ft ~ffJfl~ G-C, ~11~ff9~:.it GtJ: v:\m
{ft~~:f*~g-QtJv- ~~tt, t3J::lJ/FtJJ~.{ft~~:f*~g-Q7 /- ~~tttJ:cO).~

~tt~~~A9~:~d:f§tJl~ffJfJ~~tt~O)7}m~:A~.

36-22:

~ttRIJC: ~ v) '5. !itJlt:p ~:1".1JD;t -C, ~0)~~ff9. {~~ff9fFm-c'~~O).tt~~l1:

*t~~J:$I~~it'5 ~{~~~.*t~~J:~O)ii~~. )1*, fltl1 /1::: l::~-, fttl1/1:::
l:::~-, ~{~JJ11 /1:: l:::~-O) 3 fj~:7}~~ ttG. fttl1 /1:: e ~-~:~J: G~tG~t~~

~/FtJJ~{~~it~ ~ O)IO!CI!> tJ, ::tt G~J:/FtJJ~RIl C: J:~S~. *t~, 1/1::: 1::~-O)fFmtl
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.00l:7J\G~d:, ~"'0)7J- ~mfW&~~1JlJ$fj9Q7J- ~~it~Jc~tfll{~~JO)jJ'J

- ~Jl7C&~~1JlJ$fJ9QjJ'J- ~~it~J~:7tm~nQ .

36-23: •••~ (#.J~1821)

.it~tf*f~:.m.m~~:etQmm11.it~tf~:il7J\nt~~"'ltf-f.~J:,ttl tJ jgG~-n
~~~tL~~ijt.~~9~~, ii1itO)*~r:p-r:O)~~~:tt~L, ~~Mt~~~~~trt

(~~ijt~. tJ jgG~) 7J~.1it~:~r9 ~ ~ c 7J~~ ~. ~ O)~~~.it~~Cv) 5. *~
r:pl:'~d:, JlljO) S-N OB.~:~J:~~~H~iO~ff1£G, ~n~rO)~-n~I1~:.tJjgG4jtL
~ijt.~m7J\tJ:v)iO~, .it~~l:'~d:~~~H~7J~l~~G, S-N OB.;Q~.$fjlW~:{~r9oC:
V)bnLV)~ .•it~~iO~~o~flF~d:, • tJ jgG~-n c:.itfFJfliO~~mf~:1JDbo ~ Cl:'
~Q. iMJ*~:.it~~~tt~ljf-f.~:~t G*~r:p-r:~~iitM~1-j 5 c, .it~~~ttJ:7J\~t~

ftf-fet tJ~~IW~~J:, -~~:{~r9~iO~, l~~~J:GtJ:v). ~O)~~~d:, .itGt~ftf-f.O)

~~-r:~ tJ, .it~~ C:~J:I2{.BIJ~ no . • it~~~* -:J t~ <~~ ~ tJ:v)~~ftf-+~J:*t~

~Ji~ n -Cv)tJ: v). K4!71<r:p, ffij71<~itjj[71<r:p ~ ~ v) ~d:~Mr:p ~:t3 ~tQ~*M •{~~~M
tJ: cO)tfii.O).it~~~J:et <~ 6n-rlt)Q. ~O)~~, *~r:p0)~~C:~d:.tJ: tJ, ~
-nil tJ~GJm~ (Hz, cpm) ~{~rGt~ fJ SJl~~-n ~m1JD9 Q c.it~~Mt~~d:*G<{~

r9~. *t~ftf-f0)'f~~m1JD9~ c:MtJ3t~J:~l:9Q.•it~~O)~ll:*t~~d:mfo~t.

c: GL~d:, ~~ . • ~~it· 1:/t: e~-tJ:c~=J::~.tt~~<"1J~C:, (\jj}a]1Jt~oo~

An~~{~~Jfllt)t~JJ, ltf-f.~oo~:J±W91il~-n ~4jt~tJ:cG-cfl~0)~~~~J.i~

~ <"1J~ c: iO~~ ~.

ijt.-n~-c'~d:, ~-n~*1*f{fBlm J1K O)~f{ c: G-r~~fl~~*Jm~ da/dN ~~cJl1!9

~. ~®~Kc~~®OOf{OO1*~~~~<.~~*®rm~~-n~*1*~fBlm~~
O){~~~tf~:et-:J -r~.~~~t-r~{~9 QiO~, ~nG ~~~-cijt.-n~l:'~d:.it~~ c·
etlv-c'lt)Q. -~~:.itJf1~tf~d:~~fl~O)~~· ~*~{JE~ G, fl~O)A -:J t~ftf-f.O)

~~Mt~~r~~~~~~~~, ~0)~~0)~.~4jt~~~~~~.
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degree of supercooling
coolant

Lesson 37: Materials V
(material processing)

~ x /' stretching
(J)(~t9) to extend, to let (hair) grow, to postpone, to straighten,{vt};
(J)(rJ.Q) to be postponed, to extend, to grow, to lengthen {vi};
(J) ("" .Q) to lengthen, to stretch, to widen {vt}

ff••I 7~I~~~~ rolli~•* .:r:~T 3 ~ extension, elongation

:til q:..:v lJ all the more, instead, on the contrary
JM!~taJIt ~v'1q:.~lJ~

~taJRJJ v'1 q:.~ lJ~ '1

Ie q:. 3 distant

~J~jlg"
*t4MrJ3,jlg,.

~ 3 ~T / q:. 3 1)

x'Y:>' /~ /q:. 3 I)
focal length
end-to-end distance

ft q:. 3 ~ sutra; Jr '1 longitude, sutra, warp
""( .Q ) to experience, to elapse, to pass (through)

~Iifi Jr'1Jr/
~~ Jr'1D

experience
path, pathway, route

~~
I~ :f back, behind, rear; :J ~ back, behind, rear

~ C: after, back, behind, later; 5 G(;:') back, behind, rear;
:J3 <(tt.Q) to be late, to lag behind; (J)ij after, future, since then

1~~ :J ~ ~ -V the latter
~f~ :J /:f henceforth, from now on

ffl :; holding, maintaining
~(J) to carry, to have, to hold, to last long, to maintain, to possess, to wear well

*iffl '1 ~ maintenance, preservation
fflm1C ~ '.! lJ continuation, persistence

?A :; 3 ~ steamy, sultry
U( G9) to heat with steam, to steam {vt};
U(tt~) to become musty, to become stuffy{vi}; U(9) to heat with steam, to steam {vt}

.~~~ ~ / lJ ~ ~ 3 ~ 7-~ !7 vacuum deposition
~~ ~ 3 ~J\ 'Y evaporation, vaporization
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...a..&.

FJ IJ ~ /' before
*;t before, front, head (of a line), previous

WJ~ ~/~~

WJ~ ~/I\/

the former
first half

_ :r .:z. t) casting (metal)
v)( .Q ) to cast (metal), to coin, to mint

~!fo/.J v)~O)

~~ :r:Lt)'/t)

integrated, comprehensive
generic name, general term

casting, cast metal
casting, founding

PI 7 / emitting, flushing out, spouting
"",5,,( <)to emit, to flush out, to spout

IfJtM -://~~

IfJttH 7/~:L'Y

spray, injection, jet
spewing, spouting, eruption

M!II :::J... t) dissolving, melting
iikm
iikJ~

melting, fusion
melting point

vulcanization
sulfuric acid

tJ I) =t- t)
I) ::L t) -tr /'

&If
Pill I) separation

~d:tet.(9) to disconnect, to isolate, to release, to separate {vt};
~d:tet.(nG) to become free, to come off, to digress, to separate {vi}

~* T / I) ionization
7.t* -:/ / I) separation

ME I) .:z. t) sulphur
hewtf
wtfnt

~
ITJ V -1 cold, cool

-:> liJ(t~ v)) chilly, cold, coldhearted; D(;t ~) to cool down, to grow cold {vi};
D(~9) to cool, to refrigerate {vt}

f-fJ ra'J±~ v -1 tJ /7 'Y I /' cold rolling
f-fJ*P v -1 =t:~ !J cooling
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37-1:

Reading Selections

.~(-e7439)

J±tiMfPffl, itlul*JTfPffl, ••fPffl C:~vS~~~fPfflO)-J-r:, ~~.'!*rp'~~ v~~1.'!*

C:~OOC:0)*~fPffl~~fflG~~~~fi5~C:. ~<~D~8~*~0)-~~~~ .•
~0)~~fI-r:~1v~<Jtr~O)~~fPffln~m~ftb~tl~~~n~~fig-~n~,~-)v~)v,

*~:{JtimlIDEO)~-)v~)v, 7 1'1) ~~3 /~)v~*~O)7J.J*n~*~V~e~tlLv~~,

~~fjLllll9~:~1, -~~:.~~~:1Ig-~ .

37-2:

717 A~1JD~ Gt~ e ~ ~:, ~~., tt~, ~~~$tJ: cO)JttJtO)tJilllft{ffJtt;¢~, ~o

tJilll.Im~~~:~fl::g-oijl~. n~~fD, ~fI~fDtJ:cO)JttJt~:~rm~O)~ffj;¢~J!v~ti

~tlo. ~tl;¢~~~ ~tJilll~717 AEf$tJilll ~t~~d:717 AEf$li~e v~ '5. 717 AEf$
~1, ~n~ll9tJ:f§Ef$~~1tJ:<, 1JD~~1f3~O)imll~:J: J -c~.~~~t, tt~ll9~v~tJil

1l.Im~O)il~ll9tJ:~fl:: C GLililtl~ tl:Q. 71 7 AEf$tJilll~r~~d:*6~fl::;¢~j!p$tl~ tl
~. 717 AEf$tJilll~rO)~~~717 A~~C: v~v~, ~0)~~~:~:Q~Jt~717 A eJ:
vS~. 717 AEf$tJilll~J:-C~d:i&!1f3~~'!*O)~~~:tJ:G. 717 A~~~:.:t3v~L~d:, ~JJX:*k

rO)~~, lIDEtJ: cO)JljJjJ:*)v~-7J~, l§2~Jn~;tO)t~~0)~T /y~ )vJ:*)v~-~

m;tG ~ C:n~~~tJ:<tJ: J L, ~Ltlt~~~{**6Gt~~~~~GC:~;t Gtl-Cv~:Q. ~,!*,

~~, **~Jtt*6~, ftJJX:it1i7tr(i1il'!*tJ: c ~1f3~ Gt~ C:~ ~:ttiijlg- G~ C:7J~~G. 71 7 A
~~~d:~~.lJL~tJ:~~-r~ ~.

37-3:

mM~'!*7J)G~1f3G-C, i&!1f3~~'!*, 717AEf$}~~~-CJ<Gtlt~~Jto)c~~~

~ v~ 5. J.tv~i\~-r~d:, ~~w~~, g-tJ:b~JJj{r(~t~~d:7tr)7J~*a~mr~tJl.Iu-r

v)tJ: v)~~~Jto):> ~~~~:~~.lJL~~~~:~~ ~o) ~ v):> n~, ~ G~:J.t~~:~d:, ~~MtJt~

'!*~f~g-~ C: ~~G. ~t~tJ7 A~~~d:, 717 A c~~~£rmi\~:fflv) Gtl:Q. tJ7A~~
;¢~f~Gtl:Q~Jt~d:, 7111jj[tJ7 A, :JJ)V:J~71 rtJ7 AtJ:C~~<~Q. mM~'!*

iJ) Gi&!1f3~~'!*~~L717 A~~~f$~tJ7 AEf$-C~d:, V)0 v)0tJ:~iI~JttJtn~~fl::

g-G. t~C:;t~!*5Jtt~d:, mM~'!*iJ)Gi&!1f3~~'!*~f$G C:~jjt~:m*G, *5Jtt$~J:717

AEf$J~~:~g-Q C: 1013p f1ifi~::tJ:~. ~G-CtJ7 A~~-r~d:, JJj{r (~t~~d:7tT) O)iJA
fX7J!~~ cluc~GtJ: <tJ: t), ~O)~fJJ~d:{**6~tl~. *t~tt~~d:, 717 A~~7J) Gi&!1f3
~~'!*~f$Q e ~~G <m1Jog-~O)-r, tt~~iltl~g-Q ~ en)~tJ7 AEf$J~~~ttlg

Q~C:~-C~G.

~fI~-r, 717A~~n~J! Gtl~A~ll9tJ: ~O)~::~7tTn!~~. tJillln~~v)~~-r~d:

it1i7trjj{~d:~ 7 077 ry /JljJj~1TJ LV) tJ, 7CO){ft.~J:f:lJl}~:~ e.O)O)t~:> ~JlJhO)

et '5 tJ:~~~~ G-cv)~n~, -t-7ttWtlt:n!iWj <tJ:~ c.7C(7)f}[~et t) ~tLt~x~ 07"7 ry /
JmfJJ~~~Qet :> ~::tJ:Q. -t-7t{Jfv)tWtllr-r~d:, ~t~n) ~~D&r O)~ l::O)et :> ~:, c: '"?

C: G-C:t3 t) ~ 7 077 ry /JlJh~1TbtJ: v). g-tJ:b~, ~O)et:> tJ:~{lf:r-r~d:EJ EB'!*m
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7J~~F*~:/J\ ~ <t~ t), ~I*)},t:r:-kT ~ ~t~, J@j7t-Tt!l~ / "O)@Jfi:t:3etlt~im~~
/7~:~tT G~T/~~ )},tI*)},t:r:-~~O)~~ ~:tt~-c IJ\~ <t~ t), J:~2JmtJJ7J~?JR*5

~ tl~. ~G-c:: O)~~rO)J@j7t-Tt!l~ /' "O)L§{-Tffi~j:~m~~C:fRJ.~:~tJJ~jJjO)
~~1T5. ~O)et5t~~~~jJ7A~~C:v~'5.

37-4: f.iJt~ (t 7226)

Iflm~O)~~, ~., .±d;Qv~~j:~O)fillO)~~O)!l~m~o)~~o)~o)~:J<fJJ:
~fQIfi~ v~ '5. ~~1J~~j:~~~ tlQ!fo/JJtO)Jt1Jtc:~mT Q~~:et ~ -c7tm~ tlG.
ji~~*a9~:~d::tf±O)~*il~:et~L, (1) ~J:t1JDJ±~~, (2) mtt~~, (3) ~••)6
~~~:t:3etlt (4) ~v~!l~-wJlfiG-c~~J<Q1J~C7J~d; t), ::tliS ~d:~ is ~:mv~ Gtl
Q¥~~1J~tJ: c~: et ~ L*HI7tlQ~ tlQ.

ififf1<!fo/JO)~~, ~~~~d:~••)6~~~, ¥tT~~, tI~~~~:*JJIJTQ. (1).)6
c7>~~~d:~.~~O):tf±~E.~t~c~:.)6u1J~~~~r§b~:t*m~tl,~t~C~~~

mMGt~L§{f-t~2~~J!i}.~~:.)6uc.~][~~O)$~:AG. (2) ¥tT~~~d:lli:iFiJIJl

1> Gt~7J~, *l~tJ:~~O)*J5±~][~:±~:ffjm ~ tlG. (3) tI~~~~d:71) 7 ~ 3 /7°v
A, "!I)V7°VA, i'EbJ±7°VA, D-~ 1) -7°VAt~C(J)~~tI~M!m G-c~~TG7J~,

~~J±1J7J~%i <, ~1J[]7J<7t ~1>tJ: v~t::.~, ~~~iEit, ~%il3t, J@jfl~*~~m~:m1J[]O)1J

rtiJ~: d; Q.

37-5: Il. ({~~749)

~m(J) smelting ~d:mM~.d;.Qv~~d:~GLm.c:~~tl.QO)7J~tfJm~d;Q. ~.C~d:,

J.t~~:~d:~mO) process metallurgy d; G v~ ~j: extractive metallurgy ~lt~G, iAElft ~:~~
tlG 13 a9O)~~~n*E~/F~!fo/J7J) G7t1ll GL, ~~~~t::.~j:~~C: G-Cl& t) lfiTtlf'pO)
:: C:~d;G. ~~~=~j:Cfftm~~lt~TGm.c:G-CM!btl-Cv~G. ~~~.C:~d:iAE

~~n~~77~7AC:~~~&~~~, ~E~/F~!fo/J~A7!1c:G-C7t1llG, 13a9~

~ (J:izf!O)et '5 ~:7 ~ ~~A/\1 A O)lftra'~m7J) Gm~~~t~G:t~~~~U) ~t~G ~ C:
~d;G. ~~~.C:~j:, M~7 )1;1) l)mi~tJ:c~~tJ:m~~M!~L~En)G13a9~~~
mn) Glfi G, ~O)mi~n) G{~~a9~t~~d:C~{~~a9~=~(J)~~~l& t) lfiT1J~~d;G.
f~~~j:C~ff:t~ C: J:: ~ttl, Cfftm., Cfftt*l&tJ: c 0)1J~7J~d; G.

37-6:

t7~~7A~~~~~C(J)~~~,~~~~b, 77AT~7A, ~~~~~c~

--=>< ~t~~~lft~:!tAG, ::tl~*, i'Eb, ~~t~cO)J±1J~~lft~:Atl, ~~~1JDJ±T

Q:: C: ~:et J -C*~~~~~:f!3-tJ:J±1JiO~7J)7J)G et:>~: Gt::.J±.~~tI, ~t~, ~(J)tlf!P

~ v~:>. ~1JJt1~f!3JttJ:~~~~t~G O)~:~G -CV~G. ~t~ji~~r§b~=lli:v~~~~=~~

TG::C:~~~G. ~ra'~fT5 ~0)~7J'-7°VAd;~v~~d:CIP, ~~~fT5 ~O)~

HIP CJ:: vS~ :: C: n~d; G.
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37-7:

~f*~:QIt)~d:-rfimJJX~f*~, f@jrg~::t3lt)-C~~.f*~~JJXT:Q~~~d:<t~ C~:!'1AJm

5U. Gt~O)!> ~BI*J~: f*A G, ~ffll(1# 1m5U.«lf*~ JDi G-C~1J~ ~:1JOJ± Gt~~~ G1Jo~~~
T :Q1J~-c:, *~ ~ 7VA~~-$dJ1JrtiJO)1Jf]J±~:~t G~1J1JOJ±O)t~~J:: tJ f!2J.~~~(})~
~f*~~fItrg~~-c'f~Gtl:Q. ~ G~) G~JIfnB~~(}) 95% fi~l:-rfim~~G, ;t-7/
~7~t~<G-C:t3~t~1, ~lIf*t~ G'1:(PJ~t~9JJ*n~f~ Gtl, j"{~I**~~'@j~:~fljffl~
tl:Q.

37-8: tftM (--t 7189-190)

~f*~ikJ~~r:~:~:QIt)~d:-$~m~1:.9Qrg~~:1Jo~Gt~tI'@j~:, ~~.~ -.:> -C~
~fil3t(})5il3t~j#J~f*~:t~Qm~~lt) '5. ~f*J:f=t0)~~ 2 ;f!jL-T~:~§T:Q C, ~ML

Lf¥1:Eg-G 2 OO(})*ll-T~d:~OOx*)v~--n~:lfl/J\ -c'tJ: <, ~f.J~~~~~d:~~~~tkm~:~G.

7c(})t~~, !fo/.J.(})f$thO)t~~(})ffll(11~I*)v~--n~4jt Gtltl~1, ~OOI*)v~-O)~

~TQ1JrtiJ ~:!fo/.J.f$th~~~ ~ ~. -~~: ~ 0)* ~ik}~~r:O)rgl3t~:1Jf]~T:Q~ C-c'7c(})
ffll(11~I*)v~-~d:4jt6tl, !fo/.J.f$thn~~Z:Q. ~OOX*)v~-O)~1"~d:, Tt~b!>

~oofJ7J!~1"T Q z: c l:~ tJ, 2 ;f!jL-TFa' ~=*5~7J!~ z: Q. ~ 0) c ~*JTt~ ~:1:.JJXTQ~OO

O)j#JX*)v~-- cO)~f*l:, 7c0)*~f*0) § EBI*)v~--~~ti/J\ C:t~Q c:' 0 ~~i1t

f-TT Q. -~~=i~*5~d:7cO)Jm~fnB7J) 6, 1JJW], J:f=tw], ~w]O)=~~~:7t~tL~ jt GtlL
It)~. {~~~t~~*5M.C: G-C, ~ootJA~, *1l~tJA~, f*fJtJA~, ~§E •••, *~I(1ifrt

th, ~f~~*5t~ C~!1~~~ tl-Clt)Q.

37-9:

}]$O)fjf-f~=i~*5f*~mlt)t~-t;JJ~rJI~.~f*~~=~d:mi!~~I~, ~-~ ~ ~I~,

t7 ~ ~ 7I~~t~TtI~7J~$lt)7J!, ~~*O)-t;JJ~rJI~l:~~*<i1~~-c'~Gtlt~~O)

~d: z:tl~=-2i~nG.

37 -10:

@l$iT~ 2 J 0) 0 - )vO) ra' ~:*tf-f ~f*A G, mlt1~~ ~ffjm G-CW.~ ~ t~ ~J:~UfffJ ~

~~~ it~tJf]I~. :. O)~~~d:~rg~t~~d:~Fa'l:f-Tbtl, fjf-f~d:O-)v c 0) rl3' O)*ftJf.J
~:J: -.:> -C51J6:~tltJ:~~ Gil~~~:J±.~1$~ tlQ O)l:, 0--)v-c'J±~~tlt~*jf-f~d:, ±
~ G-C~¥1JrtiJ~=1$U:, If.Jra~J±~~~~tt~fjf-+~d:J±~.*ifJl.~~ G, 1JDIi!1~ G-c5i
~~d:J::ng-Gn~~I(1~d:{Itr:g-G. 7cO)t~~M~1JD~~tJ:~ L--Cmfii~tlG z: c~!$lt).
*.1:.ii:~:JlG, §th.m~f&7J) G~WdmMf&~-c'~~fjf-+O)*~~d:J±~-c'~~~tl-C

:t3 tJ, 3-F~~fjf-+ ~ 'bfll< O)~m-rfIJm~ tl-Clt)~. J±~-c'mft~0--)v~mIt)t~ tJ,
fJttl1JiJ) GO)o-)vc:~Il~~bitQ C:n~~~~~Uff~lj~J <~ z: c:n~~~~. ~ G~:

~,*tJ:J±~tI~M!5 z: c: ~=J: tJ I) /iftk~Jfo~J±~Gt~ tJ, 7°7 if~t~~d:~/' ~ V)v~

M!-.:> -Cit lviL, J±~GL1ftk~Jfo~J<GZ: C: ~= ~ffjm ~ tl-Clt)~.
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37-11:

~ffJ\ CVD. (@jlf!O)£fiJ:.~~&:lt'Jt1O)11 A ~mtG, £fi~ltiJ:~~(glIf*JI ~fJTtfi ~it~

11W.. TiCI4-CH4-~ *0)11Atr~ 6 1000°C f1ilI-e~{~T?' /iJ~, *t::.. TiCI4-N2-~ *iJ\ 6
1050°C f1ilI~~{~T?' /iJ~fJTmT:QtJ:c1tl~, ~~f*, *&.f*0).~~:J!< M!ottL
V~Q.

37-12: MOCVD (f~~188)

~mfJPX:w.O)-J-ed!>Q{t:~.~w.(CVD) O)-J-e, fJt*O)~tI{~fJ~~±L§{f"}~~

G t::.. CVD c .tJ: ~, 7 )v4=-)vft:fJ~tJ: CO)1ftl1iZ:~{t:fJ~ ~L§{f-J. C: T ~ jjjfJ, d!>~ v~

~d:7 )v:J4=-~ ~tJ:cO)1iZ:~fltl{tfJ~~ffjm9~ ~0)0)~~c: G-cM!btl-Cv)~ (Jim
~~~d:1ftl1iZ:"'{tfJ~~ffJm9~jjjfJ~j: OMCVD C: v~:». !t~a9fttlf! -efJPX:/O~llJtm-e d!>
~ 'C.. ctJ: c/O\ 6, ~~f*, ~.f*tJ:C O)fJPX:~~Jij v~ 6 tt-c t3 t], ililI-e~j:ALE c J::~!

tt~1JfL§{-TJI"O)fJPX:~~ ~lt'Jij ~ tt-cv~ ~.

37-13:

}.?' /, 70/\/, «/~/tJ:cO)~{~**~f*~1600°C ~J:-c'~7}m9Q c, r
!li!c ~~~!:lJlfT~~Al1~!lltiiJ~l!2rPJ Gt::..JI~~*/O~f~ Gtt~. 'C..tt~1JDJ±~tJ:* GT Q C:,
c $lb0)*0 t] O)l!2rPJ~d:~Ltt -Cv~ ~ /O~, fill~d:if7 7 71 l' C: IPJ 1;/\1 0 1) '7~ 'Y 7 if 7
771 1'iJ~-c'~Q. *t::.., SiH4~f*~H2' ArtJ:c-c'lff*RG, PH3*t::"~d:B2H6 ~l1£A

G-C 500-650°C -c'~7}m9Qc, n ~*t::"~d: p ~0)7t)v7 7 A ~1):J /iJ~1~GttQ.

:: O)J: 5 ~=, ~f*O)~7}m~~J:: ~ Jm~1::PX:9~l1W.~ft:~~~W., tJ:v~ G~d:f~~~mpx:

*, ~GLCVD c::v~3. ~f§PX:*W., &:ptJt1~~tJ:cc~J::v'S~. l:~(0)~0)0)~~7J)~=,

Si02, Si3N4, Al203, SiC, GaAs, AlxGal_xAstJ:C±~~"*~f*I~-c'mv)GttLV~Q~

O)fpPX: ~=frjJij ~ tt-c vi Q. 'C.. 0) :> !> GaAs, AlxGa1_xAs tJ: C0) 1::PX:~d:, AsH30) ~~7J) ~~

(CH3)3Ga, (CH3)3AI tJ: CO)1ftl~~~ Jij vi Q t::. ~, 1ftl1iZ:~~7}m~f§px:*

(MOCVD), 1ftl~~~f§PX:*W.tJ: C C J::~!tt-Cv~.Q. ~ L- -C, GaAs-AlxGa1_xAs ~'7D
.~O)~JI~-c'd!>Q~~f*~-~-*-TO)~fptJ: c~:J!< Jijv i 6tt-cvi Q.

37-14: 77~'? (ft:~1236-1237)

EJ EI3 ~=~JJJ9 Q ~~~£(JlJ~o)lE~O)fiiJ.*-1l-T]j~~ff L- L, .~a9~=~~~£g:.Jt1~f*J~~

~v)5. ~Jt~1JD~L-LV~<C, (glIf*7J)6~f*~, ~f*iJ)6~f*~~{1::9Q]j~, ~ 6~:

(@jlf!~~tJ:Qc~f*7}-TO)mJ1l, ~f*L§{-TO).J1IiJ~~'C..~, ~f*1;t/c.-TC/O~~ff9

Q 7°7 A'?iJ~1::PX:9Q. Gt::.iJ~J -C, 7°7 A'? ~~JtO)mggO)~~c~ vi 5. 7°7 A'?
~j:~a9~=1::PX:9.Qti~t-c'tJ:<, 7CtJ: cO)~M~O)fpm~Y~.~=J: J -C ~1::PX:9 Q. -~
~=L§{-TO).J1II*)v~-~j: 10eV 0)~~-c'd!>.Q0)-c', ~~~=mJ1l~itQ~=~j:105 Kfi~

~l:O)iWilf!iJ~~'~-c' d!> t), 'C.. 0) J:: :> ~=~~~=.J1I L- t:::. 7°7 A'? ~~~.J1I7°7A'? C:: J::
~~. 7°7 A'?*-1l-T0)~JJJX*)v~-]j1keY ~~~J::O)m~lf!-c'~d:, 1 ;t'/O)f§R1fi~

~~J:: t) ~&:ptiJ~~::Q. ::tl~~~.&pt C:: J: 0:, ~v)7C* C 3 L- (t::. c::;t~! 2H C:: 3H,
*t::'~d: 2H C 2H) O)ikfJ.&lt'~d:~~l!kfJ.&ptcJ::~!ttQ. z:tt~=~tL-Lm7C~.~l*JtJ:
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cfltJ±~-f*t&.~=J:: J LJ < Gtt~77 :A'x~j:1I"l3t7J~/J\~ <, 1ITO)iltJJI*)~~

~d:v) < Gn\~&) Gtt~ n~, ;f!}[TrJ:l~fjj~~d:/F+7ttJ:t~&)~.IJl.Ii~=~tt~, .T7B.l3t, 1;t
/7B.l3t, qtJt1f.jlT7B.l3t0)Jm~={lt< tJ:~. 7 0 7 :A'x~d:~-f*~J{Ij~=ttJ L~< O)J~~~-f*O)

J:: '5 ~=*tJJ-g-~n~, ~.-f*~~~O)~m~~n\~t~ c*f.O)*tJJ~-g-~. m~7B.77:A'

x ~m~M C~~Q~.~d:ffl£GtJ: v~I¢~, m~~=et J LM {;~~~jj~I¢~~Mft1:PO)rm

~~:u.Jf~~ ttLv~~. 1tl~~t~~d:~~-f*fJ\JO) EJ EB1ITcf3.T1;t /~t~~d:EJEB.TciE
fLO)*~, ~7B.~Qv~~d:~tt~rO)7B.l3t~~Q;¢~, -fj0)77Ax c~tJ:-g-~ C7J~~~,

~-f*77:A'x c J:: ~ttt~.

37-15: 7'7A~ CVD ({t~1237)

~mft~~O)-J~~~f~~~~~(CVD) O)qt~~*f~=77A'x~~~ffjm-g-~~
O)~, .IJl.1i77Ax~~m-g-~~77AX~C, *.IJl.1i77Ax~~m-g-~.7B.77A

x~C~:*lJIJ~tt~. ~77:A'x~~~d:, ~~~~v~J±JJr~0)77:A'xyX,/~~~

)aj~~~1JD~~:J:: t) &:Jt\;¢~j1g&) Gtt~. -jj, flt7B.77 :A'x~~~d:, f{ hPa ~rO){ltff
JJr~O)t&.~:J:: t), ~v).T7B.l3tc fltv)jJ A7B.l3t~flFn~fFt) ttl~ tt~ z: cn\ G, J:: t)
flt7B.l3t~ 0) &:Jt\7J~fijfj~CtJ:~ .

37-16:

~tlf~ft~0)~-f*~7°7:A'x~~~:G, £f&O)l:~=mft-f*c GLfJTttl~it~jj~. ~

~r-c'~ J x- ctJ:Q5[-f*~iiGtJ:7J~G7'"o--t&.-g-Qc77 :A'x;¢~~~G, 7 ytJ)~

~tJ:fI}Mft;¢~.1J ~~ ttGM*, tan\~t~ttt~mft-f*O)JJ;~~~-g-Q. ~ O)jj~~:J::tt

~t, q:: J x- c G-C/F~fllf~ft~ ~:~R 6~, ~f~71<~, 7 '/ ~{~ft~tJ:c O)-~O)~tI

{~ft~~~tI~~f~ft~~M!'5 z:. C:7J~-c'~, Gn) ~ 1:: :/*-)~O)tJ:v~i$).tJ:m~Jm~J
<ttQtJ:c, tt*O)mft~~:tJ:v)flj£;¢~~Q.

37-17:

7-~ t&.~:J::J Lf~Gttt~~7B.(J)~Jm.mifrt-f*-c'~ ~ 7
0 7 :A'x ~, l41*P Gt~~JM.

ti J A')~n\ GPJimt~ it t::. ~ (J) . 70

7 A'x~~$7J) G l41*p-g-~ C, 7 - ~~003~ -c'~Q
t~~t/J\~ < G, ~fJl~~~~'5 C7--~~d:l&W-g-~. ~O)*fi*, qtJL\0).ifrt1ff;l3t, 7B.l3t
7J~l:~ -g-~ (~1:: /7~jj*). .ifrt1ff;l3t7J~~F~ ~:*~ v~~ft, l:~20) ~~n\~:7 --~ qt ~ifrt

tt~.ifrt7J~J < ~m~~:J:: t) m5[~~: 7--~ 7J~l&w-g-Qm~ 1:: /7~jj*n~1JDv tJ, 77
A'x7B.l3t~J:~ G~::l:~ Gm~i1ffi.7J~~~-g-Q. 7

0 7 A'x:; x '/ ~ ~d:, ltf-f.(J)llOI, {t~,&

Jt\~ffJm Gt~~.O)~~, :J-T~ :/7'"tJ: cI~O)rtv)7tlf~:Jt\m ~ tt-CV)~.

37-18:

7
0 7 :A'x:J-T~ :/7'" c ~ v~'5. 7--~.JJ-c'7°7 A'x~~~~it, PJittl-g-~ 7°7:A'

x~g:t ~::~7 ~ '/ 7m*~z*ftGL~riNj{~G, £Itl:~::J!X~J~t-c*Jtll-g-Qjj~. • JJ
~d: 10-500 kW -c', 7

0

7 A'xjJA ~=~d:7Jv::f :/~t::'~d:~~ • *~iiftjJA7J~m v~ GttQ.
t 7 ~ 'Y ~ A ~:~J: Al20 3 , Cr20 3 , Ti02 , Zt02 ' WC, TiC, zrC, TiN, MoSi2 tJ: c(J)~~7J),
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.fjfj~~-~ '/ 1'n~ 100-400 ~ '/ ~.:LO)~*CGLmv~GttQ. £fi~J:mMfln)G
8-13 em" GLf*m~ tt~. £fitli!Jjtn~{ttv~ ~ c, *!.JlJjtn~Jlv~~ C, *~ltf-f.~:~

*!W'""r~Q~ C: t~ C O)fIjJ~ 'b d!>~ n~, 5<\.fLn~~ <~min~mv~t~ C 0)!XJ~~ d!> ~.

37-19:

5<\.1*~1~/'ftG, ~.6X:Gt~7:7Ax~ffJmTQ*P. 7:7 A'xO)~~1J7*~:J::t], 7
:7 AX:; x '/ 1'*P C7:7 A'X 1'-T~~:5t.~ tt:Q. ftj1f~d:i1Imt.i1j~:J::Q7-!Jt&.
~fljmT Q t::.~.tI ~fiT Q n~, r~1f~J:~}ajtJt~~1JD~~: J:: t] 5<\.1*~1 ~ /'ft G, 77
A'x~~~~it.QO)~••tI~d!>.Q. r~1f~J:WJ1f~:tt~.tI~:ft~T.Q.J~n~tJ:v~t~~,

M*~~5<\.O)J::5 tJ:.tI~~ftT.Q5<\.1*~77A'xftT.Q ~ cn~lijtm-c'd!>Q.

37-20:

iflitli!0)7°7 :A'?~1JDJl~MTQ ~ c:~:J: t]fm~tJ~~~~ 07'/ 1'J:/'~/'~~ltf\GL

77 A'xJ: /'~ /' c: J::~S~. 7°7 A'x ~1JDJlT.Q)]{JJl~:J:: t] v~ <In\~:5t.~ tt.Q. (1)

)1*0)07'/ l' ~19!mGLV~~7 J\-)v / A')V~mV~L, mt1*tJ~~~:~tli!7°7AXO)
~I.*)v:¥-~~~I.*)v:¥-~:~.T~'b(J). ~tt~:~d:7-!J 77 A'?I./':;/'~~

7t~~~*f*(J)~iik-@J~tJ:C~mv) t::. 0 7 'Y l' I. / ~ /'n~~;t GttLV ~ ~. A.I~ ~tJ:

C(J)~~ffftl.meGL~mfl::~~n~tJ:~ ttLV).Q T 7 0 /'A :7 A ~ - ~d:, T 7 0 /' (J)~

OO~:rd'JL 1'\)VA*mmt~mtG, T 70 /7°7 A'x ~~.6X:G~Jt~~ itQ7°7 A'XI /
:; /'-c'd!>.Q. (2) mi1rfcm~c(J)m1[fFm~fljm GL7°:7 A'x~1JDJlT~ ~(J)~d:mmmt

1*1JDJl (MIlD 1JDJl) c J:: ~ltt, ~$:J 1 )v~m v)Lm~~t:(l1JoT~ 'b (J) C, 7°7 A'X~

~.6X:T ~ t~~ ~:mt Gt~mmt EI ~n!J <Q EIcm~ ~fljmT Q~ 0) c ~:5tn\ttQ. WJ1f~:

~d:*-)v1JoJlfl, r~1f~:~d: MPD 1JoJlfl~, %iv~*mi1rfI'\)VA~mv~t~/'\)VA 7:7 A'X
1JDJlfl7J~d!> Q. (3) 7°7 :A'~q:r(J)1;t/'1t~.~~:1JDJlGt::.r~, ••(J)lj\ ~ v)mr~i±
A Gfiifmq:rf[]~ it~Jm7°7 A'~ 1::- 14 ~:TQ 'b 0) ~d:1;t/'I/':/ /' C: J:: ~lhQ. mv)7j(
(@1 ;t /'~mV) t::'1 ;t / I. /'~ /' ~d:T-c'~:A.I~~(J)~~ffjlJ.m c GL~mf~ ~ ttLV ~

Q. ~ttGm~ 0) 7°7 A'~ I /'~ /'~d:, fmtJ c.ttfmtJ (••i1rf.~t::. t] (J)fmtJ-c', fj)(J)
1fi{}[~~~ttQ) n!*~ <~tJ:'J LS tJ, ~EB~rJ3'~:s~tQfm~flc GLO)m~~~tJ:
'JL<Q. (1), (2), (3)O)Jlm~:fltJ~d:/J\~<tJ:Qn!, ttfltJ~J:*~<tJ:Q, TtJ:b!>~

MJl~;Q!*~<tJ: t] ~Mtf&f-f.~~.$;Q!{ttv:\O)~~mra,mfT~~~~J~Jm~;Q~~V~~'~o)
d!> Q ~-@J ~:WXtJ 1t~f1I!TQ.

37-21:

7°:7 A'?q:r0)%)EO)mrSJ::lt1 ;t/'~:~$7J\GI*)v:¥-~itAG-C, ~O).r*

t::'~d:1 ;t/'O)I.*)v:¥-~m*~it, ~rrJ3'.~tJ:c(J)mfDiMIfi~)I G-C, 7°7 :A'x~

1*(J) mr ~ t:::.. ~d:1 ;t / (J)~~tJJI.* )v:¥- ~m1JD~ it-c, 7°7 :A'x (J) tli!~ ~1:~~ itQ
~ C:: ~ v) 5. 7°7 :A'? (J)tli!Jjtl:~~d:1JD~~jj$(J)~~7J\, MC:i6~~rJ3'~: 'bft{f¥TQ (J)~,

~jj$(J)J: v)1JIJ~$c JPJ~~:, J:: v)M C:i6~7J!~'~~d!>~. x*)v:¥-(J)i±A1J$ C::~!&

iMIfi~:J::'J LV) 0 v) 0 tJ:1JD~7J~d!> ~ 7J~, ±tJ:~ 0)~ d!> ~f~ c*(J) cS t] l: d!> Q.

(1) ~.:1-}v1JlJ~ : 7°7 A'x0)1I5itMtfL1tfUm GL, 7°7 :A'?q:r ':~JEg~ tlt:::..~mt~:J:
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:Q ~.:z. - )V~ (]2R) ~:J::QtJll~.

(2) ~~J£rtitJD~ : ~$~) 6 %iv~m~~tJDk -C, 77 A'-X ~m~J£~:J: J -C~~~~:J£

rtiG, m~I*)v=¥-~~I*)v=¥-~:~.T:Q ~O).

(3)tltlJJtJD~: ~$~)6.m~~tJDk-C, 7°7A'-Xt:p~:tlt~Ul1J~G, 7/?7~'7Mlt, ~

1 !/ D·" 0 /jt~~tJ:c, 77 A'-x*ft.:rC:tltc:O)mlifFffl ~:J: J -C*ft.:ro)I*)v=¥-~m

* ~ it:Q tJll~.

(4) iUiI*)v=¥-f1l.:r~:J::QtJll~ : iUiI*)v=¥-~.:r~77 'A'~~:AMG, ~O)~IJJI

*)v=¥-~.~i&IN~:J: J -C77 A'~*k.:rO)~~IJJ~:~.T:Q1J7!~, E'-b. ~:J: J-C
tlt~Ul1J~G, 7 /?7~'7Ma~/\ 7 ~ ~ 1) '/ !/i&IN~:J:J -Ctlt~) 6*ft.:r~:I*)v=¥-~~.T:Q1J7!~~l>:Q.

(5) !Li1rttJD~ : 77 A'-Xt:p ~:imv~liJ: t] 0).i1rt~~~G, • .:r~JAv~~IJJA~!J ~ )v~

~~.~c:O)mlifFffl~~~T:Q~o).

37-22: 77;(~;Jj (~J]!1845-1846)

EJ~~~:~d:~<0)7°7 A~~1m7J~ff1£T:QiJ~, ~tlG ~~.~~ffJfflT:Q ~ C~d:~~

tJ:v~. Gt::-7J~J -C, 1&.tJ:cO)¥m~77A'-x~~~~it~.~:f(Jffl~~:QJ: '5 ~:T:Q

~fI~~~\~~l>,Q. ~.-c'~*~ tl:QfI.0)L§{.:r*t~~J:7t.:r0)1 ~ /~) GJ£:Q 77 A'X
~, tJ:/v GiJ)O)M Ci6~~~~:~J£T Q~fR~7°7 'A'~~1:.~flC: v~v~, %~:~0)5!>

i;) 7°7 A'~~J£$~77 A'-X1Jj C: v~ '5. 7°7 A'-X1Jj~J:7 7 A'~~~~~ it~¥m~~~
tI.~:J:J-C7t.~tl, /\)vA77A'-X1Jj, ~)E~77A'-X1Jj, )E1it7°7A~1Jj, Lai1rt
1&.77 'A'~tJj, iWjJaJtlt77 A'-X1Jj, PIa 7°7 A'x1JjtJ:C~~l>~. ~< ~J:1&.~:J:~~

1*0)••~:J: J -C77 A'x~~~~it~7J~, 7 )v1J I) 7°7 A'XO)J: '5 ~:1tl~ooO)~M.

1iI~fflv~t::- ~O)~, v--if-7t~::J:Q.1iI~ffl v~t~ ~O) ~l>~. 77 A~1JjO)Jf1fm~~

Tm~tJ:/\7;{-?7-~d:, (1) .1iIJ3t, (2) 77 A'XO)mJ3t, (3) • .:r:t3J:lt1 ~/i1fftJ3t,

(4) r.im~rp', (5) 77A'XO)*~~, (6) mJ3t0)-fiJf1~/'7 ;{-?7-O)¥JijlJf1, (7) 7°
7 A'xO)t*J$~:tI!LtJ: c~lJJiJ~:PtJ:v~ ~ C:, (8) MCi6~m~O)~~, (9) ilr~tt, tJ: c
~l>~. GiJ) G~~fI.~:J: J L, ~J£~tl~7°7 'A'XO)/\7 ~-?7-~J:~f~~, mJ3t
~J: l04-1015 cm- 3

, • .:ri1fftJ3t O.l-~keV c:~*~"*~, 1J0)77A'-X1Jj-c'T~LO)/\7
~-?7-~Im~~t~G'5 Q ~O)~d:tJ: <, ~.§~~:~C-C~~S~~\~iJ~l>Q. ~\-rG~.

~~tJ:t>O)~J:tJ:v~iJ~, -~~:, tt~~/J\m~O)~J]!~.~J: <fflv~ Gtl~ ~O)c Gl~d:,

(1) 1t17tt±, (2) *_Y-!/, (3) iWjJaJtlt*t::-~J:-X1 !/ otlt1&.1f, (4) ~ 3 '/!/7-.:z.-7',
(5) Y)v1J 1) 7°::;; 'A'xiJ~l>~f6tlQ.

37-23:

7°7 A'X ~~J£ • tJllim GiUi.~O)m~M Ci6~~~t:p ~:tTi6ut::~ ~::, 77 A'X~J]!

• ~M~if~0)7t1f~1m~~tlt~/\)VA~tJ:77 A'xtJDJmfl~d!>~. f\:;~~tJ:~O)C: G
L, (1) 7?7 /'7 '/ ~~-77'A'xjft, (2) fP]$fh7°::;; 'A'~jJf (x-~~ )vjj /), (3) t: /
7jJftJ:C7J~d!>~jGn~. T?7"/1) 'Y ~~-jft~d:7?7 "/(J)'7 '/ ~~-~::**~~~~it-C
:t3~, l' 1) jj-1&.:t3J:: lt ::.tl~:51m</\)VA*.i1rt1&.~:J:: t], '7 '/ ~~ -iJ) 61&lli
~ tlt::**jjA ~.1iI~itQ cfP]~~:tJDimT~ ~o)-c'l>Q . • 1iIJ3tO)iWjv~iUiim0)7::;; 'A'
xiJ~f~ GtlQ &00, 7-?7 "/7J~7°::;; 'A'x q:r ~:~$i1!~ C: G-CiJ'tJ: t] *fi~:mAG-C G* 5 ::.
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c, *.t::., t&.rmltn~ 1000 rm~l:~:tel:~ c**n~l±l~:<<tel: tJ TJ ':J ~~-~lN.ft~
~\~n~a;:Q.

IRJ $dJ 7 '7 AxjJf ~d: IRJ$dJ~ ~: ft2fR~ tlt::. p:) ffIj~.ti c r:p JL' ~: fRn) tl t::..~.Ii c n) Gtel:
fJ, r:pJL,••O)r:p~$f'filI~:~~tGtlt::.:fLn) G, ifbJijjAJ'Jv:1~m V~L, ~mJra'fJ\J~:

.tira~~~jjA~J!ftMG, I'JVA*.ifrtt&.~~J:: tJ 77:A'x~~~ ·1JllJi9:Q. ~m1J[ti]

~~ifrttl~ p:)~~~- ".ifrtc, r:pJL\.ti~ifrttl~.ifrtn~-:J< QJSJ1J[ti]Si.lcO)mlifFm
~, 77Ax~.mifrt~.Ji~~~~. ~~~TJ':J~~-jJfc.~tJ, .~O)jjA~~

m~~~. 77 :A'xO)fI~d:, ~~~£jJf~~.t::.Gt::.jjAfI~~*.~. I'JVAt&.O)~~mJ

ra'~d:ii*, .ifrt~-"n~jJfJtEiO)GjJfD *.~jt§umfra'~:.ifrtn~a*~~tJ:Q J:: 5 ~:~69 Gtl
~. jjAO)J!ftMmJOO~J::~t&.O)~~mJOO~.<G~i.lft~,77AxA"U-bjJfc
J:: ~ttlLV~~ iO~, ~O)fFlht- ~ ~J:~*a;~ v~~J:~~*a9~: 77:A'x ~1J[JJi9 ~ MPD
7-!7 ~x '/ " c IRJ CfFlh ctJ: fJ, **O)jj~t- ~ C: ~d:.tJ:Q . • Ii~v-Jv~~~Mt
~t::. 2 *O)fia; :Q v~ ~d:.~~ Gt::. ~ 0) ~d:v-JvjJf c et ~ttl:Q.

37-24:

.~0)7~Axt&.*~~mGT,~~~1t~~~~.~9~.~~~a;~.~fFB

J:t~~J: fJ ~ctiflfm~ ~ -:J ~ 0) c., ~$~~~atiflfm~ ~ -:> t::. 1) 7 V ':J ~ ::J-1JJ:t0) ~ (J) c n~

a;~. 2 fx.O)jj'7 Afi~~~ijfj.ti (.~i6~••) ~ltm~~~~JG, ~O)ra~~~.tin~~~

9 QJ~~~' *;t,/jjA (~s Torr) ~!tA9 Qt::.69O)fL (~Jv) n1a;Qjj7 A ~- "~~d:

~ ~i6Iu~, -~f~Gt::. ~o)-c'a;Q. It, mO).~i6~.ti~~/'JvAmi%~1JllftQc,
~;f~9 Q.tira'~t&. G, .1ifJ\JfjttlO)jj7A~fii~~.?df~~ CQ. ~ 0).?df~J:, -tJvfJ\J
O).i.I§~~~~j, t&••~.J±~~~:tJ:Qct&.~J:ffll:9~. ~~:itO)~~1!7Jv~

~d:, ~fiiO).?df c Its kHz 0)t&••~.J±c n~mtJ: t] ft-:> LM~t&.9 Q. ~ 0) J:: 3
~: GT-~.~i6 *.tlt::. -t)v~d:, t&••~.iJiO)~~.t]~Gt&.n~~*7G~ tl~.

-424-



Lesson 38: Materials VI
(material properties)

crack
surface crack

+V'Y
1:::3?~/+V'Y

:tI 7J l' breaking
~ b (T) to break, to destroy, to tear up {vt};
~b(tt.Q) to be broken, to be demolished, to fall into ruin {vi}

$&.~. ~'YX / /\7J l' dielectric breakdown
~. /\ 7J l' failure, collapse, fracture

11 + tortoise, turtle
t.J~ liJ tortoise, turtle

&~

~mi&~

+ 3 !J composition, fault, melody, music, tune*(iJ~ .Q ) to be crooked, to bend, to curve, to decline {vi};*(~f .Q ) to bend, to bow, to distort, to pawn {vt}
EtiJ. +3!J-e/
~mEtiJ. ~?~/+3!J~/

curve
isotherm

7 + attacking, conquering, defeating
:> (J) to attack, to conquer, to defeat

•• ~3?7+

~.. *'Y~3?7+

impact, shock, impulse
thermal shock

~ 7 /' effect, testing
~~jtlj

~~~

71'7/'J!J
:;'/7/~'Y

empirical law
laboratory

~l' crushing, pulverizing, smashing
<ti.(<)to crush, to pulverize, to smash {vt};
<ti.( ~t .Q ) to be crushed, to crumble, to go to pieces {vi}

~~tI 7/~-1+

~~fFm 7/~1'~3?

grinder, crusher, mill
grinding/crushing action

~ testing
~ ~ 0(~.Q) to attempt, to try {vt};
t:::.~(T) to attempt, to experiment, to sample, to test {vt}

at~Jt ~7/~/

atfF ~~!J

specimen, test piece
prototype
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Ii ~ 3 ry brunt, collision, important point
••tJt ~ 3 ry~=l=-/\

.~ ~3ryl'Y

l~
1~ ~ /' invading, raiding, trespassing, violating

~7J)(T) to invade, to raid, to trespass, to violate
~:tt ~/'~3!J

~A~~ ~/,=;l.ryv'S",7J)~

shock wave
collision

corrosion, erosion
penetration depth

't .A. /' measuring
£l1§'flt
~Ob'flt

=l=-~.:L/'A/'~ry

-e41::/'A/'~ry

reference dimensions
product dimensions

1\ breaking, crushing, destroying, tearing
~~~( .Q ) to break, to crush, to destroy {vt};
~;S~(tl~ ) to be broken, to be defeated, to collapse {vi}

~~ /\~/'

~OO /\~ /'

1:: putting on, receiving, wearing
~ 5 U(~) to be subjected to, to receive, to sustain

~~ 1:::#4
f~RI 1::: J\!J

7 !J covering, overthrowing, overturning
~~(5) to conceal, to cover, to wrap {vt};
<J tJ~;t(T) to disprove, to frustrate, to overthrow {vt};
<J iJ~;t(.Q) to capsize, to fall, to overturn {vi}

m:tt~~ ~4~3!J1:::7!J

~OO~~$ 1:::3ry~/'1:::7!J0Y

rupture
fracture (surface)

damage, injury
exposure

corrosion-resistant coating
surface coverage

ft ::c t) decreasing

iTU1**t$Ob
**t

abrasion-resistant component
abrasion, wear

§!IJ
~ V Y cracking, ripping, tearing

~.(<)to crack, to split, to tear {vt}; ~ (~t~ ) to crack, to split, to tear {vi}
.~JJX::ll =l=-VY~4 '73 ry crack growth
7}~ ~ /' V Y division, fission, split
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Reading Selections

38-1:

~wtJ:c~:et t) ~f*q:t ~:1:. CQI*JJJ ~i{g-.~. ~f*q:tO)tI/j\tJ:iii~im C-c, Jt1.iO)
~f*;¢~fm1.i~:&~£g-JJ (l1!{}Liiifl~t~t)) ~~JJ~!J !')vcet~~. iiiO)~.~!J !')vn
~:.lJZr-jtJ:JiX:7t~~.~t.J, ~if[t~JiX:7t~~.~t.Jcet~~. ~t.J~!J !')v~J:ooO)1J1RJn
~:et t)~f~g-Q. ~O)~~~J:~t~T/'J)V (~t.JT/'J )V) ctJ:Q.

38-2:

*~~Jf1f*~:D~~Yo ~lMra~a9~:4xt~0)t>~tt~-)E~:f*~ c ~, ~t.J o(t) ;¢~~ra~

c C: ~~:~9/' G-)E{ii~:ili~ <~~~v~ 5. !J ') --7~.C C~~:*~~i1~.~:~tg-Q

~i{a9tJ:Mta9~.~~~~. mfllg-~~t.J o(t) ~J: o(t) =G(t)eyo c.< z:. C:1Q~~~,G(t)
~J:~ra'~:ft{ffg-~~Jf1$~mfll~Jf1$~~~. --X!J A ryx)v~* (G, 11) ~~J:,

G(t) = Gexp(-t/'C), 'C= 11/G
c:t~~. 'C ~*ffll~ra~ c v~ '5. ~ra~ t O)-+-7t~v~ C z:. ~~ o(t) ~t~~J: G(t) ~J:~D ~:ili~

<;¢~, ~.~:et ~ L~j:1f~H{li 0(00) ~:ili~=5'< ~f;~~~. z:.O)1f~H{ii 0(00) ~~if~t.J c
v~ '5. jG~~Jf1f*~ ~'j:~ JJ*ffll ~'j:~ ~ Gt~v~.

38-3:

-)E~0).*i, 7 ~ )vL~~ v~~d:t&tI\O)atf-t~~S~J? ~'j:-)E~~~515it), ~Jjltm*

--g-Qfn1mc:f$V~ltl~~t~~J:~2~} G, fn1m~J:~t.J ~:, f$V~d:D~~~:~~ G-Cfilij~~rn:

fiJ~~~:7°0~ l' G-C~'GttQEUI.~~t.J·D~~EUI.cv~5. 515it)~t~<J±.~:J

v~L~fPJ~~:~t.J·D~~EUI.~~'Q::clQ~~~G.~t.J. D~~at.~J:, ~S~J5atf-l

~••-g-Q~~~~GttG. ~~O)~ftO)~t.J·D~~EUI.~,~GC:::~(~~~~

~t~~J:~Jf1~H~)~~~~c:JuciR*JR~~t), ~0)1Jlj2n!~Jf1$~:f§~g-:Q. ~(9iJ~H~~

mXG c, EUI.~d:~~tJ:W~~g-. ~Wn!~Jf1~Wn)GmJf1~W~:3t) ~b~~f7\J~c,
atf-+n~.f~~:••g-GJ~ C: ~d:*~a9~, ~tt GO)J~~:S~t~~t.J~J:, ~f7\{li (~t~~d:~

f7\~JJ) setVsl5i t) (~t~~d:J±.) %i~ (~t~~d:••5~~, ~~H%i~tJ: c) c et ~tttQ.
~t.J • D~~EUI.~:J: ~ LIm~tt~ OOfl~d:, 3itf-+IQ~••g-Q~~~:~l&g-QX*Jv=¥
~:f§~ G, *~ t) %i~ c et ~tttQ. ::ttn!*~ v~atf-+~j:*~ t) 5~ <, /J\~ v~3itf-l-~j:JJfBv~.

38-4: -o-r3).I.*)V¥- ({~~1135-1136)

7tTn~.lJZlJf1lUln)G~ttL~Wg-Q~ c ~:et ~ L1:.~Q7tTI*J(J)I*)v=¥-O)~f~.

~, ~~GLD~~I*)v=¥-cv~? ~Q-JO)7tTO)llf*f~~a9tel:x*)v=¥-tI\~

~~-g-t~~~::~d:, ?tTI*J0)~F*5~J*Tra'O)f§lif"FmI.*)v=¥- E nb, ~~i§"O)~ft~:

J: t) 1:.~QI*)v=¥-E(l), *sf;fiJO)~{~~::J: t) 1:.~QI*)v=¥-E«(J), ~Q v~~d:I*J$

@1~fiJ O)~{~~: et t) 1:.~QI*)v=¥-E(C/J) tel: c ~~XQ CfJ!ffj~ ~Q. 7tTn~.lJZIJ{1l

tin) t;~ttL~Wg-Gc, ::.tt Go)I*)v=¥-~d:~tt~tt~{~GLD~~I*)v=¥-~
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lfx.o. -l:~2~I*)v=¥-~j:, ~rO)J:t-c'~~tlQ.

Enb =B exp(-Jlr) - Ar-6

E(l) =(1/2) k) (1- 10)2
E«(J) =(1/2) k8 «(J - (JO)2

E(l/J) =(1/2) EJt; (1 + cos 3l/J)
~~-c'A, B, Jl~~~~~~O)~~, r~~~OO~., ~~*.~~O)~O)~~, ~~

1Jl~m¥0)~ft~.,k8~j:~PJ~IIJO)~O)~~, 00 ~j:1Jl~m¥O)~ftPJ, EJt; ~j:mtJ: tJ tfjft2
~;¢~~?t~:: ~ JX*)v=¥-, l/J~j:=iliiPJ~~tl~tl~T. ~~(J)at.~::~d:, ~tlG(J).
~O)JJ{~~.~::AtlGtlQ~ C:;¢~~v~.

38-5:

~~~::~~~1JllX.t~C:i!~::mtlQ~~,iliiM, ~M(J)~ft?t~D-r~cv~:>;¢~, ~(J)

D-r~~~.~~::mIJ~T Q~.~ v~:>. D-r~at~j:~(J)~J.I(J)ilv~~::J:: tJ ?tm~ tlQ.
m1£il~~<fum ~ tlLV~Q (J)~d:, ~~_O)Mtn:(J)f$lt~::J::Q~ft~fUm Gt~Mtn:_D

-r~at-c', ~tl~~~~::~d: tJ J ~tLMtn:~mtl~T.Q. im1it ~tl~ strain gauge CJ::/u-c'
V~Q. Mtn:_c GL~d::J/A~/~ /_, ~/jJ=/_, =7 oA_tJ:c~~mv~GtlQ

~~, Mtn:0)7Mr.J3£~ft~21_ ~::~~T Q~~.~ tJ: c ~:: ~ l±:li~~T .Q ·

38-6:

it/u~Jmm:, -rtlJmJ3£ c ~ v~ 5. ~~~:J:: fJ tto/.J~~~~tfjT .Q~(J)JmJ3£ (eij). t~ti.G,

oo:~mfj* X tX 2X 3 ~::~tT.QJmm:~ (u1 ' U2 ' u3) cT.Q c, e;j = (1/2) (aulaxj + au/ax;) 2e;;
~f$~Jm~, 2e ij (i *j) ~it/u~Jmm:c J::v'5~ (!fi~:: eii , eij ~mT~ C: ~~.Q). ~tl~tl,

tto/.J~c C~ ~::IIJ< 21JlfT~iliirl3~0)~• .t3J::lt-rtlO)~f~Jmm:~~T. im1it, D-r~Jmm:

~d:!fi~ttlul'JTmtllJ (Yx2' 0, 0) ~::.t3~t.QJm~~!ft!r~:li~TQ~ C:;¢~~v~.

38-7: • 11~ (~7279)

1JllX. Gtlt::.Jt\~ (0") c~tl~:J:: ~ L~ CQ5ijiJ~D-r~ (e) cO)~-f*~~Ttto/.J.~~-c'

mel:'lfx. Gtl.Qf~~ v~ 5. D-r~O)~~~ctJ:Q~tfjO).m~:J::~L, ~ :/7"., ~M
5ijiJ~., -rtl5itiJ~.(fijatt.) ~~~.Q. ~1JJ~~.~:JV~L~d:l:~23 ~O)rp'~::-~O)~

~0)~.Q ~ C:;¢~~ GtlL.t3 t], im1it~d:~:/7~.l:'~~~tl.Q ~ c;¢~~v~ . • 1JJtt~.l:'

~d:1JD;t GtlGJt\~O)1JiRJ.t3J:ltD-r~O)~ Ct~-1JiRJ~:J: ~ L5itiJtt.~d:.tJ:.Q.

38-8:

5ijiJtt~~::1JD;tt~~~a c5lllttD-rc7> e 7J~.ttf?1J~~'::~~ c ~, a =Ee ctJ:~ttf?1J~f(

E ~5ititt. C: IJS¥v'S~. :: 0)J:t~ 7 ~ 7 O)i!J{U C: v~ :> . :: O)5itiJ~$E ~~O)~ ~5itiJ~-f*~

C V~:> ~ c ~ ~.Q;¢~, -~~:~d:.1JJ~~m,O)J:::> ~::1JiRJ~:J:: ~ LJ~.n~.tJ:.Q ~O)~

7 ~ 7 O)i!JtU~iJA~T.Q ~ c ~:J:: ~ Ll~GtlG J:t,
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b

ai=1',cl}ej~ (i=1,2,···6)~ (cj;=cij)
j=1

~:.t3~t~ Cij ~~tt~ltC:~)5. ~,=~~ ai' ej ~d:~=C- ~l:.t3~t~~1J, ~tt'O~~~

~G, ~t1~1.~ C.~I:~t9 ~ x, y, Z Q) 31irPlJiX7.tC'l'9. ~Q)t::.~~1J C{}~:Ij

O)JiX7.t~d: 6 B c:tJ:~. cij =Cji J:: fJ J!RlltJ:~tt~ItO)lt~j: 21 B c:tJ:~. t::.t~G*5AQ)M

~i1l:J:: fJ ~(1)lt~j:~~9~. 0iJx~t.~~t~i1O)flt~).::.f4A*-c~J: 21 Mt~~~, !fifl
ra*-c'~113B, A1ira*Cll1iA*-c'~J:3B, ~1i~-c'J12Bc:tJ:~. ~i1~lt(~

i1~) (J)i~~i!~:~J:~~i!tJ:cn~3;~.

38-9:

tl!!J1*t:~1J ~1JD;tt~~~, ~1Jn~/J\~ ~)i!Im-r~;.t~~,:7 'y!J O)i!Jtljn~JiXllL,~1J~

~< ~ ~ cO)~~:tR~. =O)J:: '3 tJ:~j)tiBlm<l)J1la~~~ttf)H~c: v) '5. ~j);Q~z:tl~

m;t~c~i1~M~~~., mft~M-c'~mi1.~~*~~m~~~~.

38-10:

M~~.mm(J)-~. M~O)sl~~.Jtn~WltJi~t1o*-r~:ifxt::..*f,iJm~Jt~j)ij

O)~JtO)ltJioofl-r~Jt~jffj~sf~ fJ 5i~ 3;~ ~)~j:tIi~j) c.~) 5. ~~0)5i~~~9c.~

l:JA<M!m~tl~. ~.Jto)~~, W~~, 51~iiIltJ:cl:e:ttJ~.~t1o.~~O)m

~l:.Iit'CLns mf!m~(1)~~SJ::V:~i!l:~Jt~ttJ:~J, sl~~M~fT5. BitJtO)!fi
tLltJiooM~t~ tJ 0)f,iJm~51~~1J, ~JtO).J:ara,(})m.O)m1JD.~~~JlfJO)m.~~-:J

t::.iffi~V.~~c t,):>. 51~.Iit'1Jc~(j)C~O)v.~~cO).~~iIJ~GLtI~)t~dB.~Jt'

jj · 'O~t7}-dB.c.J::V:, ~O)~.~sl~~.cJ::~~.

38-11:

~WO)J1'J$l:.t3~)L, ~-Tra'Jl!.~.~o1irPll:.< j)~!f!tLoofl~t~ fJ O)~-r~G
t~ ~0)-c'3;~. ~WJ1'JO)~-T~:fI< 1Jf~j:, ~O)mt-TO)~-.:J~T/~~ )vI.*)v~- u
~mtTra,m. r-c'.7.tL,t~ -duldr-c4x ~t1~. ~ ~-emtTra'0)511J~f<Oc GL~
• G-C~)~. ~litLtll:3;~J*TO) u ~J:~O)ti/J\m Uo l:3; t], ~O)c~

!u=uo =-(dUldr)u=u
o

ctJ: tJ mt-Tra'~: ~;.tj) ~;.t.n\tJ: t,). ~$n)GO)1Jn~.t,)L~)tJ: t,)Jj}~,

~.p'jO)m., mJiXt1~~--e3;.tt~t~WJ1'J~:~j)~j:ffffL,tJ:tt)n~, :iF~Wt~m.{>m~

t> J~WJ1'J~: ~d: L, ~i L, ~t~mO)~(J(jtJ:1*fI~ft O)jI ~ )t~ Cl~ et t) mra'~:'0~~.Iit'1Jt1~~

~9~. ~W~ 2 f1l~-tO)mn\GtJ:oil~m.~c L" ~O)mra":J±.~j)~~C~1t

~O)5iIl ~fKJ~t~jj '7 A{>~)v:J=7'"t '7 ~ '/? 'AtJ: ctJ~3;{;). ~$t1) ~ O)~WO)f*.

~.~Q J::> t~tJ ~tJ)~tQJlft, ~WJ1'JO)d!>~ ~Q$7.t'~fE.~j):6f:6)tJ\Q. ~ 0)Jit'j)
~d:3JlIi~J: fJ ~.*Jt~~-Tra'Jl!.~7tI:~~:> c9~.&fFfflj) (/>0) C~t]ftJL
~)~.
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38-12:

Mtfpjm~:J: J ~.Jt(J)EE.~~, 1±.~tt~, ~~Ja, 1±.':J:~~~t:>J::lt~O)if
IlO)D&J~~$j)E90~.~tt)5.J±.~.C:t>~):>. Sit.Jtl:~~l:Mtfpjm~1JD;t'1:",
Jit.l:~)t~:Q ~-eO)Jll*.£t1J ~MJ)E9 ~:: C: ~:J:: J~'3tl~, 1±.~~ l:J~)-Co)c7}-O)

~.~ifJ±~.C:Pf~~= C: t>6!>~.

38-13:

~f-tO)tI~~~~O)-JC'6!> tJ, ~0)~f-t0)9}$iJ\Go)J±.1J':it9~mmtt~~9

~mt:6!>~. ~flO).EE~~.~j:, im1it, 31:111*, P1tt~, ~tt~tJ:cO)~~~~:J~.

JtO)3Jlfi3Jloo~:EEtJ ~1JD;t~11Jt':J:: J -Cfibtl~. ~.Jt(J)-mO)3Jlfi3Jlool:EEfifpj

m~iJ\~t, ~~~: t)t::~:m*7iiim P ~~O)1J[]1EU1TOOflA C'~ L,t~{~ (1c (uc = PIA) ~~O)
~flo)J±.~~ C::~) '5. J±.ait.':~Gl~J:, ~.JtO)1JD1±oo<l)3JlfTIlt3etlt3JlmIl~f

ilq)Eml:*~~~.~4xQ::Ct:i£~~~9~. ~t::.., ~.~{tf~.Jto)~~, -q
$, 1JDJ±ifIltJ:C) I:J:: J L ~~bQO)-r~.11$~.31:9Q:: c:n~m~C'6!>Q.•~
fflijflC: Glm~~~)<Jh\(J)if*~l:J~)T~J:~O)~.$tJ~ ns l:J: J l)E~ '3tl-C
It)~. JJfBttij~-C~~-~,:-t-O)fE.~~ 'd:, 51~ 0 {>HtI~j~~ l:!t~*~~fi~ C:~.

::tl~d:Jit.~:S~to*~0)~1I0)fr11O)it~)~~~9~ z: C ~:J: J LJ:!m~tl~.

38-14:

ijM(f).~tJ95!l~O)-J-c'6!>~HtI~j5!l~ ~;j(6)~••~.~v)? HtI~jiit.lj:ii#~

P1tt~*t~~J:~tt~(J)~.Jtl:~tG-C 3 ~~HtI~j$6!>o ~\ld: 4 ~~EUJ~f$~m~)-CfJotlQ.
~(J)M.$~~~1J(J)~4~~~~.0)~~{>fpjm®~1JDifIl~~(f)HtI~5!l~~*~~

~.~4;t~~C:~.Ghl~O, ~O)~.$O).31:~m~~~~. iit••~ii~fpjm

ifIli6f6!> 0 iHlmP'J-e 13 mt:~jt c3t1~ ~ (7)iO~fflv) c3 tlo.

38-15: dB (111~ (-e '7438-439)

.~tJ9~~ ~~fdlj9~ii~, fi~J:: <m~) c;tl~~tt-e6!>o. HtI~j~~O)M)ElJ: 3 ~~

Etb~j6!>:Q v~~d: 4 ~~Hb~j$~fflv)t::.HtI~j~.I:J:: ~ -Cfibtl~. Hb~f§~ ~j:, im1it, ~.
~m.~6!>~ It)~j:Ib~7iifm ~n\~tL, ~O) ~ ~O)~U1T7iifmiO\ G31<66 Gtl~t.J~, reiiA5!lIl~

7 ~ 'Y!J Aftfl(J)J:::>~ 'b(})'"C'~d:i@jm-rO)Etb~f~~n~m~~t~~O)~, lOOOOC ~J:O)
~mT-eO)HtI~j~.t>fJbtl~. ~.Jt~d:im~~tt~i1\~tt~-c', -to)dlJ~j~~ OJ ~d:,

OJ=MIZ =Myll
-c'4ft c3n¢. ~ z:. -r M ~d:ijXU1Tfpjm:~~~t9~fi*HtI~f.7f:- ~ / ~, z ~j:lfioo~~ (= Ily)
, I~j:U1Tmi=~t-~ / i', y ~d:t:p31:.;Q\c;~~~mi*-eO)~.~6!>~. 9iJ;t~i~tt~

~f.f~3.,~Hb~jit~Sit.9~W~, M=P[J4, l=bh3/12, y=hI2c:t~~, Z:Z:~P~d:

mm, L~j:T$~J~ra'AI'/, b SJ:lth ~d:~ttlfiooO)~C:rei~-r6!>o.
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38-16:

*~Jt\7JiJt*~~O)~ C: -r:~ J], -t 7 ~ '/ 7 A O)fI~~fltmtt ~~fiffiT~ 0) ~:m~ C:
tJ:~ltf-J.)E~O)-J-r:~G. -t:7 ~ '/ 7 AO)~.5i~~d:!/l) 7 ~ A~:J::tl~tltf-J.J*J~:M

t:ETGa~O)*~ ~ ~:{t{ff G-e:t3 J], OJ= Klc!(1rC)1~2 -r:~~ tlG c v~ 5. ~ ~ -r: OJ ~J:a
~iO~~~ G-c~.~:v~t~G5f~5i~-C~ J], c ~d:~1ti.~0)~~ ~G v~~J:J*J$O)P3~a

~~.~-r:~~. ~~Jt\7J.*~~~~~~cG-e~~Jt\7JiJt*~~~~~~.~tt
~ cP¥v'S~. K1C ~J:~t~, (2Ey)1/2 ~:~ G<N/m3/2 ~.{ftc G-e~~ tl.Q. ~ ~ -r: E ~J:.y

/7~*, y~d:~ItiI*}};~--r:~G. ~O)~.~ltt~d:im*O)fI~~5i~ ~::t3~tG~lttC:

~d:.tJ: ':) -cv~ G ~ C: ~:itAi:~~TG.

38-17: 1i.1it. (-t 7189)

ljf-J.O)~ltt, JJfB1tt ~~fiffiT Gt~~ ~:••ftiJm~ JtJ v~ -efT 5ljf-J.~.i!0)-fj. ~.Jt

O)-wJ~~:~T GmJrJ:f~iO~, 0.001-0.005 fj)fi~O)ftiJmJm~-r:~.~:~. G-e~.T.Q. •
.~.~:~J:.-••~.c. J] )g G••~.iO~~:Q iJ~, -~~:~d:.-••~.~mT.
~tl~d: 1 [ffiO)••-r:ljf-J.~~.G, ~O)~.~:~TQtt~fi~tJ{tl)ETQtbO)-r:~Q. -t
7 ~ 'Y 7 AO)••~.i!cG-e~d:, 1i~~~.i!iO~~<JtJv~ Gtl.QiJ~, IS1tYm~-c'~d:~ J]

T~~.i!~JtJv~:Q ~ c ~~~.
§ E8liJfArJJtJ~E~d:M!JtJ~, fI~~•• ~:J:: J -e~.TQf8:~iO~~Qt~~, ••~~~

~~Q£\~7J~~Q. c <~:;t 7 -e 'Y l' ireE ~d: ~ 0)£\~lttiJ~~ <, ~ J] T~: J:: J -cfJlUIti~
t~t~v~L••ff« (kgem -r:~ GOT) ~~&')~.

38-18: itlifi11 (-t 7263)

}l~JtJ~- ~.O)~~~ltt.O)-J-r:, .~~tJ:c~:J:: J -c~~:Q••7J~:ifiiljtQfi

~~v~v~, fi'JJO)l:~:~.Jt~~Iti~l:~:G-c:t3~, ~0)~1ti0)~9c$~:Ml1<~ffl)E~~

~iJ)G1ir~it, <~£~O)Ul~~tJ{tl)ET:Qcctb~:, .~O)~~~Il~T:Q. nSA
6911 "f~*ffitJ ~ '5~-~" :t3J::LFA6913 ".fI.*t~f~itJ ~ '5~-~" '"C'~d:< ~£

~O)Ul~iJ~ 25 mm ~r'"C', 7J)J.~iJ~.imGtJ:v~~ c cn!)E G-cV~Q. ~.1Ji!~d: ns
A 1421 "~.JtJ~- ~mO)II.~.1Ji!" ~:n!)E~tlLv~~.

38-19:

••~.~:e:t t)~~ :Qlt~O)¥JJltt, JJfBlttO)fi~~ v~ v~, -wJ t) ~~0)~:Q Etb~j~.Jt~

fl-r:••G-ciXm G, fl7J~~d:Q7J)jt:Q ~~ ~:J:: t) ~.JtO)~1&T :QiXmI*)};~-O)*

~~~iJ{tl)EG, ~tl~:J:: t)*IJ~T:Q. t~ti.G, iX.~::t3v~-c~d:~.JtO)~~7J~~1&I*

)};~-fi~:4jtQ~.iJ~*~v~t~~~:, ~~C:~.i!~IPJ-~: GtJ:~ttl~J:••~~ ~tt

~TQ~c~d:mH~~:Q. ~O)t~&,)••fOO:~d:, {?iJjtt!~~)};l::-••fOO:, 71'/'/ 1' •
• ff« c v~ 5 J:: 5 ~::~.i!~~~2T :Q 1J7J~ e:t v~.
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38-20: .tt (~7440-441)

ljf-f;Q~±~::*.~::J::~~~~T~~a. ~.~::~J:-f5!tt~~~~tjj~~d!>~.ttt*~7~

~ 7 A ~O).~~J:ilIM1<~O)1:PJf'J~::SV:\L~AM{flcO).~~:J:: ~ LilIM1<~;Q~mfIT~ ~

c ~t&~ LV:\t~. ili~IAfjf-f.c GL~mftc! tlQ ~::~v:\, ~.~a9tt.c G-e(1)ilIM*
~tt 0) ItiJl:;Q~~La~tl~ J:: ? ~: tJ:~ t~. =::> 0)~'i*;Q~1L v:\~:~MT~tjj~, ~.~:: ~J:.

MltJ:8$~~~M~LV:\O. TtJ:b!> 2 ~'i*0)00J±~8$~~;tLV:\~ ~ c~:tJ:~. ~O)

~pIij~'i*~~T~~ t~li)~: ~J:8$~'-1ItJTT~~m~~~,~ c tJ: ~. '-11ff~: J::~~.O) 7\.fi.~~

*~~d!>~. '-1lfftJ~j:8$0)~~:~)~)~ O)~~j:tJ: <J:: tJ ~v:\$7t~: ~~);Q)~ LV:\~ ~ c
~~Jf'J$7 7 ~ 7 O)~~~) Gb~)~. J:: ~ L7\.fi.~t~8$~:~~~:~d:ii ~ v:\8$~~~PX:~,

,,*~;Q~~fTT~. J:: ':) Lma.~ttO)ltiJl:O)t~li) ~:~d:, j£v:\ljfl~~mT ~:: c ~d: ~!> 0
~O)~c, Jf'J$~0)77~70)~fT~~~~J::?tJ:.00.~~~~~~d!>o.

38-21:

••~::J::Q~.O)m~fI~~~a9,m.a9~::mlJ~~, .~II1~~~G~•. ~.~:M

T Q*.(1);Q)~tjj~d:fjJ< f~~~ tl-eV:\Q. ~-)v ~ )v~~•• ~::~J)j(c c ~ ~::~fl~A
tl-~~ra,r~O)mfl~mlJ~T~jj~, ~/ ~77 A ~~i'J)~~S~::>~tGjj~, @Jfi.~~:

-~fpjm~7J)~tt~~f--+~:S~, iJfm~J~mt~L-~~ra,r~(1)~~~f~~mlJ~TGjj~tJ:

C7J~d!>Q. ~!> 01u~.~::fljmTQ~tj[~::iliv:\jj~~~.TQ ~ c:n~~~~~ Gv:\.

38-22:

-~~:, ._fFm ~:J:: ':) L~'i*.oon~iJ9tflT G~a~.~ c v:\ v:\, *~~:~tT GHftit
tt~ifiit*~ll1c v:\ '5. ilIM1<~(J)tjj~, iP~~(J)~'i**~~:J::~*~~~:S:: o. ~t~~/

~77A ~ J X')v, D7~ ~ J X')v, AI~~3[III~Aoo, MHD T~*)vtJ:c~~j:iUi

il3[mtO)~~:J::':) L~:S ~G. j£13t, 5iji111$, %i13t~~i9i7Mt~:: v:\t~ 0 ~~*~ v:\ ~ 0) ~d:ilIM

*~111~*~v:\. i'j)~~f~71 *~*~~~::> ~tL~.~T Q.

38-23:

=~'i*7J~J±tJp l:mtJ:~ LV:\Q C: ~, fiIij~O).~tJ~~ F l:d!>Q cTQ C, *~f*1e

J,l ~d:, J,l"=F/P C G-e~.c!tlo. J:~-e.*~tJ~::mGL~'i*~tJJn\Tt~~~::~d:, J,lP 0)
tJ ~~M00 ~:~fT~: 7J\ ~t0 ~'~;Q~ d!> Q . *~f*1e ~:: ~d:tJJv:\ LV :\ Q~'i*~::~tTQ tJJ.*_f*
Ie, Mtll:: ~LV:\Q~'i*~::~tT QMtll::.~f*lec~~d!>Q. tJJ*~f*Ie~d:Mtll::*.f*IeJ:: t)
/J\~v:\.•~f*Ie~J:~'i*O)fj., .00tJ\m, Ja]rm(J)~tj[~:J::-:J~D2~tt~.

38-24: jfjlJ:JI1t (-t 7265)

itJ ~ 5~- rO):J7 cm(1)~~O)mJ3t~.TII1.~,ns ~::m~~tlt~T~-eO)it

-:J ~ 5~- r~:::>V:\Lm~c!tlLV:\Q. ~.Jt (*~jjltiJ 120mm, ~MjjJ1ij 50mm) 0)*
~jjJ1ijO)ttffiin\G 20 mm (J)~~::~JLT17l:.oom~WJJ-effi t) EItJ~f, tfi t) EItJ~f$7t

~:: 2 kg (J):S ~ t) ~1& t) ::> ~t, Mtn\~:: ~~1R L-, ~JrilT Qn) c 5 7J\~.~T Q. ~- r
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O)~~:t3J:LF.~c 'bit'J ~ '5 c~J"Gt~v~~ C: C:tI~G-CV~Q. iit.1J~~1ns A
6901 "it'J ~ '5~-~" ~:tI~~n-CV~Q.

38-25: itJll~t11(~7265)

Hlfo/.)~*~rp~:~£3 Gt::ci!~:~-r~lfo/.)J.la9ft~a9t~~ft~:~tTQgmJ~~v~'5. IfiJ
illHO)jjft$J\Jt5 tJ <"T tJ -c'~d:Mft~:J: 'J -C7C7RO)M1"~{5W1JO)~ft~i!t::T~ C:iO~d!>

QiO~, ~~~:~$~:~ £3 ~ n -CM!JtJT~ll.JtJ*6±~~~WTt~ cO)ifMfti1~d:*i! < ,
~iF (J)M!JtJ ~: if3t~ .

38-26: it7J<11 (~7264)

~flrAJJt· J±JJ(J)J1<~:~tTQltf-J.(J)gmJ~· :tc~J~~v~'5. 717AO)iit.~~:~d:~*

~C:~W~iO~d!> t), -~.*t::~J:-~WfJfO)iitf-J.~mfra',rAJ3t~iI~~:~~, -~~fJf

(J)J1<rp ~:~7J( Gt::{~(J)iitf-J.(J)m.M1", *t::~d:mill Gt:: 7 )~tJ I) .~¥fj[m.*t::~J:¥
fj[WfJf-c'~T'b(J)-c'd!>~. TIS R 3501 ~:~d:ft~7tfJTJtJ717 AH~~:~tT ~ 7 )~tJ I) mill
iit.~iO~d!>Q. ilIiF, t&MJ~~~~O)717 A~ftO)Wir~ G~G v~~1rffi~7J~V~ < J7J\f~m

~n-cv~~.

38-27:

ifiii~J~-c'7J\J~~JJtO)ltf-J.~~T7J~,~7 ~ 'Y!7 A -c'~d:mifiii~MO)M!JtJJ5N~rAJJt~l:,

Tt~tJ~~ 1000°C ~l:-c'~~~JJttJ:ljf-J.~ v~ 5. Jt1*a9~:~d:, Itftlfo/.)-c'~J:7)~~T~~

)~:J:::7, ~71 ~~5~ 'Y!7AtJ:C7J~, 3-~ltftlfo/.)-c'~d:~ft71*~~ft71*,?CO)
~~7J\-tr17 0 /tJ: C7J~~t~ctJ:G. Itftlfo/.)*~J:ifiii~a9~:, 3-~ltftlfo/.)*~d:ifiiiltfti1~:rp'J]

7J~~J-cv~~. Ji~~Im~rp-c'~J:~*~~7J!.nt::J~Jt~ 'bJ.

38-28:

ifiii1<~7J~1@~1@~~:J:G~~ft~~~tt~c i!, rJq~O)rAJJt~~:J:J -c~W~~iO!~G
Gt~~ljf-J.rJq$~:~~JJ7J!~~ G, ?c(J)*i! ~ 7J!ltf-J.O)~JJt~R~~~3tGcijlmTG7J!,
~ 0) J: 5 tJ:1@iltJ:~~ft~:Wi3t GJ~Jt ~ v~ 5. ffii1~ftj.J~~J:-~~:~W~$, ~J~$7J!

Ij\~ <, ~~2i$, ~JJt7J!*i!v~'bo)~iic*i!v~. W11<ltf-J.(J)5~-c'~J:~~ltf-J.(J)W1~

ftj.J~~d:~$~:*i!v~.

38-29: it~11 (~7262)

715 AO)J1<, It, 7 )~tJ I) J1<m~~:~tTGifii1ttJ~~v~5.iit.~~d:~*~C:J\)~!7~

~:*BIJ-c'i!, nu~~d:717 A~~~G-c-~(J)*1lJJt~:v'S'G v~7t~t Gt~ 'b0)~-~.c t),
-~rAl3t~-~mfra'J:~2v~-rn7J\O)13~~:~ntGt~~ C: O)iitf-J.O)mlil19t1"7J\, m~rp~:

13m Gt~7 )~tJ I). (7 )~tJ I) ~ttO)jj~~~<)~~liTG. J\)v!7~~d:717A~H,

f&, ~tJ: C~-~rAJJt-c'-~mfra'~tt~ itt~ c i! O)¥{j[~WfJf~t~ t] O)mlil19t1"7J\, 7
)vtJ I) mm. (7 )vtJ ~ ~tt~d:~<) ~*~~ 'bo)-c'~G. J1<clt (7 '/It~~<) ~:J:
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Q~tt~J:717AJ:fln) 6 0)7 )v:JJ I) mlfl~::~im~n, 7 )v:JJ ')m~~ 7 'Y MtO)~tt~J:71 7
A~rmn) G Si-O ml3.J!IO~Jm*it.~n -cv~ < ~ C ~::J::Q. 717 An~~mfra'Mm~:: ~

6 ~nt~ t], (@jmtb~~::tRn)nQ~, ~rmn~~J( L,~15 L,t~ t] Bv~J).£J~ctJ:Q. ~n~J:

"~~t" ~Jj\it6n, *~:J::Q~ttO)--fl-c'~QIO~, ~~tO)tJ:v~ ~ c ~ifiii~If1O)--~~::

~~6nQ.

38-30:

~~J:fl0).~~?tC&~L,-Cltf-t0)~rmn~.1~L,-C§13tn~fttrL,t~t], Jj)j.L,t~ t]T
~ 0) ~:~'i9,'Q Hfm1f1~v~ 5. fttJJj{-=ffiffi~37C~, f?iJ;t ~t 2 fiffi0) Fe ~J:.1~G~9v~. i!R.
1~~, ~1~~tJ: C3-F.1~~:SJ:: Lti!R.~ltf-t~d: 600°C ~J:-c'.1~TQ. ~rm ~fmO)~.-c'

*Jtt'l Gt~ t], ~ t~ B ~ Si ~~~9:Q 3-F.1~~IO~.1~~:: J:: '":J -C B20 3 ~ Si02 .~~U71 7
AJ( ~fF t] ~rmn~*Jt. ~n~ c ifiii.1~1f1IO~rtiJJ:T ~.

38-31:

.i~~tJlJffJfJTQt~~~:fmfl~J(~.-€iL,t~~~ljf-t. ~m~::=71itt I) 7T/, 
*9f~7~ /~O)fm.JAO)~fl1~-€i~~~2-€i G-C~ <,'Q. ~2-€i~?t~J:~~J:fl-c'~J:

lOOO-1300°C -c'~ljO)~rm ~~ 71 '7A.0).f~HfmBt~~~~9~ . ~ 0)~lj~J:t~ C: ;t~
139~~-e--$~~~ffllO~~ G-C~~rm~~MLtHfmBt~7J~~~9,'Q ~ v~ 5 EJIiIf1fj~~~9,'Q

o)-c'J*J$~O).f~O)JftfT7J~tJlJffJfJ ~ n,'Q.
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Lesson 39: Interdisciplinary Topics I
(magnetic and electrical interactions)

En -1 /' mark, seal, stamp
L ¢ L badge, emblem, mark, souvenir, symbol, trademark

l:P}]O.J± -1 /' tJ 7 /'7 'Y applied/impressed voltage
l:Pill -1 /'~ 'Y printing

7/,~q:.3Q

~QI/,q:.3Q

microscope
telescope

S~ IJ advancing, running
n)(~tQ) to advance, to run {vi}; n)(Q) to actuate, to drive (a car), to spur on {vt}

mM! IJ ~ free use
mJJJJJ IJ ~ Q 1) 3 IJ driving force

H
~T if /' crowd, flock, gang, group, herd, swarm

ts(tl) cluster, crowd, flock, gang, group, herd, swarm;
ts(tlQ) to crowd, to flock, to swarm

~!fo/.J$ :IQ'7'Yif/'
1ftrfl$ ~-1v-1if/'

mineral group
group of instructions

striking, marked, noteworthy
electron microscope

~ :/-V photographing, projecting (onto a screen)
~ J (9) to copy, to duplicate, to photograph {vt};
~ J (Q ) to be copied, to be photographed, to be projected (onto a screen) {vi}

~1J( ~ ~ ~ /' photograph
• T~~tI 7 /'~ 7 IJ ~ -t" q:. photocopier, electronic copier

iIMi ~~ intercepting, interrupting, obstructing
~ ;t F1(Q) to intercept, to interrupt, to obstruct

~Wi}aj~~ ~~ ~/'~:::LQ /\A Q
~Wi~~ ~-t" ~/J\7- 3 Q

-435-

cut-off frequency
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it Y/'needle
~J: tJ fishhook, (clock) hand, needle, pin, staple

~~ ~/~/

~~ ~J: t) iO~Q
probe
wire

~ -el' inactivity, peace, quiet
G~(tl~) peaceful, placid, quiet; G~(* JQ ) to become quiet, to subside {vi};
G~(~ JQ ) to calm, to quell, to soothe, to suppress {vt}

~l1:*~ -el' ~"?-!t 'Y static friction
~*J± 12:1' A l' 7'Y hydrostatic pressure

~/~ ~fer l:.. /' concealing, hiding
O~(U) to lie concealed, to lurk; ~ <"( JQ ) to crawl into, to dive into

mfi -e /' '/ ry latent image

m~ -e /'*'Y latent heat

:iE '/ ry fleeing, running, rushing
~d: G(Q ) to become, to flee, to run, to rush

~~r! ,/ry-!t$ry
~~m~ ,/ry-!t~'Y~

scanning method
scanning density

~ ~ /' exploring, searching
~ iJ~(9) to search {vt}; ~ <"(Q ) to explore, to look for, to search, to sound out {vt}

~. ~/'-!t~ ~~h

mif~~fl 7- 3 ry;t /'J,~ /'~ 3 ry ultrasonic defect detection

1:: furnishing, preparing, providing
~tJ:(;tQ) to equip, to prepare, to provide {vt};
YftJ:(OQ) to be endowed with, to be furnished with {vi}

~~ fFm~it -e 'Y 1::71' 1::
-rfFm~*S 31::~3ry7'Y

'"l' covering, overthrowing, overturning
:B:B( '5) to conceal, to cover, to shelter, to wrap

~.~~ -e1'T/~~~1'

.m~~ T/:;~~~1'

facilities/equipment cost
pre-sintering

electric shielding
electromagnetic shielding

1m -:J, nil, nothing, {negative prefix}; .b. nil, nothing, {negative prefix}
tJ:(tt~) none

1!t€f!ftf-f b :f-~1' I) 3 ry inorganic material
1!t€rw*0) b J:f /' -:Y~l' 0) infinitely large
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Reading Selections

39-1:

iI-=fA 1::)'~:e:t~m~~- ~)' l'ti~lflfi~:m~IjL" 1J.$m~~47Ltt! <-ct>*~tt!§

~mf~~~T~Jt~ It):>. iI-=fA e )'ra'~:.<3t_mlifFm O)f-f~;Q~IE-e, m~~-~

)' l';Q~lilt)~:lflfi~:ft2~JL,t~m~~1¥~:m;Q~5tm'ti-e~~.5tm'ti~d:.-=fA1:: )'ra,O)fbj
h~~-e~O, ~~~3m.(~~U-m~~~-e~.mtt~~~. 5tmtt~~T.

~~~O)~~ lJ -m.O)f9iJ~d: Fe (1043 K), Co (1400 K), Ni (631 K), Gd (292 K). ft1tl
~{~ft~-e5tmtt~7J'Tf9iJ~ G-c ~J:, Cu2MnAI (710 K), Ct02 (352 K), CrTe (339 K) tt!
~~~~. ~~G, ~lflfiO)m~~-~/1'~~b7xUmft~~~.ft2.~#~G~

t>*~tt!§~mf~~t>J~ft-et>, ~lt)~,*-e5tm'ti~:~~;:, ~ ~;Q~~lt) . • -1J~~:

m~~-~ / l';Q~m~JL,-cv)~~~~m~c: It)v), m~c:m~O)ra', Ttt!V~A 1:: /0)

1J~;Q~~~~:~f~G~v)~$7t~m~c:v),? .1J'ti;Q~~<, mf~t>*~v)~Jt (t~c:

7L~t S~COI7 ~ N~FeI4B) ;Q~7k~mE*jf-tC: L,-cmv) Gtl, ffflJ1lPL,~Tv)m.O).1Jft

~~J~Jt (t~~7L~tt=.Fe20 3) ;Q~m~~c.*jf-t~:fIJm~tl~.

39-2:

~~fjO)~~~:, *f~O)1J~~:h~1JD7L~ ~Jjt;h~:ttf9iJL,t=.iI~7tti;Q~~~L" -~t

O)~~~mi~:iE~O)ilfpJ;Q~~ C~. z:. O)~~~J±.~, J±.7JJ*~t=.~J:iEJ±iI~jj*C: It)
:>. z:. 0) e:t :> tJ:~M:t~:.~~tJ)~t G C: iI~~:ttf9iJ L, t=. D-r~;Q~~L, ~. z:.tl~i2!J±.~jj

*c:et~~. ~.se~~:~J:J±iI~jj*~J:.~E~:Jlt)-C, J. Curie, P. Curie 5lm~:e:t 0 1880
iF~:~J!~tlt=.. ~~n~J±.~jj*~~TtJ)~tJ)~J:*5~O)}i~$~t~,ti~:e:t ~ -Cik:~ t), 32
0)M:t~0):> ~J±iI~J.J*~~Tt>O)~J: 20 M:t~-e~~. ~tlG ~d:, (1) ~.,ti~7J'T 10 0)

M:t~, T~V~, =~~*:~, .~~*:~, ~, ~1J~*:~, tt1J~*:~,
C4v' =1JM:t*: C3, C3v' 1\.1JM:t*: C6, C6v C, (2) ~0)~~7J) 10 0)M:t~, 9tJ:V~, i~

1JM:t* : D2, iE1JM:t*: D4, D2d, 84 , =1JM:t*: D3, 1\.1J~*: D6 , C3h, C3h, 1L1J
M:t* : T, Td -e~Q. 7tti (~t=.~d:.~) cJjt;h (~t=.~d:D-r~) O)ra'O)ttf9iJml1*~~T

1*~~J±.$cv):>. 7tti~!J l' )vO)~7t~ Pi (i =1, 2, 3), Jjt;hT)''J )vO)~7t~ Of
(i=l, ... , 6)C9GC:~, Pi=~dijOjc:tJ:t), dijn~J±iI$-e~G. J±.$T),'J)v~J:3

~O)T)''J )v-e~ t) 18 OOO)~7t~ t> Jn~, *6M:t0)~t~,ti;Q~r9i <tJ:Q ~:~lt) 0 -ett! It)~
7t0)~~d:~1I'T~. tc.~7L~ttL1J~*O)T, Td ~~d:, dijO):>~' dI4=d25=d360)~tJ~;f:f

~R~, fm~d:9~LO~~G. J±.,tiO)~.C:G-C~J:, o'/~x)vJil

(KNaC4H 40 6·4H20, *m~ dl4 == 7 X 10- 10 C/N), KDP (mP04 , *m-r: d36 == 2 X 10- 11

C/N) , T~ /g/,\ 1) r;; be (BaTi03 , t '7 ~ '/ !J A O)~ft~:*m-c:, dl5 == 4 X 10-10 C/N) tJ:
~;Q~~Q. J±.~jj*, i2!J±.~jj*~J:, tI~~~{ft~.~m~~O)mli~_~:fIJm~tl,

l' '7 /AT~-~-, -::<-1!J 0*/, 1::'/!J 7 '/ 7°tJ:~~:mv)GtlG. J±.$O)mtl~~

C G~~d:, ~M:t~::D~tJ:»tJ ~1JDjtt~ C~~1:9G.fpJ~.fft~~mtl~9GJ:: ~ tJ:, v)
b ~~tit~tJ:1J~ ~mv) 6 tl~ iJ~, m~il 'bM.iJ~~ v) C ~ tl-C v)~ (J) ~d:~~~-C: ~ ~.

OO~~~~fM~(J) ZnS ~r;;)v'Y~~fM~O)CdS tJ: ~O)~~~-e~J:, J±.~jj*~d:~O)

~~'ti~:*~tJ:~.~47LG. t~c7L~t, 5ijiJtiD-r~IO~.~7tIi~f~'?t~~, ~~f*~
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O).T~d:if.~t3-T~j)jC~~mfll~O)tI~~ffI1ifFm ~9~. ~n~d:jjj*O)~~~~:

s~t~~mfll~O)~~~T /~~ )v~:J::~ffIlifFm ctt~~ c, 1iIillfft~:tJ:~~~c~O)~

*n1ffI~t~~:*~<tJ: J -C <Q (J±.~ffIlifFm ~:J:: Q.T0)3j)j1Jt~d:~~tllfftlJt TO)
-1/2 ~~:tt,gij, ~~~T/~~)v~:J::Q.T0)3jJJlJt~j:TO) -3/2 ~~:ttf9ij).

J±.~*~d:1W13nt~A~~:~9Q~A~:SV~L~~~13nQ~~~iJ!>~n1, .~AC~F

A~n1im1£9~J::?tJ:1iIi7tT~~~:SV~Ltt>~O)fj1£n1.~~nt~.1iIi7tT~~~:S~t

~J±tI~*~:~d:~0)=fj.n1iJ!>~.(1) JJ ~1JD5tt~ C~O)tI~7tIiO)~{)J:c§m~tJ:JJ

~~{)J:c~:~n1iJ!>~ ~ C~:EB*9~ tt>(J) (~A.~~:EB*T~**(J)J±tltt). (2) ~7t
T~~~ (~A~iJ!>Qv~~d:~FA~) ~:/F~-tJ:.fpj7tm(EI~7tlitJ:v~G~J:.tlfpj)n1fj
1£9Q z:. c ~:J::.Q tt>O). (1) O),gij c GL~d:~)VO-A~~O)~.~O)l2rtiJ*tiNL, ftf£~

') ~77" ~ (J)ft2rtiJ~A, :J '7-if/tJ: c(J)7' / J'\7WtJ: cn1~ 13n-Cs t], ~~m.O)

.~~~cO)~i!I!~~G<iJf~~n-CV~Q. (2) O),gij~~J:~ ') 7 ~f~l::= ') 7/0) P~
I2rtiJ~A~~ts7)vl\~1iIitltlJ~~- ') /ifG EI~7t.~~f£~itt~xv7 !' v~ !'n1
J:: <~ 13nLV~Q. z:.n~d:, *~tJ:J±tI$~ ~J*ltiflO)tWJJlc v~ ?*ftt~fljm GL,
? 1 7 0 */~miftJt--e /~- tJ: c ~JJtm ~ n LV ~ Q. 1iIi7tTlill~~J:*t5~tt~~ iJ!> Q0)
-c'J±.$~J:-~~:~~.ctJ:J L~jJJJJttJO)}ajtJt~~:~t9 Qft{fjtt~ ~!>, J±.mfD~

~~7J'9. J±.~jj*~7J'T~7tT~~O)~ <~d:~.~jj*~ tt>7J' G, llfftlJt~f~~:J:: J L*
~tJ:.~7t1i0)~f(jn1~~~nQ z:. C:iQ~~v~.

39-3:

.~NLC:~FMJ.n)13 tJ:Q 1iIi7tT~~-c'~d:, ~<O)~ft, .~NLO)l!2rtiJ7tmn~~JL\~t~

1t1~ tt> JO)-c', ~NLiQ1J±.~~ iJ!> J -C tt> §1Jl~tJ:J±.~jj*~JJ'~ tJ: V~. Gn) G, tJ:/u G
n)0)=F~-c'J±.It1.*fiMJO)~2rtiJ7tm~~JL\~t~ttO)tJ:v~J::? ~:~~Q C, ~~~7tT~d:

J±.~j}*~7J'9. *~ v~J±tlj)j*~ tt>Jrei7tT~ J±tl1t11i1i7tTC: lt~?
J±.It1iGi5tT~: ~d:, -$lb~2rtiJ Gt~7t~ffllt1~5tT (t~ c;t~t~~iWi5tT~ftf£~ lJ ~

7°7" ~ 0)~2rtiJ~), SJ::lt, 5tv~~$.~-c'~-I)/ifG -CJX.T~ft2rtiJ~itt~lilt1rei

7tTn1iJ!>Q. %iv~J±.~j}*~ tt> JO) ~d:1~~-c' iJ!> ~, ~O) 4 fln1~ 13 n LV~Q.
(1) PVDF : 7 ~f~l::= ') 7/ (VDF) O)*t~ ') ?--, (2) P(VDF-TrFE) : VDF c:=7 ~

{(jX7" V /O)~mft~, (3) P(VDF-TeFE) : VDF cflY7 ~{(jx7"V /O)~mft~, SJ::
It(4)P(VDCN-VAc) : ~7 / l::=1)7/C:fFlll::=)vO)~l[~mft~. ~n13O)~7tT

0)J±.~*~d:, (1), (2), (3) -c'~d: CF2 0), ~t~, (4) -c'~d: CN O)l2rtiJ7t.~:~tzgGLlt~

Q. (1), (2), (3) ~d:-~O)ffIE3~~J%i~.~l:'iJ!>~. *f~:, P(VDF-TrFE) 0)1Jl~d:,

J:: <~~Gt~ '7 ~ '7~An) 13tJ: ~, B~tJ:5t~.*fIt1c%iv~J±tI~*~7J'9. ~t~, z:.
n13O)J±.ttiWi5tT~.m~~~tI~l:'~iJ!>.Q.

J±.It1iWi7tT~d: 0.2-0.3 O)falmO)tI~tI~*tiftf*~~tt> J. ~t~, 1R€tlJ±tlljf-f.~:tt

~G-C, ifV1 /t:-7"'/A;Q~/J\~<, 1JDIttiQ~J::lt~. z:.n13O)*f.~fljmGL, rtlt~

}ajtJt~ttf~*It1 c:~lt~/')VAJJt~*fIt1 ~ ~--:J.~ if.~~ltf-f c: GLO)JJtmiQ~~Iul:'v~

.Q. miftJt~{1(5-100 MHz), miftJt~1tJT(3-50 MHz), miftJtJJi•• (50-1000 MHz) (J)

l' '7 /'A ~ ::L --~-- tJ: C ~d:~ (J),gij l:' iJ!> .Q . ~ t::. , • fg;llfft iQ) 13 400 K ~ -c' 0) llfftlJtfa 1ml:'.
~tI~*fiftf*~~d:~~~£-~O)~~tt> JO)-c', iftJt!fo/.JIt1iJ{tl~m O)miftJt~~TC: G-c tt>flj
ml:'~Q.
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39-4:

ff.~jj*~JmL"-C.~~~:Ul1J~~ tlt~tI~~tJJ~v~ '5. ff.tt*SA7J) 6*SA$dJ~:~tL"

l*)EO)P.J~~WJ fJ ttl L"t~fi*t~~J:.O)*)EO)-~tO)mi~:.ti~f'f~t, ~tl~:~i1rf.ff

~t=P1JOT ~ c, i~J±.~jj*~:J:J -C*SAt1'J~:~i1rfO)Jt\JJjj}iO~~~TQ. ~O)t~~*SAfi

~d:tI~~tJ:~tJJ~~T. :: O)*SAfi~J±.~tJJT C: v~ 5. t=P1JOT Q ~i1rf.jj}O)~tJJlc;¢~,

*SAfiO)tI~~~~Ja]i1tIc~:~ L" < t~Q C, *5Afi~d:tI~~t~~~~~T. ~O)~, *6
At1'JO)~i1rfJt\JJjj}~d:IEJ±.~jj*~:J: J -C~i1rf.~7tIi~~G~ O)~, ~~J~~~d:.tI~:

*~tJ:.i1rfiO~i1rftl)bU. Tt~bt>tI~~~~}~(f'filI~~d:, .tit4fijT7J)GJ!t:.ff.~tJJT

~1~0).~~~~.C:~~~~~. ::O)~~~.~~~~lj~~~L, .~•• c
tim R O)iR~J~~~.~:, ~ '5 DC:~O).~•• Co ~~~J~:~rtL"t~ ~O)~ilI~~~

Q. ~tl60)~~~T~, *SAO)m~, ~••, ff••, ~tt., tI~~Q~c, ~

tJJTO)'f~~:J: J -CiR:*QO)~, jt~J~f'filIO)ff.~tJJTO).~~ /l:::-~~~~0)11J)E

7J)G z:tlGO)~Ji)EIc~>1<~~ z: C:iO~l:~~. ::0)1J~~d:*~:J±••0)11J)E~:J::<mv~
Gtl, ~~~C:J::~ttl~. ~tJJO)t- ~~d:~tJJTO)~~, *5A$dJ~:~fTQ1J{}[, :t3J::1}:
SIiO)f}[~~:J:: J -CiR:*Q. ff.~tJJT~d:.~tI~~~*TC: L,,-C, m-fii1tmz~i1t~,

.~~~~ImO)Ja]i1tIc~)Eft*T, iFi1t~, ~}g~.*TtJ: c~:mv~ GtlQ.

39-5:

D-r~* t~ ~d:Jt\JJ ~1J1]5t~ C:.fpJiO~~~ ~ tl, ~~:SJ± ~1J1]5t Q C:, D-rJ> * t~ ~d:Jt\

JJn~~-rQ Jt1Ji~ ~~*T. J±.*T~: ~d:lli*5A C:~*5An~~ Q. .*5A*T~d:*A,

o 'Y ~ .:r. )viji, LiTa03 , LiNb03 iO~R~~-c'~Q. LiTa03 , LiNb03 ~d:=1JMJ*-c'~fS)!

~, .~tI~*fi~f*lciO~*~ <, Q ~~ <, ~Ja]i1tlffl:O)~~*T, ~~T, 7 ~ )v
~-, ~}g., ~mii1tTJ\~ ~ ~:mv~ GtlQ. J±.t7 ~ 'Y lj~T~d:~*~~1iX:L,,~*5

A1*c L", :.tl~:iRi1rf~.J±~t:P1JI]L,,~M7ttl~~G~it, J±.JI1~f~Q. 7~ ~ilJ\

J) 9.b. (BaTi03), :;)v:J ~ilfd •7~ /mtfd (Pbzr03 , PbTi03), =;t7Ifliji (NaNb03 ,

KNb03 , PbNb20 6) n~R~~-c'~Q. S~tI~*s~f*lciO!*~ <, ~~, ~tJJt- ~ ~

tJ)tJ: 1fJ 13 EH ~:~tR-c'~ QO)n!*~-c'~:Q. ~tJJt- ~ ~d:~, tfi, T~ 1fJ t- ~iO~~~.

7~ /IflJ'\ J) 9 .b.*~d:~D~~, 'Jj--m ~:, :;)v:J /ilfd · 7~ ~ilfd~j:~1JI]~~:J:

1fJ *JI1~*~M~:*U~-C~, 7 ~ )v~-~O)ftg~m~Im1J~~v). =;t7Ifliji~d:~S.n~/J\

~v)O)-e, VHF~-C0)7 ~ )v~-tJ:c~:mV)GtllV)Q.

39-6:

J±S~*~fIJmL,,-C~{}[, D-r~, Jt\JJ, 1JDJm~~O)JJ~.~.~{~~~:~~L", *
t~ ~d:~~:.~{~~~JJ~a~:~~TQt~~(})~T~ v~ '5. D~~Gv~ ~d:~tl~:ilIv~m~

c L"l~d:ff.?~ lj 0 ~-~-~tJAJ~1<m~.J±~~*Tn~~ 1fJ, ~tJJ~m~c L,,-C
~~tJJfime'Ylj7'Y7~?~ljO*/, m-fii1tmz~i1t~~c~~~~o)-c'~G. *
~:~~~=~d:, mifi1tmO)zi1t~c:~i1t~~~9~ c:n!~v). ff.~~~~:~d:~~~C:~~

~~~~~1fJ, ~W~.~~-c'~~~Ja]i1tIc~.~~<, .W~~~~, ~••-c'~~.

{~Ja]i1tm~:~J:7/~.:LJ\/~tJJT~J'\~.:c)V7*T~mv)GtlQ. ~mJ±.lif-l-C:GL
~J:7l<Mt, LiNb03 tJ: c 0)!li*EiAlif-l-O) ~~iJ), Pb(Zr-Ti)03 *J±~m~n!~<mv) Gtl, *
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39-7: J±.tl7?7.:::LI.-9- (~~16-17)

tti~:etJ -CMt~~:M~~ tt:Q D~~~:~d:, ilti~:ttf?iJT:Q ~O) (1£t~D~~)

c, iltiO)=~~:ttf?iJT:Q~O) (iI~D~~)0) 2 fI.n~l> lJ, ::ttGo)D~~~fljJf.J

T:Q~7~~?7?7~X-~-~~tt~tt, 1£t7?7~I-~-, iI~7?7~I

-~-cet~~. ilIiF, 7C~, ~~tI~, IJ\~.:c-~-O) 3 7tJf~~jjA:~{)J:*TO)~'~
J[1~~~mG-C:t3t], ::ttG7?7.:LX-~-~~JWJ7C~mLtLV~,'Q. tt*, 1£iI~~d:~'!f

-~At:-jJ-O)~~T, mif?1t~~?1icG-C, :t3~~:jt~TC G-CfIJJf.J~ttL~t~.

-jj, 7 ?7.:LI-~-C GLffJJf.JT,'Qti~~:~d:, *~tJ:ilti (-1 kV/mm) O)t=rJ1JD~:etJ

-C, *~tJ:D~~· (-10- 3
) ~~t.J (-100 kgf/cm2

) n~~~TQ. Gt~n~J-C'tf-J.~:~tG-C~d:,

D9~.~~*~v~~c~:1JD;t-C,~a~.5i~, tI~~5i~~~!ft:~:~>l<~ttQt~3D,ft
ffO)1£.J[1~7~ ~?A C~d:••O)~O)~~rm~~tt-cV~Q. 1£iI,tf-J.c G-C~d:y)v:J /
.~. 7~/.~(PZT) ~£~:Gt=.~O)~~r:pJL'~l>Q. t=rJ1JD.ti~~/J\~v~5!>~d:, ~~~£

.ti~~ttf?iJ9QD9~~1:9Qn~, *~ <tJ:Q c.tiO)l::r~17 )v-c:5iM.~7tIiO)

RI~~~~:~t~G-C~~n~-~GtJ:v~~~~7J'G, M!v~~G v~. ~~ -C:~G <rm~~tt
t=. ~(J)n~, ~ if*~t7 b=;t~m~ (PMN) *(J)m~ltf-t-~l>G. =*~tJ:~jj*~l>tJ
tJ:n~ G, 10- 3 ~:~9GD9~~~G, 1Jo;tLJ*~~~:~d:RI~n~tJ:v~}~n~tt § ~ ttLV~Q.

1£m· .~7 ?7-:L:r.-~-0)-~~!ft:J[1c G-C~d:, (1) ~+,urn ~~O)~{~.~
0.01 ,urn O)~~~*,J1MJ~~lJJn~-cl>G, (2) ~~Jm~~d: 10,us m~~l>G. (3) ~~t.J~d: 400
kgf/cm2 ~l>G, (4) m5[~~:~G c~fitt~l>Gt~3D~:m~~::~TG.t.J~d:/J\~ <, m
mA:7?7 .:L.:r.-~-O)1/10 ~r-cl>G, ~ cn~l>~jGttG.

ff.· ~~7?7-:LX-~-~J:m~jjA:~)G,J:P1JDTGmti':MGL~~~:~~G~

f)J:~fljJf.JTG~O)c, 3t*tti~::~tTQtI~~jt~~:f~'3~{)J:~ffJJf.JTQ~17°(mif
?1tt-~-) ~:*BIJ~ttQ. 1W~~d:~ G~:, ~{)J:~~-*m~TG~O)C:, ;t/·;t7
~~:mIJJ9.Q~T~:7t.~tt.Q.*T'tf-f~~:v~5C:, mif?1t-t-~-O)ti~~:~d:, 1£
*O)ff.~IJJTJf.J-c~n)tJ:;t Gn~, ~~~{)J:~~CGti~~:: ~d:BfJO)!ft:J[1n~~>l<~ ttG.
~-*,~IJJJf.J~:~d:, mtiO)~{~~:f~5D9~RI~0)1!t.J/J\~ v~.~ltf-f(PMN *) iJ~~

~tt, !,\}VAmIJJJf.J ~:~d:~TO)RI~~d:~U'~ ;ttJ: v~ C: GL, ~t~O)IJ\~ tJ: '.J 7 ~ J±m
ltf-f (PZT *) n~M!Jf.J~ttQftlrm~:l>Q.

1-\7;~~tJ:ptJf.Jf?iJ~ 3 J*BfrTG. i) IJJ~~. :7C?1tO){)J:f~*,J1MJJf.J c G-ctt § ~ ttLV~
Q. 715 A.C v~5 5!iiJt1fi~~, .~~5~ ~?Afi 3 ~~J!6 tJ ~bitt~tbJl=*7C!\1
-t)v7J&A:n~1J£~~ttL:t3 t], PMN fi~:M~~ttGD9~~:ptC't,.~Ifi~d:~~~"

~ ~:~J&TG. ~J&~~~d:, mliJ&iI\cJ:P1JD.ti7ttri~:et J Ltk:~~ttG. ii) mif?1t
J)=7-t-~-: £*"JJX:~d:, flJl7?7-:LX-~-~::J0)*J&if3Z~l&f1~tt~~0)~

l> G. flJl*TO).~IJJ C:if3ZO)t~b~~IJJn~m~~ tt-c, if3ZO);tltiM~d:fftfqflL~ ~fiQ

<. ~O)JE;t~ v-)v~:flllft~tL~~t.J~~~Q. ifxO) 2 *O)JE~b9n)~~~;tL~fF
9 Q ~ C-c', 2 *O)JEO)~IJJ~~lI~tJ:{}[m~~1: c ~itG ~ cn~~~, Jlfj?1t~O)~TO)

~f~-c'3IJJjjrm~w.J~;tQ ~ ciJ~-c'~Q.
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39-8: _milii (~J]!1399)

Cmtl~jllfi9Q§~~~ra'O)2 JO)~~ra'~:::StJ)tlt~~"'o)JV)liLl:'d!>~. 5i$
O)K~iJitJ)G~"9~t~~~::Mi6,@J~tJ:c~§utl,@;c, K~~~~9~iJi~§Iu-e

5i$~::1&mGtJ: v)J: '5 ~::9 ~tI'@;;Q~d!> ~. .mtlX;Q~~ra'~~tI G••O).tJ:Q~~~:J

~ ~t~~c, -$~d:btMG, ftl!~d:*JTGv)••g:t ~::A t) ~J& (Mlt) ~ tltJ:;Q~G~tIGL
v) <. ••g:t (! ~d:7iWJCi1rfm~~::J: t) Ctl E, mtl H ~d:~tl~tl, E =Eo·exp (-tl8) , H =
Ho·exp (-tl8) ctJ:~. t ~d:••0)~~, 8 ~d:~Bto)~~ ~~G, J.l ~.ftO)~m., u ~
.5d~~., .m~O)ftJtJRlJJlc~ £0 C9:Q C 8= (2/lOJ-lU)1/2(!d!>:Q. {If.mJtlX~~d:~J&IO~

1"tJ:<tJ: t), ~-)v ~ IO~.G <tJ::Q .
• fto)J.l~~O)btM~d:.ftO)tlXIJJ1 /' l::-~+/'A ~4it Gtl, tlXIJJ1 /' t:-~+/'A ~d:

Z =EIH =(jlO}lI«(J+ jmE))1/2 ~, ~a~~~d: (}lIE)1/2, ~f*(!~J: (lO}lIU)I/2(! d!> ~. E
1
=

{4Z1Z2/(Zt +Z2)}Eo' Et ={2Z1/(Zt +Z2)}E1, 9tJ:b~, Et ={4ZtZ2/(Zt +Z2)2}Eo ctJ:~.

mtl H ~ fP]~~: H t ={4Z1Z2/(ZI + Z2)2}Ho ctJ:~. ~-)v ~••g:t O)~mbtM~d:~v~~
'@;~J:~J&;Q~*~v)0)~~1.Jl~~~. )i~~-)v r:••IO~~~, .mJ1m~J:~5d, 9tJ:b~

ZI »Z2 tJ:O)-r: E t =(4z2/Z1)Eo' H t =(4z2/Z1)Ho c:tJ:~ . • ~~:~tGL~J: ZI ~ Z2 0)J.l~

~*~tJ:m~~~-r~. z:tl~d:~f&~-r7t~d!>~ z: c:~~~9~. m~~:~tG L~d: Z2
~ ZI ~O)btM;Q~*~v~.
)i~, K~iJicO)i§"~d:tlX* A ~:tt~-c /J\~ v~tJ},@;7J~tbv). ~O)J: '5 tJ:tI'@;, .~

7 /T70)J: '5 ~::.tl7J~±f*0)}~ciJi-r:~d:~r~'O)tlXJJJ1 /' t:-~/A ~d: ZI =1/mEr~bt
Mffl~ E/Eo~ 1/4merZ2 ctJ:G. )v-7°y /T70)J:::> ~::mtJ}7J~±f*O)tJ}'@;~d:ZI =lOJ-lr
-r:btMffl~ ~J: ~ lOErl4Z2 c: tJ:~ . m'tlf*~~- )v r:•• c GL mv~ ~ C J.l~ *, U ~ /J\
~ d!>~ ir\ G~J&~d:*~ <, btM~d:/J\ ~ <tJ:~. Gt::'7J~J L, {~}ajtlXO).tJ}~:~tG-C~d:bt

Mfl~;Q~~j]*~tJ:O)-c', m'tlf*~:J: ~ ~-)v r: ~d:1f~jj-c'tJ: v~. {If}ajtlXO)mtJ}~~d:btMfJl

~J: t) ~J&fJl~7J~*~ v~O)~, J-l O)*~ v~•• ~::J::~ ~-)v r:1O~1f~jj~d!>~. -110)~
--)v r: ~/F-r7t0)tJ}'@;~d:~1I ~-)v r: 7J~~\~ C: tJ: G 7J~, jlP]c:~O)=m ~-)v r: -r:tJ:, itt
Ja] tlX l:' ~d: J*J{J{tl ~::~~ , ~}aj tlX-r: ~d: jlP]~ J*J{j{tl ~::S <0) 7J~~jj* ~-r: d!> G ·

39-9:

JIG~.f*O)~OO~:JIG.~jj*~:J:t).JIG GLJ <J t::.ftt.~fj~fljm9~IOOfjia.1J~.

§ ~:J!ittJ:v)ftt.~fj~~{gWD~~O)ftt.~~~~~:J: t) ~fjGm1jifjftGLmki~:~

1:J. •~~9~ ~O)~, ~1:J.tI, 7 1) /~-tJ:C~:fIJm~tl-CV)G. jJ-)v'J /1J~(~
o ~7 74 -) 0)7°tJtA~d:R~~tJ:1J~o)DcJ-r:d!>G.~-r~.'tl£f&J:~:JIG~.

f*~flllG, Z:O)MtJIGf*~OO~::I tJ7~.~:J:: t) -~~::~.~itG. ~~:IOOfj~$O).

fpj~.JIG~:e:tt),*~, ftt.~fj~J<G.•fpj~~Jtc.~{g~D~~~d!>~1'7-~ftt.

~fj~:ftt.~~~it~cfj7J~J!it~. il1~~: ~7-fj~mki~:~1:J.G~{>J±7J~1J[)it-C

~~~it~. ~JlGf*~:M!'5JIG~.ltf-f.~d:, ~)]WlO).T1:J..-r:~d:~~~.Se {> ZnO ~D~7t

1ft*7J~M!btl-Cv~tc.iJ~, ~tt~~d: Se-Te, Se-As, CdS WD~7t1ft*tJ: c7J~~mft~ tl-Cv~

G.
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39-10:

.-T.~mV) LBit~ ~~* GL.~TQ ~.. V) ~ v)~tJ:~O)~.iO~ ~QiO~, Bitf-J.~
i!iI Gt~.-T.~ V / A'*~mv)LMflTQi!iI~.-TlQfI., Bit~~jfi~)6 &:M Gt~

.-T.~MflTQ&:M~.-TJj••, .*~tlt~.-T.~Bit~~jfil:~:~~GL, Bitf-J.
0)~~~~~)6~m~tlQ.-T~~mH~~~Lm.G, ~tl~Bit~l:O)~~c~m~

itL77 r) /'ifl:~::fl~~GtHT~~~.-TJj••iO~J:: <~ 6tlLV~Q.
if!i1irO).-TJj••~:mv) 6tlQ.-T.0)1JDim.ff~d: 20 kV~)6 200 kV (J) t>O)iO~~v~

~~, 1JDim.ffiO~ 500 kV ~l:0) t>0) ~M:~:milGff.-TJjfl.cJ::Lt, iji1£ 3 MY O)j]oim
.1£0) t> 0)*~~fF~tlm v) 6 tlLV) Q. .-T.O)Mfl~d:$Ib:Mfij\O).JA *t~ ~d:mJA~:J::

:Q.-Tv / A~mV~L~-jotlQ.•-Tv / A'~d:7t~V /A'~:tt~LJj(jfiJ&~iO~*~ <,
~O).}~~JI~tQt~69, ~fl~:mv)Q.-T.O)rm~PJ~10- 3 rad <"6 v)~:/J\~ < GLm
v) Q. .-TV / A'~d:, V / A'.tiO).{1!:* t~ ~d:U1JJm.i1rt ~*,J.TQ~ c ~: J:: t) ~O)~l~
m.~PJ~~:TQ~ ciO~~~Qt~69, ~fBrmO)fff$~il~~~:~ft~itQ~ ciO~PJtm~

~ ~. ~ tl G.-T V / A'~:tc~~:lIJfF~ itQt~?iJ ~:~d:, 1Joim.ffc c t>~: 10-6 fi~O)

.1Jj:tc~J3l7J~~*~ tlQ.
i!iI~.-TJjfl.7!~:-t3V~L~d:,Bitf-f~J:.-T.~i!iIGLfl(1):J / l' 7 A l' ~~:!J~t~

69~:}J:~(1)*,J()HiO~~fJ, ii1irO) 100 kV (1)1JDim.ff(1)~fiI-c'~J:~(1)}J:~~J:ilG~ 1000 A -r:
~~. ~(j)t~~, ~~atf-f~:~tGL~j:.fW~m~~, *t~~(j)fm-~O)jjtf-f~::MGL~j:

f(j~~m~*t~~j:~ ~ /1Ii.~tJ: C~mv~L.Jtatf-f~fF~T~. *t~~!fo/)jjtf-f.~:~t G
L~J:m.w.JJt7!iO~~ <mV~ 6 tl~. *t~jjtf-f~jfi 0)[!!J8~~~(1).~~:~J:tJtf-f~jfi(1)~

~ c J LtlJtjjt~~fFj'lTQ v7 1) jJ~7J~mv~ 6tl~. iji1£, i!iI~.-TJjfl.(1)7tfW

fll§~j: 3 A~l:~:~GLV~~.

~~~.-TJj••~~:-t3v~L~j:, =~.-T~mH~mv~L, J\Jv7jjtf-f(1)~jfiO)~tm

~.~T:Q. Bitf-fn! '5 Tv~JA-@;~J:~mH~i!iMI Gt::.t~~:-t3v~L~~~i!iI.-TJjfl.

(STEM) c G-cM!mT Q ~ c t>~Q. iji1£, ~~~.-TJj••O)7tfWfj~~d:ii1it20-30 A
j!~-r:~~.

39-11 :

AMtJtc G-C~f-j.-T.~mv~, *afl~:.-TV/A'~mv)Qii1itO).-TJj••~:~tG

-C, .*~ ttt~.-T.~atf-f~jfil:~:~~ GLjjtf-fO)~~~}:a7J) 6~tH ~ tlQ.-T~~

tHH~:~~tLm~iG, ~tt~at~J:(j)~~c:~m~it-C77r)/'ifl:~:.~~GtHT~

fIl. MGL, SEM ct>v)5. ::.O)JA-@;, atf-f~~~:~d:Mfl.-TV/A'~~'~CGtJ:v).

::. (1) 5 t>M:~:tJt~~i!iI Gt~.-T~~mH~:~~tL~flTQ~fIl~~~~i!iI.-TJjfl
• (STEM) c J::~~. ::. (1)~fIl~d:*t~tJtf-+O)~~}~7J) 6~m ~ tl~=~.-To)~;i7J), ~jfi

1ft!L.-T, ~-.yx.-T, M:1t1 X .tJ:C~~}jIJGL c 6x, fl/J\7tfJT~fIlcGLt>~

<JiC'm ~ tlLV)Q.

39-12:

~~ l' /*JvJj•• (STM) ~d:, 1982 if.~: G. Binnig C: H. Rohrer ~:J:: tJ rm~~ tlt~~

jfi.~7tfJTJj••~~Q. $l< c:n~Jt~~*~at~~jfi~:ili~:J~t(-1 nm), ~it· atf-f
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rf3,O)ue.~-)E~:f*!>tJ:;¢~G~oo (x-y (0) ~jE~G, L§{TA-7-J1t (0.01 nm) l:, 7c0)
~00(J)[!!J8~1l7Jttl9 ~. STM ~d: O'Keefe ;¢~ 1956 iF~:f~p~ Gt::. near-field microscope 0)
fjl:, 7tffJtmO)£*ctJ:~*HI~L~*BJv~~{Ut9GtiffliiO)G~m~~:ttl~ l' /*J1t.i5ff~~~G
Lv~~:l=-!7 tJ:Ii••~~ ~. ~{UtctJt~~oo~:i5fftl~.~l' / *J1t.i5ff J ~d:, 7c0)
uefll z, ~P1Jn9 ~J\4 7 A.J± V, ~~~tJ:~T /~-v J1t~~~ <t/1>, ~~)EIc;Q) Gfij:
Gtl~)E1c A ~Jtj V~L, J < Vexp(-A<t/1> z) c~~tl~. z:.tl~d: 0.1 nm O)ue.(J)~{t~:

~t GL.i5ff;Q~ 1 ~tt::. ~~b~t::.~, z:.O).~~ ~Jtj v~~ c, l' / *J1t.i5ffO)*,j.~:J:: J

L 0.001 nm O)fi~O)m~~~000)[!!J8~~G <DJ""~ z:. ciO~lJ1tmctJ:Q. Tersoff C
Hamann O)~iB~:J::tl~t, ~{Ut(J)HtI$~m~ R, ~(00)[!!J8~ L1z, .~q:.~(J)iItlJJ~1c

(J)~auefllO)iY!Ic~ k, ~ooO)iY!mT~!7 I'J1t~ G c GL, STM (J)ool*J7tffJtm 8xy cOO
~:~rn:tJ:1JrtiJO)7tffJtm 8z ~d:, 7ctl~tl

8
xy

- {(R + Z)/k}1/2

8z - L1z exp{ -(3(R + z) }
{3 - G2/4k

c~~tl~O)l:, ue. z c~{UtO)HtI$~m R ~ < 1 nm ~:1JlJjt~ ~ C;Q~~~tl~t, L§{T
v.l'-\J1t~~00f14~~1l7Jttl~~~~c~:tJ:~. Binnig~~d:, eX'/*T~JtjV~LX, y, z
1JrtiJ(J)~{Ut(J)IJJ~O)ffflj.~~v~m~~1TJ t::.iO~, ~{UtO)HtI$~m~d:, itv~1fv~ 10 nm fi
~O)~.~~~c~jtT, 3~fi.0)7tffJtm~~~GT~~~ffJ~.7cGTjE~~

.q:. ~:fAi~~~:L§{TV.l'-\J1t(J)ffJftJJ (J)~~ 4 ;{ - ~ ~f't::.. z:. 0) J:: '5 ~:J!;Q)~t J:*~tJ:

HtI$~m~ ~~~{Ut~~, L§{T v.I'-\J1tO)ffJftJJ;¢~f' GtlQ~EtJ~d:, l' / *J1t.i5ffO)i5fftl
~ l{~iO~~{Ut9Gtiffli(J)lcflO) L§{T(J)$H1m ~:~1£ GLV ~ ~ t::.~ ~:~{Ut(J)~~jj~tJ:HtI$~miO~

ti~T IJ\~ <tJ: J TV~Qt::.~ c~jt GtlTv~~.

jE~ l' / *J1tIi1fli.~d:, l' / *J1t.ifrt~7Jttl)E GT V~ Q (J)~, 1l7JltJ~ tlQ [!!J8~d:, ~oo

(J)~m.T~m~ &:~ GLV~L, L§{Tlj2~U(J)~~C: ~J:~\9 G~-~GtJ: v~. ~ O)¥~~:

r±EI GLjE~q:. ~:~{Ut~-~J1:&), /\47 A .J±~~{I::~itG c:7c(J){ftit~(J)~m~tJ:

.T7t7C~IJ1fj~ctJ:G. ~tl~jE~ l' /*J1t7t7C~(STS) cJ::~S~. 9tJ:b!> , STMISTS
~d:L§{TA-7-J1t~O)Ii••c7t7C~~~tl1Fmjtt::.~ooif~=¥~~, ~ffO)=¥~~:~d:~~

9 G~ 0) i:J~* J t::. <tJ: v~ ~~ c%iJJ • 1fJtj~~G ~1i:J) ~ ~ tJ: <, ~ooif~ (J) ~ tl* l:0).

~9G'b~jtJJ~ tJ, ~2if*. m~~f* • ~~tJ: cJ.&v~~ImO)!fo/.).O)if~~:Jtjv~ Gtl
Tv~Q. z:. (J)=¥~i:J) GiJR~ Gt::. ~ 0) c GL, mJ(1f*~{Ut~Jtj v~ L~f~(J)m~~J(1. ~7JttJ

Qm~JJIi1fli. (MFM), l' /*J1t.ifrt~i5ff~tJ:v~*f5~!fo/.)O)~oo• ~f*~7tTO)~~tJ:
C~Il~~~GL§{TOOJJIi••(~, ~~f*!fo/.)~~m~tJ:if~M~~~Q~oo~O)

Y 3 'Y l' =l=--~~0)7Jttl)E~IJ1tm~:9Q5ijii!t.T~Mjj1fli.(BEEM) tJ: ciOtjlilIlm~~ tl,
ffi Gv~if~7tlfctJ: tJ ~~~~.

STM O)!ft:.o)DC:J~::, ~{UtcaAf-+O)ra~n~~aJt1-c'~tl~t, ~~~~O)!lmr-c''t>

IJJfP9 G!ft:Jt1;¢~~ tJ, *~q:., m~q:.-c'O)Il~ ~~ftF ~ jtto jt ~tlJ1f1~~, l' 74 ~ 0
:;-, .~{I::~tJ:c O)7tIf-effl~tJ:if~i:J~im~ J J ~G. ~ 0) J::: 5 ~:1fJtj • ~~JJ tJ:EfJl
.~~~i:J~, 7tffJf1~~*~ <tr.tJ9 Q~{Ut9GWdO)L§{Tfi2~UO)~ftffi• fflU.~:. G~ ;Q~~J

-CS tJ, ~Ifi$, ~(J)¥}~J(1-ev~J7c5 (J)ef(~;¢~~*tlTv~G. ~tl~:~V~L~d:, ~{Ut

O)~ftffi • ffflJ.~ STM ~:I*J.Gt::,.~4 ;t/IQ•• (FIM) -c'fTV~, ~O)~.~R:n~Gt~

~ittJ:c ~r± EI ~ tlLV~G. ~ 0) STM O)rm~~, Binnig C Rohrer ~d: 1986 iF0) /-.1'-\
)Lt!fo/.)~~1t~~.Gt::..
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Lesson 40: Interdisciplinary Topics II
(electrochemical, biochemical and bioelectronic interactions)

_ 1 / earth, female, moon, negative (electrode), nighttime, yin principle
7J\~j (your) assistance, back, shade; 7J\~j(Q) to be obscured, to cloud up, to darken

~1 ;t/~. 1 /1 ;t /:J r) tJ / anion exchange
~ti 1 / q:. 3 !7 cathode, negative electrode

fZ tJ / dry
7J\V(7J\9) to dessicate, to dry {vt}; 7J\V(<)to be dry, to dry out, to dry up {vi}

~. tJ / 'J r) drying
~.7& tJ /7/7 dry cell, battery

~1111

l2B tJ / coming again, coming back, returning
Jl7G1l'J tJ /Y/-if1
~m~m~ ~/7q:.tJ/~~

reducing agent
distributed feedback (type)

~ jj / holding, including
it'S, <(U) to bear in mind, to contain, to include {vt};
v'S, <(~.Q ) to include, to instruct, to make one understand {vt}

~~ jj / ~ / impregnation

~*. jj / A 1 1) 'Y water/moisture content

]l: jj / first year of an era, New Year's Day, origin;
Y/ first year of an era, New Year's Day, origin
~ C basis, beginning, cause, cost, foundation, (raw) material, root (of a tree), sourcen* jj/~1 ~~~~

~n ~Y/ dimension

1Jt q:. 3 r) offering, presenting
~t~(;tQ) to dedicate, to offer, to sacrifice; C ~ attendant, companion, retinue

~~Jm~ q:. 3 r) q:. .:t.. r) 'J !7 ~ feed/supply rate
f~-m 71 q:. 3 r) providing, sponsoring

II -tt / acid, bitterness
9V) acid, sour, tart

ftt{~1l'J

ftt$

-445-

oxidant, oxidizing agent
oxygen



solar cell/battery
fuel cell

~
1:1 ~ 3 r) conservation, (government) department, (government) ministry, reflection;

-e1 conservation, (government) department, (government) ministry, reflection
tr~;t t) (Jj...Q ) to examine oneself, to look back, to reflect, to review {vt};

~J:~~(<)to curtail, to economize, to omit {vt}
~~ ~ 3 r) I) ~ 7 omission, abbreviation
~ JJit ~ 3 r) I) 3 7 tJ reduction of labor

• iii
~ ~ /' bathing, immersing, soaking

D t::..(T) to immerse, to moisten {vt}; D t::..(~ ) to be flooded, to immersed in {vi}
~~ff ~ /' " r) 7 'Y osmotic pressure
~A ~ /'=:J... r) infiltration

~
Je ~ /' advancing

TT(U) to advance,to progress {vi}; TT(~Q ) to speed up, to stimulate {vt}
~~ ~/'~ progress, advancement
{fE~ '/ 7 ~ /' acceleration, promotion

7tl! 7 basin, pond, pool, reservoir
vl ~t basin, pond, pool, reservoir

~~.~ ~13r)T/'7

~~.~ */,03r)T/,7

-3t:.. 77 accumulating, amassing, storing up
t::.. <V(;t Q) to keep, to save, to store up

~fl 77iz:F
~.~ =r7T/'7

EI t 7 class, division, item, order {biology}
~ eye, gaze, mesh, notice, sight, viewpoint, vision

lJtEl:Jr)~7

ElI39 ~7T:F

accumulation, storage
storage/secondary battery

item, article, section
purpose, goal, target

Il!!
~ 3 r) daytime, heaven, male, positive (electrode), sun, yang principle

~1~ /'3t~ 3 r)1 ~ /' ::r r) tJ /' cation exchange
~ti 3 r) :F 3 7 anode, positive electrode

J) 3 t7 both, two, {counter for vehicles}
jJfijfJttl J) 3 r) lOtb
.jJfij ~~ J) 3 r)
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both sides, either side
vehicle, rolling stock



40-1:

Reading Selections

11•• ({~~919)

*tJ:cO)m.~:m~tLm~7J~-1~/~~tt~~TttnJt~v~5. S.J3£O)*/J\~:J:::fJ 5i
smJt c~§jCmJt~:~.BIJ~tl~. tJ::t3, a-AgI O)et :> ~~fi!iJf*O)tI\tm'1:-1 ~ /7J~±~tel:m

f* c tel: J -C.5(t~~~fT:> ~Jt~ IliIf*CmJt c et Iv '1: v~ G.

40-2: ••~1W (ttn~1385)

Cmt~mtT~ c ~~et J -C1.:. C~{~~oc~. *t~, ~tl~~fT~itQ1Jr!. C5(ta9x*
)1t'~-~#t~TGt~~, § E8I*}1t'~-iO~m1JDTGet:> tJ:, tf)iO){~~oc~~~J:~ tJ;t
tJ:v~oc~~~T~ciO~-C:~~. -1 ~/~~~~et J -cSfpfiO~~~ttlG~f* (.mJtm~,

MmijItJ:c) ~::-~tO)CIi~~AG, ~~tJ:SJ±~7J\~t~ c~Ii~::~-1 ~/, ~.~::~

-1-;t/iO~.* JJ, ~O)* *fJTttl~~ v~~j:C.~oo-c:oc~Giit~tJ:ttnJtiO~1.:.~~ tlQ. ~\

~tJ:.5(tit~d:1.:.~~tl~ttn.O)it~:J:tf?iJG, .{}[ttn.it~t~ JJ zF -c:~G. ~ ~ -e z ~d:

-1;t/ 1fin~5t-T 1fi~:tJ:~ C~~:~4TQ.-TO)filc, F ~d:7 7 7T-~Ic-C:~~.

S5(t5tm~d:~ * ~"* tJ:5tIf-C:~m ~ tlLV ~ Q. ~ 0)±tJ:~ (J) ~j:, .5(tm., Sm1JOI,
C5(t~J~, Sm~M, Cm~/T/~-~C-C:~Q .

40-3: ••ami ({~~919-920)

CtiOC~O)~fT~:{*J -CifrttlGCmt. 77 7T-CifrtC ~ v:\v:\, ~O)*~~ ~J:7 7 7
T-(J)r!J{Ij~~~:>. 0 + ne- ~ R -c'~~ tlQ.tioc~~:J::Q.mCifrt I ~d:, ~(J)OC~i*

]jt v (SI .{}[~d: molls) ~:J:tf?ilTQ. Ml1~1J~ R~ 0 + ne- ~:~t~T QCifrt~$5t7 J
~Cifrt la' Jl7C1J~ 0 + ne- ~ R ~:~t~TQCifrt~$5tjJ 'J- ~Cifrt Ie cTG C, ~.
mCifrt I ~d: 1= la + Ie -c'4;t GtlQ. t:..t!.G, 7 J - ~Cifrt(J)~1%~IE (/a > 0), jJ 'J
~Cifrt(J)~1%~~(Ie < 0) cK8*TQ. la :t3J::lt Ie ~Ml1~:t3J::ltJln1J~(J)oc~i*]jt vox

:t3J::lt Vred ~O)ra'~:~d:, ~O)~f*n~~.lLTQ I a = nFvox :t3J::lt Ie =-nFvred• n ~d:CIiOC

~O)Sfpflc, F~77~T-~Ic~~~.

40-4:

cm.O)m~~iiI!mttn~:s~I*)v~-~4;ZLS~5tmoc~~~z: ~itL § a9ttn~

~~~t~~O)~ta. cm~~ (Sfi), ••, ~~~~d:G~.m~O)r±AD, ~~ttlD, §£1.:.
5(tf*0)J& tJ ttl G D, {f.JW~tJ:cn\ G.~~ tl~. *t~.m~~M!m~tlQ.m.m~ (M
~) ~Cmmcv:\5.

40-5: .f!i (1~~925-926)

sm.m~, IliIf*CmJt*t~~d:~f*tJ:cO)*~:~$n\G.i1rt~)iTt~~,~~v~~d:Z:
tlGO)*n\ G.i1rt~~$~:J&JJ ttlTt:..&J, ~Q V)~d:1t~*t~~j:~.f*tJ:CO)*~:.~~
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4;tGt~~(J)~'1* (CT~~'1*) ~-~~:••c v~5 . • ~(J)AIJ ct~GCtlcl:tl1J c
t~G.ti(J), ~t~ < c 'b 21i(J).tint~G(J)ntttilli~~G. c.~:~J:m~~:~CLV~0

v~0tJ:~~·*~~0)~0);6t~tJ, *tf-J.CGL~J:~~, ft~, ~*, ~.1t1~ltM, *2J
'1*tJ:cO)lIk O)CT~~'1*;6~mv) 6tL~.•~{~~~::-t3V)L~j:, ~~tJ:CO).T~.'1*

(J)f§ c.m.miflt~ cO)'1;t /~21'1*(J)f§c ~~u, ~tJ:<C: ~=~O)f§iOtil?lJ~:~M
GLV~,Q*~•• (*t~~J:C.*)CV~? ~.~:~J:, '1;t/~.'1*~:~GLV~G.T

~.'1*0)f§0)~~••C: V~? IE(})C7ftJ;6t.tiiO) 6'1 ;t/~.'1*f§~:i1rfnJ6U.t1~7

/ - ~ *t=.~J:~ti c v~v~, ~~:iEC7ftJnt'1;t /~.'1*f§iO) 6i1rfnJ6lu-C: < Q15(}).t1~

tJ'J- ~*t=.~J:~ticv~? Gt=.nt::>L, 7 /- ~-e~J:1t1~oc~nt, *t::..tJ'J~~-e~J:

i!t7Coc~nt~tL~tLxrEa9~:~~G.•7If!~::t3v~-C~J:, ~*iO)6 O)tlB-c:, 5i$(HJ.~:

rRJ::> LiEO).7ftJnti1rftLl:tlT.t1~iEtI*t::,,~J: + (7'7:A) ti, ~~:5i$(HJ.iO)6iE(}).7ftJ
;6ti1rftLJ6U.ti~ft.t1*t::..~j: - (~'1 T:A) tic v~? nt, ~O)Jj}ft, .7If!(})1&.~~::t3.v~

LiEti~J:tJ'J-~, ft.ti~J:7 /-~-e~tJ, *t~7tC~~:~J:IEtI~J:7 /-~, ft..~J:tJ

'J-~ct~t), im!LG~Tv~(J)-etJ'J-~, 7 /-~~mv~o(})ntJ::v~ . • ~WtJ:c(})

.TW~:-t3v~L~J:, 7/- ~ 0) ~ c ~7'v- l' c ~ v~v~, *t=,.~:CT(J)i1rfn~ffjlJJPG

t~ t)T~t~~O)~'1*~CtiCJ::~~tLLV~G. x ~~1:.~fII-C:~J:7 / - ~(J) ~ c~M~ti

C~v)'5.

40-6:

em.mifl~-e(J)~~(J)7/-~mm~.~~mG-C,.~tJ:~~.OO~.~15~.

CmiJfmm.m.mifl~:~J:, ') /It*, i1rt1t*, :t3J::lti&1m~lt*t~C;Q~~ tJ, -~~:

7!lJ!jIIt-e*,s13tnt*~ <, ~~'1;t/' c.f~ft~~~PX:G~Tv:\miflntmv) 6tL~. cm
iJfmmm~:f,v:\~~~OOJlIm~:~~ifl'1*J1nt1:.C, ~ (J)~~J1~~0)~~'1;t /(J)mttl
cttfX7Jt~OOO).~f~~:~4G, -1i~~~OO~:1:.PX:T GJ!jI~ k0 1 nm (J)ltftltM&:mn~

~OO7t.f~~:~~llJ.

40-7: .*Ji (f~~936)

smfJTttl, .~c ~ v~ '5 .•5[f~~*~:-t3v:\-c, .ti~~~Sf}[~:7ttiT:QC, em
.~7J)G.tiOO~~JE(J)~.ntfJTttlG-C< G~•. ~::>~~, ~f-J.(J)7/- ~::I-T~

/!ltJ:c~J:~O)~.~Mfia9~:ffjmGt~ ~O)-e~~. ~fI/f'f&fD{~ft~tJ:c, .fi~OO

~:mft~~J< ::> -cfJTttlT~ ~O) ~~:Q. iM1ittJ-r;t /,~j:, ~+ + ne~ M ~:et tJ~~
~fJTttl ~ it~ nt, MnZ++ 2Hz0~Mn0z + 4H+ + 4e 0) J:: '5 ~:It{t~ ~7 / - ~ fJttl~:.fJT

TGf9iJ~~G.

40-8: cV)-:) ~ ({t~1435)

±c G-C~~-e~~;6~, ~0)~~7J)7'7A -r'Y 7tJ:cO)~OO~:fmO)~~~Q v)~J:ft~,

{~ft~tJ: c ~*JtllTQ~ C~ v):>. ::.tL~:J:::> L, *Jt.oo~:tJ:;Q)::>t~!fiftt, ~tflitt,

~*tt, fI~!fiftt~.6tLQ. I~~fI~~ft~~OO~~<,~0)~0)~~~6tLQ.

1) fI~~~ft : ;mi*~tt, ~~l3t, iBBlfft, ~!i£tt, ~.tL tt, fIt.~1*~. 2) C5[
~!fiftt : mtt, ~}aj~!fiftt, fIt~MMm, 1:::J. - A'*ftt, Cm~~fi~tt. 3) 7t~~
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*~:&M~~~, *B~~~~, *&M~, m«~. ~~~*~:m~~, ~~~
J(1, ~~~~, ~octi~. 5) #.JJ:I~*~ : 1\/~'"{'fJ(1, ~/7~ /~~, ~:rL~, ~F

~~~, ~~m~~. 6){~~~*J(1: m.~~, 715~~~, ~ilJ(1, milJj]. ~J~
O)15$~:~d:C~~J~, ~.m~J~, mM~J~, ••~J~, .~~J~(pVD

tcI. c), {~~.~$(CVD) tcI. ctJ~'&J Q.

40-9:

§~~~1~/~~u*m~~~~~J:I#.J~~MG,~n~n~-~cG, ~~~~

m~~t~~d:/Fm~7/ - ~ c:O)ra'~:l«mt.mt~Jm G, ~~J:I#.JO)~OO~~ § ~~~O)JJl~

CmflTlli~ it~15$.

40-10:

±tcI.~O)~:~d:!DI~, A A', 7 )v~=rybtcI.cmik~~(f\j~:~#.J~AnL~.TQmM

~J~, .~.~~A/\'Y~ I) /7'"$, 1~/7°v-T~/~tcI.cO).~~J~, ~#.J

~~JM1~ / ~~um~~:¥~:~7JtT~ t~~t-r:~ J ~ ~lT 5 ~flm~J ~tcI. ctJ~'&J ~.

40-11:

Cmt~mtT~ ctcI. <~J ~T?:>15$. =. 'Y J;r Jv, :J J\Jlt!', jfP]0)1~/~~u*m~
~:~7C~1J C: G-C~~ I) /mt7 l' I) ry A ~t~~j:*ry7J<*{~7 l' 1) ry A ~1JIl~, 90-100°C
~:1JIl~T ~ ~ C ~:et tJ ~~O)£f&~:~~iO!~J ~ ~ n?:>. fJTlliJl~~: I) /~t~~d:*ry*
n~ff:1~.~~n~. flTlliJml3t~d:fI~~~~ et tJ JJ!v)n~, ~-J(1n~~b~L ~W~'&JQ.

tJ7 A, ~~5 0'5, ~ 1) 7°0 e v/tJ:c~=~j:fJTlli GtJ:v)O)-C, ~nG ~~H~~~~tf~

~:M!mTG.

40-12:

MO)~~J.I~=etG~{~$O)-fj.M~Ili~cGLflm~(f\j~=~lffT~. flra'.J±~

lOOV ~l:~:iWi~Qc, Ilitl~OO~:~~Gt~tJAJJl~JmG-C7-7n~~~G, .m~~

-c~tiiO~#~~n~. ~n~M~:.AnO)~jj*n~~CG. flm~c GL~d:, *1En~7

7 ctJ:GflJ±O){g;v) Na~ K O)jj[mO)m~iO~M!m~nLV)G. *i!0)**~1~Fmtf~0)~

Jm~~~1JIl~ -c:~GJ~ -c: '&J G.

40-13:

fI~ft~~J5X:C~ v) v), fI~f~~~tJ:mtft'&J Qv)~d:~7C&»~fIJm GL, § ~#.J.~

~J5X:TG ~ e:. ~~m.~1tjj[Cm~:~1C~{t~&»n~1itm~n-Cv)Gn~, ~tlft~~

-C'b, 710/66 O)Jjj{f-l--ed!>G7~~= l' 1) )lt~j:, 77 1) 0= l' 1) )ltO)flm~7C=.

ft~=et lJ ~J5X:~nG .•~ft~&»~d:, .1±c.mtO)*tllilJ~:ettJ &»~~iO~ml3tet <$lJ
liIJ~~ ~O)~, 7 71 /tJ:f~ft#.JO)ft~O)~tJ:6~, {g;:J A !'{~O)J~~t>~t~~=~fil~

n-Cv)G.
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40-14: 1I7t1! (~J]!1428)

tlt~1~~~1J~~:J: t], 1~~X*)v~-~tlt~X*)v~-~:~.To~fI~-~~:.

7tl!clt~5. ~~iO)~:, 1&Mx*)v~-, t~c;t~J:, 7f, 1&M., ~tJ:c~.~x*)v~

~:~.TQ~~tlt7tl!, 7-1'/ 1'-7tlt7tl!, ~~.JJ.7tl!tJ:c~J]!m~~fIJmTQ~o)~

~J]!.7tl!c e:t~~. !}if)]: ct~Qtlt7tl!~~tlt7tl! C J::~~. ~.7tl! c ~tL~m:~Jl>Q lt~~d:~~J~:

m~~bitt~.~.7tl!~~~-c, -~~:tlt7tl!clt~5 .
• ~1~~.7tl!0)£*.~~~~d:~ti, ~ti, .mifl-el>Q. ~. ~Pfij.tliO~~G-clt~

QtI~, l>~ lt~~d: 2RIiO).mifl~~,~cTQtI~~d:~M~I$Jj<"t~~~~_O)~.ti:~
~ATQ. ~. ~Pfijtl~~.-e~~TQ c, .mtiO~mttL~ti~d:.-T~1&ttlG-c.1~G,

Ii;tI~d:.-T~~J&G-cm7tTo. ::0) c ~{~~~{~~~T~_~ffl~_ c lt~:>. ~tlffl

~_~d:~JCllIJ, ~tlffl~_~d:.{~llIJ-e l> ~.

~~fpJ~O)~.1J Eo ~d:, ~tlc.miflO)~Iii~:.t:>~tQilf)]:~ Ep C, ~tlc.mifl

c O).f)]:~ EN (J)~ Eo = Ep - EN 7:l>Q. ~Jm~:m lt~ GtL-clt\O~tlffl~_7:~d: EN=
0-1.5 V, ~tiffl~_7:~d: Ep =+0.2-1.7 V7:, ~.7tl!(J)~.1J~d:~RO)ffl~_O)m~~

bit~~.G-c~~~3V ••7:l>Q. ~~ilff~~.7tl!O)~~(J)mm~tI.&~

-r) c I*J$0)mmtjl ~: J: t] Eo > E
a

C tJ: Q.

1&ttl~~~_••~7~~7·~(~)~~G, 77~¥-(J)~~(lij~A~-T(J)fi

ttl~ 26.8 Ah) J:: t]tI*f~~mJE~~G. ~m~~:~d:, ilfflj-T_ffn~mJE(J)~l1:.ff~:~

-rTo ~~~:l& t] ttl G;tt~.~.~~O)il7tl!O)~.c It\5. iI.f~~~1J~~:J:o{~~

:r:*)v~-O).~X*)v~-~O)~.~d:,m:~~tJ:O)-r:~~*~:~jj$7J~J:< 85% ~J:~:

~T~. f~~.7tl!~d:ffl~_(J)rJl~~bit, ilmifl(J)~tR~:J: t]~< O)lI.n~l> t], ~(J)

1&_~Jt1, ~., JtT_tt, iffi't.~Jt1t~ ciO~.t~ t], ~tL~tL~:lIm7tlfn~l>~.

40-15:

iI. (I) Iilm-I-. (II) (J)J: 5 t~.~f~~*~:J: t], f~~~~O)J:*)v~-~m:~

iI~x*)v~-~:~.G-Cl& t] ttlT:: c:0)-r:~Q~Ii~{~~.7tl!cJ:v'S~. f~~.7tl!-r:~d:

_~7tmO)tI~c:~~:, 7 /- ~n~~. (-), iJ'/- ~7J~IEti (+) c:t~G. iI-T~d:7 J
~Tt~b~ (-) O)tliJ) G~*JR~~b t] ~$@J~~~-ciJ '/- ~ (+) (J)tI"'mttLJbU. x
~#~••7tl!, U~~Ail7tl!~cO)-~il7tl!~~C~, =~~)v·iJ~~~A_7tl!, ~

••7tl!t~c(J)=~_7tl!, f&f-f._7tl!, ~~il7tl!t~C~d:9~-cf~~.ftf!~:~9G. ::.tL~:~t

G~J]!.ftf!n~l> t], ~~.ftf!, ~-T1Jil7tl!, 7filftf!,~.-T_ftf!t~cn~::tl~:fM9~.

40-16:

# )v!,=_ftf!O)1&_~:f~~ -C, _7tl!I*J~imfT9 Gc~;t GtLGf~~~~(J)~fn~.7tl!

~~cJ:~~. #)v!,=_ftf!O)~il1JO)f-f~O)#tJEO)ff:i\Jt1~iIf~tot~~, ~1£~d:~t~c

9 G_7tl!(J).7tl!~~.~, ~(J)I*J$~:tciJ) Gtl"'iE(J)_.n~mttLG c ~imfT9G_7tl!~

~~, ~O)1Jrtil ~~~L~(J)il7tl!O)_7tl!~~c: J:v'S~.ITtJ~fTbtL-clt~G. # )v!,=.7tl!
~d:-~~:*_ftf!(Jtiti)C:J::~J:tLG=:J(J).ti*~rJl~~bitL:J<GtLQ. t~c;t~J:,

Y::J:)v.7tl!~d: cu2+/cu C Zn2+/Zn (J)=:J(J).tI*iJ)Gf14JJX~tl~. ~(J)_ftf!~~,
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Zn IZn2
+ II CU2

+ ICu
c .~t~t, :: O)iD:l&[1q ~tr.iJ'~ ;ti~:lEO).5U:n1mttt~ c ~, tiflltl ctr.fJltlO)iD:ti~~J:,

tifJltl: CU2
+ + 2e- ~ Cu

tr.fJltl : Zn~ Zn2
+ + 2e-

®~~~~tt~tt~fi~~. ~tt~tt®~~~ ••~~~c~~, ~~~O)~~~~~.

CU2+ + Zn~ Cu + Zn2
+

~, .l&~~ c ~~~. iD:7&~ ~~~:.~t~t, .7&~~O)jjftiJ ~~~:tJ:~ .

40-17: • lInk (~J.m1261)

.~0)1&.~:~ tJ .l&[1qO)ffl~.n1l~.~ ttL~, 7t.~:~ tJM~G. tJ jg GM!m
~~ :Qill&. =~.l&c ~ v~ 5. 1859 iF~~ G. Plante ~~J:~ -C~~~tlt~talr.l&,

1899 if V. Jungner ~~J:::Q*.1~= 'Y 7 )},cjJ ~ ~ r) b, 1901 iF~: T. Edison ~:J::~*.

{~::: 'Y 7)J;c~~~mv~tc. ~O)n!Ir.~O)±mtctJ: '":J LV~~. ~1 'Y~ 1945 iF~:IJJJ~

~ttt~~*6Jt7 )J;jJ I) ~.l&~J:, ~iflfpf~:iflii5t1ttt!l~O)7t1&.*Jtt~:.ttL-t3t), ~~
~I¥JMO)Ni-Cd .7&~j:7til~~~.l&c GL/J\~.O)tlB~:1bm~ttLv~~. ::0)~~7J)

Ag-Cd, Ag-Zn tJ:c~lfj1JO)~.~~~~. ~.7&0)~.~j:7 //'\.7 •~ (A-h) *t~~j:

TJ 'Y l' · ffil (1JZ:It31&••J± Vx 1&••mt Ax 1&.ffilrf3~ h) -c'~~.•~~J:1&••mt~:~J

L~.~.~~o)-c'1&••mt~ffilOO*~~~. ~c5t~10~OO~~1&iD:~~~.mt~

10 ffilrf3~* c v):>.

40-18: I) 7-r) Alink (~J.m2218)

~tiffl~.~:I) Tr) b ~mv)~~.l&-r:, .m~~:1ftl.f'R~ (LiCI04 0)7°01:: V /
jJ-~*-l'm~, LiBP4 0) r-7"TD 77 l' /m~tJ:c)~~f*.f'R.(LiI) tJ:CO)~F71<

.f'R.~mv)~. ~~tiO)l!~.~j:, ~~.J±3V m~j:7'Y1~~*, =1l1~x/jj/, 3
r)*tJ:c, 1.5 V m~j:~1~~, it1~~~mv)~. ~~ti~: 7 'Y1~~*~mv)tc. ~O)~J:, 1&
.00~fT~:f~v), ~.Jtt~*~*~:~b tJ, .~O)[1q$~tfLO)m*~rtJj~', 1&.*Jtt7J1
1JZ:I:a ~:tJ:~. ~ti-c'~JJX: Gt~ 7 Y *1;t / (P-) ~d:~ti-r:~JJX: Gt~ I) Tr)b1;t / (L+)
c*6'@i Gti~L:t()EtJ: LiP ctJ:~. X*)J;:¥-~lJt~J:x /jj /.~O) 5-10 {~c~ <,
i1iii~~Jtt~:T <"tt, EI c1&.n~ti~L 1>tJ: v)O)-r:*WiM!m 0).1m c GL1~'JiJttn1~v).

{g;t!l*Jtt~~< -20°C -r:~M!mPJfj~-r:~~. JMffilM, .!ii, .~f*~~ I) -, .5U:r-¥r
tJ: c~:mv) Gtt~.

40-19:

~~~ 2 JO)iltiO)ra'~:ilm~~~t~ G, ~tl~tlO).ti~:tf&f-f(i!i7C~J) c.{~~J~

~~l¥J~:~~G, tf&f.fO)~f~x*)];:¥-~tlfl.5U:I*)];:¥-~:~~~Q~fif.tf&f.f~:

71<*, 1l1~~J~:Il*~m v)tc.f9iJ~~ x.J:::>. ilti~d:iJIijti c ~~*6::: 'Y 7 )},~1bfLJtt~*

~m v)Q. 300°C ~~0){g;t!l~-C:~J:~f*~~~ F9fJt~::T ~ tc.~.ti~:M~~f'f 4T~.

**ti (~ti) ~:~d:B~, .*ti~:~d:~, ~tJ:c~mv)Q. iJIijtiO)ra'~:*.1~jJI) r)b.
(KOH) O).f'R.m~(30-50%) ~Att:Q. ~ O)MJt~~d:~-$~d:M~-r:~* tJ 100 mAlcrn2

~~0)~~1&.-r:~ 1-2 iF-c'~:Q.
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.Ii ~:::t3 ~t~ &:~~j:,

**Ii~~j:~ + 20K ~ 2~0 + 2e
.*Ii~~j: (1/2) O2 + ~O + 2e~ 20K
.7ff!iE:f.$:c G-C~J: ~ + (1/2) 02~ H20

~lJ!>~. ~.lJ~j:, **0)f'&~&:~0)=¥7~AO) l3 E8I.*JJ,=¥-O)~{tfi -L1G e:t fJ E =
-L1GlnF-r:47LGtt~. n ~j:&:~~~: 1MO)7tT7J)G1&lfi~tt~.T~, F ~j:7 Y 77
~~ (23 kcaIlrnor). **~~j: L1G =-56.7, n=2 -r: E =1.23 V ctJ:~. fFlJJ~O).ff~j:7t

Ii, l*J$flfmO)t~690.8 V fi~~lJ!>~. ili7G~JO)f'&f-f~j:**, -.{t~*, 7 JJ,::I-JJ"
1:: ~7~/ (N2H 4) tJ:c, .{t~J~j:.*, ~5atJ:c-r:lJ!>~ . • m~~j:&:~tt, ~mlt17J)

G7 JLt7J lJ *mmin~~tt~n~.It1.fWmi~~~. tt~~tlO)m~-@ivit~~*.7&O)l:tlJJiD:

ff~d: 1 V ~-rtJ:O)~mr~JflJMftn~~~~~~Qn~ 1 kW filJ£0)3IJJmiD:l1ltiO) G~ MW 0)*
~~ATb. *~;¢~~m lJ!>~ v~~j:rm~~ tt-Ctt~~. f'&f.f.7ff!~j:fmO).7ff!~::tt~-Cffl~.;¢~

~$7J)G~~~tt~O)~f.$:fI, mfiMlt~ tJ O)lfilJn~*~ <, *t~I.*JJ,=¥-~.~:1J.n~

~v), 1f~jJ A ~~~GtJ: v)tJ: C O)f-ij:lkn~lJ!> ~.

40-20:

~ lJ :J /0) pn ~-@i~fIJmG-C7tI*JLt=¥-~.5aI*JJ,=¥-~:~.9~7t.7ff!. 7t
O)iJltl~e:t tJ ~~~.7ff!c G-C e:t <fIJm~tt~. J¥~ 0.3-0.5 nun 0) n ~~1)::I /¥*6A
~{~~~~~G-C~rE!q:.~:fiI~, .{~*?*~¥*6Afi£{[ti~:~MA~~it-cp ~JW~~
~~it, ~ I) :J /O)£{[tin) G 2,urn fi~O)i~~O)PJT~:: pn~~~J<~. i2!~::, ""'-A.
0)1.f~:: p ~~ I) :J /~I!mG, n ~~JW~~~~it~ ~0)7J~lJ!> tJ, ~ O)1.fn~1&M.~::e:t

~fj1fl7J~~tJ:tt). ~1):J /7t_7&0) 1 MMlt~ tJ O)lfiJJ_J±~d:rm1&tiffii~K0 0.55 V, ~raiJ39

_*;jj. (.5aJ39lfilJ/AM7tx*JJ,=¥-) ~d:K0 22% ~lJ!>~.

40-21 :

~~7to)I*JJ,=¥- ~~~t-C.lJ~~~9~ EJ J39O)t~69J <Gttt~7t.ftf! (7t~_lJ

--eJJ,) ~ v) :>. 7t~.lJ ~ ~J 1i!!If.$:*T~d:JJ.j{~J39~: ~d:9~-c7tX*JJ,=¥-~_lJ~::~.
9 ~7J~, ~~_7ff!~j:~~7t~f-ij:~::~tt);jj.~~.9~ J:::> ~~at, ~fF~ ttt~ ~0)~lJ!>~.

1J11£_~e:t <I!btt~~~.7&~d:ri6ti1!~¥*6B~ I) :J /O)~v)fi~::I) / C:*?*~i.mif

-C~ t;~ p-n ~~~fljm Gt~ ~O)-C:, ~~7to)I*JJ,=¥-~.lJ~~.9 ~~:1J.~d:

12-14%~lJ!>~. 7tJv77A~1) :J/, I) /{~jjl)?b, CdS/Cu2S tJ:C7J~rm~~tl-c

tt).Q .'

40-22: I~~*i!/~- ({~~1070)

~f.$:!to/.J.~.~~*C:9~--e/~-. ~f*!to/.J.0)7tT.}jlJtlfj~~fIJm9:Qt~69, fltt
t~~tRlti~~lJl9~.•~~*c:tJ:Q~f*!to/.J.O)fjm~::J::J-c,1)M*~/~-, 2)
m~!to/.J~/~-, 3) ~~t/~-tJ:C ~::7tm~ tt:Q. ~f.$:!to/.J.7J~iJltl~~t~!to/.J. ~.}jIJ

9~ c, ~O)~{~n~.5a&~~:~.~tt~e:t:>~:7J\1A{t~tt-cV)~. if)v:J-A~

~tRJ39~::~l:tl9~M*t/~-~d:9~~::~m{~~tt-ctt~~. )lftt{t**.Ii*t~~d:ftt*

.1i00)tttffij~::, ifJv:J - Aftt{~M*~~~ Gt~~7J~l&ft~t Gtt-Ctt)Q. ,*,*f~~~~,
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~~~~tJ:c~:~m~nQ. IPJfiO)L§{~~, ::I VATO-)V, PRmt, PR~tJ:cO)M*~

/~-~ IJ1fj~. M~~:1~V fJ, fI~tto/.J~f'Jm ~t~/\1 :t~/~-iO~fI~tto/.J~/~-~d!>

~. BOD (~tto/.Jf~~a9mt*~):j(.)iltlJEtJ: c ~:ntX:7J ~§e~. tJL1*~fIJm Gt::~~-e/~

~d:, *)1t'~/tJ:cO)mfl.iltlJE~~~T~ . • m~d:~~1*T/\1 A~~A~t~/\1:t-e

/~-O)if~lm§BiO~m§B{t~LV~Q.

40-23:

J\1:tT7 JOY-~Xv7~0=:7ACO)iiI!~~mrffl~L~~~nt~~~~.1980
~ft~JJ~~:fllp~~nt~J\1:t7"'Y '7 (/\1 :t~T) O).m~J:, J\1:tX v7 ~ 0=:7 A
O)tJ:~a900JL\~~Jm~:re;~t~. J\1:tXv7 ~ 0=:7 AO)~-O)m~tJ:I3.~J:, ~-f*tto/.J

J(~f'Jm~t~~~ v~fI~*TO)trjttl-c'd!>~. /\1:t-e /~-O)if~Im§B~J:.~?tf-T~L
V~Q. ~n~-c'0).TT/\1 A~~d:.~v~7tT~~~fI~iO~, ~-f*tto/.JJ(~:J::-::>L~~~n

t~. J\1:t~/~-~~o)J\1 :t~T.m~~Jm~:jf!JIl ~LV~Q. ~~:/\1:t*T••
(J)t::.~(J)7tT7-e/7~)1t'1X~~:mJ~~ftlv~t~£UJ!if~(J)jf!JIln~I3jt~ ~ V~. ~=~J:, 1f129·
f$~~:~lt~ Gv~mfi5ll1~*~~~T~::. C: -c'd!> ~. J\1:t::I /1:::1--~--iO~ 13.ctJ:
~. ~=~d:, AI~jt, AIf$~, AI.~tJ:c~-f*flfj~~~~T~T/\1 A-c'd!>~.

~ G~:~Im~d:, ~-f*flfmc.Tflfj~c O)f§li{1:m (J)m~-c' d!> ~.

40-24:

J\1 :t*TC ~ V~ 5. lfi~O)7tT~t~~d:7tT.~-f*(J)~~~*,JWPGLJ< Gn~.O)
CTT/\1 A. 7tT*TO)-fi. *(J)J:: ~ tJ:7t~~-2iU. 1) ~tto/.Jf~~'70~A ~fljm

~t~7tT•• ~:J:: -::> LJ < Gn~7tT*T, 2) ~-f*tto/.JJt~$7ta9d!>Qv~~J:~-f*a9~:flj

m~L.~~n~7tT*T, 3) Jf~ • f$~0)7-:f:T77"~-- • 7 )v:J~l) A'b~:£~~

.~~nt~7tT*T. J\1:t:J /1::.:L--~--*TctJ: tJ 5 ~ J:: 5 tJ:J\1 :t7"'Y 7°~d:.~

~< fJ n~m~tJ:~~-c' d!> ~.

40-25:

IfI29O)tlfi5ll1~flfj~(J)I~a9~~~13 ~"G Lif~Im§B~ n Lv~~::I /1::.:L-~-. Jf~(J)

tlfi5ll1~(J)~ft~d:, ~ATb~ G-CO)*$XIt1, J,~--/~~~, i!J!m~ctt, ~mmfi5ll1~

flfj~tJ: c O)~JmIt1, ~~ ~:J:: Q § c~Jl~1t:tJ: c-c' d!> ~. J\1:t::I /1:::1- --~-~d:~1:E0)
:J/1::.:L-~-0)~n~flfm~ftI~~J::5~T~~0)~~~<, ~1:Eo):J/e~-~

(J)~~-c'd!>~. ~n GJfr2Y(J)fI~(J)~~~ 13. C: GLV~Q. *(J)J::> tJ:if~(J)mtnn~d!>Q.

1) Jfr2Y(J) 7 )Lt:i 1) A~ d!> Qv~~d:7-:f:T7 7",., -- ~:~lvti:J /1::.:L-~ -, 2) 1fr2Y(J)fl1Ji
a9.~~ ~tJ.t~:J /1::.:L-~--, 3) n~O)ifjj*flfI~~(J)~O) ~:~luti::I /1:::1--~-.
f$~§Jrmm~~ 3: ~v-l' ~LIf~0)7)v::t J) A'b~~~~J:: 5 ~T~/\1:t:J /1:::L-
~--~d:=.:L-- D:J /'1:::1--~-- C. ~ J:: ~tn, ~im~:if~n!JIlIm ~nLV~~.
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Index of
Grammatical Patterns
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Grammatical Pattern

affirmative clause + rsH [7J) ~'] tJ
affirmative comparison using J:: tJ
affmnative predicate + 7J) + negative predicate + 7J)
causative verb
clause + C:: T Q

conjunctive form of a negative verb + T 0
conjunctive form of a negative verb + td..~
conjunctive form of a verb
conjunctive form of an v~-adjective+ T Q
conjunctive form of an v~-adjective + td.. 0
connective affirmative + 't> + J:: v~

connective form + ~ Q

connective form + v~ <
connective form + v~.Q
connective form + .t3 <
connective form + t3 tJ
connective form + 7J) G
connective form + <~
connective form + G*5
connective form + J:f~

connective form of a verb
connective negative + 't> + J:: v~

desiderative form of a verb
interrogative word + (noun +) 7J)
interrogative word + (particle +) 't>
negative clause + ~H [7J)~] tJ
negative provisional + td.. Gt~v~

noun + C:: C:: ~ ~=

noun ~= J:: Gt~v~

nounl ~ noun2 C: T .Q
passive verb
past affirmative + 15 [$'7] 7J!J:: v~
potential verb
present affirmative + 15 [$'7] tJ!J:: v)
provisional affirmative + J:: v~

provisional form of a verb
representative form of a verb
tentative form of a verb
verb + C C ~~=

verb [conjunctive form] + t, [5] G
verb [conjunctive form] +~, [X] t~ v~

-456-

Pattern Number

8.1
3.6
7.6
0.7
2.10
5.5
3.10
0.2
5.5
3.10
6.4
6.5
4.5
0.5
2.11
4.6
5.6
4.1
4.9
9.2
0.1
6.4
0.10
4.3
6.6
8.1
3.11
3.9
7.3
2.10
0.3
6.4
0.4
6.4
6.4
0.6
0.8
0.9
3.9
6.3
6.3



Grammatical Pattern

~~f~

1: [~] ~fQ* [~] ~f~
~ 674) t;~
~6~Q

~ [~~] ~~~d:

~ [f.,)] v)~ [1J)] jt~ C:
f.,)iJ)t~~

It)Tnjj), (.,)ThO) ... tJ)
It)TtlJ:.t3lt)L t>
It)Ttl~: L, Lb
tt)Ttl~:itJ::
It)Ttl(7)~~ ['t~f.,)] *J
It)Ttl~, It)ThO) ... ~
-15 [1 ~iF'7]

.t3.t3J::~

± [.t3~] tJ:
± [.t3~] l:
.t3J::-t-
& [.t3J::] (J
I5H [XI)~] fJ
m[XI)~] tJ tJ: <
tJ) -::J

~, (XI)tJ: G] "9
~,[tJ)tJ:6] "9L, t>
... iJ) 6 -r: 5.> 0
... tJ)6t~~
... ~ c:tt~~Q

... z: c tJ~~ [.t3S] It)

... ~ c:tJ~b7J)~

... z: c: ~:tJ:~

... ::. C ~~J:~

... ::.l:: ~d:t~ to)
~x

L-
L,i))

GtJ)G
GiJ) GtJ:tJ~ 6
L, 1J) t>
Gt::. tJ~ -:J -C
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Pattern Number

6.1
6.1
6.1
4.12
9.3
1.7
2.9
1.15
5.4
5.4
5.4
5.4
5.4
5.4
5.2
8.6
5.1
5.1
8.6
1.14
8.1
8.1
1.13
1.12
1.12
9.1
1.10
2.8
2.1
2.14
5.10
7.3
8.5
2.7
4.10
7.4
3.4
3.4
2.13
3.4



Grammatical Pattern

±[~.:l.] ~c-c

9 -fonn of a verb

HIl rt~b] !>
T~-r

T~LO)

I£li [t-1 1) Y] 9~
WJ~ [-e/=f]
~tt:en

.:ttt:etlO)
t':~t

t::..t~

t=t~G

fl!!1J [~*'7]

t~~

t::..~~:

t~r/)(J)

--:J--:J

-C~Gt~~t

... C It) '5

... C ~t1~~~

... c. ~tJ~~ [.t3.t3] tt~

... c. ~~J:~~~
C ~ 0 tJ~ [used as an introductory word]
C ~ 0 -r: [used as an introductory word]
... C~[~3'7]9~
... c.1J¥ [J::] ~~

~tJ\6

~1fJ6)c:~) 5 ~ ... tJ\ 0 C'~Q
-a1ft~ G(~i) ... 16) G-r:~:Q
~.G~t

1£ (tJ:] t) li [t::..] J
{iiI (t~Iu] GiJ)(J) ...

... ,:.t3 tt)-c

... l:.t3~t ~

... l:M {n /] ~

... l:mJ [n /] G-r

... ~:mJ [n /] 9~

... I:tt {L, t~n~] It)

... l:tt [Gt~n~] 5

... l:tt [G t~n\] -::> L

... l:~t~ [~-1 :t '7] G
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Pattern Number

5.1
5.3
2.9
1.8
1.8
1.4
9.4
2.2
2.2
2.7

1.9
1.9
5.2
3.1
3.1
3.1
7.2-

4.7
1.1
2.8
2.1
8.5
8.3
8.3
1.1
1.1
7.1
9.1
9.1
1.11
1.4
7.5
1.6
1.6
2.4
2.4
2.4
3.7
3.7
3.7
5.8



Grammatical Pattern

... ~:~tJt\ [~1 ;try] GL

... ~:~tJt\ [~1 ;try] T:Q

... ~:~t [~1] G

... ~:~t [~1] G-C

... ~:~t [~1] T:Q

... ~:Jv)-C

... ~:Jv)-CO)

... ~:f* [c: ~tJ:] v)

... ~:f* [c ~tJ:] 5

... ~:f* [C: ~ tJ:1J -c

... ~:£ [~c] ~V)L

... ~:~ [~c] ~~

... ~:£ [~c] ~<

... ~:J:: J-r

... ~:J: t)

... ~:J:Q

... ~:tJt~J-r

... ~:tJt~ tJ

... ~:tJt~:Q

f£1\ [= /1] (})
(}) ~:

... (}) ~i/tJ! ... tJ) G~~ .Q

... :l:I~ [~t~v)] tJ!~ .Q

... :l:I~ [~t~ v)] tJ!~ [~~] v)

... :l:I~ [~t~ v)] ~itJ:v)
~ttJ) t)

~J:9

~~

~~c

~~clvc

~~clvc(})

~~~£

X [*t~]

X [~t~] ~J:

J! [~] 7J)~t1: [~3 ry]
J! [c7}-] /0) ~t (}) ...
~G

~ G <~J:

~tJ!T.

J:: 5 tJ:
J:: 5 ~:
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Pattern Number

5.8
5.8
1.3
1.3
1.3
3.2
3.2
4.4
4.4
4.4
4.2
4.2
4.2
1.5
1.5
1.5
8.4
8.4
8.4
2.3
3.8
9.1
2.8
2.1
8.5
3.13
9.6
4.11
5.7
6.2
6.2
6.2
1.2
1.2
8.2
8.2
2.12
2.12
7.7
2.5
2.6



Grammatical Pattern

... J:: '3 ~:TG

... J:: '3 ~:tJ: J t~

... J:: '3 ~: tJ: J -C It ~ .Q

... J:: '3 ~:tJ:J -c~t~

... J:: '5 ~:tJ:G

J::lJ
... ~ilD [V?] c-c
... ~ilD[c.t3]G-C

... ~~j:C~ (cT:Q)

... ~7C [~c] ~: (G-C)
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Pattern Number

3.12
3.3
3.3
3.3
3.3
3.5
9.5
6.7
5.9
4.8



Kanji Index
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-~- ~~:J(:Q) Hk 29
~v~- m 8 ~~~(!» )&1 33
~v~t!. ra' 20 ~~~(:J) )&1 33
~(5)

A 1 ~~~(Q) ~ 40

~(5)
A 28 ~ fJ(t~) ~ 24-:z;:;;

~tJ\ jffi 12 ~fJV(T) ~ 5
~7J\(v~) jffi 12 ~fJV(T) ~ 18
~(7J\T) ~ 18 ~ fJV(tlQ) ~ 5
~7J\( fJ U) jffi 12 ~ fJV(tlQ) ~ 18
~7J\(fJ&)Q) jffi 12 ~(Q) 1£ 21
~(7J\ t]) FJfl 13 ~(Q) 1f 32
~(7J~:Q ) 1: 16 ~p m 31
~iO\(.Q v\) FJfl 13 ~(btt.Q) A 1[:]

~ i!( fJ 7J\) FJfl 13 7/ nt 7
~(i!Q) ~ 18 7/ 1i: 20
~«) ~ 8
~«) rm 16 -v~-

77 ~ 23 -1 ~ 2
~(~tQ) ~ 8 -1 {}[ 8
~(~tQ) rm 16 -1 rm 16
~(~fQ) 1: 16 -1 ~ 17
~C ~ 6 -1 3 17
~ C(V:» ~ 6 -1 ft{ 18
~1t(.Q) ~ 13 -1 ~ 30
~t~v~ {Ii 3 -1 ~ 32
~t~v~ fiffi 19 -1 • 32
~t~(;tQ) l=f 31 v\(5) ~ 6
~t::-t~(tJ\v~) bi\. 10 v\(tJ\T) ~ 11
~t~t~(~Q) bi\. 10 -1~ ~ 23
~t~t~(&)Q) bi\. 10 v\(i!:Q) ~ 11
~t~ fJ(G v~) ~ 24 v\« ) ~T 2
~(t~Q) ~ 18 v~~t 7& 40

7'/ J± 8 v\ G E 17
~:J(v~) ~ 10 v\~( <") ~ 36
~ :J(v\) J¥ 24 v\t~ fi 24
~J(~Q) m 1 -1'7 11
~J(~.Q) m 1 -1'/ 11
~(LQ) ~ 18 v\O)!> $ 4
~C: r~ 37 v)(~) A 6
~v'S~ fJ D~ 32 V\(.Q) M 13
~vS~ fJ rEb 32 v\(~) ~ 27
~~ ~ 35 V\( :Q) ~ 37
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v~(tlQ ) A 6 -;t m 30
V~0 'is 12 ;t~~( <) 100 7
v~b ~ 34 x;:f 1i 8
1/ .ft 15 x;:f ~ 3013

1/ 51 31 ;t G(~~) II 25
1/ ~Il 39 ;t(Q) ff 22
1/ ~ 40 x/ fit 6

x/ ~ 11
-:>- X/ • 19

9 ~ 32 x/ p:j 31
:> v~ ~JJ 28 X/ Ji: 32
:>;t J: 16 X/ II 35
:> (7J)~~) F¥ 5 X/ jg 37
:>(~)~Q) 7~ 5
:>«) 7~ 5 -:t3-
:>(~tQ) ~ 27 :t3 ~ 1
'5 t:.'(7J)T) j}J 9 ~ ~ 23
:> t:.'( <) j}J 9 :t3- Ij\ 29
'5 GtJ:(5) ~ 18 ~9 Jt\ 11
:> G(0) r~ 37 ~9 m 15
'5 T(v~) ~ 22 :t3( 5 ) jt 23
:>T(~G) ~ 22 ~9 ~ 28
:> T( G <") ~ 22 ~9 ¥fJ 31
5!) J1'J 10 ~9 [!!] 35
:> (-.:» • 38 :t3:t3(v~) ~ 14
5 -':>(T) 3 17 :t3:t3(:> ) Wi 38
5 ~(T) ~ 39 :t3:t3( 5) fi 39
:> ~(G) 3 17 :t3:t3(~v~) "* 3
:>-':>(G) ~ 39 :t3:t3(~ ~) "* 3
:>JV ~ 25 :t3:t3(~ tJ: ) "* 3
:> (~tlG) ~ 11 :t37J)(T) ~ 38
:> (~tlG) ii: 35 :t3 ~'tJ:(:> ) *Hi 25
'?(U) ~ 11 :t3(~ G) ~ 14
5(U) ii: 35 ~7 • 5
:>(G) ff 22 :t3(<) til 28
'?G:t3(:» ir~ 32 :t3 <(G T) ~ 26
:> G:t3(T) if~ 32 :t3«Q) ~ 27
5G(U) ~ 32 :t3 <(tl:Q) ~ 26
9/ ~ 9 :t3 <(tlQ) r~ 37

:t3(:. T) ~ 14
-;Z- :t3 ~ tJ:( '5 ) fi 2

A 28 S(~Q) ~ 14:r::s:
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t3(~;t~) ¥P 31 jj ][ 34
t3~(~~) 1& 12 tJ~ fW 3
t3~(~Q) 1& 12 tJ~ ~ 4
t3(T) ¥P 31 tJ~ @J 13
t3~(lt~) J!! 26 tJ~ ISW 15
t3~ lt~( ~) ~ 33 tJ~ 1m 16
t3(~~) 1i 31 tJ~ ~ 22
t3c Iz: 15 tJ~

A 2813 ~

t3 C G lt~(tt~) ~ 33 tJ~ EJ< 34
t3(CT) 1i 31 tJ~ I} 38
t3C0(;t~) ~ 15 jj~ ~ 12
t3tJ:(G) IPJ 25 jj~ ~ 22
t30)-t30) ~ 26 ir~;t tJ(~~) tI 40
t3O)tL 2 20 7J)(;t.Q) ~ 2
t3U: ;W; 19 7J)(;t.Q) f~ 3
t3(U:.Q ) 1ft 19 7J)(;t.Q) • 26
t3~ 00 8 7J)(;t.Q) tf 27
t3 ~(lt~) m 30 7J)7J~~ M 39
t3 ~(tJ:) ± 5 7J)iJ) tJ ~ 7
t3~L ~ 5 iJ) iJ)( .Q) ~ 7
t3~L 00 8 iJ)(iJ)Q) ~ 32
t3~ m 30 7J)~ It 7
t3(Q) tJT 13 7J) :ti'( .Q ) ~H 1
t3(tt.Q) tJT 13 tJ~ • 3
;t/ til 10 tJ~ 100 7
;t/ Iz: 15 tJ~ tJt 913

tJ~ m 13
-7J)- tJ~ PJ 13

tJ {lj 4 tJ~ 1& 19
tJ {& 5 tJ~ 1fi 24
tJ 1J[] 9 tJ~ ~ 26
tJ PI 12 tJ~ ~ 26
tJ r 16 tJ~ ~ 27
tJ * 16 7J)( <) ~ 29
tJ fiffi 19 tJ~ ~ 33
tJ m 19 iJ)( <) 7\. 33
-iJ) B 28 jj~ ~ 3=r
tJ ~ 32 jj~ ~ 15
tJ l~ 33 7J)~f ~ 40
tJ ~ 33 7J)(~t Q) ~ 32
tJ 1< 34 7J)(~t Q) 7\. 33
tJ 100 7 7J)(~tQ) IlK 39
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;Q\~f(~) ~ 40 i}\V6 ][ 34
;Q\ ::(~) it 16 ;Q\(V~) ~ 2
i}\:: (U) it 16 ;Q\(Vo) f~ 3
;Q\~ (tJ:o) m 30 i}\(Vo) ~ 26
;Q\~(QG) m 30 i}\(VG) ~ 27
;Q\-r ~ 1 n/ 00 2
;Q\~(Xo) ~ 1 n/ ~ 6
i}\t~ 15 2 n/ -r 13
i}\t:::. Jt 20 n/ ~ 18
;Q\t:::. ~ 21 n/ ~ 18
;Q\t:::. ~ 24 n/ Il 20
i}\t:::.(v~) ~ 11 n/ rl3~ 20
;Q\ t:::.(v~) i@ 34 n/ ~ 25
;Q\ t::. t> ~ 24 n/ 1m 25
;Q\t::.(*o) ~ 11 n/ ~ 26
;Q\t:::.(~o) ~ 11 n/ ~ 27
i}\t::.et(G) ~ 12 n/ ~ 33
;Q\t::..(0) ~ 6 n/ ~ 36p&:!

n'Y ffl 30 n/ ~ 40
tJ'Y ~ 34 tJ"/ )It 40
11'Y A 1 11/ E 34t:J

;Q\-:J( <") m 34 11/ ~ 40
;Q\C flJ 13 11/ 7C 40
;Q\tJ: ~ 36 i}\ 1u;Q~(X~) ~ 11
;Q\ tJ: 0> (-r) !£\ 6 i}\lu~t(G v~) 7i 32
i}\ tJ: 0> (-r G~ ... tJ: V~) !£\ 6
i}\Q ~ 36 -~-
i}~~ ~ 22 =F- tI 4
;Q\* ~ 34 =F- ~a 5
i}\ *(~) • 4 =F- ~ 8
i}\ *(Xo) • 4 =F- ~ 14
7J\~ 1l 38 =F- e 20
;Q\et(~) Jm 26 =F- fJL 21
i}\0> ~ 8 =F- £ 24
7J\G jQ 19 =F- m 24
7J\ Gti. i* 9 =F- H 25
i}\ t] (0)) {& 5 =F- m 28
i}\(0) ~ 39 =F- ~ 29
;Q\V flU 23 =F- 1tf 31
;Q\V ¥ 24 =F- 1l 38
i}\V(7J\T) ~ 40 :¥ • 2
i}\V« ) ~ 40 :¥ tt 24
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~(;tQ) l~ 29 ::¥/ • 36
~«) ~:JJ 16
~«) flj 22 -<-
~(it.Q) ~ 32 !7 I 7
~t~ ~t 17 !7 m 39
~(*Q) t* 26 ~ Jt 34
~(~~) t* 26 !79 ~ 8
~~!7 $lJ 37 «5) it 36
::¥~!7 ~ 10 <~(GT) ,. 36
~;:L9 ~ 2 <~t) • 30
~;l.9 ~ 7 <~(Q)

,. 36
~;:L9 ~ 12 <~(tl~)

,. 36
~;l.9 ~ 20 <ti. if 25
~;l.9 3K 31 <ti.«) ~ 38
~;l.9 J~ 31 <ti.(~t~) ~ 38
~;l.9 ~ 36 <ti.(T) r 16
~3 lla 37 <ti.(:Q) r 16
::¥3 ~ 1 !J'Y ftB 13
~39 ft 14 <JiJ~;t(T) fI 38/,

~39 5i 15 <JiJ~;t(~) 1I 38
~39 • 16 <~t(Q) ~2 16
~39 • 32 <~ m 33
~39 ~ 36 «U) m 33
~39 ~ 37 <G(v~) ~ 7
~39 • 39 <Gv) 1ft 8
~39 m 40 «G 5) it 36
::¥39 fT 2 <G(~G) tt 26
::¥39 :m 24 «Q) * 5
::¥39 ~ 35 <~(v~) !t 35
~3!7 ~ 17 <V(;t:Q) 1J[J 9
~3!7 fiU 21 <V(VG) 1J[J 9
~3!7 a±J 38 ~/ M 39
~(Q) -WJ 27
~(:Q) ~ 32 -~t-

~(tlQ) -WJ 27 7 {~ 4
~V ~ 23 7 ~ 8
~V(*G) ~ 17 ~t qs 31
~b(6')~) ~ 7 J;f m 3
~b(6')G) ~ 17 J;f ~ 12
~/ ill 12 J;f r 16
~/ :t!3 31 J;f DR 18
~/ ~ 36 7'1 ~ 3
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71 1* 7 :i ti 37
71 * 10 :: (v~) 1.1 21
71 1It 14 :Jr) n- 2
71 ~ 21 :Jr) ~ 4
71 ~ 24 ::Ir) iii 6
71 ~ 29 ::Ir) I 7
71 ~ 37 ::Ir) Ii 10
if=t- 11: 14 :Jr) ~ 11
if=t- ~ 29 ::Ir) * 12
if=t- • 38 :Jr) m 13
~t(T) r~ 29 :Jr) lJt 14
~t-r(Q) ~rj 35 :Jr) ~:1J 16
7'/ M 21 :Jr) ftij 16
7'/ tJc 26 ::Ir) tIL 19
7'/ j:{ 33 :Jr) --&.-

20~

7/' #i 4 :Jr) JJA 21
7/' if 7 :Jr) J!1. 24
7/' it 7 ::Ir) • 27
7/' {4: 8 :Jr) @ 34
7/' J! 12 :Jr) rt 35
7/' ~ 26 :Jr) M 36
7/' ~ 38 :Jr) ti 37
7/' D 39 :J~r) A 1tJ

if/' ~ 1 :ir) ~ 4
if/' ~ 6 :ir) ~ 15s
if/' ~ 15 :: 5U(~) ~ 38
if/' tJj 15 z:.;t ~ 16p=t

if/' m 18 z:.(;t~) m 21
if/' ~ 20 z:..t3(~) i* 18
if/' 7C 40 ::(7J~T) ~ 13

z:. (7J~tt~) ~ 13
...,

:J7 ~ 35-e....--

:J l1!1] 11 :i7 Ii 17...,
T 17 z:.(~j ~) ~ 13e....-

:J B 20 ~ ~'(;t.Q) i. 18
:J M 24 :: ~ o(c7>.Q) M 38...,

IJ\ 29 ::(T) m 21e....--
...,

~ 33 z:.c ""3- 6e....- 1=1

:i ~ 1 ::c. • 10
:i ~ 4 z:. C(tJ:~) ~ 17
:i ~ 6 z:. c(~:) ~ 25PO

:i Ii 18 :: c.(~:T~) ~ 17
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:: cb(~) ~ 11 ~(~t~) ~ 38
::t~ f9} 33 ~(~j~) r 16
~ *(iO\v~) ~ 17 ~(~~) jfiU 14
~(t1') ~ 29 ~(T) m 5
z:.(~~) ~ 29 ~(T) jfiU 14
:: o (iO'tT) fi 17 ~(T) j! 19
~ 0(;Q't~) fi 17 ~~(5) M 20
::. 0(~j~) fi 17 ~ti(*~) ~ 3
:: 0(~~) fi 17 ~ti(~~) ~ 3
::b(T) 18 38 ~'Y • 9
::b(tL~) • 38 ~'Y • 26
::1/ rm 9 ~* • 20
::1/ 1tl 36 ~b(~) ~ 22
:1/ fi 4 ~b(~) M 30
:1/ ~ 6 ~/ JJ 3is

~/ - 11-
-~- ~/ 1tk 13

~ fP 6 ~/ B: 35
~ j! 19 ~/ It 40
~ ~ 26
~ jj{ 30 -G-
~ ~ 2 ~ ;fA 4
~1 M 14 ~ M! 5
~1 ~ 17 ~ m 5
~1 ~ 23 ~ ft 10
~1 ii 27 ~ ~ 12
~1 ~ 38 ~ m 12
~1 (£ 21 ~ wU 14
~1 ~J 30 ~ T 17
~1 ~t 33 ~ 13 19
~;t ~'(~) j]g 39 ~ ~ 25
~ n\ v~ ~ 36 ~ 5e 28
~tr\(~ *) ~ 10 ~ M 30
~it~(T) ~ 39 ~ 11: 30
~ 7J\( l3 5) ~ 10 ~ Rti 32
~n\(~) ~ 10 ~ 3t 38
~ (7J!Q) r 16 ..... " ;fA 4-:/

~ 7J\(lut~) ~ 10 ..... "
~ 6-:/

~!J fP 6
..... ~ • 10-:/

~!J AU 35 ..... " It 17-:/

~«) ~ 38
..... ~ 13 19-:/

~ <"(Q) ~ 39 ..... "
~ 20-:/
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.... ,'"
~ 20 ~::z.'7 }aj 27~

.... ,'"
7J' 25 ~::L'7 ~ 5~

.... " ~ 37 ~::L'7 • 15:/

G:S Jil 32 ~::L'7 + 25
~=\=- J:t 2 ~::L'7 m 30
~=\=- • 7 ~::J-!J • 8
~=\=- {g 12 ~::L'Y ttl 6
~=\=- Il 20 ~::L'Y im 6
~!J $Ib 26 ~::J-'Y ~ 24
G-r(IO\) fit 39 ~::L/ ~ 15
G-r< rJj 30 ~::L/ ~ 21
G-r(*G) fit 39 ~::J-/ 1m 22
G-r(~G) fit 39 ~:J.../ iii 32
Gt~n~(5) ~ 5 ~3 ~ 4
Gt~n~(;tG) ~ 5 ~3 ~JJ 28
Gt~(Gv)) fJl 30 ~3 • 29
Gt~(GU) fJl 30 .... ,'" WJ 29:/3
Gt~t~(Q) iifj 30 ~3'7 1(1 1
~T W 1 ~3'7 ff:J 8
~'Y W 1 ~3'7 ~ 11
~'Y ~ 18 ~3'7 ~ 11
~'Y ~ 1 ~3'7 ~ 13
~'Y B 28 ~3'7 ~ 13
GtJ: [J 28 ~3'7 1> 1400

G(*~) M 27 ~3'7
jffiJ 14

G&)(T) ~ 25 ~3'7 j{ 18
G(69Q) M 27 ~3'7 Mr 21
~~ M 13 ~3'7 ~ 22
~~ ~ 23 ~3'7 IE 23
~~ *± 28 ~3'7 *.f: 28~

~~ Jif. 39 ~3'7 /J\ 29
~~ 11 39 ~3'7 t~ 29
~~!J E 17 ~3'7 ~ 30
~~!J §~ 15 ~3'7 ~ 33
~.:L j: 5 ~3'7 ~ 38
~.:L =¥ 5 ~3'7 ~ 40
~.:L ~ 25 ~3'7 ?it 2
~.:L 1I 26 ~3'7 ~ 3
.......'"

~ 27 ~3'7 m 5:/.:L
.... ,'" W 32 ~3'7 ~ 10:/.:L
~.:L'7 ~ 1 ~3'7 1:: 16
~.:L'7 1& 12 ~3'7 jjh 17

-469-



Y3'7 1i 37 T(~~) ~ 3
~3!J e 12 T~(~) lit 34
~3!J f!k 30 TJJ-

U-r 351!X
~3!J it 36 T JJ-(~i:r~tJ:.) ii 9
G G(~o) • 25 T(o) • 9
G(o) ~ 7 T(tt:Q) • 9
G~G ~ 39 Tb(~) .m 2
G~(T) j2 5 A/ ~ 38
G~(v~) E3 32
~/ • 8 -it-
~/ ~ 14 ~1 $lJ 1
~/ ~ 24 ~1 Itt 1
~/ m ~1 • 5a 26
~/ m 30 ~1 !i£ 10
~/ 1$ 36 ~1 ~ 11
~/ ~ 38 ~1

-:±: 16F

~/ jt 39 ~1 • 23
~/ ~ 40 ~1 IE 23
~/ if! 40 ~1 m 23
:// A 7 ~1 J5X: 24

~1 ~ 33
-T- ~1 fit 39

A ~ 1 ~1 ~ 40
A T 17 it~ 00 2
:A' ~ 23 ~=\=- lffi 12
A1 71< 8 ~=\=- fIT 16
A1 ~ 15 ~=\=- E 17
Tv~ mt 40 ~=\=- fi 24
A'7 ~ 1 ~'Y ~ 4
T('5) ~ 12 ~'Y tJT 13
T3t * 22 ~'Y ~ 22
T(i'J)T) ~ 13 ~'Y -Ij}J 27
T~ ~ 29 ~'Y *is 19
T(~'~) ~ 33 ~/ ~ 12
T«) ~ 13 12/ ~ 14
T< (tJ:v~) 1/' 14 1z/ ~ 25
T <"(tt~) fI 35 ~/ J!l. 28
T~t WJ 29 1z/ • 32
T(~t~) ~ 13 1z/ tI 39
T(~'T) ~ 33 ~/ ~ 33
TT(U) if! 40 ~/

~ 37FJIj

TT(&)Q) if! 40
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-~- 'J~/ ff 29
'/ * 1
'/ m 32 -t~-

'/ m 33 ~ ~ 14
'/9 m 5 ~1 ~t 1
'/9 m 8 ~1 ~ 3
'/9 11 9 ~1 * 3
'/9 ~ 17 ~1 f* 9
'/9 ti 26 ~1 11 10
'/9 i! 27 ~1 fff 19
'/9 ~ 28 ~1 tf 27
'/9 • 29 ~1 ifM 34
'/9 ~ 37 ~~1 f~ 3
'/9 jE 39 ~1 * 3
'/9 .- 7 ~~1 1m 3
'/9 ~ 18 ~1 m 11
'/9 ~ 21 t~ v~ ~(tJ:) ~ 10
\/9 ~ 25 t::(xQ) *& 19
'/9 ft 26 t~(xQ) Wi 34
'/!/ ?Jttl 8 t~iJ)(v~) (Wi 6
')!/ Jm 9 t::. iJ~(v) ~:) II 18
'/!/ j{fj 11 t~iJ)(*Q) ~ 6
'/!/ * 17 t~iJ)(~~) ~ 6
'/!/ fllU 23 ~!/ -&! 28
'/!/ ~ 20 t:: <V(XQ) • 40
'/!/ ~ 27 t~ G(iJ)tJ:) il 3
'/!/ ~ 36 t~ G(iJ)~Q) il 3
~::'(G) ~ 14 t~(9) ttl 6
~ ::.(tJ: 5) 1ft 18 t::9(iJ)Q) WJ 29
~~(td.~) 1jl 18 t::9(~t Q) WJ 29
~~«") r± 23 t~t~(G v~) 1£ 23
,}'Y $ 13 t::ti.(9) 1£ 23
~C ~ 12 t::ti.(tj ~:) Wi 20
~tJ:(XQ) frm 39 t::('J)

-1-

1J.L

~tJ:(XQ) #t 40 t~(-:J) ~ 11
~tJ:(VG) frm 39 t::(-:J) *& 19
-~(~G) 1JJ 28 ~'Y ~ 22
~6 ~ 8 ~'Y 1m 29
~(G9) ]X 11 t~-c ¥fl 15
~(Q) IX 11 t~(-c Q)

-1- 1J.L

'// fl 18 t~c(XQ) f9iJ 20
'// ff 29 t~td. fj 26
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t~O)(G v~) ~ 15 T::Lt) r:p 13
t~O)(GU) ~ 15 T::Lt) tt 23
t~~d: * 17 T::Lt) • 37
t~rJ. JJt 10 T3t) It 7
t~(~?J) it 36 T3t) * 12
t::.'*. ~ 15 T3t) m 21
t::.'*. Jt 31 T3t) ~ 25
t~'*.(b?J) $ft 20 T3t) m 30
t::'~(9) M 38 T3t) ~ 30
t::. ~ ('":J) f* 29 T3? ill 20
t::'(~9) ~ 19 !>(G;O\9) It 13
~/ ll! 8 !> (l3 ;O\?J) ~ 13
~/ m 22 !>(l3 9) ~ 13
~/ ilffif 22 !>(Q) ~ 13
~/ m 34
~/

I.LI 35 -. '":J-JJ}(

~/ ~ 39 V-1 ~t 1
,y/ ffi 3 Vt) im 26
,y/ ~ 11 '":J 10\( 5 ) M! 5
,y/ ~ 15 '":J ;O\(ft Q) f± 10
,y/ f& 25 '":J;O\( G9) ~ 36

'":J7J\(tlQ) ~ 36
-!>- '":J ~'(O) ;fJ( 4

T fil 3 '":J«) ~ 22
T ~ 7 '":J«) ~ 32
T ~ 26 J ( <") ;fJ( 4
T • 28 '":J ( <") ~ 22
T ftf! 40 '":J«Q) fF 6
!>v)(~v) /J\ 29 J«~

'& 21Ja:

!> 7J\(v) iII 12 '":J(~t ~) ~ 32
!> 10\(-5<) iII 12 Jt~( 5) ~ 15
!> 7J\(-5~t?J ) iII 12 '":J t::. (ft Q ) ~ 15
!> 10\ ~ t.J 6 J t~(0 .Q) ~ 15
T? ~ 4 J!> ± 34
T? ~ 40 JJ ~ 31
!>!> ~ 35 '":J '":5'( <) ~ 27
!> !)'('*.Q) W 8 'J'":5'(~tQ) ~ 27
!> !)'(U) W 8 JtJ. ~ 2
!> !)'(~Q) W 8 -:J{J) PJ 13
T'Y ~ 35 J v'S~ *1l 13
Tt'? ~ 32 'J(U) fi 24
T::J..t) t± 8 'J&)(t~ v) {fj 37
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J(~Q) fl 24 ~'7 ~ 10
JJ:(v) 5i 15 ~'7 ~ 13
JJ:(~Q) 5i 15 ~'7 {JR 18
JJ:(~Q) 5i 15 ~'7 ~ 18
JG 00 8 C:5 + 25
J G(tJ:Q) if 30 ~'7 tai 31
J t3(~Q) if 30 ~'7 JJJ 9
JQ ~ 20 ~'7 IIJ 17
J(tLQ) if 30 ~'7 ~ 19

~'7 ~ 21
-L- ~'7 (PJ 25

L =F 5 ~'7 m 36
71 ~ 2 C::8(T) Jm 26
71 )E 3 C::8(Q) Jm 26
71 {~ 6 c~ ~ 20
71 1* 9 c«) fW 3
71 M 19 c( <") :fiJf 7
71 W 29 1'7 !M: 16
7=F ~ 3 1'7 1~ 22
7=F riiij 30 1'7 ~ 29pJt

7=F iI 35 ~7
~ 29pJt

7'/ ~ 18 c(~tQ) fW 3
-C(GT) ~ 14 C:(~"T) M 27
L(~) 1m 14 C:G 1f 23J'"

-c'(:Q) lfi 6 ~'/ ~ 22
-C(tLQ) EIB 14 1''/ [1 35J'"

7/ fi 17 ccO)(5) ~ 23
7/ 1.i 27 c cO)(5) ~Jj 25
7/ d 27 c cO)(XQ) m 23In,,

7/ ~ 35 c cO)(X:Q) IDm 25
-~ .....

~ 15 c(*~) 11: 30T/
-~ ..... m 19 c(~:Q) 11: 30T/

c~ :f± 14/,

-c- c~ ~ 40
l' ~ 23
c + 25 -t~-

l' ~ 25 71 pq 10
l' ± 34 t~(v) 4IIE 39J\\'

~ J3t 10 tJ::8(T) ill 20
~ ± 34 tJ::8( Q) ill 20
c(:» rl=t' 3 tJ:iJ~ q:r 13
1''7 ~ 3 tJ:n~(v) :& 12
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tet;¢~(T) mt 9 -td.-
tetlQ){~t) ~ 21 td. fm 3
tetlQ~{ttQ ) mt 9 *y ~ 10
tJ:( <) p~ 18 td.~t( Q) *b 9
tet~"(U) fa 18 td.(Q) 13k 34
tet ~..(~;¢) f[J 18 td.(Q) • 34
tJ:(T) ~ 24 */ *b 9
tete ~ 10 */ t!& 11
tet* ~ 11 */ iF 23
tet* t) ~ 35
tetJj. ?1t 12 -(J)-

tetliJ( G;¢)tet) lit 34 (J) If 33
tet(GT) ~~ 18 Jr) 1m 5
tet G(lJ~:) }lft 4 Jr) • 21
tet G(~~) }lft 4 (J)t(U). * 21
tet6(~Q) }lft 4 (J)i:j ~i 37
tet(Q) ~~ 18 (J)(~tT) f$ 36
tet(Q) ~ 24 O)(~tT) g 37
T/ 1¥i 17 (J)(lJQ) f$ 36

(J)(lJQ) g 37
-~:- O)(~Q) ~ 6

- 11 O)(~Q) g 37-
~: ftij 19 O)~£(T) J: 16
:::7- B 28 O)~£(Q) J: 16
~:tet(:» ftij 19 O)~£(Q) ~ 30
~:tet(:» m 34
::::J-r) A 6 -~d:-

::::J-r) ~L 35 J\ ?1t 12
=/ A 7 ~d:

...LUI 22)lffij

:::/ ~;g 7 J\ fI 27
J\ ~ 38

-~- ~t ~ 17
~(iJ)T) fk 31 J\1 Dr! 16
~(iJ)Q) fk 31 ~d: v) EJ< 34
~«) fk 31 J\1 ~ 15
~( <") 1m 29 J\1 ff§ 16
~(~tQ) tk 31 ~d:v)(Q) A 6
~(~jQ) 1m 29 ~t(iJ)T) {~ 4
~G ± 5 ~d:n~td. M 36
~(J) ~ 31 ~;tiJ)( Q) ~t 3

~;tn)(Q) iltl 8
~d:7J)(Q) • 9
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~J:7J)(Q) ~ 23 J\/ Ii 11
1\7 tt 22 J\/ Ii 15
~J:( <) if} 26 1\/ fB 16
1\7 E3 32 1\/ ~ 21
~J:~f(G v)) it 14 J\/ ~ 23
~J:~f(*T) JjJIj 14 /\/ f& 24
~J:~f(U') JjJIj 14 1\/ Hi 24
~t(~tQ) it 4 J\/ M 27
~J: z: (;S~) ~ 9 J\/ rft 28
~J:G ti#ij 22 1\/ f& 24
~J:G • 32 1\/ M 27
~d:G(*Q) Mi 30
~J: c:(~) ~JJ 28 -D-
~d: C:(&J-C) ~JJ 28 1::: tt 26
~d: C:(&J Q) Mi 30 D B 28
~J:G G tt 8 1::: ~~ 33
~d: G(Q) jE 39 D 1< 34
~d:.,(-g) ~ 12 1::: ~ 36
~d:"(U') ~ 15 1::: t.i 38
~d:"(nQ) ~ 12 1:: ~ 2
~d:t~ tI 4 e ffrU 39
~d:t~

.LJJ,f 22 If(;t~) rt.J 37)lfflj

~d:(t~-g) * 16 Dn) tJ 7t 12
~d:t~ G«) fWJJ 17 Dn)(~) 7t 12
1\ 'Y ~ 14 D~(v)Q) $ 13
~d:J ~JJ 28 D«) 5iji 15
I\'Y * 22 D«) 5f 31
I\'Y tffi: 31 D«v)) {~ 6
~d:(-C) * 16 D(~t~) 5f 31
~d:(-C Q) * 16 D~(U') ~ 39
~d:tJ:(-g) 1R 14 Dt~(-g) ~ 40
~d:tJ:(-g)

,. 37 Dt~(Q) ~ 40
~d:tJ:(J) 1R 14 1:::'Y ~'\ 6
~J:tJ:(nQ ) n~ 14 lfC A 7
~d:tJ:(tlQ ) ,. 37 DC(Gv)) ~ 10
~d:~t ~M 25 DcC':)) 11
~d:vS~( <) ~ 40 DV'« ) • 16
~d:~(v~) Jm 9 D* ~ 29
~d:~(&JQ) Jm 9 t:~7 Ef 30
~d: G 1m 18 1::~7 E3 32
~d: tJ it 39 D(~9) rt.J 37
~d:( ~) 5~ 30 1:::39 ~ 2
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1::39 ~ 5 -:f'Y ~ 9
e:39 3:Jl 10 v'5",J}. )t 6
DG«) rm 16 v'5"'(~T) m 25
DG(~t~) rm 16 v'5",(~) ~ 14
DG(t:.v~) 3:Jl 10 v'5",(~:» ~ 14
D(~) -=f 13 v'5",~(:» ~ 29
D~tJ~;t(T) • 7 v'5",(tl~ ) ~ 14
D~tJ~;t(~) • 7 v'5",(tl~ ) f!k 30
D0(V~) ~ 35 7/ 7t 2
D0(tJ~~) ~ 35 7/ ~ 33
D0(~f~) ~ 35 7/ PI 37
D0(*~) ~ 35 -:f/ 7t 2
D0(~~) ~ 35 -:f/ )t 6
1::/ ~ 28

-.A...-
-v'5",- ~~ Ml 4

7 ~ 4 ~~ 3:Jl 10
7 7$ 5 ~~ M 27
7 :If' 21 ~~ H 39
7 ~ 23 ~q:. ~ 22
7 m 31 .A...ti.(t::..~) ~ 27
7 Mt. 31 .A...ti.(L~) ~ 27E3

7 ,. 36 ~'Y ZIJ 16
7~ 7t 2 .A...( 6 T) iJijl 15
7' $ 10 .A...(~) iJijl 15
-:f :If' 21 .A...(,'Q) ~ 37
-:f 4HE 39 ~/ ~ 2J\'\'

79 !t 24 ~/ ~ 12
v'5",(;t ,'Q ) m 25 ~/ Jt 20
7? IfJi 25 ~/ Jr 8
7? *i 33
~",«) PI 37 -~~-

7!7 fI 38 $ *fft 25
v'S", < (U) ~ 40 $ f* 29
v'S",< (~,'Q ) ~ 40 ~ m 24
v'S", < (tl,'Q) JJYt 11 $9 1* 1
v'5",it(<") ~ 36 $9 11 2
v'5",t::.. ~ 17 $9 ~ 5
v'S", t::.. t::.. (rJ) R 14 $9 1R 14
v'S", t::.. (-:J ) 11 $9 ~ 18
v'S", !> a 19 $9 !t 24
7'Y ~ 34 $9 m 31
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*? 15 32 ~b(-t) @I 13
~? • 11 ~b( tJ) Jaj 27
~? ~ 36 ~b(~) @I 13
~~n\ ~ 12 -:X"/ ~ 19
*!J ~t 17
~~(-t) -r 13 -Jj.-
~~~(v)) ~ 17 Jj. ~ 1
~~~(~) ~ 17 ......

~ 6.............

~~t~~ 1t 14· Jj.(X~) j! 12
*jl ~ 14 Jj.n~( <) m 34
~~c f.i 2 Jj. Ct1\(v)) m 22
~~O):S ~ 11 ~~ 71< 8
*"/ ft 7 ~~t1\(6) ~ 19
*"/ * 28 Jj.(it~ ) j! 12

Jj.(t~-t) ~ 19
-~- Jj.t!..(-t) !L 9

~ • 8 Jj.t!..(n~) !L 9
-:x * 9 Jj.tj ~ 21
-:x m 34 Jj. tj l.t( <) • 19
~X

~ 37 Jj.(tj ~) ~ 19fJU
~(tJ\-t) it 23 Jj.('J) - 11-
~(7J~~ ) HB 38 2.~ m 17
~«) ~ 18 Jj.('"J 'J) - 11-
-::<!J ~ 22 Jj.C:(&)~) ~~ 7
~«) tI 27 J:ftd-J:f WI 17
~(~t~) fl 23 Jj.td- ~ C: tJj 15
~(~f~) HB 38 Jj.0)(Q) ~ 1
~ ~ (~:) IE 23 ~3? ~ 4
~(~"~) ii 9 ~3? f!ij 13
~(~"~)

--L.

20 Jj.(~) j! 12~

~ C(XQ)
--L.

20x:
~(C~) ii 9 -U-
~(C~)

--L.

20 1.4 4HE 39~ I'"
~G(bQ)

--L.

20 U(t1\5) rtiJ 16~

~(-t) m 25 U«) rtiJ 16
~(ifQ) ii 9 U< (v~Q) fi 5
~(ifQ) 3t 20 U(~tQ) rtiJ 16
'X'Y * 22 U(~5) rtiJ 16
~ '"J t~( <) ~ 33 U(-t) -. 37
~C: ~ 3 U-t(v'S~) *S 21
~tJ:(v'S~)

~ 3 UG~~ ~ 12::r
~~(v~) fq 31 U(G-t) -. 37
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U(tl) If 39 ~~ aR 7
U(tl,'Q) • 37 {=>( <) ~ 11
U(tlQ) If 39 {=>(~t Q) ~ 11

{=>~(Gv~) ~ 30

-~- {=>~(Gv~) • 35
~ EJ 40 {=>G0 *± 28
~1 1fi! 4 {=>T(v~) 1X 20
~1 ~ 13 {=>~S~(,'Q ) ijt 38
~1 ~~ 18 {=>~~(tl,'Q) ijt 38
~/ mi 8 {=>V G( <") fO 18

{=>V l3 (~j,'Q) fO 18
-'b-

1:: ~ 24 -~-
~9 =E 31 =t IB 19
1::9 ~ 38 =t rEb 32
'b 5 (~t,'Q) ~~ 4 =t9 IB 19
'b(X,'Q) tf& 11 =t9 ~ 20
1::~ EJ 40 =t9 ~ 32
'b <"(Q) m 39 =t9 • 35
'bt>(v~~) m 3 =t9 Ii 37
~y ~m 9 ~rF m 5
'b('J) r-i 37 ~Q(v~) m 18
'b~e:('b ji 27 ~Q(U) m 18
'b ~ ~t( l3) J!f. 28 ~Q(~Q) *'l 18
'be: £ 24 ~Q({=>7J)) *'l 18
'be * 28
'be 7C 40 -J::-
'b c(~'<) £ 24 3 4 31
'b e(~~) * 31 J:(v~) ~ 23
'b0) lto/J 9 39 m 3
'b0) ~ 23 39 ?if. 19
'b({=>T) tf& 11 39 f~ 20
'b( 6 T) is 25 39 ~ 27
'b(Q) !l£ 10 39 ~ 34
'b(~) is 25 39 ItI 40
'b(tl,'Q) is 25 J:Z: m 15
t/ rp~ 3 J::G IB 19
~/ Y:. 6 J::~43(5) ~ 28~

J::(U) an 29
-{=>- J::(Q) (t{ 18

~ If 33 J:V(v~) ~5j 15
~ {i:; 36 J:V(~~) ~5j 15

-478-



eth(&)Q) ~~ 15
-0-

-t;- 0 1m 20
-G ~ 10 D tP 35
71 * 5 Dry ~ 25
7!7 ~ 15 Dry ~ 36
7!7 1i 31 D!7 • 29
7/ ~L 9 D/ aA 1iillB

-t]- -h-
I) J.m 1 r; fO 18
') flJ 22 h(iJ)T) ~ 34
I) ,. 37 h(iJ)Q) 7t 2
I) =\=- tJ 6 hiJ)(n~) jjlJ 16
I)~

-L 1 V«) ~ 34li
I)~ $ 13 h~t aR 7
I) ~!7 Pm 30 h(~tQ) 7t 2
I) =t ry mt 9 h~" ti 24
I) =t ry *1l 13 h~" ~ 35
') =t ry if 37 h~(v)) lIE 23.JCi'

I) 3 ry 11 9
I) 3 ry ~ 23
1) 3 ry • 23
1) 3 ry f~ 33
1) 3 ry fIIij 40
1) 3!7 tJ 6
I) / Ii; 21

-Q-
)v1 Ii 26

-tl-
V1 ,A.. 411

V1 Jjj}j 14
V1 f?ij 20
v1 (-f1 37
v=\=- ~ 28
v'Y ~Ij 2
v'Y ~ 38
V/ ~ 30
V/ mI 34
V/ • 34
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