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It is appropriate that this
15th edition of the Encyclopaedia Britannica
be regarded as a memorial
to its Publisher, William Benton (1900-1973).
Though he would have rejected the idea
of the Britannica as the vision or the work of one man,
it is a fact that his faith and inspiration

were necessary to its conception,

and his dedicated determination and guidance
were necessary to its completion.



Helps for the reader

Important information to assist the reader in the efficient use of
this edition of the Britannica has been provided as follows:

1. The use of the Propedia is dealt with in the section How to
use the Propeedia in the Propedia volume, pages 8-9, and in
the Table of contents in thie Propedia volume, pages 10-16.

2. The use of the Micropedia is dealt with in sections entitled
How to use this volume, opposite page 1 in volumes I-X;
Introduction to the Addenda in the Micropeedia in volume X,
pages 910-911; Maps in Encyclopedia Britannica, with glos-
sary and abbreviations of geographical terms, in volume X,
pages 1027-31.

3. The use of the Macropeedia without reference first either to
the alphabetical list of subjects in the Micropedia or to the
topical list of contents in the Propedia is not to be encour-
aged. The Micropedia in particular is designed as both a
Ready Reference and an Index to the Macropeedia (as its title
indicates) and should be so used.

4. In consulting the Micropedia as a guide to the use of the
Macropedia, always make sure that you are following the
reference that fits your need at the moment. For example, if
you want geographical information, current economic and
population statistics, a review of current cultural activities,
or topographical details, you will find these in the country
articles carrying such titles as “Soviet Union,” ““Spain,” or
“France.” But if you want information on the evolution or
historical development of the political, economic, and social
institutions of these same countries, look under the *“History
of” articles, such as ‘““Russia and the Soviet Union, History
of,” “Spain, History of,” ‘“France, History of,” etc.

5. The Addenda at the end of the Micropedia, volume X,
should be especially noted. Beginning on page 907, there are
more than a hundred pages of comprehensive world statisti-
cal tables in 12 sections. These are followed by the Mac-
ropeedia map legend and glossary and abbreviations of geo-
graphical terms; the texts of six of the great charters of the
Western tradition; and flags of the world in full colour.

6. The initials at the ends of Macropeedia articles are those of
contributors, whose names are provided in the list entitled
Initials of Contributors and Consultants to the Macropedia
in the last section of the Propadia volume, pages 7-104; a list
of Names of Contributors and Consultants to the Mac-
ropedia follows on pages 105-121.



Foreword

The Fifteenth Edition of the Erncyclopedia Britannica
represents a revolution in encyclopaedia making. It be-
gan with the organization of the Board of Editors in
1947.

The Board’s task was to engage in long-range plan-
ning. This necessarily involved criticism, favourable and
unfavourable, of Britannica as it then was. That en-
cyclopaedia was based on the Fourteenth Edition, pub-
lished in 1929. Annual printings were kept up-to-date
by changes that took into account the most important
new developments.

Britannica could claim at that time to be the best en-
cyclopaedia in English; but the process of annual revi-
sion was necessarily partial. Articles were eliminated
and new ones substituted. Alterations were made in
other articles. But the encyclopaedia as a whole could
not be reexamined. Single articles were changed, but
other articles connected in some way with them, which
might run into hundreds, often could not be. The rela-
tions among the articles became in some fields more
and more tenuous. Hence the possibility of understand-
ing those fields through planned reading in Britannica
became more and more remote.

The program of annual revision led to a compilation of
accurate articles. In the nature of the case it could not
lead to an encyclopaedia edited in accordance with a
plan. The excellence of Britannica, which was undis-
puted, rested on the authority of the scholars who wrote
the articles. As 1929 receded, it became more and more
difficult to discern the plan on which the encyclopaedia
was based.

It soon became clear to the Board of Editors that
Britannica had, or could have, two functions: it was a
reference work, and it could be an educational instru-
ment. Although information is often confused. with edu-
cation, a moment’s reflection will convince the reader
that they are not the same. Facts are indispensable to
education, but the possession of any quantity of facts
does not guarantee that understanding which alone de-
serves to go by the name of education.

The Board of Editors found that the reference function
of Britannica was on the whole well performed. If one
wanted to discover the birthday of Marie Antoinette or
obtain a summary of the work of Isaac Newton, one
could do so and be confident of the accuracy of the in-
formation received. It was harder to discern Marie
Antoinette’s place in history and the background and
consequences of the Newtonian revolution.

In short the Board’s problem was how to make Britan-
nica more than a “hunt-and-find” book, how to make it
an instrument of education. Nobody wanted to sacrifice

the reference function. Britannica had to continue to
furnish correct, up-to-date information. Was it possible,
while maintaining Britannica’s standing as a reference
work, to make it a means of understanding?

The problem is illustrated by the “topical” encyclo-
paedias, which present subjects to be learned, but from
which it is frequently hard to gain information.

The Board, after many years of debate, came to the
conclusion that Britannica should be both informational
and educational.

The Board decided that the reference function should
be carried out by a number of volumes giving, in
capsules of 750 words or less, statements of fact about
the subject and indications showing where further in-
formation about it could be found in the set. One who
wanted the answers to questions of fact could find them
in these reference volumes. These volumes would also
show the reader where he might locate places in Britan-
nica that gave him the chance for systematic study.

Chances of this kind would be offered in the larger
articles in the set, contained in other volumes, all as-
sembled according to a plan designed to lay the circle
of learning open to the reader. This plan evolved from
the studies that Warren E. Preece, then Secretary of the
Board of Editors, began as early as 1961.

These principles having been adopted, the question
became one of execution. No such encyclopaedic ven-
ture had ever been attempted. There were no models to
imitate and no horrible examples to shun. Clearly, the
cost of the enterprise, involving the organization and
writing of more than 42 million words, would be stag-
gering.

At this point the character of the Publisher, Senator
William Benton, was decisive. Although he believed
that Britannica was already a work of which he and his
associates could be proud and although he was under
no pressure to publish a new edition, his own standards
led him to conclude that he must do what he could to
make Britannica better still. As a member of the Board
of Editors he had taken part in all the meetings that had
led to the new program. He committed the company
to its realization, and never wavered. It is distressing
that he did not live to see the completion of a project to
which he devoted so much time and effort and which he
justly regarded as one of the great contributions he had
made to the cause of education in the course of a long
and distinguished career.

Having authorization to proceed, the Board of Editors
faced a new order of questions: What was the plan to
be? The Board spent several years debating this issue,
making experiments, and reviewing preliminary drafts
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x  Foreword

by various hands. Between 1965 and 1968 Mortimer J.
Adler, a member of the Board of Editors, worked out
the scheme of the new encyclopaedia. In addition to his
celebrity as a philosopher, Dr. Adler had been the mov-
ing spirit in the publication by Britannica of Great
Books of the Western World and had had the responsi-
bility for the Syntopicon, a task that had required him
to organize and present the vast range of knowledge in
Great Books. The architectural design of the Fifteenth
Edition as developed by Dr. Adler in consultation with
the Board of Editors was approved. His own description
of it follows on page 5. Dr. Adler became Chairman of
the Editorial Planning Committee in 1966, Chairman of
the Editorial Executive Committee in 1969, and project
manager thereafter. It is safe to say that without his
learning, imagination, and drive the Fifteenth Edition
might never have been started or brought to completion.

After the formulation of the plan came its execution.
This responsibility was assumed by the Editor, Warren
E. Preece, who had been variously Secretary of the
Board of Editors, Editor, General Editor, and, again,
Editor. The breadth of his education, his clear concep-
tion of what an encyclopaedia ought to be, his wide

acquaintance in the learned world, and his ability to
build up a devoted editorial staff made possible the
completion of a task the magnitude of which would
have overwhelmed a less capable and less dedicated
man.

The result is a revolution in encyclopaedia making.
This work combines the reference and educational func-
tions. The reference function, and the index function,
too, is performed by ten volumes called the “Micro-
padia.” The educational function is carried out in two
ways: through an introductory volume called the “Pro-
padia,” which is an outline of knowledge and guide to
the Britannica, and through 19 volumes called the
“Macropzdia,” made up of more extended treatment of
fields of human knowledge and major topics of human
interest. These three—the Propedia, the Micropedia,
and the Macropedia—are designed to meet the encyclo-
paedic needs of the reader, whatever they may be.

The Board of Editors is proud to have had a part in
one of the great publishing ventures of our time. The
Board believes that the Fifteenth Edition is an important
step toward the goal all its members share, a learning
society.

ROBERT M. HUTCHINS
Chairman, The Board of Editors, 1947-1974
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Editor’s preface

Bibliographically, the volumes that follow this preface
constitute the Fifteenth Edition of the Encyclopedia
Britannica. For the first time in more than four decades,
the editors of this work have determined that the times
require an encyclopaedia so new and so fundamentally
different from those that have gone before it that the
practice of annually revising the printing of the previous
year would have to be replaced by a one-time return to
the preparation of a totally new and newly numbered
edition.

To understand the importance of such a step requires
some understanding of the nature of encyclopaedias,
some knowledge of the history of this encyclopaedia in
particular, and some insight into what it was about the
state of knowledge in the world that appeared to make
changes of the order herein offered a necessity.

The First Edition of the Britannica appeared serially,
beginning in 1768 and culminating in three bound vol-
umes in 1771. For more than 150 years after that, the
set was sporadically revised in new numbered editions
as were required in the view of its editors. Each of the
editions varied in the amount and kind of change in-
troduced in it. The Third, for instance, was the first
edition in which articles were prepared by working au-
thorities in the fields of knowledge to be covered, rather
than by editors who abstracted from the learned litera-
ture of the day. The Ninth brought an almost wholly
new orientation, requiring that its articles be longer
and deeper and systematically arranged. The Eleventh
marked a return to a combination of relatively long
“systematic” articles supported by thousands of shorter
and more specific entries.

By 1929, and the appearance of the Fourteenth Edi-
tion, it had become clear to almost everyone that the
system of numbered editions, revised in a major way
only erratically and supplemented by new material only
occasionally, could no longer meet the demands of a
serious encyclopaedia and its users. A new policy,
called “continuous revision,” was instituted, under
which articles were assigned to academic specialists for
periodic review, were then scheduled for revision on the
basis of the needs suggested by advisory reports con-
cerning them, and new versions of them were intro-
duced into the set as required by the subject matter and
permitted within the limited flexibility allowed by the
alphabet and the state of printing technology.

Clearly, the system was an improvement over that
which it replaced. In each of the last several years, an-
nual revision programs have seen the introduction into
the set of from three to eleven million words of new or
substantially revised material. To note that the present

set, by its very nature, constitutes a temporary return to
the earlier practice of extensive change as implied by
renumbered editions is not, therefore, to assert the end
of the program of continuous revision that worked so
well that for more than 40 years no two editions of the
Britannica were ever completely similar, and so effec-
tively that despite an increase of knowledge almost
without parallel, successive users of this reference work
have had at their disposal a collection of volumes that
provided in balanced and thorough fashion a continuing
account of the size and shape of the expanding world of
knowledge.

Works, at first encyclopaedic in spirit and content, and,
later, in form, have existed throughout the world almost
since the development of the written word. Before the
name itself had been created, men were trying to cap-
ture within the confines of written pages the content
and organization of the knowledge at their disposal as
they understood it. Every seriously intentioned en-
cyclopaedia has been based on—has been a reflection
of—the quantity and quality of the scholarship of its
time and the degree to which it was disseminated among

‘men. Obviously, much of this year’s Britannica simply

could not have been written for the Eleventh Edition of
the set published 1910-11; hardly any of the scientific
theory that was to lead to either the nuclear bomb or
the conquest of space had been formulated and much of
it had been only guessed at by a handful of advanced
workers in each of the fields involved; quantum me-
chanics as a name had little currency; psychoanalysis
and Marxism were barely at the threshold; Russia was
still the domain of a tsar, Hitler was hardly known even
in his own city, and Sun Yat-sen was leading a revolu-
tion in China. World War I had not been fought. In art,
in literature, in music, in economic theory, in medicine,
in almost every aspect of man’s mental and technologi-
cal activity it was, beyond dispute, a world almost un-
recognizable today. And it is no denigration of the
Eleventh Edition to note now that it reflected its world
so perfectly that it has value today as little more than a
historical novelty of interest largely to sentimentalists
and those whose work requires that they know and un-
derstand the scholarship of an earlier age.

Only 18 years later, when the Fourteenth Edition ap-
peared, there was a different—neither necessarily better
nor worse—world to be contended with. A World War
had cut gashes across the globe, redrawing the political
boundaries of many of its lands and testing the political
loyalties of many of its peoples. Communism had be-
come a force to be dealt with and there was new knowl-
edge at large. Not everyone accepted Freud’s explana-



tions of themselves, but few could doubt the reality of
his influence. Scientific theory had changed. Depression
on a vast scale was about to test man’s understanding
of his economic systems and to demonstrate (if demon-
stration was required) that the nations of the world
would have to exist (if they were to exist at all) inter-
dependently. In Germany, Hitler was only a few years
away from a political victory that would influence his-
tory until long after his death.

Indisputably, an encyclopaedia suitable to the world
of 1911 would have been found to have only little rele-
vance to the world of 1929, and even less to that of
1974. There are limits after which the mere addition of
new information at the ends of old articles cannot be
made to suffice. There are periods after which it must
be recognized that what once seemed to be truths may
have been at best little more than half-truths. There are
times when only a totally new statement of the past as
currently understood and the present as now glimpsed
will meet the requirements of a general encyclopaedia.
A Britannica that set out seriously to report the general
state of intellectual knowledge in 1974 could, for in-
stance, hardly assign 30 of its pages to a study of Chiv-
alry, 30 to an analysis of Heraldry, and three to the legal
position of pornography, obscenity, and censorship.
Even if it were possible to do so, it would be little more
than quaint to treat each new year’s exploits in space as
simple chronological continuations of Columbus’ ex-
plorations of the Atlantic. It is not irrelevant to note
here that in the last several printings of the Fourteenth
Edition, there was but one article dealing with ac-
climatization. It was 3,800 words long and was sup-
ported by only three references elsewhere in the set.
When the editors and the experts with whom they
worked in preparing this Fifteenth Edition reexamined
the same subject, they found that a single article was
required but, that man’s present understanding of the
phenomenon would demand the further support of 43
additional references elsewhere in the set.

First work on this edition of the Britannica began, as
has been pointed out elsewhere, in 1947 with the ap-
pointment of a Board of Editors under the leadership of
Robert M. Hutchins. It took on a new seriousness and a
new immediacy a few years later, when innovative de-
velopments in printing technology opened the way to
more extensive annual revisions, thus making it more
necessary than it had been before that the set’s editors
have a set of goals and criteria against which such
annual printings could be planned. It continued in an
even more serious way after 1957 when Dr. Hutchins
and the late Lord Crowther, then vice-chairman of the
Board, led investigations into what a totally new en-
cyclopaedia—one planned, for instance, as if it had no
earlier versions with which to comport—might be like.
It moved further forward from 1961 and 1964 when
the Center for the Study of Democratic Institutions in
California undertook to determine the ways in which it
might prove to be (or, equally, not to be) the case that
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conditions in the world had changed to the extent that
such a genuinely new encyclopaedia was (or, equally,
was not) required. At a more immediate level, planning
began in earnest in 1966, with the appointment of an
enlarged staff of senior editors and advisers to work out
the topical contents of a new set under the direction of
an Editorial Planning Committee established especially
for that purpose.

Elsewhere in this volume, the Director of Planning,
who was Chairman of that committee, has described the
basic intellectual document on which the contents of
the present set find their foundation—i.e., the outline
of the traditional body of knowledge which at some
level of generahzatxon must be included within the
pages of any serious general encyclopaedia.

The editor of the First Edition of the Britannica
wrote in his preface that only to the extent that it was
useful could it, or any other set of similar volumes,
lay claim to the approbation of mankind. Every suc-
ceeding editor of the set has accepted the dictum as
his own. The question that had to be answered before
work on the new set could begin in full seriousness had
to do, then, with what it would mean in the last quarter
of the 20th century for an encyclopaedia to be as use-
ful—or, even, more useful—in its time, as its predeces-
sors had been in theirs.

Though encyclopaedists frequently debate the ques-
tion of utility in terms of whether their works should
be “alphabetical” or “topical” in organization, the fact
is that the argument misses the point. In itself, knowl-
edge does not exist in either a topical or an alphabetical
form and knowledge can be organized only in a method
that is both topical and alphabetical. By implication,
then, what is at stake to the editors of encyclopae-
dias has to do only with the presentation of knowledge
which traditionally has tended to be either topical or
alphabetical.

What seems to be the more important issue surround-
ing the question is the degree to which knowledge is
to be either fragmented or synthesized around some
organizing principle. In the so-called “alphabetical”
presentation, the editorial effort is usually on finding
the smallest part or parts into which the segments of
the whole of the circle of knowledge can be broken.
Such works are likely to be long on short entries, on
articles that focus wherever possible on a single—or
at the very most on a few—aspect of larger topics.
They are sometimes called “look-it-up” books be-
cause their organization makes it more or less simple
for the user to equate a topic about which he desires
factual information with a plausible matching title and
then go directly to the volume containing such a title
within its segment of the alphabet. The problem with
such sets is that they imply that these small bits of
knowledge will either be meaningful and intelligible in
themselves or that, if they are not, the reader will (1)
already know the background necessary to understand
the relation of each to the whole or (2) be willing to
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go to another article to secure that background in-
formation. What usually happens, instead, is that the
reader assumes that a smattering of knowledge is bet-
ter than nothing at all and proceeds as if background
information, relationships, contexts, are all of no con-
sequence. It is as if the significance of the reoccupation
of the Rhineland in the period between the two World
Wars could be understood without any prior knowledge
of the history that had led to the demilitarization of the
zone in the first place.

Experience indicates that contemporary encyclopaedia
users use, or on separate various occasions would like
to use, encyclopaedias in three ways.

First, there are the occasions on which a reader de-
sires to look something up—the ‘“something” in such
cases being more often than not quite limited in its
scope—the size of the whale, the feeding habits of the
robin, the achievements of Rudolf Virchow, or the cir-
cumstances surrounding the discovery of radium.

Second, the user may turn to an encyclopaedia for
information about a broader, but still relatively limited,
subject. He may, on such occasions, be more interested
in the causes of the war in Vietnam than in the casualty
statistics of the Tet offensives that were a part of that
war; he may want to know how interest rates can be
used to control the volume of currency in circulation
rather than how to define compound interest; he may
be interested in a broad survey of French literature
and not necessarily—at the time, at least—in the date
or occasion of the publication of a book by Camus.

Third, users may on occasion seek that genuine un-
derstanding that in itself somehow defines what the
world means by the word education. On such occasions,
his interest is in neither the size of the whale nor the
taxonomic characteristics of the family to which the
lion belongs, but in an insight into what has been known
and conjectured about the whole sweep of life on Earth.
In such instances the reader is interested not in zoology
or botany (or biology which is the older combination of
both) but in an understanding of the objects of studies
of all of the sciences as they relate to something grander
than the disciplines themselves.

Starting, then, with the decision that an encyclopaedia
is nothing at all if it is not a summary statement of the
traditional knowledge of the culture that has produced
it, and that utility is in fact the name of the unit in
which encyclopaedias must inevitably be measured, it
was clear that any new edition of the Britannica would
have to set out to meet all three of these functions and
do so without detracting from the degree to which it
also met the others.

The three-part organization of the present encyclo-
paedia, into Propedia, Macropedia, and Micropedia,
seemed almost to suggest itself as the obvious solution
to the problem thus posed. It must be emphasized here
that although there are circumstances in which each
user will wish to exploit only one of the several ways
in which the set may be utilized, and although each

of the three parts might appear to lend itself superla-
tively, if not exclusively, to one or another of the uses,
the fullest value of the set is to be attained only in the
utilization of the whole. The Fifteenth Edition of the
Encyclopeedia Britannica is not three encyclopaedias;
it is one encyclopaedia specifically planned to be usable
in three different ways. ~

A written statement of editorial policies to govern
the construction of the Fifteenth Edition began with an
enumeration of goals expressed in terms of the qualities
for which the Britannica so long had been famous that
its name had become almost a generic word meaning
“encyclopaedia™:

The existing Britannica is marked, to a greater or lesser
degree, by six encyclopaedic qualities that must be at-
tained to an even greater degree in the new Britannica:

a. Authoritativeness: Whether it speaks in its own voice,
or in that of its contributors, the new Britannica must
speak from and with authority;
b. Comprehensiveness: The proper scope of a general
encyclopaedia is the whole circle of learning. The
presence of all parts of that circle must be a demon-
strable characteristic of the new Britannica;
c. Encyclopaedic brevity of condensation: A general
encyclopaedia is a summary statement of learning. In
the new Britannica even the longest articles on even the
most major subjects should be less lengthy than books
or treatises on the subject and must be scaled so as to
be commensurate with the purposes of an encyclopaedic
survey;

d. Accessibility: By the imaginative use of an alpha-

betical arrangement of articles, a useful alphabetical

index, internal cross-referencing, and other devices, the
contents of the new Britannica must be efficiently avail-
able to its users;

e. Accuracy: No matter how clearly the new Britannica

manifests its other qualities, it will fail to the extent

that inaccuracy renders its contents undependable;

f. International orientation: While the new Britannica

is uniquely a product of the culture of the West, it

must not be parochially Western in its view of learning.
In connection with the point just made, the editors
note with some pride that in their determination to
secure the best authorities and the best writing skills
available anywhere in the world, they have produced
a version of this set in which for the first time in its
more than 200 years of publication, only about one-
half of its authors have been drawn from the country
within which the enterprise is owned and largely di-
rected. Articles on subjects spread across the whole
of the broad spectrum of knowledge have been assigned
to experts without regard to their place of origin, of
residence, or of occupation. The entry on electric pow-
er is by a member of the Japanese Atomic Energy
Commission; that on nuclear fusion is by a Russian,
and that on defense expenditure by an Englishman. An
Australian has written on Vladimir Nabokov, a Cana-
dian has written on the history of Rome, and a Ger-
man has written on the history of China.
Earlier studies of the rate at which new information
is being produced and the degree to which specializa-
tion is producing a kind of deleterious academic frag-



mentation felt even in the faculties of major universities,
suggested that the utility of the new Britannica would in
the end be measured in part by the degree to which it
could maintain its superiority in terms of the qualities
mentioned above and, at the same time, achieve new
qualities based on these new realities.

First, it was clear that knowledge is proliferating at
rates, and specialization is developing in ways such
that a general encyclopaedia can no longer hope to be
useful (if, indeed, it ever had been) to the specialist in
his own field. It is a fact of which no encyclopaedist
can possibly be ignorant that the finite and limited
pages available in a general encyclopaedia for the treat-
ment of any given subject make the bound volumes of
such sets inappropriate sources of information for the
professional reader in his own field. It was assumed,
therefore, that although all readers of the Britannica
might be specialists—or have. the interests of specialists
—in some area of knowledge, they will turn to a gen-
eral encyclopaedia only as generalists interested in fields
outside of their own.

A consequence of grave editorial importance followed
from such a conclusion. It was clear that although many
years of almost worldwide experimentation in mass ed-
ucation had produced an educated readership hardly
even imaginable to earlier editors of the Britannica, they
had in many cases also produced a readership so spe-
cialized that workers in all fields found it increasingly
difficult to communicate with each other across fields.
It must also be noted that the proliferation of educa-
tion for all had not necessarily raised the general edu-
cational background of all. A general encyclopaedia can
exist, Britannica’s editors were warned by more than one
academic, only if it can find a language with which to
keep some kind of communication common to all, open
to all. ‘

The new objectives of the new Britannica were de-
scribed in the statement of editorial policy as follows:

1. Readability by, and intelligibility to, the curious, in-
telligent layman. Although the user of the Britannica may
be, and frequently will be, a specialist in some field of
knowledge, it is assumed that he will never turn to its
pages to meet his own needs within that field. The user is
therefore presumed to be, on every occasion of use, a curi-
ous, intelligent, but nonspecialist reader. While the special-
ist must not be offended by the encyclopaedia’s treatment
of his own specialization, that treatment should not at-
tempt to be adequate to his needs within it;

a. Articles should, therefore, be positioned at a level
of generality above that of purely specialized detail and
should be characterized by an appropriately reduced
density of detail rather than by an apparent determina-
tion to pack everything known about a subject into an
allotted space.

b. Further, articles should not assume detailed back-
ground knowledge on the part of the reader: if forced
to choose between more facts unexplained and fewer
facts explained, the treatment should always tend
toward the latter.

c. Finally, in the treatment of certain subjects that are
by their nature irreducibly difficult and technical or
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communicable only in a language understood solely by
specialists, at least some portion of the article should be
readable to the layman to whom, at a minimum, the
significance and general bearings of the subject must be
made comprehensible.
2. Integration and coherence. As a summary report of
the whole circle of learning, the new Britannica will
function efficiently only to the degree that its treatment
of the subjects that make up that circle is consistent, co-
herent, and integrated.

a. Subjects that are related to each other, as parts of a
whole or as wholes encompassing parts, must be treated
so that their relationships to each other and to their
wholes are manifest to the reader.

b. Subjects that are alike in kind, quality, or scale
should be treated alike and at a similar scale.

3. Controlled fragmentation and duplication. To the ex-
tent that the circle of learning is seamless, any survey of
it consisting of more than one article is destined to be
marked by some degree of fragmentation and therefore
some degree of duplication. An overriding goal of the
new set is to achieve a minimum of fragmentation and a
maximum control of duplication.

a. Although any given subject may be treatable in
several contexts, its major treatment should be de-
veloped in one article rather than in several separate
and unconnected articles. Articles dealing with sub-
jects demanding treatment in different contexts must,
therefore, be planned with this requirement in mind.

b. Complex subjects that call for unity of treatment
should be developed in articles dealing with them as
wholes rather than in disconnected articles about their
parts; and in such cases the consolidated article, when-
ever possible, should be oriented toward detailed treat-
ment of its subsidiary parts. The unity of the subject
and the interconnections of its parts should be the con-
trolling principle in the consolidated treatment.

4. Objectivity and neutrality.

a. Articles should be so written that they avoid ex-
pressions of bias or prejudice on any matter about
which a respectable and reasonable difference of opin-
ion exists. :

b. Further, in all areas in which the scholarly world
acknowledges significant and reputable differences of
opinion, diverse views concerning such differences
should be fairly presented, though the majority or ac-
cepted view may be so designated.

5. Topical as well as alphabetical accessibility to the
contents of the set. By combining topical and alpha-
betical accessibility, the new Britannica will function
more effectively as an educational instrument and an
ordered statement of learning to be read and studied as
well as a reference tool containing information so or-
ganized that it can be easily “looked up.”

a. The aim of topical accessibility is to serve the needs
of the reader who asks “What can I learn from study
in the encyclopaedia and how can I learn it?”

b. In offering an answer to this question, topical ac-
cessibility can provide a systematic outline of the whole
circle of learning, so structured that the parts can, if
the reader desires, be reassembled as a whole.

Against the background of these considerations and
the broad statements of policy growing from them, an
expanded group of senior editors and university ad-
visers met almost daily to create an outline of knowl-
edge on the basis of which a list of all of the topics
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requiring treatment in a general encyclopacdia could
subsequently be prepared and the treatment of them
assigned as appropriate to one or another of the sec-
tions of the set. Of more interest to encyclopaedists
than to lay readers, the meetings today seem notable as
one of the few known instances in which senior editorial
people representing all of the fields of knowledge could
meet regularly to discuss the disposition of that knowl-
edge within—as it were—a circle, and could relate
their actions to decisions made concerning the whole of
the circle rather than the individual parts as represented
by the specialties of the editors and advisers involved. It
was at no time the intention of those involved in the
process that the evolving outline should represent a
particular system of knowledge and none of the staff
of this reference work would want to argue that knowl-
edge can be organized in only one way; that any mono-
lithic system can be made to serve the needs of a gen-
eral encyclopaedia. Nor would any want to argue that
the outline that evolved from their sessions necessarily
constitutes the best such outline. All that was hoped
for, and what was achieved, was the construction of a
workable and defensible outline, one that, without con-
tentiousness, would set forth in some orderly way the
major topical rubrics that must ultimately be dealt with
in a general encyclopaedia.

On the basis of advice from experts not previously as-
sociated with the development of the outline itself, the
first draft of that document was revised and the editors
next began to compile a list of the articles that would
be required in order to deal in some appropriately
balanced way with all of the topics named in the
statement of intentions—then the working name of
the “Outline of Knowledge.” Predictably, it was found
that there were instances in which several rubrics
might find their best treatment combined in but a single
article; that in other instances, sections or even sub-
sections of single rubrics might require treatment in
several articles. The important consideration was that
wherever possible fragmentation and duplication be
eliminated, and that wherever this was impossible, they
be, at the very least, rigorously controlled.

In a drastic departure from past Britannica practice,
each projected article was then outlined as to its con-
tent. The purpose of such outlines—each author was
informed—was to assure that all of the circle of knowl-
edge would be covered somewhere in the set on the one
hand, that wherever possible each of its parts would
receive its major treatment in only one place, and
that each of its parts would -be treated on a scale de-
termined by all of the other parts. As authorities, au-
thors were, of course, given wide latitude in reordering
the presentation of the material called for by their out-
lines, and much latitude in reevaluating the amount of
space to be assigned to each of the topics for which
they were to accept responsibility.

Senior editors were required to nominate as potential
contributors for each of their own articles three au-

thors whose work they had read and could interpret as
indicating that the nominee, in addition to being an
expert in the subject matter involved, could—and equal-
ly importantly, presumably would be willing to—write
for the curious, intelligent lay reader. It was further re-
quired that in every case at least one of the contributors
nominated be from a country other than the United
States.

The processes and policies described so far had their
greatest influence in connection with the development
of the 19 volumes of the current edition of the Britan-
nica that became known as the “Macropadia.” The
articles in these volumes total 4,207. But long before
any of the work on this part of the set had been serious-
ly considered, it had been recognized that such volumes
and such articles could, in fact, be used satisfactorily
only if a way could first be found to lead the reader
from what might be a very general or, in some instances,
a very specific interest to an article either less, or more,
general in concept. The role of the Outline of Knowl-
edge in leading the reader from some general interest in
a whole field of knowledge to the separate arcs under
which segments of the circle are dealt with in the
Macropedia is considered in the preliminary pages of
the “Propadia” section of this volume.

As to the other side of the coin, it has long been recog- -
nized that the educational values of general encyclopae-
dias could be enhanced, could, in fact, be realized at all,
only if readers could be brought to use an index as their
first point of entry into the set. Every editor’s file con-
tains instances of complaints that a given topic is not
dealt with in a set, when all that the reader really means
is that it is not dealt with in an article bearing the name
under which he had expected to find it, and that he has
not yet troubled himself to refer to the index—where, as
often as not, he might find several references to his
topic of interest. In planning this Fifteenth Edition of
the Britannica, it was assumed that one solution to the
problem might lie in making the index volumes a
uniquely indispensable key to the whole, on the one
hand, and a valuable source of reference information
about the subject being researched on the other. It may,
then, be asserted that the reader who turns first to the
appropriate part of the Micropedia will learn immedi-
ately whether or not the subject in which he is interested
is treated in the set and, even more importantly, will
find there much of the so-called “reference data” con-
cerning that subject and may indeed—if his point of
interest was specific in nature—find there the answer
to the question that led him to the book in the first
place. In such cases he will, obviously enough, need
to look no further, though hopefully the short Micro-
pedia article may succeed in arousing his interest to
the point at which he will wish to learn more. In such
cases, he will find how the subject is treated in the set,
where in the Macropedia his topic of interest is dealt
with in its more general aspects, where else in the
Micropedia he will find further related data. In addi-



tion to serving as an index to the whole of the set, the
Micropeedia will, then, be seen to constitute in itself a
10-volume source of encyclopaedic information.

The editors believe that no other arrangement of the
whole of the circle of knowledge to be dealt with in
the confines of a general encyclopaedia can serve so
well the varied uses to which encyclopaedias are put
by those who turn to them.

Several more practical editorial decisions and de-
velopments flowed naturally from the same series of
considerations that had led to the decision to proceed
with the creation of an entirely new edition of the Bri-
tannica in the first place. They are considered here in
an order that does not necessarily reflect the editor’s
sense of their importance:

1. In a world characterized by academic and profes-
sional specialization, it is not uncommon for the author
of an encyclopaedic article to find it necessary to refer
to workers, living or dead, whose names may be un-
known to his lay readers no matter how well educated
they may be in other fields. Britannica authors were
asked, therefore, to identify, whenever such identifica-
tion appeared to be reasonably necessary, all names
not the “common property” of all educated readers. Be-
cause such identification so frequently has involved the
designation of a nationality and a status within an aca-
demic discipline (e.g., “eighteenth-century French math-
ematician”) it has sometimes seemed that the interna-
tionalism proclaimed in the statement of editorial policy

was in danger of being violated in the execution of that -

policy. Such, of course, was not the intention of the
editors, who were well aware that such phrases normal-
ly constitute the minimal identification with which dic-
tionaries of biographies begin their articles. That men
and women may be born in one country, practice in
another, and die in a third, or may follow careers that
do not lend themselves to unique description makes the
device difficult but does not render it unuseful.

2. Although the editorial policies set out for the set
as a whole could not always be met in the case of
mathematics, which remains both a subject matter and
a language in itself, two devices have been introduced
in the effort to make science articles in general more
intelligible to the lay reader. In the first place, wherever
possible, equations and formulas have been verbalized
or “written out” as statements in words as well as a
series of letters and symbols; in the second, such equa-
tions have, in many of the mathematics articles, been
removed from the text of the article (where their places
have been taken by more generalized statements in
“natural” language) to boxes, where they remain avail-
able to the reader able to utilize them.

3. In logic, it is possible to make only one assumption
about the language capabilities of the Britannica user.
Since this encyclopaedia, though it is available in many
countries throughout the world, is printed only in an
English-language edition, it has been assumed that all
users of the set must inevitably share the ability to read
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in that language with some degree of fluency. Many, of
course, speak other languages; many more read other
languages. Nonetheless, since English is the only lan-
guage known for certain to be understood by the Britan-
nica user, Britannica authors and editors have been at
pains to limit the use of non-English words and phrases
and to provide translations or paraphrases of such
wherever their use has been unavoidable.

4. Importantly, in assuming that the specialist turns to
a general encyclopaedia for information only about
fields in which he is not a specialist, the editors accept-
ed, as well, the corollary that the Britannica user should
be required to deal in general only with the language
and the literary conventions of the literate man and
woman, and not with those of the specialist. The editors
recognize that technical language and technical conven-
tions have a valid utility within each academic specialty.
They provide a precision and a unique method of com-
munication between people who work within that spe-
cialty. They may, however, be confusing and uninforma-
tive to the reader from another specialization. Since a
general encyclopaedia cannot deal in the vocabulary and
literary conventions of all specialties, it was determined
that it should, wherever possible, deal in the vocabulary
and conventions of none. Professional jargon has been
eliminated where possible and its terms defined wher-
ever its elimination was impossible.

5. Bibliographies at the ends of articles in which they
have been included have in general been lengthened
for the benefit of the reader who wishes to read more
deeply in the subject matter involved. At the same time,
they have, by design, been annotated so that the lay
reader might know in advance the likelihood of his de-
riving benefits from turning to any given work. Authors
have been urged to avoid the inclusion of titles likely
to exist only in small numbers of rare copies carefully
guarded in but one or two libraries throughout the
world.

6. The use of place names and personal names in an
encyclopaedia prepared for distribution in many coun-
tries has always been a particular problem to the edi-
tors of general encyclopaedias. Whether to use the
name of a country or a city preferred within the place
itself, or one generally used in other countries is a
problem that admits of no easy solution. On the advice
of experts who have consulted with Britannica on the
problem, this edition of the Britannica uses place names
as recommended by the boards of geographic place
names in the United States and the United Kingdom.
Exceptions to this general rule are few, and are limited
to cases in which the recommended name would have
little meaning in most of the world in which the Britan-
nica is used. Similarly, in the case of personal names, it
was tempting to rule simply that such names will be in
the forms as used by the persons whose names they are
or were, and this rule was, in fact, adopted, save for
certain exceptions in which the result would fall
strangely on too many ears. Thus, though the contem-
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porary Russian composer is officially Dmitry Dmitriye-
vich Shostakovich, he is known in the Britannica, as he
is in most of the West, as Dmitry Shostakovich; the ear-
lier Russian composer Pyotr Ilich Chaykovsky remains,
as in past editions, Peter Hlich Tchaikovsky; and a fig-
ure such as King Saud is known thus, as he was in the
newspapers, while his father is Ibn Sa‘ud. A constant
effort has been made to retain the level of such excep-
tions to the¢ barest minimum. In the case of Japanese
names, as in Japan, the family name is stated first, and
the given name last.

7. The older Britannica custom of publishing an atlas
in the final volume of the set has been abandoned in
the conviction that maps belong where they will be
most useful to the reader—i.e., throughout the set in
proximity to the articles that depend on them for clarity.

8. The use of diacritics, the transliteration of non-
Latin alphabets, and the translation of certain non-
English languages have been standardized on the basis
of rules worked out over a three-year period by Britan-
nica editors and advisers.

9. Tables and charts have been used extensively in
the Micropedia volumes. Geographical statistics, in-
cluding demographic factors, economic reports, and
other similar data, are thus to be found for each country
in convenient boxes (accompanied by a picture of the
flag of the country) with each Micropedia country arti-
cle. Special large charts providing bases for interna-
tional comparisons of such data are published in a sep-
arate section at the end of Volume X of the Micro-
pedia.

10. Finally, it is expected that most readers will find
the new lists of major works appended to the biogra-
phies of most workers in the arts of great reference
vahfe, but the editors would be the first to concede that
the definition of ““major” is not easy to agree on.

Because it will be asked, it may be said here that all
Britannica entries after editing are returned for ap-
proval to the men and women who first submitted them.
Changes required by objections to the editing are seri-
ously considered and, when they involve matters of
factual accuracy, or do not violate established editorial
policy or stylebook rules, are incorporated in revisions
prior to printing. In that fortunately small number of
instances in which authors have felt for reasons of their
own that the results were still unacceptable to them,
the proposed entries have been submitted to a recog-
nized peer of the author and, when such advisers have

said that the manuscript was factually accurate and
would reflect credit on both the Britannica and its con-
tributor, the entry was printed without identification of
the author.

The preparation of a general encyclopaedia contain-
ing more than 42 million words in 30 volumes obvi-
ously has to be the work of more than a single man,
a single committee, or a single staff. In the case of the
Fifteenth Edition of Encyclopedia Britannica, that work
involved (in addition to its late publisher whose faith
and investment were indispensable, and others listed in
appropriate places in this volume) the efforts of an edi-
torial staff of hundreds, an advisory staff of more than
200, and more than 4,000 contributors. It is tempting
to list at least all those who as staff members made sig-
nificant contributions to the outcome of the work. It is
also impossible to yield to the temptation.

One must, however, pay particular credit and express
particular thanks to Philip W. Goetz and Donald E.
Stewart, each of whom brought to the work more than
20 years of encyclopaedic experience that on more than
one occasion provided the expertise necessary to keep
success from becoming failure. As executive and man-
aging editors respectively, they directed the efforts of
all the editors and supervisors whose work was crucial
to the completion of the entire project. In England,
Christopher H.W. Kent, as Deputy Editor for London,
performed with similar distinction his own role with
that part of the editorial staff located there.

As assistant project manager, Normand LaJoie worked
effectively to assure that the normal reluctance of edi-
tors and writers to complete manuscripts for release to
printers on time did not impede the achievement of pub-
lication dates; Raymond Majesty served as always as a
worker of miracles in looking after all of the difficult
operations that must be done early if articles are later
to appear in proper alphabetical order on pages in vol-
umes, both with numbers that do not yet exist, and that
paper and printing are all to come out in proper se-
quence at the end and on time. Mrs. Anne Long, as
Executive Secretary to the Editor, coped with more
problems than she should have had to, and did so al-
ways with good humour, good grace, and great intelli-
gence.

In citing the few who can be listed above, the editors
are equally aware of the tremendous dedication and
abilities and efforts of the many who must simply now
be listed opposite.

WARREN E. PREECE
The Editor, 1964-1975
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The circle of learning

“The alphabetical system of arrangement,” observed the
Editors of the Eleventh Edition of the Encyclopedia Bri-
tannica (1910-11), “with its obvious advantages, neces-
sarily results in the separation from one another of arti-
cles dealing with any particular subject.” The addition of
an alphabetical index can do no more than give the reader
“assistance in obtaining information under headings
which are not themselves the titles of articles in the En-
cyclopaedia.” Consequently, “the student who desires to
make a complete study of a given topic must exercise his
imagination if he seeks to exhaust the articles in which
that topic is treated.” This result is certainly a serious de-
fect in the system for anyone who feels—as did the Edi-
tors of the Eleventh Edition—that an encyclopaedia
should not be merely a ‘“storehouse of facts,” but should
also be “a systematic survey of all departments of knowl-
edge.” To remedy this defect, the Editors constructed a
“Classified Table of Contents,” which they believed to be
“the first attempt in any general work of reference at a
systematic subject catalogue or analysis of the material
contained in it.”

Remarkable as it was at the time, this Table of Contents
did not fully succeed in achieving its objective of over-
coming the defects of an alphabetical organization of en-
cyclopaedic articles by means of a topical presentation of
their content. A quick glance at the twenty-four major
categories into which the Table of Contents was divided
will reveal that the alphabet was still the thread on which
the parts were strung: I. Anthropology and Ethnology;
II. Archaeology and Antiquities; III. Art; IV. Astrono-
my; V. Biology; VI. Chemistry; VII. Economics and So-
cial Science; VIII. Education; IX. Engineering; X. Geog-
raphy; XI. Geology; XII. History; XIII. Industries, Man-
ufactures and Occupations; XIV. Language and Writing;
XV. Law and Political Science; XVI. Literature; XVII.
Mathematics; XVIII. Medical Science; XIX. Military
and Naval; XX. Philosophy and Psychology; XXI. Phys-
ics; XXII. Religion and Theology; XXIII. Sports and
Pastimes; XXIV. Miscellaneous. In each of these cate-
gories, the only further subdivisions involved the distinc-
tion of general from particular subjects, and the distinc-
tion of both of these from biographical entries. Under
each of these headings, titles of the encyclopaedia’s arti-
cles were listed in strictly alphabetical order.

In planning this Fifteenth Edition of Encyclopedia Bri-
tannica, the present Editors, while deciding to retain the
alphabetical ordering of the articles themselves, as printed
in the set, sought to improve upon the effort their prede-
cessors had made to overcome the defects of an alphabet-
ical organization by giving the reader a truly topical, and
totally nonalphabetical, Table of Contents. It would serve

the purpose that the Editors of the Eleventh Edition had
in mind, which was to enable the reader to “make a com-
plete study of a given topic”—that is, a department of
knowledge or field of learning.

It may be asked why it was not thought better to aban-
don the alphabetical principle entirely and construct a
purely topical encyclopaedia, in which all the articles
would be assembled, volume after volume, according to
some general schema for the organization of human
knowledge. The answer is two-fold. First, a purely topical
organization of the articles themselves cannot avoid the
appearance of a certain tendentiousness or arbitrariness
in the editorial commitment to one rather than another
organizing schema or set of principles. The reader is,
therefore, provoked to ask: Does this order, volume by
volume, and article by article, reflect the only right or
proper exposition of the whole of human knowledge?

Second, a purely topical encyclopaedia provides its
readers with only one mode of access to its contents. This
may be alleviated somewhat, perhaps, by the addition of
an alphabetical index; but an index, by its very nature,
serves the purpose of enabling the reader to look up
particular items of information; it does not provide a
general and systematic mode of access to the contents
of the encyclopaedia.

The basic plan of the new Britannica, therefore, aims to
give its readers access to its contents by both the topical
and the alphabetical mode. General and systematic topi-
cal access is provided by the Outline of Knowledge con-
tained in this volume, called the “Propadia” because it is
a kind of preamble or antechamber to the world of learn-
ing that the rest of the encyclopaedia aims to encompass.
Alphabetical access is provided not only by the alphabeti-
cal ordering of the long articles in the Macropedia, but
also by the shorter entries in the Micropedia, which are
likewise arranged alphabetically.

- Unlike the Classified Table of Contents in the Eleventh
" Edition, which was alphabetically organized by categories

and subjects, the Outline of Knowledge in this Fifteenth
Edition is a purely topical presentation of the contents of
the articles in the Macropedia. 1t is, therefore, reasonable
to ask how such a purely topical outline of encyclopaedic
content avoids the tendentiousness or arbitrariness that is
attributable to an encyclopaedia in which the articles
themselves are topically rather than alphabetically ar-
ranged. Does not the Outline of Knowledge here pre-
sented reflect, perhaps even conceal, a commitment to
one set of organizing principles rather than another?
Does it not embody biases or preconceptions that are
not universally acceptable?

It is hardly possible to say “No, not at all” to these
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questions. Two points, however, can be made affirmative-
ly that tend to reduce or alleviate whatever degree of ar-
bitrariness remains unavoidable in a topical outline of the
whole of human knowledge. One is that the Outline of
Knowledge, while conceived by the Editors, was con-
structed and corrected in the light of detailed recommen-
dations, directions, and analytical contributions from
scholars and experts in all the fields of knowledge repre-
sented. A list that includes the advisers who worked with
the Editors in the construction of the Outline of Knowl-
edge follows Part Ten of the Propedia.

The second point is that the Outline of Knowledge is
conceived as a circle of learning. To say that the contents
of an en-cyclo-paedia form a circle of learning is more
than a literal transliteration from Greek to English. In
Greek or English, reference to the circle introduces a
powerful metaphor, the understanding of which should
help the reader to overcome whatever arbitrariness still
resides in the Outline of Knowledge in spite of deter-
mined efforts on the part of all concerned to minimize
this defect. A circle is a figure in which no point on the
circumference is a beginning, none is a middle, none is
an end. It is also a figure in which one can go from any
point, in either direction, around the circumference; in
addition, one can go across the circle from any point to
any other; or, by any number of transecting lines, start-
ing from a given point, one can go to any number of oth-
er points on the circumference, near or far.

The ten parts into which the Outline of Knowledge is di-
vided are disposed not along a finite straight line begin-
ning at this point and ending at that; they are disposed
rather as segments of the circle. While it is true that, in
this arrangement, one part may lie next to another and at
some distance from still another, it is also true that, since
the circle can rotate around its axis, any one of the ten
parts may be regarded as standing at the top of the circle,
or at the left or right side of it, or at the bottom. In other
words, with the circular arrangement of the parts, and
with the rotation of the circle, the reader can begin any-
where in the circle of learning and go from thence to ad-
jacent parts around the circle; or, moving along interior
transecting lines, he can go from any part across the cir-
cle to parts that are not adjacent on the circumference.

This view of the Outline of Knowledge can be repre-
sented in a number of diagrams. The first pair of dia-
grams shows the ten parts of the outline as segments of
the circle. (For a synopsis of the subject matter covered
in each part, and its various divisions and sections, the
reader is referred to the Table of Contents set forth on
pages 10-16 of this volume. The titles of the ten parts
are given in the box below.)

Part Seven. Technology

Part Eight. Religion

Part Nine. The history
of mankind

Part Ten. The branches
of knowledge

Part One. Matter and energy
Part Two. The Earth

Part Three. Life on Earth
Part Four. Human life

Part Five. Human society
Part Six. Art

In the first pair of diagrams, below, Part One is placed
at the top of the diagram to the left, and Part Nine is at
the top of the diagram to the right, to illustrate the effect
achieved by rotating the circle.

The second pair of diagrams, following, places one of
the ten parts at the centre of the circle with the remaining
nine parts as segments of the circle formed by lines radi-
ating from the centre. The point being made here is that
any part can occupy the central position—the place in the
circle of learning at which one begins, going thence in all
directions to the remaining nine parts. To illustrate this,
Part Five occupies the centre in the diagram to the left;
Part Three, the centre in the diagram to the right.

S

Finally, the diagram below offers still another approach
to the circle of learning. In this diagram, Part Ten occu-
pies the central position; and here there is only one dia-
gram rather than a pair of diagrams because the reason
for placing Part Ten in the central position applies to it
alone and to none of the other nine parts.

S

Y,

Seven

The reason for this special placement of Part Ten stems
from the one organizing principle to which the Editors
were explicitly committed in planning and producing this
new Britannica. Briefly stated, that principle involves a
distinction between (a) what we know about the world of
nature, of man and society, and of human institutions by
means of the various branches of learning or depart-



ments of scholarship; and (b) what we know about the
branches of learning or departments of scholarship—the
various academic disciplines themselves. For the most
part—there are a few exceptions—Parts One through
Nine represent man’s knowledge of nature, of man and
society, of human institutions, and their history. In clear
contradistinction, Part Ten mainly covers the disciplines
themselves—the branches of knowledge or fields of
scholarship—by which man inquires into, thinks about,
or comes to have knowledge of the world in which he
lives. Part Ten examines the nature, methods, problems,
and history of the various branches of knowledge or
scholarly disciplines, the actual content of which is set
forth in Parts One through Nine.

Thus, for example, Section 10/34 in Division III of
Part Ten examines the nature, methods, problems, and
history of the biological sciences; but the knowledge of
life that the biological sciences afford is outlined in Part
Three. Or, to take another example, Section 10/41 in
Division IV of Part Ten examines historiography and the
study of history; but the actual history of mankind,
achieved by the methods of historical inquiry, is outlined
in Part Nine.

There are, however, three departments of learning that
are exclusively treated in Part Ten—both with regard to
the nature and history of the disciplines themselves and
also with regard to the knowledge or understanding
afforded by these disciplines. They are logic (in Division
I of Part Ten), mathematics (in Division II), and phi-
losophy (in Division V). The reason for this exceptional
treatment of these three disciplines is given in the Intro-
ductory Essay to Part Ten.

The special character of Part Ten thus explains the dia-
gram in which it occupies the centre of the circle of learn-
ing, but that must not be interpreted as attributing prime
importance to it. This diagram simply indicates the spe-
cial function Part Ten performs in relation to the other
parts. It alone stands in close relation to all the rest; there
are varying degrees of relatedness among the other parts.
For example, Parts Three and Four, dealing with Life on
Earth and with Human Life, are closely related; Parts
Four and Five, dealing with Human Life and with Hu-
man Society, are also closely related; but Part Four has a
different relatedness to Part Three, on the one hand, and
to Part Five, on the other. In the presentation of the Out-
line of Knowledge, the headnotes and the cross-references
give the reader an indication of these interrelationships.

Anyone who is in a position to compare the classified
list of articles in the Eleventh or even the Fourteenth
Edition with the Outline of Knowledge will be persuaded,
the Editors think, that whereas the immediately preced-
ing editions of Britannica represented a 19th- and early
20th-century view of the state of human knowledge, the
new Britannica, in its Fifteenth Edition, is an encyclopae-
dia that reflects the many changes and innovations in
man’s knowledge and understanding that are emerging at
the end of this century and will continue into the next.

The reader’s attention should be called to two further
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points about the Outline of Knowledge. The first is that it
serves as a table of contents only for the 4,207 longer ar-
ticles in the 19 volumes of the Macropeadia. It does not
cover or refer to the shorter entries in the 10 volumes of
the Micropedia, or Ready Reference and Index. Those
ten volumes should always be consulted first if the reader
wishes to look up any specific point of information by al-
phabetical means. As indicated in the explanation of how
to use the Propedia, which follows, the Outline of Knowl-
edge in this volume should be consulted for a different
purpose—not to look up a specific point of information
which can be found by alphabetical means, but to study
a whole segment of human knowledge, or to examine a
field of learning, which is here topically outlined so that
the reader can discover what he can learn from Britan-
nica about that area of knowledge.

The second point to be mentioned is, in the view of the
Editors, of singular importance, for it distinguishes the
Fifteenth Edition of Britannica from all preceding edi-
tions. The Outline of Knowledge presented in this Pro-
peedia volume, which serves as a topical survey of the
contents of the articles in the Macropedia, was con-
structed before those articles themselves were named,
outlined, commissioned, written, and edited. The outline
served as the basis for determining what articles should
be written, what their scope should be, how they should
be related to other articles, and so on. It was, therefore,
in origin a table of intents rather than a table of contents.
It represented the intentions of the Editors in laying down
a comprehensive plan for producing a new encyclopaedia,
appropriate to the state of human knowledge and learn-
ing at the end of the 20th century and looking forward to
emergent developments in the century to follow. What
was originally, or in the planning stage of the work, a
Table of Intents, then subsequently became, after the
writing and editing of the articles was completed, a Table
of Contents that tries to reflect accurately and faithfully
the actual content of the articles. In many cases, the ar-
ticles departed from the original outline and the outline
was therefore revised to accord with the improvements of
it by the contributors of those articles.

All preceding editions of Britannica, as most other en-
cyclopaedias, have been constructed from classified lists
of articles. Such classified lists may vary from one edition
to another, as they have from the First Edition of Britan-
nica through the Fourteenth, but the variations are rela-
tively minor as compared with the fact that they are all
the same in form—nothing but classified lists of articles,
as exemplified by the one presented in the Eleventh Edi-
tion, already referred to. In sharp contrast to such edito-
rial procedures, the Fifteenth Edition has the distinction
of being planned not in accordance with a classified list
of articles, but rather in the light of an orderly topical
outline of the whole of human knowledge, in the form of
the circle of learning that is an en-cyclo-paedia.

MORTIMER J. ADLER
Director of Planning



How to use the Propzdia

The purpose of the Propzdia

As its title indicates, the Outline of Knowledge is intended
to serve as a topical guide to the contents of the Macro-
pedia, enabling the reader to carry out an orderly plan of
reading in any field of knowledge or learning that he may
wish to study in some depth. The Propedia’s Table of
Contents gives the reader an overview of the Outline of
Knowledge as a whole; the Introductory Essays for each
of the ten parts illuminate the major concerns of that part of
human knowledge; the headnotes that are affixed to parts,
divisions, and sections prepare the reader for his examina-
tion of the subjects being covered there; and the outlined
presentations of these subjects, accompanied by volume and
page references to the places in the Macropaedia where the
subjects are treated, enable the reader to carry on for him-
self a course of study that may be more or less extensive
and detailed in accordance with his own interests and
desires.

The Propedia, or Outline of Knowledge, helps the reader
to answer for himself the question that, in its most general
form, is as follows: What can I learn from the Britannica
concerning one or another area of human knowledge? More
specifically, the question, for example, might be: What can
I learn about the Earth? or What can I learn about art?
The reader’s interest may be even more specific, as the
following questions indicate. In the field of the Earth sci-
ences, his question might be: What can I learn about the
Earth’s constituent minerals and rocks? or What can 1
learn about weather and climate? In the field of art, his
question might be: What can I learn about the theory and
classification of the arts? or What can I learn about music?

If the reader will now glance at the Propedia’s Table of
Contents on page 10, he will see that the questions just
used as examples have been drawn from the 241 headings
in the Table of Contents. The first pair of questions about
the Earth and art are taken from the headings of Part Two
and Part Six, respectively. The more detailed questions
about the Earth are taken from the headings of Sections
214 and 224; and the more detailed questions about art are
taken from the headings of Sections 611 and 624. Thus,
each of the 241 headings in the Table of Contents can be
used to complete a question of the form, What can I learn
from Britannica about .....................7 On the
other hand, if the reader is interested in a particular sub-
ject, he should consult the Micropedia. The subject will be
treated briefly there. In addition, directions are given for
finding places in the Macropedia where that subject is
treated at greater length or in broader contexts.

The difference between the topics, which are the basic ele-
ments in the Propedia, or Outline of Knowledge, and the
subjects, which are the component entries in the Micro-
pedia, will become clear at once to anyone who examines
a page of the Propadia’s outline and a page of the Micro-
pedia.

The structure of the Propzdia

Each of the 10 parts, 42 divisions, and 189 sections that
make up the Propedia, or Outline of Knowledge, is marked
in the Table of Contents by a heading or title, which is fol-
lowed by the number of the page on which that unit of the
Propedia begins. This structure affords the reader three

main options: (1) he can turn to one of the parts as a whole
and examine the contents of that part; (2) he can select a
particular division of one of the parts and examine the con-
tents of that division; or (3) he can focus on a single section
or several sections of such a division, and examine the con-
tents of that section or those sections.

If the reader exercises the first option and considers one
of the ten parts as a whole, he will first encounter an Intro-
ductory Essay that acquaints him with the major concerns
and character of that part of human knowledge. That essay
is followed by a headnote that summarizes the content of
the part, calls attention, where needed, to the relation of
that part to other parts, briefly indicates the content and
titles of the several divisions of the part, and gives the page
on which each division begins. A thorough examination of
the part as a whole will involve him in examining its sub-
ordinate divisions and sections. :

If the reader exercises the second option and wishes to
examine one division of a part, he will be aided by a head-
note that summarizes the content of the division he has se-
lected for examination, briefly indicates the content of the
sections in that division, and gives the page on which each
section begins. A thorough examination of the division as
a whole will involve him in examining its subordinate
sections.

If the reader exercises the third option and wants to con-
sider one or more sections within a division, he will be
aided by a headnote that summarizes the content of the
section or sections that he has selected for examination.
The section headnote is followed by an outline of the sub-
jects covered in that section. A thorough examination of
the section will involve the reader in examining the subjects
it comprises, as set forth in the outline.

The sectional outlines

The sectional outlines present, in an orderly arrangement
of topics, subjects that are treated in articles in the Macro-
peedia. The major subjects in each sectional outline are in-
dicated by capital letters (“A,” “B,” etc.). There are always
at least two major subjects, but there may be many more
in a given section. When it is necessary to subdivide a ma-
jor subject, up to three additional levels may appear in the
outline; the first is indicated by Arabic numerals; the sec-
ond by lower-case letters; and the third by Roman numer-
als, as shown below:

A. The action of the hydrosphere and atmosphere on the Earth’s
surface features

1. Weathering: the disintegration and alteration of rocks at or
near the Earth’s surface

a. Processes involved in weathering

i. Physical processes; e.g., freeze-thaw cycles, crystal-
growth pressures

Attached to each topical statement of a particular subject
in the sectional outline are listed, in the three columns to
the right of the statement, the pages on which the reader
will find a treatment or treatments of that subject in the
Macropedia. The significance of these three kinds of refer-
ences is explained below.

Although the principal purpose of the sectional outlines is
to provide references to articles in the Macropedia wherein



this or that subject is treated, the structure of the outlines
sometimes requires the topical statement of subjects that do
not call for such references. These topics often serve as
cross-references to subjects to which references are at-
tached, in other parts of the given sectional outline or in
other sectional outlines. Still other topics that are not ac-
companied by references serve as headings for a set of re-
lated subjects grouped in subordination under them. Such
topics indicate what is common to the subordinate topics.
These, as well as other topics, are often followed by the
phrase with special attention to, which informs the reader
that the topics following do not necessarily exhaust the sub-
ject under consideration.

The references

The three columns aligned to the right of each topic in the
sectional outlines contain the volume and page numbers of
the Macropedia articles that, in whole or part, treat the
subjects stated in the topic, as illustrated at the bottom of
this page. Each of the three columns has a special reference
function.

The first column usually contains references to whole arti-
cles, the titles of which are given, as well as volume and
page references. In the case of articles whose scope covers
outline topics in two or more sections, divisions, or even
parts, the reference will be to the pages in the article rele-
vant to the topic at which the title is aligned.

The second column contains references to important arti-
cle sections, the references being given by the page location
at which the section cited begins and the page location at
which it ends.

The third column contains references to passages that are
smaller than article sections, the references being given in
the same way as in the case of column two. All references
to biographical and to geographical articles are listed in the
third column.

In the second and third columns, when two or more arti-
cle sections or two or more smaller passages are cited, the
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references are usually arranged in volume and page order;
and the distinct references are separated by a slash. How-
ever, when the title of an article has been listed in the first
column at a particular topic, references to portions of this
article at lower-level topics are listed before any other ref-
erences in the second column.

In the second and third columns, the page references indi-
cate the segment of the page at which the passage cited be-
gins and the segment of the page at which it ends. The seg-
ments that are signified by the letters a, b, c, and d, refer to
the top, upper-middle, lower-middle, and bottom portions,
respectively, of the left column of text on a page. The let-
ters e, f, g, and h, refer to the corresponding portions of the
right column of text.

a e
b f
c 9
d h

The word passim following a reference in the third column
indicates that the material in an article that is relevant to a
topic is diffused throughout the treatment of a broader
subject rather than being a concentrated treatment of the
topic.

Since the content of the biographical and geographical ar-
ticles that are included in the Macropedia does not in-
fluence the structure or content of the sectional outlines, the
titles of such articles are not listed in the first column. The
titles of all other articles appear at least once and sometimes
more than once in the first column of references attached
to the sectional outlines; however, the titles of biographical
and geographical articles are listed alphabetically at the end
of parts, divisions, or sections, when their content is rel-
evant to the subject matter covered in the part, division, or
section to which they are appended.

3. Kinship systems: their functions and types

articles article sections other references
KINSHIP 7:155b-156h/  5:31f-h/6:1127e-g/
10:477-485 7:168g-172d 14:839d-f
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Introduction to Part One:
The universe of the physicist, the chemist,
and the astronomer

by Nigel Calder

“Give me matter and I will build a world from it.” For 200
years since the philosopher Immanuel Kant uttered it, physi-
cists, chemists, and astronomers have striven to make good
that boast. That they can now tell an almost unbroken story
of events from the birth of the universe to the origin of
life on Earth is the result of many cumulative lifetimes spent
in careful observation and experiment. Yet even amid this
success in updating the first verses of Genesis, new ques-
tions nag. Why does familiar matter adopt the forms it
does? Are the laws of nature that are known to us enforced
throughout the vast, tumultuous universe? What unimagin-
able worlds of fire or blackness can nature conjure up, quite
different from our own?

When men presume to take the fire of the Sun and put it
experimentally in a bottle, they forfeit all hope of certainty
and repose. Yet the great quest for control over nature starts
gently enough. A child at play with building blocks or sand
or a rubber ball is a human mind engaged in discovering
how matter behaves. Experiments with the rubber ball, for
example, reveal laws of reflection. The child finds that the
ball will come back to him only if he projects it accurately
at a right angle to a flat surface (wall or floor); otherwise it
bounces away from him and another child may grab it and
interrupt the research program.

If all grown-up children had abandoned this kind of play
the human species would still believe that the Earth was at
the centre of the universe, that the planets were propelled
by angel-power, and that thunder was the voice of God. But
some adults retained the boundless inquisitiveness of the
young. Isaac Newton, not the most modest of discoverers,
likened himself to a child playing on the seashore. Critics
nowadays refer scathingly to the “expensive toys” of the
physicists who want many millions of dollars to build a par-
ticle accelerator. Not unfairly—a particle accelerator, for
all its awesome complexity and cost, is simply a modern way
of continuing the experiments with the rubber ball, to see
what happens when the ball is very small and travels almost
at the speed of light.

By strange paths, play leads to far-reaching results. After
the discovery that an electric current creates magnetism,
Michael Faraday made a note to look for electricity from
magnetism. He played repeatedly with magnets and wires
until, ten years later, he discovered electromagnetic induc-
tion. Today, giant turbogenerators confirm his discovery 60
times a second, as they feed electric power to our factories
and kitchens. In James Clerk Maxwell’s hands, Faraday’s
ever-changing electric currents transformed themselves into
mathematical equations predicting the existence of waves
that travelled at the speed of light—indeed were light and
invisible radiations of a similar kind, including radio waves.
Other researchers who were unwittingly taking atoms to
pieces came up with a beam of electrons, which inventors
turned into a magic pencil; today those waves and electrons
enable lesser men to preen themselves on television screens
in 260,000,000 homes.

In this latter part of the 20th century, a word-association
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test for “physicist” may very well evoke “bomb.” By coin-
cidence, investigators of the nature of matter and energy
stumbled upon a way of breaking open the storehouse of
energy in the nucleus of the atom, just as the human species
was entering a period of unprecedented warfare. The
swarms of nuclear-powered submarines that cruise with nu-
clear-tipped, city-killing missiles are a grim enough outcome
of the “game.” The fact remains that the heart of physics
itself is not directed to any such purpose, but is an open, co-
operative effort by scientists of all nations to understand the
material universe we live in.

We inhabit an electric world. It is true that gravity stops us
from falling headfirst into the abyss of space; true also that
the daylight that powers all life comes from the nuclear re-
actor that we call the Sun. But of the great set of natural
forces known to the physicist—gravitational, nuclear, and
electromagnetic—the last, electromagnetism, is the chief
governor of events on Earth.

It operates so discreetly, though, that when men started
rubbing amber on their sleeves and found it attracted dust,
or considered the seeming magic of the north-pointing lode-
stone, nothing suggested that these were more than curiosi-
ties. There was laughter when Benjamin Franklin said that
lightning was electric—until he proved it. Nothing sug-
gested that the colour, quality, and chemical behaviour of
all familiar matter would be explained by research in elec-
tricity and magnetism. But that is in the nature of physics:
you ponder the falling of an apple and realize what holds
the planets in their courses; you look to see what happens
when you pass electric currents through a gas and, in due
course, you find out what holds a stone together and why
grass is green.

A series of discoveries in the late 19th and early 20th cen-
turies illuminated the hidden mechanisms of our electric
world like star shells on a dark night. Diligent work by
chemists had shown that all matter was composed of vast
numbers of atoms, different for each chemical element and
capable of combining in predictable ways to make. mole-
cules and crystals. Indeed there was a remarkable pattern
in the so-called “periodic table”: when the chemical ele-
ments were listed by weight it turned out that elements 3,
11, and 19 . .. all had similar properties; 4, 12, and 20 . . .
were also very much alike, and so on.

This pattern made sense only when the physicists discov-
ered the construction of atomic matter. An atom consists of
a heavy nucleus surrounded by a number of lightweight
electrons exactly neutralizing the electric charge on the nu-
cleus. The electrons group themselves around the nucleus in
“shells,” like the layers of an onion, each shell béing capable
of accommodating a definite number of electrons. The out-
ward face of the atom, its outermost shell of electrons, is
crucial in determining its chemical behaviour. The number
of electrons to be fitted in depends on the charge on the
nucleus. In some elements, the metals, there are only one or
two easily detachable electrons in the outermost shell. Other
elements, the most reactive nonmetals, fall short by only one
or two electrons of a complete outermost shell. These “sur-
plus” and “missing” electrons create a supply-and-demand
situation in which atoms combine chemically by exchanging
or sharing electrons. The repetition of chemical properties
throughout the periodic table arises as one shell of electrons
is completed and the next one begins to fill.

The mechanisms sketched in these last few sentences ac-
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count for almost all the chemical behaviour of all the mat-
“ter on Earth. The electrical and magnetic behaviour of
materials also depends on the arrangements of electrons in
their atoms and, in some cases, on the combined effects
of many atoms packed together in a crystal. The strength
of the chemical bonds formed by electrons, and the related
forces between molecules, determine whether materials are
solids, liquids, or gases; and they help to fix the strength
and flexibility of solids, but in this case the explanations are
complicated by the invisible flaws that exist in all materials.
The colour of materials is explicable by the “jumps,” from
one position to another in the vicinity of an atom, which
the rules allow an electron to make, as the atom, molecule,
or crystal absorbs or emits light of particular energy, or
colour. Make the same electrons in vast numbers of atoms
“jump” the same way simultaneously and you have a very
intense laser beam.

Light and its invisible counterparts—radio waves, infra-
red, ultraviolet, and X-rays—are the purest form of energy.
These “electromagnetic radiations” are created by the jerk-
ing of electrons, sometimes quite gently as in a radio an-
tenna and sometimes very fiercely as when a beam of fast-
moving electrons is suddenly halted by the target in an
X-ray tube. The normal “jumps” of electrons in atoms are
of intermediate intensity. All these radiant forms of energy
can travel through empty space, for example from the Sun
to the Earth.

But energy can readily change from one form to another.
Sunlight captured by green leaves is converted into the
chemical energy of plant-stuff. Coal is plant-stuff buried
millions of years ago when continents collided, and a boiler
can convert the chemical energy of coal into a scalding jet
of steam that turns the blades of a turbine—these are forms
of kinetic energy, the energy of directed movement. Using
Faraday’s trick, the turbine can generate electrical energy.
At the end of this chain of transformations, you can switch
on the electrical energy and reconvert it to light energy,
thereby enjoying the benefits of sunlight after the Sun has
set.

The vibrations of sound and the gravitational energy of
water about to cascade down a mountainside are other
forms of energy. Sooner or later, though, a shout dies away,
water comes to rest, the light from your electric bulb is
absorbed in the wallpaper. Where has the energy gone? It
has been taken up in those random motions of atoms and
molecules that we call heat. All energy degrades to mean-
ingless heat eventually.

Unless there were continuous supplies of new energy,
life and indeed all interesting activity in the universe would
quickly cease. For example, your brain is kept going, as
you read these words, by food—chemical energy produced
by sunlight falling on the Earth just in the past few months.
Those new supplies of energy come from the transforma-
tion of matter into energy.

The Sun is a very ordinary star, lying in the suburbs of
a galaxy consisting of about 100,000,000,000 stars; we see
the rather flat cross section of the galaxy as the Milky Way,
a brushstroke of light across the night sky. There is nothing
special, even, about our Galaxy; it is just one of vast num-
bers of galaxies scattered like ships in a great ocean of space.

The universe is a battleground between gravity and nu-
clear forces. To make a star, gravity sweeps together a mass
of hydrogen gas; it becomes hot and nuclear reactions begin.

The nuclei of hydrogen atoms combine together to make
heavier elements almost, but not quite, as heavy as the sum
of the hydrogen nuclei that went into them. The little bit of
matter that is lost is converted into a relatively immense
amount of energy. It would blow the star apart but for the
strenuous restraint of gravity. A balance is struck and the
size and brightness of a star depends on its mass and on
how much of its nuclear fuel has been burned. Fortu-
nately, our star, the Sun, is a slow-burner; nevertheless, in-
exorable physical changes billions of years from now will
make the Sun grow to fill the whole of our sky and swallow
the Earth.

In a star more massive than the Sun, this “burning” of
nuclear fuel proceeds faster and culminates in a vast explo-
sion called a supernova. In the explosion, nuclear reactions
proceed apace and make all the different chemical elements.
The diverse atoms, heavier than hydrogen, of which our own
bodies are constructed, were made in stars that exploded
before the Sun was formed. Some of the heavy material was
left swirling around the newborn Sun and made the Earth.
Radioactive energy stored in some of the elements provided
an internal source of heat for the Earth that accounts for
volcanoes, earthquakes, and the slow movements of con-
tinents. Sunlight stirred the materials on the surface of the
Earth into chemical activity. Eventually this activity became
organized in peculiar ways, and life began.

So far, so good. But there are new mysteries that are “out
of this world,” in the sense that matter and energy are in-
volved in events far more violent than anything normally
encountered on Earth or even in the Sun: The paramount
questions with which physicists are now wrestling can be
paraphrased as follows: Why is hydrogen the raw material
of the universe? Experiments with the nucleus of the hydro-
gen atom—the proton—are undertaken in the big accelera-
tors that transform the stuff of the atomic nucleus into
bizarre, short-lived particles. These particles have proper-
ties, similar to electric charge, called the hypercharge and
the baryon number. For example, the proton itself has, be-
sides an electric charge of +1, a hypercharge of +1 and
a baryon number of 1. However the particles may trans-
form themselves in violent interactions, the totals of charge,
hypercharge, and baryon number do not change.

Attempting to find out why this partial order remains amid
the confused varieties of nuclear matter, theorists are led
to the idea that the particles we see consist of combinations
of other, quite different particles that they have named
quarks. An early success of this theory was the prediction
of the existence of a new combination, a particle called the
omega minus that eventually turned up in 1964 during an
experiment with the big machine at the Brookhaven Na-
tional Laboratory, Long Island, N.Y. The quarks themselves
have not been discovered at the time of writing.

The next big leap in understanding may well come when the
theory of how small pieces of matter behave is blended with
the theory of gravity, which at present concerns the huge
pieces of matter that make up our universe of galaxies, stars,
and planets. With such a “unified” theory physicists may at
last be able to answer that question about the raw material
of the universe—why hydrogen? At the same time we shall
perhaps come to understand why matter was formed in the
“big bang” with which (as many astronomers now suppose)
the universe came into existence some 10,000,000,000 years
ago; why the “big bang” was not merely a “big flash.”



Even so fundamental an advance would not exhaust the
opportunity for fresh discovery in the physical sciences. An-
other set of pregnant problems results from very strange
objects recently discovered in the sky, namely “hot” galaxies,
quasars and pulsars. The quasars, in particular, are compact
objects of such extraordinary energy that existing laws of
physics seem scarcely able to account for them. The pulsars,
which flash many times a minute, are also very odd, but less
baffling. They are evidently remnants of exploded stars that
have collapsed to the enormous density of the material of
the atomic nucleus. If an ocean liner were compressed to
the density of a pulsar it would be no bigger than a grain of
sand.

The evidence of the pulsars encourages a further idea—
one of the strangest in the whole history of man’s study of
matter and energy. In a pulsar, nuclear forces prevent col-
lapse to even greater densities. But if the collapsed star were
even more massive, gravity would be stronger and it would
overwhelm even the nuclear forces. Then there would be
nothing to stop the process until the whole star had collapsed
to smaller than a peanut. Through the intense gravitational
field thus set up no light could escape and the star would in
effect disappear from the universe. Only its gravity would
remain, like the grin of the Cheshire Cat in Alice in Wonder-
land, and if a space traveller ran into one of these “black
holes” he too would be drawn to the same invisible kernel,
there to disappear forever—or at least until the laws of
physics change.

The possibility that such black holes exist holds out a hope
of explaining the quasars as objects of this kind from which
material somehow “bounces” out. But that is only a little
comfort, when scientists have now to reexamine the theory
of gravity which they thought Einstein had cleared up 60
years ago, and to work out the implications of a universe
peppered with black holes where the familiar laws of nature
are unlikely to apply. There is even the uncomfortable sug-
gestion that our whole universe may be just a big black hole
in someone else’s universe! Physics, the master science, can-
not evade these new battles of the mind.
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Part One. Matter and energy

The outlines, and the articles and parts of articles referred to, in the
thirteen sections of Part One are concerned with the work of all the physical
sciences. The subject matter of the several Earth sciences is dealt with
in Part Two, and that of the biological sciences is treated in Parts Three and
Four.

Three further points should be noted about the scope of Part One and its
relations to other parts.

The sciences of physics, chemistry, and astronomy have themselves been the
object of historical and analytical studies regarding their nature, scope, meth-
ods, and interrelations. Part Ten, on the branches of knowledge, is concerned
with such studies of the intellectual disciplines. The outline and the articles
referred to in Section 10/32 of Part Ten deal with the sciences of physics,
chemistry, and astronomy and treat their history, their nature and scope, and
their principal problems and interrelations.

. The design and operation of observational and experimental instruments are
important in the development of the physical sciences. The treatment of scien-
tific instrumentation is placed in Section 723 of Part Seven, on technology.

Accounts of the several kinds of mathematics used in observation and experi-
ments, and in the derivation and application of physical theories, are set forth
in Division II of Part Ten.

The three increasingly complementary physical sciences of physics, chemis-
try, and astronomy strive for knowledge and for organizing theories about
matter in all its dimensions, from subatomic particles to the cosmos, about all
the states of matter, all the forms of energy, and all the interrelations of
matter and energy.

The outlines and the articles referred to in the two sections of Division I deal
with modern advances in subatomic and atomic physics.

The outlines and the articles referred to in the eight sections of Division II
treat chemical elements; chemical compounds; chemical reactions; heat,
thermodynamics, and the nonsolid states of matter; the solid state of matter;
the mechanics of particles, rigid bodies, and deformable bodies; electricity and
magnetism; and waves and wave motion—both in general and with regard to
particular waves, such as light waves and sound waves.

The outlines and the articles referred to in the three sections of Division III
treat the cosmos; galaxies and stars; and the solar system.

Division I. Atoms: atomic nuclei and elementary particles 20
II. Energy, radiation, and the states and transformation of matter 29
III. The universe: galaxies, stars, the solar system 63

Division I. Atoms: atomic nuclei and elementary particles

The outlines, and the articles and parts of articles referred Section 111. The atomic nucleus; elementary particles
to, in the two sections of Division I deal with modern ad- 112. The structure and properties of atoms

vances in subatomic and atomic physics.

The outline and the articles referred to in Section 111 treat
the experimental evidence for and the theories about the
atomic nucleus and the many kinds of elementary particles.
The section treats the components, structure, and general
properties of atomic nuclei, and such nuclear phenomena as
radioactivity, nuclear fission, nuclear fusion, and the effects
of the passage of radiation through matter.

The outline and the articles referred to in Section 112 deal
with modern theories of the structure and properties of
atoms. The section first deals with scientific evidence for the
existence and the nature of the atoms of matter, with models
of atomic structure, and with the wave-mechanical theory
of the electronic structure of the atom. It further treats
atomic weights, atomic spectra, X-rays and atomic structure,
the concept of antimatter, and the fundamental physical
constants.

27



Section 111. The atomic nucleus; elementary particles

[for Part One headnote see page 20
for Division I headnote see page 20]

The articles and parts of articles referred to in Section 111 deal
with nine main subjects: A, the structure of the atomic nucleus
and general nuclear phenomena; B, isotopes; C, radioactive
nuclei; D, the neutron; E, nuclear reactions; F, nuclear fission;
G, nuclear fusion; H, subatomic particles; and I, the effects of
radiation on matter. ’

The outline of subject A begins with the general properties
and the components of all atomic nuclei. It then covers the re-
lationships between nuclear masses and nuclear binding ener-
gies; the properties of nuclear states; the theories of nuclear
structure and binding force; and general nuclear phenomena
and reactions. At the end, it treats the formation and evolution
of the atomic nuclei in the universe.

Subject B is isotopes, an isotope being one of two or more
atomic species of the same chemical element that have differ-
ent atomic weights. The outline first deals with the classifica-
tion of isotopes, the isotopic composition of the elements, and
their formation by nuclear reactions. It then treats the effects
of isotopic substitution on the physical and chemical properties
of substances and the chemical and physical separation of iso-
topes by mass spectrometry and other methods. Finally, it deals
with those applications of radioactive and stable isotopes in medi-
cine, physics, chemistry, and geology that are treated in Part
Seven.

The outline of subject C begins with the nature of radioactive
emissions, the types of radioactivity, and the natural and arti-
ficial sources of radioactivity. Dealing with the energetics and
kinetics of radioactivity, it covers energy release associated
with radioactive decay; the nuclear models used to explain the
behaviour of nuclear binding; and the rates of radioactive
transitions.

The outline of subject D, the neutron, begins with the prop-
erties of neutrons and their role as components of the atomic
nucleus. It next deals with the sources of neutrons and with
their manipulation and control. Finally, it treats the nuclear re-
actions produced by neutrons and the methods and apparatus
used for neutron detection.

The outline of subject E begins with the classification of nu-
clear reactions—first according to the kind of bombarding radi-
ation or particles, and then according to nuclear processes in-

A. The structure of the atomic nucleus, and general nuclear
phenomena

1. General properties of atomic nuclei

a. Mass

. Charge: atomic number
Radius
. Spin

o a o o

Magnetic moment: nuclear magnetic resonance
phenomena

f. Electric quadrupole moment
2. Components of atomic nuclei
a. Neutrons

[see D., below]
b. Protons

c. Other possible short- and long-lived components

3. Isotopes: atomic species with the same atomic number
but with different atomic masses
[see B., below]

4. Systematic relationships between nuclear masses and
nuclear binding energies: mass defect
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volved or according to their products. It next treats the energy
relationships of nuclear reactions and the theories and models
of nuclear reactions.

Subject F is the splitting of atomic nuclei by nuclear fission.
The outline deals first with the general phenomena of nuclear
fission, covering the spontaneous and induced fission reactions,
the products of nuclear fission, and the energy released in fis-
sion. It next deals with fission chain reactions and their con-
trol. Finally, it treats the different models used in theories of
nuclear fission.

Subject G is nuclear fusion. The outline begins with the gen-
eral phenomena of fusion, the process in which two or more
atomic nuclei combine to form a heavier atomic nucleus. It
deals next with fusion reactions, covering their general types
and energy yield and their occurrence in the Sun, stars, and hy-
drogen bombs. Finally, it treats the basic conditions required
for the operation of a thermonuclear reactor and the possible
approaches to controlled fusion.

Subject H is subatomic, or elementary, particles, the funda-
mental units of matter and energy. The outline begins with the
development of the concept of subatomic particles and the dis-
covery of their several kinds. It goes on to the four basic
forces associated with particle interactions, to the various sys-
tems for classifying the elementary particles, and to the rela-
tion of the particles to conservation laws and symmetry. The
outline further treats the sources of the unstable elementary
particles; the relations of weak interactions to strong and elec-
tromagnetic interactions; the existence of undiscovered particles
suggested by contemporary theoretical ideas; the reactions of
elementary particles with atoms; and theories of nuclear struc-
ture and forces that involve the elementary particles.

The outline of subject I, the effects of radiation on matter, be-
gins with the fundamental processes involved when energetic
particles interact with or pass through matter. It then deals with
the secondary and tertiary physical, chemical, and biological ef-
fects of radiation. It goes on to the significance of radiation-
induced changes in fundamental biological processes and in vari-
ous technological fields. Finally, the outline treats the use of the
fundamental processes of energy transfer for the detection and
characterization of nuclear and elementary processes themselves.
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B.

5.

Nuclear models and the properties of nuclear states: the
(jj)-coupling shell model, the collectively deformed
model, the liquid drop model

6. Theories of nuclear structure and nuclear binding force

. General nuclear phenomena and reactions

a. Radioactivity
[see C., below]

b. Interactions with other nuclear particles
[see E., below]

c. Interactions with electromagnetic radiation

. The formation and evolution of the atomic nuclei in the

universe: nucleosynthesis in stars, novae, supernovae

Isotopes: atomic species with the same atomic number
but with different atomic masses

1.

Classification of isotopes or nuclides

. Isotopic composition of the elements

. Formation of isotopes by nuclear reactions

[see E., below]

. Effects of isotopic substitution on physical and chemical

properties of substances

. Chemical and physical separation of isotopes

a. Mass spectrometry

b. Other methods of separation; e.g., diffusion,
centrifugal separation, thermal diffusion

. Applications of radioactive and stable isotopes

[see 723.G.8.]

Radioactive nuclei: their properties and their radiations

1.

The phenomenon of radioactivity whereby the nucleus
undergoes a spontaneous transition or transformation
with a resulting emission of energy and subatomic particles

. Types of radioactivity characterized by the nature of

nuclear radiation emitted by the parent nucleus: alpha
decay, beta minus decay, beta plus decay, gamma decay,
isomeric transitions, electron capture, spontaneous fission

. Sources of radioactivity

a. Naturally occurring radioactive elements

b. Particle bombardment: fission, bombardment with
high-energy electromagnetic radiation

. Interaction of radiation with matter

[see 1., below]

. The energy release associated with radioactive decay

. Nuclear models used to explain nuclear binding

a. The liquid drop model
b. The shell model
c. The unified model
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b. Alpha decay 15:444c445¢c
c. Beta decay 15:445c-446f 13:337d-e
. 6:688g-h
i. Neutrino production 11:800h—-801c /15:445¢c-g
ii. The nonconservation of parity in beta decay 5:37a-d 15:445g-h
and other weak interactions
d. Gamma transition 15:4461-447c
8. Applications of radioactivity
[see 723.G.8.]
9. Measurement and characterization of radioactivity
[see 1.4., below]
D. The neutron as a component of the nucleus, and in nuclear NEUTRON
reactions 12:1070-1076
1. Properties of neutrons; e.g., charge, mass, spin, magnetic 12:1071e-1072e  13:337c-¢
moment, wave properties
2. The neutron as a component of the nucleus 12:1072e-h 13:337c—g
3. Sources of neutrons; e.g., reactions initiated by charged 12:1072h-1073g  13:304a-d
particles, by gamma radiation, and by fission
4. Manipulation and control of neutrons: moderation, 12:1073h-1074¢  13:314f-h /15:440c—d /
diffusion, absorption, velocity selection 15:526e-f
5. Nuclear reactions produced by neutrons 12:1074e-1075¢/ 13:301d-h/13:314d-f/

15:408d-409a 15:393a-b

a. Elastic scattering
[see E.1.b.i., below]

b. Neutron absorption or capture: nuclear cross sections 4:121d-g 3:48f-g /17:602h-603b
c. Emission of neutrons and charged particles ) 12:1075b— 17:603a-b /19:21h-22¢
6. Neutron detection based on the secondary effects of 12:1075e-1076d
nuclear reactions
E. Reactions of atomic nuclei 13:343g-345¢
1. The classification of nuclear reactions i
a. The types of nuclear reactions classified according to the 15:406d-409a
kind of bombarding radiation or particles
i. Photons of electromagnetic radiation: X-rays, 12:1073e-f 15:392e-h /15:406b—
gamma rays
ii. Fast electrons 15:407g-408d
iii. Simple nuclear particles; e.g., neutrons, protons, ‘ 12:1074e-1075¢/ 15:392h-393b
mesons 15:408d—409a
iv. Heavier nuclear particles; e.g., deuterons, alpha 15:4064—407f 12:1073b-d /13:344c—¢
particles, neon ions
b. The types of nuclear reactions classified according to the 4:120g-121g 14:299g-h
nuclear processes involved or according to their products
i. Elastic scattering 6:662d-663b/
’ 12:1074h-1075a
ii. Inelastic scattering: the Compton effect 6:654a—c/ 15:404h—405¢
12:1075b—c
iii. Capture to form a radioactive nucleus 4:121d-g/
15:436h—437h

iv. Nuclear fission
[see F., below]

v. Nuclear fusion
[see G., below]

vi. Spallation 5:205f-h

vii. Radioactive decay
[see C.2., above]

2. The energy relationships of nuclear reactions 13:307f-g 4:118h-119b /12:492f-g/
13:304d-f /13:343h-344¢

3. Theories and models of nuclear reactions 13:305£-307a/
13:343g-345¢/
18:681f-h
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articles article sections other references
F. The splitting of atomic nuclei by nuclear fission NUCLEAR
FISSION
13:301-307
. Phenomena of nuclear fission 13:302f-304f 13:343e-g
a. Spontaneous and induced fission reactions 13:302f-303b/ 18:681d-e
15:437h-438b
b. Products of nuclear fission 13:303c-304d
i. Fission fragments: radioactive decay chains 13:303¢-304a
ii. Prompt and delayed neutrons 13:304a-d/
12:1073¢g
iii. Radiation: X-rays and gamma rays
[see E.l.a.i., above ]
c. The energy released in fission 13:304d-f
. Fission chain reactions: the critical mass 13:304g-305f
a. Nuclear explosions: nuclear, or atomic, bombs 13:305a— 13:301h-302a/
13:324e-326g passim
b. Controlled nuclear fission 13:305d-f
. Nuclear models and theories of nuclear fission 13:305f-307a /
18:681f-h
a. Liquid drop model 13:305g-306b 18:681f
b. Adiabatic models 13:306b-d
c. Statistical models 13:306d-g
G. The fusion of atomic nuclei NUCLEAR
FUSION
13:307-313
1. Phenomena of nuclear fusion 13:307b-d
. Nuclear fusion reactions 13:307d-309¢
a. General types of fusion reactions 13:307d-f
b. The energy released in fusion reactions 13:307f-g
c. Requirements for intensive fusion reactions 13:308g-309¢
. Occurrence of thermonuclear reactions 13:309e-310f
a. Thermonuclear reactions in the Sun and the stars 13:309¢-310c/ 3:848f-g/4:119a—/
4:120g-121g/ 17:807h-808b
17:598f-600a
b. Thermonuclear explosions: the hydrogen, or 13:310c-f/
thermonuclear, bomb 13:326g-327¢
4. Basic conditions required for a thermonuclear reactor 13:310g-312d
a. The formation of a suitable plasma 13:310g-311e
b. The confinement and control of high-temperature plasma 13:311f-312d 14:508d-f
5. The possible approaches to controlled fusion: progress and 13:312d-313h 6:623b—
prospects for the future
H. Subatomic, or elementary, particles PARTICLES,
SUBATOMIC

13:1022-1035

1. Development of the concept of subatomic particles as the 13:1022e-1026¢

fundamental units of matter and energy

a. The discovery of the various particles 2:335¢c—<¢/ 11:703e-g/12:1071c—</
5:206f-207a 13:334e-335a/13:1023b-d
b. Yukawa mesons and the theory of nuclear forces 13:1023g-1025a/
5:35e-36b/
12:1072¢c-d
c. Advances in quantum field theory: renormalization 13:1025a-1026c/ 6:656d-657¢ passim
theory; dispersion theory 14:420f—422a
d. The known elementary particles 5:34e-35¢/ 11:317f-g /12:870a-b /
11:703c-h 15:399¢-h
i. The electron ELECTRON 6:550e-551e 11:305b—/11:320a—/
6:665-672 11:795h-796a /12:306h-307a
ii. The positron 6:668a— 11:703e-f
iii. The proton 5:77f-g/
13:337c-f
iv. The neutron 13:337c-g 12:1070f-1076d passim



v. The photon

vi. The meson
vii. The other elementary particles

2. The four basic forces associated with particle interactions

10.

a. Gravitational force
b. Weak force

c. Electromagnetic force
d. Strong force

. Systems for classifying the elementary particles

a. The classification according to the forces that influence
them: particles acted upon by strong interactions, called
hadrons, and particles acted upon by weak interactions;
e.g., graviton, lepton

b. The classification according to the kind of statistics they

follow: fermions, which follow the Fermi-Dirac statistics,

and bosons, which follow the Einstein-Bose statistics

c. The classification according to their particle-antiparticle
symmetries, or into two-particle groups that are alike in
some properties and opposite in other properties; e.g.,
electron and positron

d. The classification according to stability: highly unstable,
metastable, and stable particles

e. The classification according to charge multiplets

f. The classification according to unitary symmetry, or the
SU(3) classification

g. The classification according to charged-hypercharge
multiplets, derived from the hypothetical quarks

. Elementary particles and the conservation laws and

symmetry

a. The theory of subatomic particles and the quantum
mechanical symmetry operations

b. Dynamic symmetries: space and time inversion

c. Violation of conservation laws: charge conjugation,
time-reversal, parity

d. Internal symmetries

i. Properties that always obey the conservation laws:
lepton number and baryon number, electric charge,
momentum, energy

ii. Properties that do not always obey the conservation
laws: strangeness, isospin symmetry, SU(3), and
higher symmetries

. Sources of the unstable elementary particles

a. Formation of resonances in high-energy accelerators
b. Production by cosmic ray interactions

. Relations of the weak interactions to strong and

electromagnetic interactions described by conserved current
and algebra of current

. As yet undiscovered particles suggested by contemporary

theoretical ideas

. Reactions of elementary particles with atoms

. Theories of nuclear structure and nuclear forces involving

the elementary particles

Detection and characterization of the elementary particles
[see 1.4., below]
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1. Effects of the passage of nuclear, or elementary, particles,
nuclear radiations, or ionizing radiation through matter

1. The fundamental processes involved when energetic particles
or radiations interact with or pass through matter

a. The passage of electromagnetic waves and their
interaction with atomic structure

i. Resonance
ii. Einstein’s relations: absorption and emission
iii. The Compton effect

iv. The photoelectric effect

v. Pair production
b. The passage of particles or radiations through matter

i. Of heavy charged particles
ii. Of electrons

iii. Of neutrons

2. Secondary and tertiary effects of radiation

a. Physical effects: structural changes in the crystal—e.g.,
expansion and distortion; changes in mechanical
properties—e.g., strain; changes in transport properties—
e.g., heating effects

b. Molecular activation and related phenomena; e.g.,
ionization, luminescence, fluorescence, excitation

c. Chemical effects: the photochemical process and
radiation chemical reactions

d. Biological effects: effects in plant and animal metabolic
and physiological processes

3. Utilization of high-energy radiation in biological, medical,
and technological fields

4. The use of fundamental processes of interaction between
radiation and matter for the detection and characterization
of nuclear and elementary processes

a. Mechanisms of detection systems

i. Ionization and charge collection: Geiger counters,
_spark chambers, cloud and bubble chambers

ii. Conversion of the distributed energy of the primary
ionizing particle into light: scintillation detectors,
photographic films and emulsions

b. Properties of ionization media: the mean free path,
energy, velocity, and motion of electrons in gases; the
conduction of electrons in solids

c. Major types of radiation detectors: scintillation
counters, ionization detectors, spark chambers, cloud

chambers, and bubble chambers
[see 723.F.7.]

d. Applications of radiation detectors in science,
technology, and industry
[see 723.G.8.]
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Section 112. The structure and properties of atoms
[for Part One headnote see page 20

for Division I headnote see page 20]

The articles and parts of articles referred to in Section 112 deal
with six main subjects: A, the atomic nature of matter; B,
atomic weights; C, atomic spectra and the electronic structure
of the atom; D, X-rays and atomic structure; E, the concept of
antimatter; and' F, the fundamental physical constants.

The outline of subject A first deals generally with the nature
of the atom as consisting of the nucleus, a tiny but massive
core, surrounded by electrons, the arrangement and behaviour
of which determine atomic interactions. After dealing with
early speculations about the atomic nature of matter, the out-
line treats the modern scientific evidence for the existence and
nature of atoms. It then treats developments in atomic theory,
covering the Rutherford nuclear model, the Bohr—Sommerfeld
atomic model, and the contemporary wave-mechanical theory
of the electronic structure of the atom.

The outline of subject B treats the variations in atomic weight
as a result of variations in isotopic composition; the signifi-
cance of atomic weights in chemical analysis and chemical
technology; the atomic weight scales; and the chemical and
physical methods for determining atomic weights.

Subject C is atomic spectra and the electronic structures of
the atom. After dealing with the significance and interpretation
of atomic spectra, the outline treats various theories of the

A. The atomic nature of matter

1. The general nature of the atom as consisting of the nucleus,
a tiny massive core, surrounded by electrons, the
arrangement and behaviour of which determine atomic
interactions

2. Early philosophical speculations on the possible atomic
nature of matter

3. The scientific evidence for the existence and the nature of
the atoms of matter

a. Developments in chemistry: Dalton’s theory; the law of
combining volumes of gases; the law of multiple
proportions; Avogadro’s hypothesis; the periodic law

b. The development of spectroscopy and the discovery of
atomic spectra

c. The discovery of the electron as a particle and as a
component of all matter

d. The discovery of X-rays

e. The discovery of the radioactive transformation of one
element into another

f. The Brownian movement of suspended particles

g. The development of mass spectrometry

h. The development of scattering and resonance studies
with atomic and molecular beams

4. Models of atomic structure

~ a. The Rutherford nuclear model of the atom, based on the
alpha-scattering phenomena

b. The Bohr-Sommerfeld atomic model, based on the -
conception of energy levels and quantization

c. The contemporary wave-mechanical theory of the
electronic structure of the atom based on the
contributions of Heisenberg, Schrodinger, de Broglie,
Pauli, Dirac, Lamb, and others

B. Atomic weights
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origin of atomic spectra in quantized electronic transitions.

The outline of subject D covers general X-ray phenomena; the
theory of X-rays and their spectra; the detection and measure-
ment of X-rays; their applications in biological, medical, in-
dustrial, and scientific fields; and the diffraction of X-rays by
crystals.

Subject E is antimatter, comprising elementary particles that
have the mass and charge of electrons, protons, or neutrons—
their counterparts in ordinary matter—but for which the charge
is opposite in sign. The outline deals first with the general prop-
erties of antimatter and with the production of antiparticles
in high-energy collisions. It next treats the invariance of the
laws of physics under charge conjugation—an operation in rela-
tivistic quantum mechanics that transforms every particle into its
antiparticle. Finally, it deals with speculations about the possible
existence and role of antimatter in the universe.

Subject F is the fundamental physical constants. The outline
covers early measurements of such quantities as the velocity of
light and the Newtonian gravitational constant; such modern
measurements as that of the gyromagnetic ratio and the mo-
ment of the proton; the interrelationships among the constants;
and the ways leading to official adoption of values for funda-
mental constants.
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. Variations in atomic weight as a result of variations in

isotopic composition

2. Significance of atomic weights in chemistry

. Atomic weight scales
. Methods used for determining atomic weights

a. Chemical methods based on combining weights of
elements

b. Physical methods; e.g., mass spectrometry, gas density
ratios, X-ray diffraction

C. Atomic spectra and the electronic structures of the atom

1.

1.

Atomic spectra: their significance and interpretation
a. The spectrum of the hydrogen atom

b. The emission spectra of singly and multiply ionized
atoms

¢. Atomic absorption spectra: Fraunhofer dark lines in the
visible part of the solar spectrum

d. The effects of magnetic fields (Zeeman effect) and
the effects of electric fields (Stark effect) on atomic
spectra

e. Intensities, isotope shifts, and fine and hyperfine
structures of atomic spectral lines as related to atomic
structure

. Theories of the origin of atomic spectra in quantized

electronic transitions
a. The classical Bohr theory
b. Wave-mechanical interpretations: transition matrix

elements, wave functions, charge densities, spin-orbit
interactions, the Lamb shift

. X-rays and atomic structure

General X-ray phenomena: production of X-rays in .
evacuated tubes by high-tension sources, production of
secondary radiation, absorption and transmission of X-rays
through matter, wave and particle nature of X-rays,
continuous and characteristic X-rays

. The theory of X-rays and their spectra

a. The structure of the atom as related to the emission of
characteristic X-rays, absorption edges, fluorescence
yield, mesic atoms

b. Continuous X-rays and bremsstrahlung; i.e., the
radiation produced by the sudden retardation of
a fast-moving charged particle in an intense
electrical field

. Detection and measurement of X-rays

. Applications of X-rays in biological, medical, industrial,

and scientific fields
[see 423.B.3.c. and 723.G.8.b.]

. Diffraction of X-rays by crystals

[see 125.A.2.]

E. The concept of antimatter

1. General properties of antimatter

2. Production of antiparticles in high-energy collisions

. Invariance of the laws of physics under charge conjugation,

an operation in relativistic mechanics that transforms every
particle into its antiparticie

. Speculations about the possible existence and role of

antimatter in the universe
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F. The fundamental physical constants: dimensional and
dimensionless constants

1. Early measurements; e.g., of the velocity of light, of the
ratio of electron charge to mass, of the ratio of Planck’s
constant to electron charge, of the Newtonian gravitational
constant

2. Modern measurements; e.g., of the gyromagnetic ratio and
moment of the proton, of the free electron g factor, of the
fine structure of atomic hydrogen

3. New determination of 2e¢ /h; interrelationships among the
constants

4. Standards of measurement: conversion factors, adjustment
of constants, recommended set of fundamental constants,
official adoption of values for fundamental constants
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Division II. Energy, radiation, and the states and

transformation of matter
[for Part One headnote see page 20]

Division I dealt with modern advances in subatomic and
atomic physics.

The outlines, and the articles and parts of articles referred
to, in the first three sections of Division II treat, respectively,
chemical elements, chemical compounds, and chemical re-
actions. The last five sections of this division are concerned
 with heat, thermodynamics, and the nonsolid states of mat-
ter; with the solid state of matter; with the mechanics of
particles, rigid bodies, and deformable bodies; with elec-
tricity and magnetism; and with waves and wave motion.

The outline and the articles referred to in Section 121 first
treat the periodic law of the elements and then give separate
treatment to each of the groups of the chemical elements
in the long form of the periodic table. The outline then deals
with other ways of classifying the elements and with the
occurrence and abundance of the elements in nature.

Section 122 first deals with the development of the theory
of molecular structure and of the theory of chemical bond-
ing. After dealing with classifications of chemical com-
pounds, the section treats the inorganic chemical com-
pounds and the major groups of organic compounds.

Section 123 is concerned with theories and classifications
of chemical reactions; with the energy changes in chemical
reactions; with the rates of chemical reactions; with the
mechanisms of chemical reactions; with such major types as
acid-base, oxidation—reduction, and photochemical reac-
tions; and with the principles of chemical synthesis.

Section 124 first deals with the principles of thermody-
namics and the nature of heat. After dealing with the
gaseous state and the liquid state of matter, the section
treats solutions and solubility; physical effects at surfaces;
the plasma state of matter; the properties of matter at ex-
treme conditions; and transport phenomena.
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Section 121. Chemical elements: periodic variation in their

properties

122. Chemical compounds: molecular structure and

chemical bonding
123. Chemical reactions

124. Heat, thermodynamics, and the nonsolid states

of matter

125. The solid state of matter

126. Mechanics of particles, rigid bodies, and
deformable bodies: elasticity, vibrations, and

flow

127. Electricity and magnetism
128. Waves and wave motion
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30 Part One. Matter and energy

Section 125, dealing with the solid state of matter, first sets
forth descriptive studies of modern crystallography and the
general theory of the crystalline solid state. It goes on to
deal with ionic crystals and with metals. Finally, it treats
semiconductors and insulators and the glassy or amorphous
state of matter characteristic of noncrystalline solids.

Section 126 is concerned with the mechanics of particles,
rigid bodies, and deformable bodies. It first deals with the
principles of classical mechanics and with relativistic me-
chanics in inertial systems of reference. The section further
treats the stress dynamics of elastic materials; vibrations of
elastic bodies; fluid mechanics, including gas dynamics; and
rheological phenomena of deformation and flow.

Section 127 is concerned with electricity and magnetism.
The section first treats the static electric charge and moving
charges and electric currents. It goes on to deal with the phe-
nomena and theories of magnetism. After treating the theory
of fields in physics, it deals. with the electromagnetic field
and the theory of electromagnetic radiation and with rela-
tivistic electrodynamics.

Section 128 first deals with general wave phenomena and
the theory of wave motion. It then treats electromagnetic
waves, including separate coverage of light waves; the fo-
cussing and imaging of waves; and sound waves.

Section 121, Chemical elements: periodic variation in their
properties
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 121 deal
with the chemical elements—the substances that cannot be de-
composed into simpler substances by ordinary chemical proc-
esses. They treat four main subjects: A, the periodic law of the
elements; B, the groups of elements in the long form of the
periodic table; C, other classifications of the elements; and D,
the occurrence and abundance of the elements in nature.

The outline of subject A begins with the discovery in the mid-
19th century of the fact that the chemical elements show a
periodic recurrence of properties when they are arranged in an
order approximating that of increasing atomic weight. It goes
on to the 20th-century discovery that the order of the elements
in the periodic system is that of their atomic numbers—the in-
tegers characteristic of the elements that are equal to the posi-
tive electrical charges of the atomic nuclei expressed in elec-
tronic units. The outline next deals with the early and the cur-
rent tabular arrangements based on the periodic law, which
brings elements with similar properties into juxtaposition. Fi-
nally, it treats developments in modern atomic physics and in

A. The periodic law of the elements: the systematic classification
of the elements on the basis of their chemical and physical
properties and atomic structures

1. Historical development of the periodic law: the grouping of
the elements in the order of their atomic weights; in the
order of their atomic numbers

2. The arrangement of the elements in various forms of the
periodic table; the usefulness of the long form of the table

3. The relationship of the electronic structure and
configuration of the atoms to the periodic table

4. Periodicity in properties of the elements: the metals, the
semimetals, the nonmetals, the transition elements, the
transuranium elements

the theory of quantum mechanics that yield an understanding
of the electronic structure of atoms and an explanation of the
periodic law in such terms.

The outline of subject B first involves separate treatments of
each of the groups of chemical elements in the long form of
the periodic table: hydrogen, the alkali metals, the alkaline-
earth metals, the boron group elements, the carbon group, the
nitrogen group, the oxygen group, the halogen elements, the
noble gases, the zinc group, the transition elements, the rare-
earth elements, and the actinide elements.

The outline of subject C deals with other classifications of the
elements or groups of them, such as their division into metals,
semimetals, and nonmetals, stable and radioactive elements, or
native and combined elements. It then deals with the man-
made elements called transuranium elements.

The outline of subject D treats estimates, obtained primarily
from spectroscopic evidence and from chemical analysis of me-
teorites and terrestrial matter, of the relative abundance of the
elements.

articles article sections other references
PERIODIC LAW 4:116c-h
14:75-81
14:75¢-77b 2:334a—/11:900c—<
14:77b-79c/ 4:85d-g/15:515a—</
4:173c-f 18:600g-h
14:79d-80a / 1:64g-65c /3:44e—f /8:561d-g/
3:839g-841a/ 13:122d-h /16:524h-525¢
17:463e—465c
14:80a-81b/
1:65h-67a/

1:580h-582g/
1:589g-590d /
3:44h-46h/

13:122d-124f/
13:138h-139g



5. Extension of the periodic table: possible existence of
superheavy elements

B. The groups of the chemical elements in the long form of the
periodic table: their occurrence, history, physical and
chemical properties, principal compounds, production, and
uses

1. Hydrogen: its forms, isotopes, and compounds

a. Orthohydrogen and parahydrogen

b. Hydrides; e.g., metal hydrides, volatile hydrides, boron
hydrides

c. Acids

d. Deuterium and tritium

e. Water: its structure, forms, and physical and chemical
properties

2. The alkali metals, or the Group Ia elements of the periodic
table

a. Comparative chemistry of the alkali metals
b. Individual alkali metals

i. Lithium

ii. Sodium

iii. Potassium

iv. Rubidium

v. Cesium

vi. Francium

3. The alkaline-earth metals, or the Group IIa elements of the
periodic table

a. Comparative chemistry of the alkaline-earth metals
b. Individual alkaline-earth metals

i. Beryllium

ii. Magnesium

iii. Calcium

iv. Strontium

v. Barium

vi. Radium

4. The boron group of the elements, or the Group IITa
elements of the periodic table

a. Comparative chemistry of the boron group elements
b. Individual boron group elements
i. Boron

ii. Aluminum

iii. Gallium
iv. Indium
v. Thallium

articles

article sections
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other references

18:681h-684b

CHEMICAL
ELEMENTS
4:114-118
HYDROGEN AND 7:927a—f
ITS COMPOUNDS
9:93-97
9:94a—c
9:94g-95¢ 3:47e-48d /3:849f-850a
4:91h-92b
9:95f-g/ 1:45d-47g passim [
3:863¢-871c/ 8:568¢c-569f /8:571f-572b/
7:733f-734a / 8:574c-g /13:123h—124a/
13:711g-712h 13:128a-b
9:96b—g
WATER 1:1029¢c-g/ 8:869d
19:633-637 9:177b-178¢c/
13:488c-491a/
13:814g-815b
ALKALI METALS
AND THEIR
COMPOUNDS
1:580-588
1:580h-582g
1:582g-588a
1:582g-583h 13:761e-f
1:583h-585g 16:1005e-1007h passim
1:585h-586g/ 5:506¢c-g/
4:133e-f 16:1005e-1007h passim
1:586h-588a 5:506g-507c
1:586h-588a /
18:287h-288c
1:588a
ALKALINE-EARTH
METALS AND
THEIR
COMPOUNDS
1:589-595
1:589g-592g
1:592h-595a
1:592h-593¢
1:593c-g/ 6:714f-h
11:302d-g
1:593g-5%4c¢ 3:586a-f/6:714c—f
1:59%4c-d 6:714h-715b
1:594d-f
1:594g-595a 15:465¢e-f
BORON GROUP
ELEMENTS AND
THEIR
COMPOUNDS
3:44-50
3:44e-46h
3:46h-50f
3:46h—48g 8:844g-h /9:95g-96a /
12:238¢c-d /13:716g-h
3:48h-49g 1:643h-644d [1:646e—647a |
7:736d—/13:716h-717b
3:49g-50b
3:50b-c
3:50c-f
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5. The carbon group of the elements, or the Group IVa
elements of the periodic table

a. Comparative chemistry of the carbon group elements
i. Electronic structure

ii. General properties of the group; e.g., crystal
structure, atomic size, catenation reactions

b. Individual carbon group elements
i. Carbon

ii. Silicon

iii. Germanium
iv. Tin

v. Lead

6. The nitrogen group of the elements, or the Group Va
elements of the periodic table

a. Comparative chemistry of the nitrogen group elements
b. Individual nitrogen group elements
i. Nitrogen

ii. Phosphorus

iii. Arsenic
iv. Antimony

v. Bismuth

7. The oxygen group of the elements, or the Group VIa
elements of the periodic table

a. Comparative chemistry of the chalcogens, or the oxygen
group elements

b. Individual chalcogen elements
i. Oxygen

ii. Sulfur

iii. Selenium
iv. Tellurium
v. Polonium

c. Chalcogen compounds: oxides, halides, oxyacids,
oxyhalides, hydrogen chalcogenides, metal
chalcogenides

articles article sections other references
CARBON GROUP
ELEMENTS AND
THEIR
COMPOUNDS
3:838-852
3:839f-845a
3:839g-841a 16:524f-g
3:841a-845a
3:845a-852f
3:845a-848g/ 2:1040b-¢/
4:107b—c 3:817f-820c passim |
3:820d-823a passim |
3:860h-863d passim
9:80f-g /12:856b—h
3:848h—850e/ 6:578g-579b /7:736b-d /
16:752a-d 15:396d-¢ /16:514c—d
3:850e-851c
3:851d-h/ 18:426f-g
18:432a-433c
3:852a—f/
10:727f-728b
NITROGEN
GROUP
ELEMENTS
AND THEIR
COMPOUNDS
13:120-135
13:122d-124f
13:124f-135b
13:124f-129a / 13:693g-700h passim
2:1040f-1041d /
4:134c-135f/
7:925¢f/
13:820d-h
13:129b-131g/ 6:715¢-d/
4:133f-134b 13:701a-706d passim |
13:815h-816b
14:288h-290d passim
13:131g-133¢c/
12:855f-h
13:133c-134d
13:134d-135b
OXYGEN GROUP
ELEMENTS AND
THEIR
COMPOUNDS
13:809-824

13:812a-813d

13:813d-818b

13:813d-816b/
2:308d-309f/
3:846h-848b/
3:852d-e/
7:924e-925b

13:816c-817c/
2:1041d-g/
7:928g-929a /
13:707f-708b/
17:791f-h

13:817c-h

13:817h-818a
13:818a-b
13:818c-824b

1:591e-g/3:844g-h/
4:100h-101d /13:127d-128a/
13:130d-h

3:844h-845a /12:855h-856b /
12:858a-b

12:856h-857b
12:856h-857b

13:706e-714a passim



8.

9.

10.

The halogen elements, or the Group VIIa elements of the
periodic table

a. Comparative chemistry of the halogen elements
b. Individual halogen elements

i. Fluorine

ii. Chlorine

iii. Bromine

iv. Iodine

v. Astatine

The noble gases, or the Group 0 elements of the periodic
table, formerly called the inert gases

a. Comparative chemistry of the noble gases
b. Individual noble gases

i. Helium

ii. Neon
iii. Argon
iv. Krypton
v. Xenon
vi. Radon

¢. Compounds of the noble gases: the stability of and
bonding in noble gas compounds; compounds of the
individual noble gases

The zinc group elements, or the Group IIb elements of the
periodic table

a. Comparative chemistry of the zinc group elements
b. Individual zinc group elements

i. Zinc

ii. Cadmium

iii. Mercury

11. The transition elements: elements with partly filled 4 or f

orbitals occupying the middle portion of the periodic table

a. The transition elements as a group: their physical and
chemical properties as related to their electronic
structures; general compounds formed; comparison with
other group elements in the periodic table

b. Theories of transition metal complexes: crystal field and
ligand field theories; molecular orbital theory

c. Individual elements of the first transition series
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articles article sections other references
HALOGEN
ELEMENTS
AND THEIR
COMPOUNDS
8:560-575
8:561¢c-563d 13:683d-685¢
8:563d-575¢g/ 13:124b-d /13:131a-d
4:136¢-137¢c/
5:139e-g/
13:682¢c-692¢
8:563d-566d/
4:137a-f
8:566d-570¢/ 3:49¢c-¢/3:872f-h
4:136¢c-137a/
7:929a-c
8:570e-572¢/
4:137f-h
8:572e-575¢/ 6:715e-f
4:138a/
13:691h-692d
8:575¢c-¢g
NOBLE GASES
AND THEIR
COMPOUNDS
13:137-142
13:137g-139g
13:139g-140g/
7:925h-926h
13:139g-140b/ 2:310h-311b/7:926a—
11:163f~h
13:140b—c
13:140c-d 7:926¢cf
13:140d—
13:140f
13:140g
13:140h-142f 13:816b
ZINC GROUP
ELEMENTS
AND THEIR
COMPOUNDS

19:1143-1146

19:1143d-1144g
19:1144h-1146g
19:1144h~1145b/

19:1145g-h/
19:1146¢c—¢/
19:1146h-1147¢/
19:1150b-d
19:1145b—</
19:1146a-b/
19:1146e-f
19:1145¢-d/ 11:921h-922b
19:1146b—c/
19:1146f-g
TRANSITION 11:309a-b
ELEMENTS
AND THEIR
COMPOUNDS
18:600-627

18:601b-609h / 4:87f-88d /9:95b—/
13:717f-721h

14:80c—<

18:609h-611e/ 5:137c-£/13:715¢f

4:101h-103b

18:611e-619f 4:102c-103b

11:1090h-1091c /13:715¢f /
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article sections

articles other references
i. Titanium 18:612b-g 18:456d-g
ii. Vanadium 18:612b-613d
iii. Chromium 18:613d-614¢/
4:570c-571b

iv. Manganese

18:614f-615b

v. Iron 18:615¢c-616g/ 7:736f-737b /9:894a-895b /
7:1032h-1033d  12:857g-h
vi. Cobalt 18:616g—617¢ 4:808a-809f passim
vii. Nickel 18:617f-618g/
13:72g-73h
viii. Copper 18:618g-619f/
5:151d-152a

d. Individual elements of the second and third transition 18:619f-627¢
series
18:620b-621b
18:621b-622a
18:622b-623d 18:736¢~d
18:623d-624a
v. Ruthenium and osmium 18:624a-h
18:624h-625d
18:625d-626d 12:855b—/12:857f-g/
14:529g-530h passim
18:626d-627¢/ 12:853h—-854h [12:857c—¢
8:23%-g/
16:776d-777a

i. Zirconium and hafnium
ii. Niobium and tantalum
iii. Molybdenum and tungsten
iv. Technetium and rhenium

vi. Rhodium and iridium
vii. Palladium and platinum

=

viii. Silver and gold

e. The lanthanide elements
[see B.12., below]

f. The actinide elements
[see B.13., below]

12. The rare-earth elements of the periodic table: the lanthanide RARE-EARTH
elements ELEMENTS
AND THEIR
COMPOUNDS
15:515-521
15:517¢-521b

15:517c-518g
15:518h-519f

a. Comparative chemistry of the rare-earth elements
i. Electronic structure
ii. Chemical properties

14:80e-g /18:620a-b

iii. Physical properties
iv. Nuclear properties

15:519f-521a
15:521a-b

b. Production and processing of rare-earth metals
[see 724.C.3.u.]
c¢. Individual rare-earth elements 15:515a-517b
i. Scandium 15:515a-517b passim
ii. Yttrium 15:515a-517b passim

iii. Lanthanum
iv. Cerium

v. Praseodymium
vi. Neodymium
vii. Promethium
viii. Samarium

ix. Europium

X. Gadolinium

15:515a-517b passim
15:515a-517b passim
15:515a-517b passim
15:515a-517b passim
15:515a-517b passim
15:515a~517b passim
15:515a~517b passim
15:515a-517b passim

xi. Terbium 15:515a~517b passim
xii. Dysprosium 15:515a-517b passim
xiii. Holmiuym 15:515a-517b passim
xiv. Erbium 15:515a-517b passim
xv. Thulium 15:515a-517b passim

xvi. Ytterbium
xvii. Lutetium

15:515a-517b passim
15:515a-517b passim



13. The actinide elements of the periodic table

a. Comparative chemistry of the actinide elements
b. Individual actinide elements
i. Actinium
ii. Thorium
iii. Protactinium
iv. Uranium
v. Neptunium
vi. Plutonium
vii. Americium
viii. Curium
ix. Berkelium
x. Californium
xi. Einsteinium
xii. Fermium
xiii. Mendelevium
xiv. Nobelium
xv. Lawrencium

C. Other classifications of the elements or groups of them

1.

7.

Metals, semimetals, or metalloids, and nonmetals

2. Stable and radioactive elements

3. Native and combined elements

4.

5. Synthetic elements: transuranium elements

Noble metals, including the platinum group of the metals

. Biologically active or essential elements

[see 335.A.4.b.]

Technologically significant elements
[see 724.C.3.]

D. The occurrence and relative abundance of the elements in
nature

1.

On Earth

a. In the crust
[see also 214.C.]

b. In the hydrosphere
[see also 222.B.1. and C.1.]

c. In the atmosphere
[see also 221.A.1.c.]

d. In the biosphere

2. In the solar system, especially in the Sun and in meteorites

articles

article sections
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1:64g-68b
1:68¢c-70h
1:68b—c
1:68¢c—f
1:68f-h

1:68h-69¢c/
7:1033d-g
1:69c—f

1:69f-h
1:69h-70b
1:70b—
1:70c—d
1:70d—e
1:70e—f
1:70f
1:70g
1:70g
1:70h

14:80g-81b

18:1034e-1035b

11:1086b-g

3:840c—d /4:116h-117a

4:117d—[9:1055d-1057¢

12:236f-239f

12:853f-858¢ passim

18:624a-626d

TRANSURANIUM
ELEMENTS
18:677-684

4:117f-g/
6:701c-712a/
13:809h-810e /
15:516e-517b

3:848h-849a /
3:851d-e/
3:852a-b/
6:703h-709¢ /
8:563d-f/
8:566d-e/
9:201h-202¢/
12:857b-858¢
15:521b-f/
18:604c—¢/

18:1034h~1035b

6:709¢c-710f/
7:734a-735a

2:308d-g/
6:710g-712a

2:1039g-1042h/

16:766¢c—g

3:850e-g /9:894f-895b/
16:1005h—1006b /19:1147c—d

13:484h—486b

6:713d-715h passim
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12:43d-44h/

12:429h-431b/

17:802c-803d

10:900f-901b /17:602a-b
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3. In the stars

4. In the rest of the universe

Section 122. Chemical compounds: molecular structure and
chemical bonding

[for Part One headnote see page 20
for Division II headnote see page 29]

The articles and parts of articles referred to in Section 122 deal
with five main subjects: A, molecular structure; B, chemical
bonding; C, classifications of chemical compounds; D, inor-
ganic chemical compounds; and E, organic chemical com-
pounds.

The outline of subject A treats the history, development, and
experimental and theoretical bases of the theory of molecular
structure. The outline first deals with early concepts of molecu-
lar structure and with quantum-mechanical and electrostatic
approaches to the theory of molecular structure. It goes on to
treat molecular bonds and shapes, the time-dependency prop-
erties of molecules, and the relation of molecular structure to
the properties of bulk matter. After dealing with the procedures
for the determination of molecular structures, the outline treats
the theory and the types of molecular spectra.

Subject B is the chemical bonding that holds atoms together
in various kinds of associations, such as those in molecules,
crystals, and metals, and which results when the electron struc-
ture of an atom is altered sufficiently to link it with the electron
structure of another atom or atoms. The outline first deals with
the general development of the theory of valence, or chemical
bonding, covering the early electronic theory of valence and
the later quantum-mechanical treatment of bonding. It deals
next with other bonding effects such as hydrogen bonding and
bonds in electron-deficient compounds. It goes on to the de-
velopment of techniques for experimental observations of
chemical bonding. Special treatment is then given to various
kinds of anomalous molecular structures and molecular frag-

A. The theory of molecular structure: its history, development,
and experimental and theoretical bases

1. Early concepts of molecular structure

2. Quantum mechanical and electrostatic approaches to the
theory of molecular structure

3. Molecular bonds and shapes

a. Spatial arrangement of atoms: chains, rings, chelates,
polymers

b. Isomers: substances having the same composition
and molecular weight but different molecular
structures

i. Structural isomers: functional group isomers;
positional isomers

ii. Stereoisomers: cis-trans isomers; optical isomers

iii. The effects of stereoisomerism in chemical reactions
4. Time-dependency properties of molecules

5. Molecular structure and its relation to the properties
of bulk matter

articles article sections other references
4:119d-g/
6:701d-h
9:799d-f/ 5:202g-203d
12:932e-f

ments with apparently anomalous valences, such as free radi-
cals, carbenes, carbanions, and carbonium ions.

Subject C is the various systems of classification of chemical
compounds—pure substances made up of identical molecules
containing atoms of two or more elements. The article referred
to deals with the methods chemists have devised for rationally
organizing the mass of information about the millions of
known chemical compounds. It treats, among the most useful
schemes for their classification, those based on the elemental
composition of the compound; those based on the types of
bonds that exist in molecules between their component atoms;
and those based on the varieties of chemical reactions they un-
dergo. It also refers to other classifications—one based on the
physical state of a pure substance—as gas, liquid, or solid; and
one based on the source of a compound—as natural or
synthetic.

Subject D is inorganic chemical compounds, defined as com-
pounds of the chemical elements other than carbon. The out-
line first deals with the nomenclature of binary, ternary, and
coordination compounds. It goes on to treat the structural clas-
sification of inorganic compounds; methods of preparing inor-
ganic compounds; and reactions of inorganic compounds.

Subject E is organic chemical compounds. Articles are first
referred to that separately treat the properties of twenty-one
major groups of organic compounds. The outline then covers
the preparation and purification of organic compounds;
their general physical properties; and the reactions of organic
compounds.
other references

articles article sections

MOLECULAR
STRUCTURE
12:309-318

12:309d-g

12:309g-310/
3:817h-819b/
3:820g-821d/
4:88d-93¢c

12:310c-313e

12:310c-312c /
3:825g-826h/
9:81h-83h/
9:1044b-1045a /
14:768h-769d

12:312d-313¢/
5:138b—f

4:169h-170f

4:172d-£[13:694e-695a |
13:701e-h /17:678d-f/
19:633e-h

ISOMERISM 4:84h—85¢

9:1032-1043

9:1033f-1035d/
12:312¢-313a/

1:49c-d /4:108b-d

9:81b-¢
9:1035d-1043a/ 4:85b—/4:102f-h/
12:313a—¢/ 4:108f-109a /4:1089d—< /
3:825a-c¢ 5:138d-£/9:85d—f/
18:605f-606d
9:1043b-¢ 4:150f-g /4:155g-h
12:313f-315a/ 17:466e—f
7:916f-917a
2:315h-316¢/ 13:524h-525¢g
1:460d—461c



a. The physical properties of matter as affected by
molecular size, shape, and interactions, and interactions
of molecules with radiations and fields

b. The chemical behaviour of matter as determined by
the nature of molecular bonds

c. The chemical, physical, and biochemical properties
of a substance inferred from its known or postulated
molecular structure

. Experimental and theoretical procedures for the
determination of molecular structures

a. The separation, isolation, and purification of
chemical substances based on chemical equilibria and
rate phenomena

i. By volatility differences: distillation, sublimation,
evaporization

ii. By chromatography: liquid phase, gas phase,
thin layer

iii. By solubility differences: precipitation, crystallization,
zone melting, solvent extraction

iv. By ion-exchange reactions

v. By electrophoresis and electrolytic methods

vi. By mechanical methods: filtration, sedimentation,
sieving, flotation, centrifugation

b. Classical methods of qualitative and quantitative
analysis

c. Instrumental methods used to identify functional
groups, molecular sub-units, and structural features

i. Spectrochemical methods: microwave, infrared,
ultraviolet, Raman spectroscopy, colorimetry,
atomic absorption spectroscopy

ii. Mass spectrometry

iii. Magnetic resonance spectrometry

iv. Thermometric methods: thermogravimetry,
calorimetry, cryoscopy

v. Radiochemical methods: radiometric analysis,
activation analysis, isotopic dilution

vi. Electrochemical methods: potentiometry,
polarography, electrodeposition, oscillometry

d. Diffraction methods for determining molecular
structures

i. Electron diffraction
ii. X-ray and neutron beam diffraction

e. Physical methods used to determine optical activity,
magnetic susceptibility, calorific values, heat of
combustion, activation energy, and reaction rates

articles

article sections
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13:684f-685¢
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f. The synthesis and characterization of derivatives, or
specifically modified molecules

g. The determination of molecular weight based on
thermodynamic theory, on transport phenomena,
and on known spatial arrangements of atoms in
the solid state

h. The principles of conformational analysis as
related to molecular structure

i. Scattering of molecular beams and its
usefulness in the study of molecular interactions

7. Spectra of molecules
a. The theory of molecular spectra

b. Types of molecular spectra
i. Microwave spectra
ii. Infrared spectra
iii. Raman spectra
iv. Visible and ultraviolet spectra

c. The interpretation of molecular band spectra in
determining molecular structure

B. The theory of chemical bonding: its development and
experimental bases

1. Nonquantum treatments of chemical bonding

a. Early ideas and concepts of chemical bonding

b. The early electronic theory of bonding

i. The nature of ionic bond: shell theory, ion pairs

ii. The nature of covalent and coordinate bond:
the octet

c. The theory of bonding based on the quantum-mechanical
treatment of atomic structure

2. Quantum-mechanical treatment of chemical bonding

a. Atomic and molecular orbital concepts: localized
and delocalized orbitals, symmetry characteristics,
bonding and antibonding orbitals

b. Bonding in the hydrogen molecule: the valence-bond
method versus the molecular orbital method of
calculating energy relations in bonding

c. Bonding in simple polyatomic molecules

d. Quantum-mechanical calculations: empirical
and nonempirical methods of determining electron
energy correlations
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3. Other bonding effects: hydrogen bonding; metallic bonds

in metals, intermetallic compounds, and coordination
compounds; bonds in crystals, in weak associations, and in
electron-deficient compounds

4. Experimental observation of chemical bonding

. Anomalous molecular structures, or molecular fragments

with apparently anomalous valences

a. Free radicals: molecular fragments that arise
from the cleavage of a chemical bond producing two
separate entities each of which contains a single
unpaired electron from the broken bond

b. Carbenes: highly reactive molecules containing
carbon atoms that form only two of the four
bonds that they normally form with other atoms

c. Carbanions: carbon-containing molecules with
negative charges

d. Carbonium ions: carbon-containing molecules with
positive charges

C. Systems of classification of chemical compounds or substances

. By their elemental composition or molecular structure:

organic, inorganic, organometallic, nonstoichiometric
compounds

2. By their bond type: ionic, covalent, and coordination
compounds
3. By their chemical reactivity: acids, bases, and salts;
oxidizing and reducing agents
4. By their physical state: gas, liquid, and solid
5. By their origin: natural and synthetic
D. Inorganic compounds
1. Nomenclature of binary, ternary, and coordination
compounds
2. Structural classification of inorganic compounds
a. Salts
b. Oxides, anhydrides, acids, and bases
c. Coordination compounds
d. Organometallic compounds
[see E.l.c., below]
e. Catenates
f. Inorganic polymers
g. Special nonmetallic derivatives
3. Methods of preparation of inorganic compounds
4. Reactions of inorganic compounds; e.g., acid-base,

substitution, isomerization, oxidation-reduction, addition

E. Organic compounds

articles
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1. The major groups of organic compounds: their
nomenclature, chemical and physical properties,
synthesis, occurrence, reactions, and analysis

a.

—.

2. Preparation and purification of organic compounds

Hydrocarbons: aliphatic and aromatic

. Organic halogen compounds: alkyl, alkenyl, and

alkynyl halides; aryl halides

. Organometallic compounds

. Alcohols, phenols, and ethers

. Carboxylic acids and their derivatives

. Aldehydes, ketones, and their derivatives

. Organic nitrogen compounds

. Organic sulfur compounds

Organic phosphorus compounds

Organic silicon compounds

. Heterocyclic compounds

. Oils, fats, and waxes

. Carbohydrates

. Amino acids, proteins, and peptides

. Isoprenoids and terpenes

. Steroids and their derivatives
. Nucleotides and nucleosides
. Nucleic acids: DNA and RNA

. Alkaloids

. Dyestuffs and pigments

. Organic polymers
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3. Physical properties of organic compounds

4, Reactioqs of organic compounds; e.g., addition,
substitution, displacement, hydrolysis, pyrolysis,
condensation, polymerization, molecular rearrangement

Section 123. Chemical reactions
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 123 deal
with eight main subjects: A, general considerations regarding
chemical reactions; B, energy changes in chemical reactions; C,
the rates of chemical reactions; D, the mechanisms of chemical
reactions; E, acid-base reactions and equilibria; F, oxidation—
reduction reactions; G, photochemical reactions; and H, chemi-
cal reactions and chemical theory in the synthesis of chemical
compounds.

The outline of subject A begins with basic concepts and major
theories concerning chemical reactions—processes of change
during which either two or more substances change or one sub-
stance changes into at least two other substances. It then deals
with the methods of classifying chemical reactions. The articles
referred to here treat the principal kinds of chemical reactions,
classified according to the relationship between the starting ma-
terials and the final product. Articles referred to at B, C, and D
treat the reactions that are classified according to the energy
changes involved, to the rates involved, and to the mechanisms
involved.

The outline of subject B treats the classification of chemical
reactions according to the energy changes involved; the signifi-
cance of activation energy in chemical reactions; and the ther-
modynamic relations in chemical reactions.

The outline of subject C first treats the factors that affect the
rates or direction of chemical reactions; the factors that affect
the kinetic order of the reaction; the factors that affect the ex-
tent of the reaction; and complex reactions. It further covers
the experimental methods for studying chemical kinetics and
kinetic studies as a means of elucidating reaction mechanisms.

Subject D involves detailed studies of the changes in bonding
patterns of molecules involved in chemical reactions. The out-
line covers the factors that influence the course or overall route
of change in the reaction; the energy changes through single-

A. General considerations of chemical reactions

1. Basic concepts involved in the study of chemical reactions;
e.g., transformation, conservation of mass and energy, law
of simple multiple proportions in compounds

2. Growth of major theories concerning chemical reactions

3. Classification and nomenclature of the principal kinds of
chemical reactions

a. According to the relationship involved between the
starting materials and the final products

i. Decomposition reactions
ii. Polymerization reactions

iii. Chain reactions
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stage and multi-stage processes; the factors that reveal the mech-
anism of a reaction; the classification of reaction mechanisms;
and selected mechanisms of the principal types of reactions.

The outline of subject E begins with the general properties of
acids and bases and with theoretical approaches to the definition
of these compounds that react to form salts. It goes on to the
detailed studies of acid—base reactions and of the quantitative
aspects of acid—base equilibria. The outline ends with the experi-
mental study of acid—base reactions and equilibria.

Subject F is oxidation—reduction reactions—a large and diverse
body of processes, some as common and familiar as fire, the
rusting of metals, respiration, and photosynthesis. The outline
first deals with major classifications of oxidation-reduction re-
actions. It then treats definitions of oxidation and reduction and
theoretical aspects of these reactions. After treating electrochem-
ical reactions, it deals with oxidation—reduction reactions in bio-
logical systems and in combustion and flames.

Subject G is photochemical reactions—chemical processes ini-
tiated by visible, infrared, or ultraviolet radiation. The outline
covers the photochemical process, beginning with the absorp-
tion of a quantum of electromagnetic energy by an atom or mol-
ecule; the experimental methods used in photochemistry; and the
applications of photochemical processes in synthetic chemistry,
in radiation chemistry, and in the studies of the atmosphere and
of biological processes.

Subject H is chemical synthesis, the construction of complex
chemical compounds from simpler ones. The outline deals with
factors involved in the technique of chemical synthesis. It first
treats factors that affect the choice of a specific synthetic path
and the factors that affect the choice of reaction conditions. The
outline then indicates that the isolation, purification, identifica-
tion, characterization, and analysis of products are treated in
Section 122.
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Part One. Matter and energy

iv. Substitution reactions
v. Addition and elimination reactions

vi. Oxidation-reduction reactions
[see F., below]

vii. Acid-base reactions
[see E., below]

b. According to the energy changes involved
[see B.1., below]

c. According to the reaction rates or chemical kinetics
involved
[see C.6., below]

d. According to the reaction mechanism involved
[see D.4., below]

B. Energy changes in chemical reactions

C.

1. The classification of chemical reactions according to energy
changes involved: exothermic and endothermic

2. The significance of activation energy in chemical reactions

3. Thermodynamic relations in chemical reactions

a. Chemical equilibrium

b. Free energy changes and entropy changes in chemical
reactions

Rates of chemical reactions

1. Factors that affect the rate or direction of chemical
reactions

. Solvents

. Temperature
. Pressure

. Catalysts

a0 o

i. Homogeneous catalysis
ii. Heterogeneous catalysis
iii. Theories of catalytic action
iv. Enzymes as biological catalysts
[see 321.B.7.]

e. Collisions
f. Light

g. Isotopic substitution

h. Molecular structure; e.g., steric hindrance, inductive
effects
2. Factors that affect the kinetic order of chemical reactions:
concentration of reactants, mechanism of reaction,
conditions of the reaction

3. Factors that affect the extent of chemical reactions:
equilibrium constant

4. Complex reactions: reactions governed by more than one
reaction rate

5. Experimental methods for studying chemical kinetics

articles article sections other references
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a. Measurement of reaction rates

b. Determination of the order of reactions

c. Relaxation methods

6. Kinetic studies as a means of elucidating reaction

mechanisms

. Mechanisms of chemical reactions

. Factors influencing the course of a reaction: reactants,
transition state, solvent, catalysts, products, reaction
conditions

. Energy changes through single-stage and multi-stage
processes

. Factors that reveal the mechanism of a reaction: chemical
and stereochemical nature of the reactants, intermediates,
and products; kinetics of the reaction

. Classification of reaction mechanisms based on the nature
of electron pairing in the transition state, on the nature of
the attacking species, on the nature of catalysis, on the
number of components of the transition state

. Mechanisms of the principal types of reactions

a. Nucleophilic substitution

b. Electrophilic substitution
c. Addition reactions
d. Elimination reactions

. Acid-base reactions and equilibria

. General properties of acids and bases
. Theoretical approaches to acid-base concepts
a. The definition of an acid as a substance that gives rise to

hydrogen ions and a base as a substance that gives rise to

hydroxyl ions in aqueous solutions

b. The Brgnsted—Lowry concept defining an acid as a
proton donor and a base as a proton acceptor

c. The Lewis electronic theory defining an acid as an
electron acceptor and a base as an electron donor

. Acid-base reactions
a. Proton-transfer reactions
b. Lewis acid reactions

c. Acid-base catalysis

. Quantitative aspects of acid—base equilibria
a. Equilibria in aqueous solutions
b. Equilibria in nonagueous solvents
c. Equilibria involving Lewis acids
d. The effect of molecular structure on acid-base equilibria

. The experimental study of acid-base reactions
and equilibria
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44  part One. Matter and energy

F. Oxidation-reduction reactions

1. Major classes of oxidation—reduction reactions: oxygen
atom transfer, hydrogen atom transfer, electron transfer

2. Definitions of oxidation and reduction based on the
reaction’s stoichiometry, which provides the characteristic
combining property of elements and compounds, and on
oxidation-state changes

3. Theoretical aspects of oxidation—reduction processes
a. The concept of oxidation state

b. Half reactions and the determination of redox potentials
c. Oxidation-reduction equilibria and reaction rates
d. Mechanisms of redox reactions

4. Electrochemical reactions: chemical changes associated with
the passage of an electrical current

a. The electrochemical process: types of reaction

b. Complex electrochemical reactions

c. The Nernst and Butler—Volmer equations, which relate
electrode potentials to current densities and concentration
of reacting species

5. Oxidation-reduction reactions in biological systems

6. Oxidation-reduction reactions in combustion and flames

G. Photochemical reactions

1. The photochemical process

2. Experimental methods used in the study of the
photochemical process and photochemical reactions

3. The application of photochemical processes

H. Chemical reactions and chemical theory in the synthesis of
chemical compounds

1. Factors that affect the choice of a specific synthetic path
2. Factors that affect the choice of reaction conditions

3. The separation and purification of reaction products
[see 122.A.6.a.]
4. The identification, characterization, and analysis of

reaction products
[see 122.A.6.b. through i.]

articles article sections other references
OXIDATION—
REDUCTION
REACTIONS
13:803-809
13:803d-g/ 1:463a-b /4:146d-¢ /
5:141h-142b/ 8:561c-d /13:811f-g
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13:805g-809f
13:805g-806h 1:66d— /3:840d-841a /
5:138g-h/13:141a—/
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Section 124. Heat, thermodynamics, and the nonsolid
states of matter
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 124 deal
with eight main subjects: A, the principles of thermodynamics;
B, the gaseous state; C, the liquid state; D, solutions and solu-
bility; E, physical effects at surfaces; F, the plasma state of mat-
ter; G, the properties of matter at extreme conditions; and H,
transport phenomena. The solid state of matter is dealt with in
Section 125. :

The outline of subject A, after dealing with the first and second
laws of thermodynamics, treats heat, covering the definition and
theories of heat, heat transfer in matter, and the relation of heat
to entropy, work, and changes of energy in a system. The out-
line of A further treats thermodynamic relations in simple sys-
tems; the third law of thermodynamics; the effects of applied
forces on simple systems; steady rate processes; and statistical
thermodynamics.

The outline of subject B begins with the nature and properties
of a gas. It then treats the thermodynamic approach to gases in
terms of bulk measurable properties, and the particle-description
approach, which deals with how the individual properties of the
particles collectively give rise to the observed behaviour of a gas.

The outline of subject C treats the behaviour and properties of
liquids at equilibrium, the molecular structure of liquids, and
then the transport and the acoustical, electrical, magnetic, ther-
modynamic, optical, and surface-tension properties of liquids.

" The outline of subject D treats the general classes of solutions;
.the composition ratios of solutions and the equilibrium, colli-
gative, and transport properties of solutions; the thermodynamic
and molecular aspects of solvent and solute interactions; general

A. The principles of thermodynamics

1. The description of physical phenomena based on the
concepts of system, state of a system, and changes of state

2. The first law of thermodynamics

3. The second law of thermodynamics

4. Stable equilibrium

a. Equations relating properties of systems that are in, or
are passing through, stable equilibrium states

b. Temperature considered as the potential governing the
flow of energy between systems

c. Heat

i. The definition of heat as a form of energy transferred
from one body to another under the influence of a
difference in temperature

ii. Theories regarding heat: the phlogiston theory, the
caloric theory, the kinetic molecular theory

iii. Heat transfer in matter: heat conductivity in solids,
convection in liquids and gases, heat transfer in
boiling liquids, evaporation and condensation

iv. Technical applications of heat energy
[see 721.B.7. and 725.A.5.a.]

v. Heat and its relation to entropy, work, and change of
energy ,

5. Thermodynamic relations in simple systems

a. The Carnot cycle: a system that is free from internal
irreversibility and is undergoing a sequence of isothermal
and adiabatic processes
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theories of solution; and the effects of temperature and pressure
on the solubility of solids and gases.

Subject E is the physical effects that occur at surfaces. The out-
line deals first with phenomena of tension at the surfaces of lig-
uids and with phenomena of adsorption, in which substances
attract to their surfaces molecules of gases or of solutions with
which they are in contact. It goes on to the tribologicalphe-
nomena of friction and lubrication. Finally, it deals with colloids,
treating irreversible colloidal systems, including such things as
emulsions, foams, and pastes; and reversible colloidal systems,
including solutions of soaps and dyes.

The outline of subject F, the plasma state of matter, begins
with basic plasma properties and parameters. It goes on to treat
elastic and inelastic collisions of plasma particles; radiation from
plasmas; the formation of plasmas; the behaviour of plasmas in
magnetic and electric fields; and the fluidlike behaviour of plas-
mas. Finally, it treats the existence of natural plasmas in inter-
galactic space, in the Sun and stars, and on Earth.

The outline of subject G treats the properties of matter at low
temperatures; the special properties of matter at high tempera-
tures; and the effects of high pressure on the physical, chemical,
electronic, and magnetic properties of matter.

The outline of subject H begins with the kinetic molecular the-
ory of the transport properties of gases, liquids, suspensions, and
polymers. It goes on to treat the equations relating transport
properties and the rates at which mass, energy, and momentum
are transported; the hydrodynamic aspects of transport; and
transport in macrosystems.

articles article sections other references
THERMO-
DYNAMICS,
PRINCIPLES OF
18:290-315
18:291h-292¢ 11:161d-e
18:292f-293b/ 11:782f-h /14:102f-h
8:704b—
18:293b-294¢g / 11:782h-783c /12:871b-g/
18:307f-308a / 14:104a-b
8:704f-g/
10:894c-f
18:294g-297g
18:294h-295b 7:917h-918b
18:295e-g 18:321c-d
HEAT
8:700-706
8:700h-701e
8:701e-h/ 3:332c-¢/18:291a-b
8:702g-705a
8:705a-b/ 4:956b— /9:807f-808a /
6:25a-¢/ 16:1052b—c/17:598d-f
6:61f-62a /
8:707c-708b/
11:1089d-f/

18:317h-318e

18:295g-297a 4:144h-145a

18:297a-308f

18:297a-g/
8:704c—e

17:629¢—f /18:323b-d
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articles article sections other references
b. Maxwell’s equations relating entropy to pressure, volume, 18:298h-299%a
and temperature for closed systems that assume only
stable equilibrium states
c. Phase changes and equilibria PHASE CHANGES  10:1024g-1026b /
AND EQUILIBRIA  7:1023c~1026g
14:204-210
i. General considerations: phase number, component 14:204f-205h / 10:1024g-h
number, degree of freedom, critical point, the phase 18:299a-d/
rule 7:1023¢c-1024c
ii. Phase relations and phase diagrams of unary, binary, 14:205h-210c/ 1:582e-g /1:585¢—</
ternary, and higher order systems 5:336h-337a/ 10:1024h-1026¢/
7:216h-218¢c/ 15:321b-322b/
7:1024c-1026g/  17:658h—660b
8:868d-869h /
9:209¢e-210a
d. Simple one-component systems: processes at constant 18:299d-302b/ 14:206b-f
volume and at constant pressure; the equation of state,
which relates pressure, volume, and temperature for
stable equilibrium states )
e. .Simple multicomponent systems: Gibbs equation for 18:302b-305¢/ 16:1050d-1057b passim
entropy change: the Gibbs-Dalton rule for mixture of 8:868e-g
gases; Raoult’s law and Henry’s law for ideal solutions
f. Bulk flow 18:305¢c-306a
g. Equilibrium in chemical reactions
[see 123.B.3.]
. The third law of thermodynamics 18:308a—f/
11:161g-162b
7. The effects of applied force fields on simple systems 18:308f-309b
. Steady rate processes; e.g., systems approaching stable 18:309b-311a/
equilibrium; flow of a substance through a barrier 7:920a-g/
18:676a-g
. Statistical thermodynamics 18:311b-315¢/
10:1026¢c-1027b/
14:402b-408b
a. The laws of thermodynamics that consider the detailed 18:311b-313c/
microscopic structure of physical systems and the states 7:917h-921c¢/
of such systems 14:402b—403d
b. Statistics of grand systems 18:313d-315b
i. The one-particle approximation and fundamental 18:313f-314f
equations for one-component grand simple systems
ii. Electronegativity of atoms and molecules treated as 18:314f-315b
a grand system with the electron as its only
component particle
. The gaseous state of matter GASEOUS STATE
7:914-922
1. The nature and properties of a gas 7:914a—d/
12:305a-c/
12:859¢c-h/
‘ 18:303¢c-304a
2. The thermodynamic approach to gases: the macroscopic 7:914e-916f/
view that deals with bulk measurable properties 11:782d-783e
a. The simple gas laws 7:914g-915a 18:322¢-323b
b. The thermal equation of state for perfect gases 7:915a-916b/ 12:319a-c /12:859¢c—¢/
11:783d-e 18:300d-301c
c. Empirical equations of state for real gases 7:916b-f 18:301d-h
3. The particle-description approach to gases: the microscopic 7:916f-922¢ 6:852g-h
view that deals with the individual properties of the
particles and how these properties collectively give rise to
the observed behaviour of a gas
a. The distribution function, which determines how many 7:917b-g
particles in the system have positions and velocities
within well-defined limits
b. The Boltzmann transport equation and the single-particle 7:917h-920g /
distribution function 14:403d-404f



i. The link between thermodynamic properties and
microscopic properties of gases: the partition function

ii. Determination of the equilibrium properties and
transport properties of gases in terms of virial
coefficients and partition functions

¢. The N-particle distribution function and the
thermodynamic-equilibrium properties and
transport properties of dense gases

d. The behaviour of a gas at the hydrodynamic and thermal
relaxation stages

C. The liquid state of matter
1. The behaviour and properties of liquids at equilibrium

2. The molecular structure of liquids based on distribution
functions, which measure the probable distribution of some
property of molecules through the liquid

3. Properties of liquids
a. Transport properties

b. Acoustical properties: propagation of sound waves

c. Electrical and magnetic properties
d. Thermodynamic properties

e. Optical properties
f. Surface tension

D. Solutions and solubility

1. General classes of solutions: electrolytes and nonelectrolytes,
solutions of weak electrolytes, endothermic and exothermic
solutions

2. Properties of solutions
a. Composition ratios: molarity, molality, mole fraction

b. Equilibrium properties: correlation of the vapour
pressure of a solution to its composition

c. Colligative properties: rise in boiling point, decrease in
freezing point, osmotic pressure

d. Transport properties: viscosity, thermal conductivity,
diffusivity

3. Thermodynamic and molecular aspects of solvent and
solute interactions

a. Energy considerations: entropy, enthalpy, Gibbs free
energy

b. Effects of molecular structure and weak intermolecular
forces

c. Effects of chemical interactions; e.g., hydrogen bonding,
chemical combinations

4. General theories of solution: the prediction of solubility and
solution properties

a. Solutions of nonelectrolytes: Raoult’s law and Henry’s
law for ideal solutions; theoretical expressions for the
excess properties of regular athermal, associated, and
solvated solutions

b. Solutions of electrolytes: Debye—Hiickel theory and
modifications, Arrhenius dissociation theory

5. Effects of temperature and pressure on the solubility of solids
and gases

articles
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7:918f-919b

7:9195-920a 18:675d—-f

7:920h-921c

7:921d-922¢/
15:589e-590b

LIQUID STATE
10:1024-1028

10:1024g-1026c/ 4:158¢e—f/14:205h-210c
16:1049g-1051a  passim

10:1026¢-1027b

10:1027c-1028e

10:1027¢-g/ 11:879c-881g passim [
16:1051h-1052¢ 18:675f-g
10:1027g-1028a/ 17:21h-22c
13:490f491a /
17:2b—-
10:1028a-d/ 6:638d—¢
6:572c-h
11:782d-783¢/
13:489b-h
13:489h—490f

10:1026b—</
11:782b-c

SOLUTIONS AND
SOLUBILITIES
16:1047-1057

16:1048c-h 6:638d—e/15:519¢c—d

16:1048h-1052¢
16:1048h-1049f
16:1049g-1051a  4:158¢-1/14:208b—d

16:1051a-h/ 11:87%¢-g
7:1034g-1035a /
12:320b-f

16:1051h-1052¢/ 4:157f-g
10:1027c-g/
11:880e-884e

16:1052f-1054a

16:1052f-h/
8:868e—g
16:1052h-1053f/
4:111h-112b/
15:86f-87b
16:1053f-1054a  12:315g-h /13:126f-127a

16:1054b-1056d

16:1054b-1055f /
18:304d-305¢

16:1055g-1056d  1:46a-b

16:1056e-1057b/
11:781f-g
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E. Physical effects at surfaces
1. Surface tension and surface energy: cohesion and adhesion

2. Adsorption on liquid and solid surfaces

3. Mechanical and physical effects at interfaces: tribological
phenomena

a. Friction: its mechanisms and consequences and the
parameters influencing it
b. Lubrication: the reduction of friction

4. Colloids: the kinds of dispersions, their properties, and their
preparation

a. Irreversible colloidal systems: lyophobic sols, emulsions,
foams, pastes, gels

b. Reversible colloidal systems: solutions of polymers and
proteins; solutions of soaps and dyes

F. The plasma state of matter: completely ionized gases
interacting with magnetic and electric fields

1. Basic plasma properties and parameters: electrical quasi-
neutrality, electron density, kinetic temperature, particle
velocities, magnetic and electric field strengths

2. Elastic and inelastic collisions of plasma particles

3. Radiation from plasmas; e.g., X-rays, synchrotron
radiation, excitation radiation

4. The formation of plasmas
5. The behaviour of plasmas in magnetic and electric fields

6. The determination of plasma variables

7. Fluidlike behaviour in plasmas: hydromagnetic waves and
magnetohydrodynamic, universal, and dissipative
instabilities in plasmas

8. Applications of plasmas; e.g., power production, jet
propulsion
[see 111.G.4., 721.B.8.a.iii., and 721.C.3.]

9. The existence of plasmas in nature

a. In the extraterrestrial medium: interplanetary and
interstellar

b. In the Sun and stars
c. On Earth

G. The properties of matter at extreme conditions
1. Properties of matter at low temperatures

a. Effects of low temperature on entropy, heat capacity,
magnetic properties, and conductivity

b. Special physical phenomena at very low temperatures:
superconductivity, superfluidity

c. Special methods for obtaining and characterizing low
temperatures: adiabatic cooling, adiabatic dilution

2. Special properties of matter at high temperatures

3. Effects of high pressure on the physical, chemical,
electronic, and magnetic properties of matter

articles

article sections

other references

1:88g-89a/ 1:998b—/18:708c—f
11:782b—<

3:1002c-1004f/  4:568b-d /14:182d—e
5:1110a—/

15:89f-h

TRIBOLOGICAL
PHENOMENA
18:705-709
18:706¢c-708f /
11:765g-767a
18:708f-709a /
11:169b-¢
COLLOIDS 13:890e—f
4:853-861
4:855b-858c 12:321¢/14:198h-199a
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15:86f-87b/
16:914h-915d

14:770c—<

PLASMA STATE
14:505-510

14:505f-506a /
9:799f-800a

13:308h-309b /17:598a—d
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14:506d-f/
19:1058f-1061b

17:806g-807c /15:467Th—468b
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13:311f-313h

6:669f

14:506h-507d /
13:311b-313h

14:507d-f

14:507f-508f

14:509¢c-510e

14:509c—</
9:786e-h/
9:788h-789b/
9:79%4a—<¢/
17:804h-805a

14:509f-510a

14:510b—

12:928h-929¢

2:326c—¢

LOW-TEMPER-
ATURE
PHENOMENA
11:161-164

11:161g-163b/
5:319d-e

11:163b-h/
5:321f-¢g

11:163h-164g

17:811h-815f passim

7:922b—c/
15:448e-h

11:1087e-h /13:308g-310c
passim [14:505a-510e passim

HIGH-PRESSURE
PHENOMENA
8:867-871

6:53e-54c/

7:1026h-1027g

6:51f-h /6:55b—



H. Transport phenomena

1. The kinetic molecular theory of the transport properties of
gases, liquids, suspensions, and polymers

2. Phenomenological expressions of transport: equations
relating transport properties and the rates at which mass,
energy, and momentum are transported

3. Hydrodynamic aspects of transport phenomena: equations
of change expressing the laws of conservation of mass,
energy, and momentum; transfer coefficients at boundary
surfaces

4. Transport phenomena in macrosystems: mass, energy, and
momentum balance

Section 125. The solid state of matter
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 125 deal
with six main subjects: A, crystals and crystallography; B, the
theory of the crystalline solid state; C, ionic crystals; D, metals;
E, semiconductors and insulators; and F, the glassy or amor-
phous state of matter.

The outline of subject A treats crystal symmetry and classifica-
tion in terms of the patterns of atoms in crystals; the diffraction
of X-rays, electrons, and neutrons by crystal structures; the
processes of crystal growth; the effects on the properties of
crystals of imperfections and dislocations in their structures; and
the effects of temperature, pressure, and alloying on the strength
and hardness of crystals.

The outline of subject B first deals with the classification of
solids based on their electronic structure and bonding, and with
the elastic, plastic, and thermodynamic properties of solids. It
next treats the electronic structure of solids. Finally, it treats the
principal types of magnetic behaviour exhibited by solids, and
the interaction of light with solids.

Subject C is ionic crystals, crystals composed of ions so ar-
ranged that the positive and negative charges alternate and bal-
ance one another, so that the overall charge of the crystal is zero.
The outline covers the bonding in ionic crystals; the principles
and methods that are used in the study of their structure; and the
thermal, dielectric, electrical, and optical properties of ionic
crystals.

A. Crystals and crystallography

1. Patterns of atoms in crystals

a. The three-dimensional periodic arrangement of atoms in
crystals: crystal planes and their notation

b. Symmetry considerations in the classification of crystal
systems: symmetry element—i.e., a point, an axis, or a
plane about which an operation is performed; symmetry
operations—e.g., rotation, reflection, inversion,
translation

2. Diffraction of X-rays, electrons, and neutrons by crystal
structures
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articles article sections other references

TRANSPORT
PHENOMENA
18:674-677

18:675b-676a 4:956b—c[10:1027d-g/

16:1052c—<

18:676a-h/
7:920a-h /
18:309b-311a

18:676h-677¢/
11:790d-791b

18:677f-¢g/
11:881h-884e

The outline of subject D begins with structural aspects of met-
als and alloys, the explanation of the thermal and electrical con-
ductivity of metals in terms of the free-electron model, and the
effects of interaction of the conduction electrons with the crystal
lattice. It goes on to lattice vibrations, which affect many of the
properties of a metal, and to phenomena at the surface of metals
that involve an understanding of the forces that hold electrons
within metals. It next deals with superconductivity in metals,
covering the thermal, magnetic, and electromagnetic properties
of superconductors. Finally, it treats magnetic phenomena in
metals.

Subject E is semiconductors and insulators, which offer more
resistance than metals to electric charges moving through them.
The outline first deals with the general properties of semicon-
ductors and insulators and with the mechanisms of conduction.
It next treats the chemical and physical approaches to electrical
conduction in semiconductors. Finally, it deals with the prin-
ciples involved in semiconductor applications, including optical
and electrical effects.

Subject F is the glassy or amorphous state of matter charac-
teristic of noncrystalline solids, such as glass, plastics, and gels,
which do not have a definite lattice pattern of their atoms and
molecules. The outline covers the effects of temperature and
composition on the properties of glasses; their structure and their
mechanical, chemical, optical, and electrical properties.
other references

articles article sections

CRYSTALLOG-
RAPHY
5:339-347

5:340b-344a /
7:213a-215a /
16:752d-754g/
16:1035¢-1036¢

5:340c-341a/ 3:845g-846a /11:1087a-d /
1:707f-709a/ 16:1035¢c-f
7:219b-221b/

12:234a-235f/
15:319¢-320b /
16:756f-h
5:341b-343g/
5:33g-h/
13:561g-562a

14: 284e-287d passim

5:344a-346¢/
12:1074c-¢/
17:474b-c

9:805b-c/12:316f-h/
16:523h-524a/
19:1059f-1060a
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articles article sections other references
3. Processes of crystal growth CRYSTALLIZA-
TION AND
CRYSTAL
GROWTH
5:333-339
a. Theoretical aspects of crystal growth: energy 5:335b-337¢/ 6:642d-g
considerations, growth of eutectics, constitutional 8:210a-d
supercooling, nucleation
b. Preparation of crystals §:337d-339f
i. Monocomponent crystal growth: crystal pulling, zone 5:337d-339a/ 7:250e—f /16:514e-h
melting, flame fusion, and other methods 19:1058g-1059g
ii. Polycomponent crystal growth: solvent evaporation, 5:339a-f/ 4:159d-f
temperature differential, chemical reaction, slow 7:979g-h
cooling
4. Imperfections and dislocations in crystalline materials and 5:346c-347b/ 5:334b-d /11:309b—c/
their effects on the properties of the crystals 9:806c-807b 11:1087h-1088f/
16:1036b— /17:658f-g/
18:318b—<
5. Effects of temperature, pressure, and alloying on the strength 17:660b-661b 8:870g-h /11:1088c-f
and hardness of crystals
B. The theory of the crystalline solid state SOLID STATE OF
MATTER
16:1032-1044
1. The classification of solids according to their electronic 16:1033c-1035b/ 4:84g-85b /12:234b-235b
structure and bonding 2:341f-h
a. Ionic solids 16:1033d-1034a/ 4:84g-h
9:804g-805a
b. Covalent solids 16:1034a—¢ 4:84h-85b /16:524f-g
c. Metallic solids 16:1034e-g 11:1086b—d
d. Molecular solids 16:1034h-1035a
e. Hydrogen-bonded solids 14:769d-h 4:93¢c-d/19:633c—g
2. The arrangement of atoms in crystalline solids
[see A.1.a., above]
3. The elastic and plastic properties of solids 16:1036d-g/ 6:519d-520c/
5:556h-557b 15:953g-958f passim
4. The thermal and thermodynamic properties of solids: 16:1036g-1037b/ 11:162e—f/11:1089d—f/
specific heat, thermal conductivity 15:960a-h / 11:1091c-f/18:317h-318¢c
17:813b-f
5. The electronic structure of solids 16:1037¢-1040f
a. The nature and mobility of electrons in conductors, 16:1037d-1039g/ 11:1089c-d /15:395g-h
insulators, and semiconductors 6:671d-¢/
16:523e-524d
b. Electron emission: thermionic emission, photoelectric 16:1040c—</ 11:1091g-1092a /16:528d—f
emission, field emission 6:671f—g/
14:297f-298f
c. The nearly free electron approximation 11:1088f-1089b  16:1037¢-1038a
d. The energy-band theory of the solid state 2:341h-342¢/ 16:525f-526b
9:807b—
6. The principal types of magnetic behaviour exhibited by 16:1040g-1042b/ 7:251b-252a/11:162g-h
solids: paramagnetism, diamagnetism, and ferromagnetism- 2:342g-343a/
11:323h-327h/
15:962a—
7. The interaction of light with solids 16:1042b-1044a /
9:808g-809g
a. The behaviour of solids illuminated with radiation: 16:1042d-1043a/ 2:342e-£/9:808d-809¢/
reflection, absorption, or transmission of photons 10:943h-944¢ 11:1092b—/12:240c-h /
15:402d-h
b. The generation of electromagnetic radiation from the ’ 16:1043b-1044a  2:342f-g/9:809d—f
energy supplied to the solid
c. The photoelectric effect PHOTOELECTRIC  6:653g-654a / 15:404e-g
EFFECT 10:947a-b
14:296-300
C. Ionic crystals IONIC
CRYSTALS

9:804-809



1. Bonding in ionic crystals

2. The structure of ionic crystals
a. Perfect ionic crystals

b. Defects in ionic crystals: Frenkel defect, Schottky defect,
colour centres

3. Properties of ionic crystals
a. Vibrational and electronic properties
b. Thermal properties

c. Polarizing and diffusion properties and the nature of
ionic conduction

d. Optical properties

. Metals

1. Structural aspects of metals and alloys

2. Elementary description of metals: the use of the free electron
model to explain thermal and electrical conductivity of
metals

3. The electronic structure of metals and related effects

a. The interaction between the periodic lattice and the
conduction electrons: the weak pseudopotential

b. Electron motion in a magnetic field and
conduction-related effects

4. Band structure and properties of metal groups: alkali metals,
semimetals, noble metals, transition metals

5. Lattice vibrations: interaction between ions, interaction
between electrons, phonons, and dispersion

6. Metal surface phenomena: thermionic and field emission of
electrons, electron tunnelling, photoemission, free carrier
absorption and interband transitions

7. Many-body effects: plasma oscillations, spin waves, Fermi
liquid theory, dynamic effects and shake-off electrons

8. Superconductivity in metals

a. Thermal properties of superconductors: transition
temperature, specific heat and thermal conductivity,
energy gaps

b. Magnetic and electromagnetic properties of
superconductors: critical field, Meissner effect, phase
coherence effects

9. Magnetic phenomena in metals: diamagnetism,
paramagnetism, ferromagnetism, antiferromagnetism,
nuclear magnetic resonance

. Semiconductors and insulators

1. General properties of semiconductors and insulators

2. Mechanisms of conduction: mobility of charged particles
and electrons in solids
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3. Electrical conduction in semiconductors

a. Chemical approach: impurity conduction, hopping
process

b. Physical approach: energy band and gaps, lattice
vibrations, statistical properties :

c. Extrinsic and intrinsic semiconductors
d. Measurement of conductivity and of energy gaps
4. Principles involved in semiconductor applications

a. Optical effects: photoelectric effect, photovoltaic effect,
luminescence

b. Electrical and related effects: hot electron effects,
thermoelectric effects

c. Junction effects

d. Pressure and stress effects
F. The glassy or amorphous state of matter
1. Effects of temperature and composition on glass properties

2. The structure of glass
3. General properties of glasses

a. Mechanical properties
b. Chemical properties
c. Optical properties

d. Electrical properties

Section 126. Mechanics of particles, rigid bodies, and
deformable bodies: elasticity, vibrations, and flow
[for Part One headnote see page 20

for Division IT headnote see page 29]

The articles and parts of articles referred to in Section 126 deal
with six main subjects: A, the principles of classical mechanics;
B, relativistic mechanics in inertial systems of reference; C, the
stress dynamics of elastic materials; D, vibrations of elastic bod-
ies; E, fluid mechanics, including gas dynamics; and F, rheolog-
ical phenomena—deformation and flow.

The outline of subject A deals first with the fundamental pa-
rameters and concepts of classical mechanics—matter, space,
motion, and time. It goes on to treat its three branches—statics,
concerned with systems of objects in equilibrium; kinematics,
concerned with the description of motions apart from considera-
tions of mass and force; and kinetics, concerned with a particle’s
motion in relation to forces acting on it, and involving Newton’s
laws of motion, the concepts of impulse, momentum, work, and
power, and the concepts of energy, energy conservation, and the
conservation of momentum. It then treats the mechanics of non-
rigid bodies; motion in a rotating frame of reference, such as the
Earth; and the mechanics of complex systems, exemplified by
the rotation of spinning tops and gyroscopes.

The outline of subject B deals with relativistic mechanics in
inertial systems of reference. It begins with the mechanical
foundations of special relativity and goes on to relativistic kine-
matics. It then treats the relationship between gravitational mass
and inertial mass.

The outline of subject C begins with the stress—strain relation-
ships involved in the phenomenon of elasticity. It then treats the

article sections
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different character of elasticity in viscous and crystalline bodies;
the elastic constants; and the mathematical theory of elasticity.

The outline of subject D, vibrations of elastic bodies, treats the
nature of vibrations; the sources of energy of vibrators; the types
of vibrational waves; and the behaviour of materials undergoing
vibration.

Subject E is fluid mechanics, the science concerned with gases
and liquids at rest or in motion. The outline begins with the
mechanical and thermodynamic properties of fluids. After deal-
ing with the basic equation of fluid statics, which deals with
forces exerted on a fluid to hold it at rest, the outline goes on to
hydrodynamics and aerodynamics, treating first the simple case
of frictionless (nonviscous) one-dimensional fluid flow, and then
proceeding to the more general cases of the flow of a viscous
fluid and flows in which the compressibility of a fluid exerts in-
fluence on the character of the flow.

Subject F is rheological phenomena and involves general stud-
ies of deformation, changes in bodily size or shape, and general
studies of flow, the continuous change of deformation with time.
The outline begins with continuum mechanics, covering the kine-
matics of deformation and flow and the balance of forces and
torques they involve. It goes on to mathematical accounts of
stress-deformation relations in different media and of the strength
of materials against fractures. Finally, it treats the application
of molecular theories in explaining the rheological phenomena
of deformation and flow.
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CLASSICAL
11:762-779

1. The fundamental parameters and concepts of classical
mechanics
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b. Friction
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3. Dynamics: motion of systems

a. Kinematics: motion of particles and rigid bodies without
consideration of the forces producing the motion

i. Velocity and acceleration

ii. Rotation about a fixed axis
iii. Motion in a circular path
iv. Simple harmonic motion

v. Relative motion

b. Kinetics: motion of-bodies under the action of forces
upon them

i. Newton’s laws of motion: the law of inertia, the law
of force, the law of action and reaction

ii. Motion under a constant force

iii. Ballistics: phenomena and laws of projectiles; their BALLISTICS
propulsion, flight, and impact 2:654-660
iv. The pendulum

v. Newton’s law of universal gravitation

vi. Kepler’s laws of planetary motion
c. Impulse and momentum

d. ‘Work and power

e. Energy ENERGY
6:849-854
i. The concepts of energy and energy conservation

ii. Forms of energy and examples of energy
transformations associated with each energy form

iii. The equivalence of mass and energy
f. The conservation of momentum
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4. Mechanics of nonrigid bodies

a. The collision of bodies or particles: centre of mass
system, elastic collisions, inelastic collisions

b. Stiffness in mechanical vibrations

11:774g-776a
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5. Motion in a rotating frame of reference: inertia forces and
Coriolis forces

11:776a-777a/
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6. Mechanics of complex systems
a. The principle of virtual work
b. The rotation of spinning tops and gyroscopes
c. The precession and nutation of rotating bodies
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B. Relativistic mechanics in inertial systems of reference

1. Mechanical foundations of special relativity

2. Relativistic kinematics

3. The relationship between gravitational mass and inertial
mass

C. The stress dynamics of elastic materials

1. The phenomenon of elasticity: stress-strain relationships

2. Elasticity in viscous and crystalline bodies
3. Elastic constants

4. The theory of elasticity: mathematical expressions defining
elastic properties

D. Vibrations of elastic bodies

1. The nature of vibrations: natural or free vibrations; damped
and forced vibrations

2. Vibrators and their sources of energy

3. Types of vibrational waves: their properties and modes of
propagation

4. The behaviour of materials undergoing vibration

5. Detection and utilization of vibrations
[see 723.F.6. and 735.K.2.b.]

E. Fluid mechanics, including gas dynamics

1. General properties of fluids, ideal and actual
a. Mechanical properties

b. Thermodynamic properties

2. Fluid statics and equilibrium
a. The basic equation of fluid statics

b. Fluid forces on plane and curved surfaces: analysis of
forces, buoyancy, stability of floating and submerged
bodies

3. Fluids in motion: hydrodynamics and aerodynamics

a. Frictionless one-dimensional fluid flow

b. Flow in pipes and channels: laminar flow, turbulent flow,
special types of flow

¢. General two- and three-dimensional flow: mathematical
conditions, vorticity, boundary layers, drag

d. Compressible fluid flow: isentropic flow, shock
waves
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F. Rheological phenomena: deformation and flow

1. Continuum mechanics

a. Kinematics of deformation and flow: strain, shear,
compression, elongation

b. Dynamics: balance of forces and torques

2. Constitutive equations: stress-deformation relations in
different media

3. Yield strength of materials: fracture and fatigue

4. The application of molecular theories to explain
rheological phenomena

Section 127. Electricity and magnetism
[for Part One headnote see page 20

for Division II headnote see page 29]

The articles and parts of articles referred to in Section 127 deal
with six main subjects: A, the static electric charge; B, moving
charges and electric currents; C, magnetism; D, the theory of
fields in physics; E, the electromagnetic field and the theory of
electromagnetic radiation; and F, relativistic electrodynamics.

The outline of subject A begins with the general phenomena of
static electricity, treating the basic laws of electrostatics; the elec-
trostatic field; the electric dipole; electrostatic energy and force
in nuclear and atomic structure and in chemical bonding; and
electricity in the atmosphere. It next deals with the electrostatics
of dielectrics and capacitors, with high-voltage phenomena, and
with electrical fields and potential distributions in two and three
dimensions. At the end, indication is made of the sections in
Part Seven that treat the measurement of electrostatic forces and
fields and the application of electrostatics in science and tech-
nology.

Subject B is moving charges and electric currents. The outline
treats direct electric current; the conduction of electricity; al-
ternating electric currents; the primary effects and properties of
electric fields and currents; and the effects of electricity on
matter.

The outline of subject C, magnetism, begins with the general
phenomena of magnetic systems. It goes on to treat the mag-
netic effects of steady electrical currents; the motions of charged
particles in magnetic and electrical fields; and the magnetic ef-
fects of varying currents. Finally, it treats the general properties
of magnetic materials and the classification of substances as ei-
ther permanent magnets or as substances varyingly susceptible
to magnetization.

Subject D is the theory of fields in physics—a field being de-
fined as a continuous distribution of some observable and mea-
surable quantity in space and time controlled by a law that per-
mits calculation and prediction. The outline begins with general

A. The static electrical charge

1. General phenomena of static electricity

a. The basic laws of electrostatics that relate the
interaction of charged bodies at rest

b. The electrostatic field

c. The electric dipole: a system of two equal but
opposite charges at a fixed separation from each other

d. Electrostatic energy and force: in nuclear and atomic
structure; in chemical bonding

e. Electricity in the atmosphere: atmospheric currents,
thunderstorms, lightning
[see also 212.C., 221.A 4., and 224.B.2.b.iv.]
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articles article sections other references
DEFORMATION
AND FLOW
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5:556e-557g/
15:957h-958f
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15:956¢c-957h
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considerations about the mathematics of field theory. It goes on
to the distinction between material and nonmaterial fields and
the distinction between scalar, vector, and tensor fields. It next
gives examples of fields in ordinary space from various branches
of physics, such as mechanics, electromagnetics, and hydrody-
namics. Finally, it treats fields with distributions in more than
three dimensions, dealt with in thermodynamics, the theory of
general relativity, and quantum mechanics.

Subject E is electromagnetic radiation—the propagation of en-
ergy through space by means of time-varying electric and mag-
netic fields. The outline begins with the classical theory of radia-
tion. The major article referred to carries the history from early
theories of light to James Clerk Maxwell’s electromagnetic wave
concept; it then goes on to the orderly arrangement of radiation,
called the electromagnetic spectrum, according to wavelength or
frequency, the spectrum ranging from the longest known radio
waves, through microwaves, light, and X-rays, to extremely
short-wavelength gamma rays and cosmic rays. The outline then
treats the quantum theory of radiation, covering the evidence
for the particle nature of electromagnetic radiation; the wave—
particle duality of the photon; the interaction of electromagnetic
radiation with atomic and molecular structure; and the relation
of electromagnetic radiation to quantum theory and relativity.
The outline concludes with the mathematical formulation of
electromagnetic theory, covering Maxwell’s equations for elec-
tromagnetic fields and radiation; the transmission of radiation
in free space; wave equations in space bounded by conductors;
the scattering of electromagnetic waves; electromagnetic waves
in material media; and antennas.

The outline of subject F, relativistic electrodynamics, treats
electrodynamics in four-dimensional notation and applications
of relativistic principles in the treatment of electromagnetic and
nuclear force fields of relativistic particles.

articles article sections other references
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2. Electrostatics of dielectrics and capacitors
a. Capacitors

b. Dielectrics
c. Polarization

3. Electrostatic potential

a. High-voltage phenomena: generation, breakdown, and
discharge; field emission

b. Electrical fields and potential distributions in two and
three dimensions

4. Measurement of electrostatic forces and fields
[see 723.D.1.e.]

. Moving charges and electric currents

1. Direct electric current: current that flows in one direction

a. General phenomena of moving electrical charges:
definitions of electrical quantities and their units

b. Electromotive force

c. Behaviour of direct currents in electrical circuits
i. Ohm’s law and the definition of resistance

ii. Kirchhoff’s laws concerning the sum of
electromotive forces in a closed circuit

iii. Principles of devices that measure or indicate the
presence of current, potential difference, and
resistance

2. The conduction of electricity
a. The motion of charged particles in an electric field

b. The mechanisms of the conduction of electricity
i. Conduction of electricity in a vacuum

ii. Ionic conduction in gases

iii. Tonic conduction and migration in liquids and solids

iv. Conduction in metals and semiconductors by
movement of electrons and holes

c. Thermoelectric effects: phenomena in which electrical
energy is transformed into thermal energy or vice
versa; e.g., Seebeck effect, Peltier effect, Kelvin
effect

d. Electron emission: thermionic emission, secondary
emission, photoelectric emission

3. Alternating electric currents: current that reverses
itself with uniform frequency

a. Faraday’s law of electromagnetic induction concerning
changing currents in nearby circuits

b. The mathematical and graphical representation of
alternating currents

c. Basic laws of alternating current circuits

d. The detection and measurement of alternating currents

and voltages
[see 723.D.1.e.]

e. Parallel resonant circuits
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Alternating current bridges for determining impedance
. Propagation of electric waves in cables

[~ - B ]

. Filters that select signals

-

Transient phenomena of alternating circuits
Eddy currents and skin, or surface, effects

.

k. Principles of generation and transmission of ac single
and multiphase power

4. Primary effects and properties of electric fields and currents

a. Magnetic effects of steady electric currents
[see C.2., below]

b. Magnetic effects of changing currents
[see C.4., below]

c. Force, energy, and power associated with
electromagnetic fields

d. The generation of electromagnetic radiation by the
changing of currents in circuits

5. Effects of electricity on matter
a. Piezoelectricity and applications of the phenomenon

b. Optical effects: electroluminescence, Kerr effect,
Stark effect

c. Thermal effect: resistance heating

d. Chemical effects: electrolysis, electro-osmosis,
electrophoresis

e. Bioelectric effects: effects associated with nerve, brain,
and muscle action in which potential differences occur and
can be influenced by applied potential

C. Magnetism

1. General phenomena of magnetic systems
2. Magnetic effects of steady electrical currents
a. The magnetic field of steady currents: Ampére’s law,
the law of Biot and Savart
b. The magnetic moment of a current loop
c. The magnetic field of a solenoid

3. Motion of charged particles in magnetic and electric fields

a. The force on a moving charge
b. Motion of charges in uniform flux density

c. Motion of charges in combined electric and magnetic
fields

d. Magnetic dipole moments: atomic moments, nuclear
moments, magnetic resonance

4. Magnetic effects of varying currents

a. The laws of electromagnetic induction
b. Inductance and magnetic energy

5. Properties of magnetic materials
a. The classification of magnetic substances

b. Induced and permanent atomic magnetic dipoles
c. Magnetism of matter

i. Diamagnetism

ii. Paramagnetism
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iii. Ferromagnetism

iv. Antiferromagnetism
v. Ferrimagnetism

vi. Terrestrial magnetism
[see also 212.B.]

d. Atomic structure and magnetism

D. The theory of fields in physics

1. The definition of a field in physics: the scope of field
theory

2. Mathematical treatment of fields
3. Classification of fields
a. Material and nonmaterial fields

b. Scalar, vector, and tensor fields

4. Examples of scalar, vector, and tensor fields in ordinary
space: examples in mechanics, electromagnetics,
hydrodynamics

5. Fields with distributions in more than three dimensions:
examples in thermodynamics, in the theory of general
relativity, and in quantum mechanics

E. The electromagnetic field and the theory of electromagnetic
radiation

1. The classical theory of radiation

a. The development of concepts and theories concerning

the nature of light

b. Semiquantitative treatment of electromagnetic
radiation: Maxwell’s equations that show the
electromagnetic nature of light

¢. The electromagnetic spectrum: the orderly
arrangement of radiation according to wavelength or
frequency

2. The quantum theory of radiation

a. Evidences of the particle nature of electromagnetic
radiation: Compton effect, photoelectric effect,
Raman effect

b. The wave—particle duality of the photon

c. The interaction of electromagnetic radiation
with atomic and molecular structures:
absorption, emission, and scattering processes

d. The relation of electromagnetic radiation to
quantum theory and relativity

3. The mathematical formulation of electromagnetic theory

a. Maxwell’s equations for electromagnetic fields and
radiation

articles article sections other references
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b. Transmission of radiation in free space

c. Wave equations in space bounded by conductors
d. Scattering of electromagnetic waves

e. Electromagnetic waves in material media; e.g.,
polarization of matter; waves in a dielectric;
frequency approximations

f. Antennas: directional characteristics, impedance,
ground wave propagation, sky wave propagation

F. Relativistic electrodynamics
1. Electrodynamics in four-dimensional notation

2. Applications of relativistic principles in the treatment of
electromagnetic and nuclear force fields of relativistic
particles

Section 128. Waves and wave motion

[for Part One headnote see page 20
for Division II headnote see page 29]

The articles and parts of articles referred to in Section 128 deal
with five main subjects: A, general wave phenomena and the
theory of wave motion; B, electromagnetic waves; C, light waves;
D, the focussing and imaging of waves; and E, sound waves.

The outline of subject A begins with the general properties of
waves and then deals with their types, classified principally by
the medium supporting the transmission of wave motion and
by the motion of particles in a wave. After treating the general
theory of waves, the outline covers the principle of superposi-
tion of waves; the behaviour of waves at boundaries or inter-
faces; the diffraction and interference of waves; and the inter-
action of waves with matter.

The outline of subject B begins with the general properties of
electromagnetic waves and with the properties of waves accord-
ing to regions in the electromagnetic spectrum. It goes on to the
sources of incoherent electromagnetic waves—of radio waves;
of microwaves; of infrared, visible, and ultraviolet waves; of
X-rays; and of gamma rays. It next treats the sources of coher-
ent electromagnetic waves, covering the types of lasers and the
types of masers. Finally, it deals with the transmission of elec-
tromagnetic waves through matter, through space, and by wave
guides and transmission lines.

The outline of subject C begins with the analysis of light as a
wave motion. It goes on to the measurement of the velocity of
light; to the interference of light; to diffraction phenomena; and

A. General wave phenomena and the theory of wave motion

1. General properties of waves: frequency, amplitude,
wavelength, phase

2. Classification of waves

a. Waves classified by the medium supporting the
transmission of wave motion: water waves, sound waves,
electromagnetic waves

b. Waves classified by the motion of particles in a wave;
e.g., transverse, longitudinal, torsional, and cylindrical
waves

c. Otbher classifications: bow waves and shock waves

3. The theory of waves

a. General characteristics of vibratory motion: periodicity,
group velocity, energy content
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article sections

6:658g—661h/
14:410b-e
6:662a—c
6:662d-663b/
10:944e-945f
6:663b-664b

other references

19:669a—c

articles

6:664b-h/
1:966d-968b

6:601c—€ /15:428f-h

15:584d-¢
2:339c-g [12:869d-¢

15:585¢c-g

6:668a—f/
13:1023d-g/
15:587g-588b

to polarization, the properties of light that depend on the vec-
torial character of the amplitude of the wave. It next treats the
properties and behaviour of light waves based on James Clerk
Maxwell’s equations of electromagnetic theory; the interaction
of light with matter; and the quantum theory of light. Finally, it
treats the separation of light into its constituent wavelengths and
the analysis of light spectra, and the sources of light.

The outline of subject D, the focussing and imaging of waves,
begins with geometrical optics, covering reflection and refrac-
tion, the tracing of a refracted ray at a surface, the optical prop-
erties of lenses, and image brightness. Dealing with optics and
information theory, the outline treats the characterization of an
optical system by impulse responses and transfer functions; the
concept of partially coherent light; optical processing; and ho-
lography, an image-formation process using the principles of
interference.

The outline of subject E first treats the general nature and prop-
erties of sound waves, the characteristics of shock waves, the
many sources of sound waves, and the instruments for the de-
tection and reception of sound. It then indicates the sections
in Part Seven that treat the applications of acoustics. Finally,
it gives separate treatment to the physical aspects of musical
sound, covering the special properties of musical sound and
the production of sound waves by the various types of musical
instruments.
article sections

articles other references

WAVE MOTION
19:665-673

17:21b-f 10:930c—¢ /11:794d-¢

19:666a-667b

19:666a-b / 6:649a-b/
13:493c-495a / 19:654d-659¢ passim
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articles article sections other references
b. The velocity of waves: factors affecting wave velocity, 19:667h—668f/
functional forms of phase velocity, constancy of the 19:656f-657d
speed of light in free space
c. The wave equation: the space-time description of wave 19:668f-g/
motion 5:753e-754c/
10:933b—c/
17:21f-h
d. Transport of energy and momentum 19:668h—669d /
6:853b—-d
4. The principle of superposition of waves 19:669d-671c
a. Standing waves: waves with stationary nodes 19:669f-670d /
17:27d-28c
b. Modulation of waves 19:670d-e 10:937h-938¢c
c. Pulse and wave trains 19:670e-671c
5. The behaviour of waves at boundaries or interfaces 19:671d-672¢/
10:943h-944¢ /
17:24g-25¢
a. Reflection 19:671d-672b 17:23c-h
b. Transmission 19:671d-672b
c. Refraction 19:672c—¢/
13:609h-610c/
17:23c-24c¢
6. The diffraction and interference of waves 19:672f-673¢/ 17:27a—c
10:931b-932d
7. The interaction of waves with matter: absorption, dispersion 10:944e-945f 15:403g—404c
17:26e-27a
B. Electromagnetic waves ELECTROMAG-
NETIC
RADIATION
6:644-653
1. General properties of electromagnetic waves 6:648¢-651b/ 15:401h-402b /16:1042b—/
6:600h—602¢ 19:666a-b
2. The properties of waves according to regions in the 6:651c—653a
electromagnetic spectrum
a. Electric current waves 6:651cf.
b. Radio waves 6:651g-h/ 7:841d-f [/15:373c—
15:423h-424g/
15:467h—468¢c
c. Microwaves 6:651h—652b 17:467e-h
d. Infrared waves 6:652b— 17:468f
e. Visible light
[see C., below]
f. Ultraviolet waves 6:652¢
g. X-rays
[see 112.D.]

h. Gamma radiation
[see 111.E.1.a.i.]

3. Sources of incoherent electromagnetic waves

a. Sources of radio waves; e.g., oscillators, antennas 7:832b-833d/ 15:376b-g/
7:841d-842c/ 15:468c—475h passim

9:794£-797d

b. Sources of microwaves; e.g., klystrons, travelling wave 6:688g-689¢c 6:680a-b /15:375b—f
tubes
c. Sources of infrared, visible, and ultraviolet waves 6:604d-606a / 4:957¢[7:842d-g [/17:468f-g
9:582a-583¢c
i. Black-body radiation 2:335b—/9:582a-b/
18:323h-324a
ii. Luminescence, fluorescence, and phosphorescence LUMINESCENCE ~ 2:1031e-1032c/ 2:342e-f/15:409d-f /
11:178-185 12:241h-242f 16:527e-f
iii. The passage of electrical current through a resisting 10:958d-959g 17:459b-f

medium; e.g., incandescent lamps, gas discharge tubes

d. Sources of X-rays

i. X-ray tubes 17:473h—474b 11:795d-¢ /15:459b—f /
15:465a—

ii. Nuclear sources 19:1061a-b



iii. Astronomical sources
e. Sources of gamma rays
i. Nuclear sources

ii. Mossbauer radiation: the recoilless radiation and
absorption of gamma radiation

4. Sources of coherent electromagnetic waves: lasers and
masers

a. Types of lasers; e.g., optically pumped lasers, liquid
lasers, gas lasers
b. Masers; e.g., solid-state masers, gas masers

c. Laser applications; e.g., interferometry, cutting and
welding
[see 722.C.7.b., 725.B.6.g., and 735.G.3.]

d. Safety considerations

e. Future prospects; e.g., the development of devices to
produce coherent waves at additional wavelengths

5. The transmission of electromagnetic waves
a. Through matter

b. Through space: the effects of dilute plasma and
magnetic fields

¢. By wave guides and transmission lines
. Light waves

1. Light as a wave motion: the wave theory of light

a. The properties of light consistent with the wave theory:
diffraction, interference, polarization, dispersion

b. The spectrum of light: the description of colour in terms
of wavelengths

2. The velocity of light and its measurement

3. Interference of light: the superposition of waves from
different sources or from the same source with different
optical paths

4. Diffraction phenomena: the spreading of light that occurs
at the edges of geometrical shadow when a beam of light is
restricted by holes or slits that block out part of the wave
front; Fresnel and Fraunhofer diffraction

5. Polarization: the properties of light that depend on the
vectorial character of the amplitude of the wave

a. Superposition of polarized beams: plane, circularly, or
elliptically polarized light

b. Double refraction: waves in anisotropic media
c. Characterization of polarized light by Stokes’s
parameters and Poincaré sphere

6. Properties and behaviour of light waves based on Maxwell’s
equations of electromagnetic theory

7. The interaction of light with matter

a. Reflection and refraction

b. Dispersion and scattering
c. Absorption
i. Mechanical effects of light
ii. Chemical effects of light
8. The quantum theory of light: the photon

a. Observed photon phenomena: photoelectric effect,
Compton scattering, Rayleigh scattering
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10.

11.

12.

b. The uncertainty principle in relation to the study of the
phenomena of light

c. The detection and counting of photons

. The separation of light into its constituent wavelengths and

the analysis of light spectra

Sources of light

The focussing and imaging of light waves
[see D., below]

The biological effects of light, including photosynthesis
[see 322.A. and 351.A.3.b.]

D. The focussing and imaging of light waves

1.

Geometrical optics: the geometry of light rays and their
image-forming properties through optical systems

a. Reflection and refraction

b. Tracing a refracted ray at a surface

c. Paraxial imagery: rays that make very small angles with
the axis

i. Magnification
ii. Lenses and combination of lenses

iii. Lens aberrations: spherical aberration, coma,
astigmatism, Petzval curvature, distortion, chromatic
aberration

d. Applications of lenses and mirrors in optical systems
[see 723.E.1.]

e. Image brightness

. Optics and information theory

a. The characterization of an optical system by impulse
responses and transfer functions

b. The concept of partially coherent light
c. Optical processing: the manipulation of the information
content of the image in coherent optical systems

d. Holography: an image formation process using the
principles of interference

E. Sound waves

. The nature of sound waves
. Properties of sound waves

. Shock waves and their characteristics

4. Sources of sound waves

. The reception of sound
. Applications of acoustics

a. Recording and reproduction
[see 735.F.]

b. Architectural and acoustical design
[see 733.A..8.]

c. Speech and music
[see 442.B.1.a. and 624.B.]
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d. Military acoustical detectors
[see 735.3.2.]

e. Noise control
[see 733.A.8.b.]

7. Physical aspects of musical sound

a. The special properties of musical sound

i. Pitch, timbre, and loudness
ii. Fundamentals and overtones

b. The production of sound waves by musical instruments;
e.g., by percussion, string, and wind instruments

articles article sections

DivisionIm 63
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Division ITI. The universe: galaxies, stars, the solar system
[for Part One headnote see page 20]

The outlines, and the articles and parts of articles referred
to, in the three sections of Division III deal with the subject
matter of cosmology and cosmogony, of astronomy, and of
astrophysics.

Accounts of the complex instrumentation involved in these
disciplines are set forth in Section 723 of Part Seven. Histo-
rical and analytical studies of the nature and scope of astron-
omy and astrophysics are set forth in Section 10/32 of Part
Ten.

The outline and the articles referred to in Section 131 first
treat the structure, properties, and basic data of the universe,
and the known and postulated components of the universe.
After dealing with the phenomena and theories of gravita-
tion, the section covers celestial mechanics and the treatment
of the space-time continuum in the special and general theo-
ries of relativity. Finally, it treats theories about the origin
and dynamic evolution of the universe as a whole; theories
about the formation and evolution of the components of the
universe; the time scale of the universe; and speculations
about the possible fate of the universe.

Section 132 deals first with the external galaxies, treating
their classification and distribution, their physical proper-
ties, and their radio and X-ray emissions. It goes on to sepa-
rate treatment of the Milky Way system, of star clusters and
stellar associations, and of stars.

Section 133, after a general survey of the solar system,
separately treats the Sun, the planets, including the Earth as
a planet, and the Moon.
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Section 131, The cosmos
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 131 deal
with five main subjects: A, the structure and properties of the
universe; B, gravitation; C, celestial mechanics; D, properties of
the space-time continuum; and E, the origin and evolution of
the universe.

The outline of subject A begins with basic data for the universe,
treating estimates of its chemical composition; the overall struc-
ture and behaviour of the universe, especially evidence that it is
expanding; the age of the universe; the structure, number, and
distribution of galaxies; and the description of the universe in
terms of the space-time continuum. It next deals with the com-
ponents of the universe: with distant galaxies, the Local Group
of galaxies, and intergalactic space, treated in detail in Section
132; with quasi-stellar sources (quasars), pulsars, and X-ray
sources, separately treated in articles referred to in this section;
and with postulated or hypothetical components of the universe,
such as neutron stars, black holes, and objects composed of
antimatter.

The outline of subject B, gravitation, begins with developments
leading to gravitational theory and to Newton’s law of gravity.
It goes on to the later introduction of potential theory, which
allows practical as well as theoretical investigation of gravita-
tional variations in space and of anomalies owing to the irregu-
larities and shape deformations of the Earth. It next treats
modern field theories of gravity and gravitational fields in the
general theory of relativity. Finally, it treats the acceleration
of gravity on the Earth’s surface and the methods of measuring
the gravitational constant, G.

The outline of subject C begins with the scope and history of
celestial mechanics, covering Kepler’s laws of planetary motion
and Newton’s general laws of motion and gravitation in classical

A. The structure and properties of the universe

1. Basic data for the universe

a. The estimated chemical composition of the universe
[see also 121.D.]

b. The overall structure and behaviour of the universe:
evidence that the universe is expanding; Hubble’s law
and the theory of the red shift

c. The age of the universe
d. The structure, number, and distribution of galaxies

e. Space-time: a four-dimensional continuum used to
describe the universe

2. Cosmological models: theoretical representations of the

behaviour of the universe
[see E.1., below]

3. The known and postulated components of the universe

a. Distant galaxies
[see 132.A.]

b. The Local Group of galaxies
[see 132.A.1.c.]

¢. Quasi-stellar sources: quasars

d. Pulsars

e. X-ray sources

f. Postulated or hypothetical components of the universe
i. Neutron stars
ii. Black holes
iii. Objects composed of antimatter

astronomy; modern mathematical methods; and the use of elec-
tronic computers and of space probes and satellites to perform
experiments in celestial mechanics. It goes on to the problem of
the motions of two gravitationally attracting bodies and to vari-
ous kinds of perturbations that cause the orbits of natural and
artificial satellites to deviate from ellipses. It concludes with the
classical problem of three bodies—the problem, for example,
of determining the motion of the Moon in the gravitational fields
of the Sun and the Earth—and with its modern generalization,
the n-body problem, where n may have any integral value.

Subject D is relativity theory, concerned with measurements of
the laws of nature made by different observers moving relative
to one another. The outline deals first with the theories and ex-
periments in electromagnetism that led to Einstein’s special the-
ory of relativity, and with the consequences of that theory. It
goes on to Einstein’s later general theory of relativity, which
arose from the need to extend the new space and time concepts
of the special theory from the domain of electric and magnetic
phenomena to all of physics and, particularly, to the theory of
gravitation. The outline treats the various kinds of experimental
confirmation of the general theory and the further modification
of classical concepts of space and time entailed by the general
theory of relativity.

Subject E is cosmogony—that is, theories of the origin and evo-
lution of the cosmos, or universe. The outline begins with differ-
ent theories about the origin and evolution of the universe as a
whole. It goes on to theories about the formation and evolution
of components of the universe—of galaxies, of stars, and of the
solar system. It concludes with a consideration of the methods
for determining the time scale of the universe and with specula-
tions about the remote future of the universe.
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B. Gravitation: a universal force of mutual attraction that is
postulated as acting between all matter

1.

Development of gravitational theory

a. Early concepts: the Aristotelian viewpoint; contributions
of Kepler and Galileo

b. Newton’s law of gravity
[see also 126.A.3.b.]

. Interpretation of gravity measurements

a. Potential theory: mathematical representation of the
gravitational fields of irregular mass distributions
[see also 10/22.D.2.c.]

b. Effects of local mass differences: measurement of small
gravity anomalies

. Modern gravitational theory and its relation to other aspects

of physical theory
a. Field theories of gravity: their general properties and
predictions

b. Gravitational fields and the general theory of relativity:

principles and consequences
[see D.2., below]

. Acceleration of gravity on the Earth’s surface

[see 212.A.]

. The gravitational constant, G: methods of measurement;

possible variation in time and space

C. Celestial mechanics
[see also 126.A.]

4.

. The scope and history of celestial mechanics: Kepler’s laws

of planetary motion; Newton’s laws of motion and
gravitation; modern mathematical methods; the
experimental use of electronic computers and of space
probes and satellites

. The two-body problem and perturbations that cause the

orbits of planets and satellites to deviate from ellipses

. The unsolved three-body problem: modern mathematical

methods for approximating solutions
The general n-body problem

D. Properties of the space-time continuum: the astronomical
implications of relativity theory

1.

2.

The special theory of relativity
a. Historical background: the search for the ether

b. Relativity of space and time: the concepts of length
contraction, time dilation, and universal simultaneity;
comparison of physical measurements made by observers
moving relative to one another

c. Consequences of the special theory: the limiting
character of the speed of light, relativistic mass,
invariant time intervals, the twin paradox,
four-dimensional space-time

The general theory of relativity

a. Use of relativity to interpret gravitational phenomena:
the equivalence of gravitational and inertial mass; the
curvature of space-time in the presence of matter as an
alternative to the concept of gravitational force

b. Experimental confirmation of the theory: the advance
of Mercury’s perihelion, the gravitational red shift, the
gravitational deflection of light, gravitational waves

c. Implications of general relativity: inhomogeneity of the
space-time continuum; the properties of strong
gravitational fields
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E. The origin and evolution of the universe

1. The evolution of the universe as a whole

a. Alternative theories of evolution: big-bang versus
steady-state models of the universe

b. The early universe: extrapolations backward in time to
the beginning of the universe

2. The formation and evolution of components of the universe:

galaxies, stars, and the solar system
[see also 132.B., 132.D., and 133.A.]

a. Galaxies

i. Origin of galaxies: theories concerning the
fragmentation and condensation of an initially
homogeneous gas cloud

ii. Protogalaxies: gravitational condensation of stars;
origin of galactic rotation and magnetic fields

iii. Evolution of galaxies: evidence concerning a possible
relation between galactic structure and evolution

b. Stars

i. Formation and evolution of stars: gravitational
collapse of protostars; initiation of nuclear reactions
that convert hydrogen to helium

ii. Advanced stages of stellar evolution: initiation of
helium burning and other reactions; formation of
white dwarf stars, supernovae, and neutron stars

c. The solar system

i. Theories of origin from a chance encounter of stars
ii. Theories of origin from a single star

3. Time scale of the universe: dating of significant events in
the history of the universe

4. Possible fate of the universe according to the steady-state
and evolutionary cosmologies

Section 132. Galaxies and stars
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 132 deal
with four main subjects: A, galaxies in general; B, the Galaxy,
or Milky Way system; C, star clusters and stellar associations;
and D, the stars.

The outline of subject A begins with the statistical properties
of galaxies, treating their classification, by structure or by the
type of stars providing most of their light; their distances from
Earth; and their distribution over the sky and in space. Dealing
with the physical properties of galaxies, the outline treats their
stellar populations and the variation of stellar properties with
location in galaxies; the rotation of spiral galaxies; and the
masses of galaxies. Finally, it treats radio emissions from gal-
axies and evidence of X-ray emissions from galaxies.

The outline of subject B begins with basic data about the Milky
Way—the galaxy in which the solar system and all stars visible
to the naked eye are located. It covers such things as methods
for measuring galactic distances, stellar velocities, and the ages
of the Galaxy’s components; nebulae as components of the Gal-
axy; the interstellar medium and matter; the sources of radio
waves, of infrared radiation, of X-rays, and of gamma radia-
tion; and the properties of galactic and solar cosmic rays and
their interactions with the interstellar medium, the solar wind,
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and the Earth’s geomagnetic field. The outline deals next with
galactic structure and dynamics, covering the geometry of the
Galaxy, its spiral structure, the magnetic fields in it, and its rota-
tion. Finally, the outline treats cosmological theories about the
formation and evolution of the Galaxy.

Subject C is star clusters, organizations of stars held together
by the mutual gravitational attraction of the members, which
are physically related through common origin; and, related to
star clusters, groups called stellar associations, which are loose
groupings, in space, of stars of common origin, without sufficient
total mass in the group to remain together as an organization.
The outline deals first with the two general classes of star clus-
ters—globular clusters, which are old systems containing thou-
sands to hundreds of thousands of stars closely packed in a
symmetrical, roughly spherical form; and open clusters, con-
taining from a dozen to many hundreds of stars, usually in an
asymmetrical arrangement. It goes on to the characteristics of
stellar associations and then to the relationships and significance
of the clusters and associations in the Galaxy as a whole. Finally,
it treats what is known of star clusters in galaxies external to the
Milky Way system.

Subject D is stars—massive, self-luminous objects, emitting



radiation derived from internal energy sources. The outline be-
gins with the identification and nomenclature of the stars and
with modern astronomical maps and catalogs. Dealing with ob-
servable stellar characteristics, the outline covers stellar positions
and motions; the apparent luminosity of the stars; and a star’s
spectrum as containing information about its temperature, chemi-
cal composition, and intrinsic luminosity. Dealing with derived,
or calculated, stellar characteristics, it covers intrinsic stellar
brightness; stellar masses, diameters, and temperatures; and the
average characteristics of main-sequence, or dwarf, stars. The
outline goes on to variable stars—geometric variables, stars from
which the amount of light reaching the observer alters because

A. Galaxies in general

1. Statistical properties
a. Classification of galaxies

b. The extragalactic distance scale: observational methods
of determining the distances to galaxies

c. Distribution of galaxies: counts per unit area of sky;
numbers and distribution in depth; clusters of galaxies;
the Local Group

2. Physical properties

a. Galactic stellar populations and evolution: variations of
stellar properties with location in galaxies

b. Rotation of spiral galaxies: the direction of rotation and
the persistence of spiral structure

c. Masses of galaxies

d. Peculiar galaxies: galaxies with unusual structure or
properties

3. Radio emissions from galaxies

a. Line radiation from sources in nearer galaxies

b. Continuum radiation: thermal radiation produced by hot
gas clouds; synchrotron radiation produced by charged
particles accelerated in magnetic fields

¢. Radiation from violent events in the nuclei of galaxies
4. X-ray emissions from galaxies

B. The Galaxy: the Milky Way system

1. Distance determinations in the Galaxy: the parsec, the basic
unit of measure of galactic distances

2. Stellar velocities: the motions of stars with respect to the
Sun and the motion of the Sun with respect to the Local
Standard of Rest (LSR)

3. The stars and star clusters nearest the Sun: the Galaxy in the
neighbourhood of the Sun

4. The classification of stars according to Hertzsprung—Russell
diagram: the concept of stellar populations; the ages of
components of the Galaxy

5. The galactic composition: the stars and interstellar material;
sources of electromagnetic and particulate radiation

a. The stellar populations: extreme population I, older
population I, the disk population, intermediate
population II, halo population II

b. Nebulae

i. Structure, physical properties, and spectra of nebulae

ii. Diffuse, dark, and reflection nebulae
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of changes in the stars’ positions; and intrinsic variables, stars
that have total energy outputs that fluctuate with time. The out-
line next deals with important generalizations concerning the
nature and evolution of stars, made from correlations between
observable properties and from certain statistical results. Dealing
with stellar structure, it treats the variations of temperature with
depth in stellar atmospheres; calculations of the internal struc-
ture of stars; and calculations of energy generation in stars.
Finally, dealing with stellar evolution, the outline treats the life
history of a typical star, together with estimates of stellar ages;
the formation of chemical elements in stars; and the probable
fate of a star—as white dwarf, pulsar, or black hole.
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iii. Planetary nebulae
iv. Filamentary bright nebulae: supernova remnants
¢. The interstellar medium and interstellar matter

i. Optical observations of interstellar matter:
absorption, emission, and polarization of light

ii. Radio observations of the interstellar medium
[see d., below]

iii. The structure of the interstellar medium: distribution
of matter in the various galactic regions

iv. Interrelation between stars and the interstellar
medium; e.g., the association of T Tauri stars with
circumstellar dust, evidence for star formation from
interstellar matter

v. Chemical composition, temperature, and density of
the interstellar medium

d. Radio sources

i. The radio continuum: contributions from various
kinds of emission

ii. Atomic hydrogen: the 21-centimetre emission

iii. Interstellar molecules; e.g., hydrogen, hydroxyl
radicals, water, carbon monoxide, formaldehyde

iv. Discrete sources; e.g., the galactic centre, supernova
remnants, pulsars

e. Sources of infrared radiation; e.g., T Tauri stars,
planetary nebulae

f. Sources of X-rays and gamma rays
g. Cosmic rays: possible galactic sources

i. Detection of cosmic rays

ii. Properties of galactic and solar cosmic rays

iii. Origin of cosmic rays

iv. Interactions of cosmic rays with the interstellar
medium, the solar wind, and the Earth’s geomagnetic
field
[see also 221.A.4.b.iv.]

v. Bombardment of the atmosphere and other matter
by cosmic rays: the production of secondary particles
and radioactive isotopes; the decay of unstable
particles; the occurrence of air showers

6. Galactic structure and dynamics

a. The spatial structure of the Galaxy: the galactic
coordinate system and the dimensions of the Galaxy

b. Regions of the Galaxy: the galactic plane, the galactic
halo, the galactic centre, and the spiral arms

c. Magnetic fields in the Galaxy: their origin and their
effects on cosmic rays, radio waves, and light

d. The structure of the Galaxy as a whole: the distribution
and motions of clouds of neutral hydrogen

e. The rotation of the Galaxy: the differential rotation of
stars and gas about the galactic centre

7. The origin and evolution of the Galaxy
[see also 131.E,2.]

4. Formation of the Galaxy: evi(!ence concerning the
alternative cosmological theories
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b. Galactic evolution

i. Hydromagnetic and gravitational theories of the
formation of spiral structure

ii. Chemical evolution: the problem of the distribution
of heavy elements

iii. Star formation: theories concerning the gravitational
condensation of galactic dust and gas clouds

C. Star clusters and stellar associations

4.

S.

. Globular clusters: systems containing thousands to

hundreds of thousands of old stars in a symmetrical,
roughly spherical form

. Open clusters: systems containing a dozen to hundreds of

stars, usually in an unsymmetrical arrangement

. Stellar associations: systems containing a few dozen to

hundreds of stars of similar type and common origin

Relationship of clusters to the Galaxy: the formation and
dispersion of clusters and their locations in the Galaxy

Clusters in external galaxies

D. Stars

1.

2.

The identification and nomenclature of the stars

a. The celestial sphere and celestial coordinate systems

b. The constellations and other sky divisions
¢. Star names and designations

d. Modern star maps and catalogs
Observable stellar characteristics

a. Stellar positions and motions

b. The apparent brightness or apparent luminosity of the
stars: the UBv and other systems
i. Stellar colours
ii. Stellar magnitude systems

c. Stellar spectra
[see also 112.C.]

i. The general nature of stellar spectra: spectral lines
and bands, continuum spectra, physical principles of
spectrum formation

ii. Spectral classes: their relation to stellar temperature
and chemical composition

iii. Effects of density, luminosity, and other factors on
stellar spectra: unusual stellar spectra

. Derived, or calculated, stellar characteristics

a. Intrinsic stellar brightness: absolute magnitudes and
total luminosities

b. Stellar masses
c. Stellar diameters
d. Stellar temperatures

e. The average characteristics of main-sequence, or dwarf,
stars
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4. Stellar variability
a. Geometric variables; e.g., eclipsing binaries

b. Intrinsic variables

i. Pulsating stars; e.g., Cepheid, RR Lyrae, and Beta
Canis Majoris variables

ii. Explosive variables; e.g., novae, supernovae, and
novalike variables

5. Statistics of stars

a. Correlations between luminosity, spectrum, mass, and
radius: the Hertzsprung-Russell diagram and other
relations

i. Relation between the number of stars and their
luminosities

ii. Mass—luminosity correlation
b. Statistics of binary star systems

c. Statistics of special types of stars; e.g., white dwarfs, T
Tauri stars, flare stars, radio and X-ray stars

6. Stellar structure
a. Stellar atmospheres
b. Internal structure of stars

i. Relationships obtained from physical laws: theoretical
determination of the variation of pressure,
temperature, and density with depth

ii. Energy generation in stars: thermonuclear reactions in

stellar interiors

7. Stellar evolution
[see also 131.E.2.]

a. The life history of a typical star

i. Formation of a protostar by gravitational contraction

ii. Attainment of the main sequence: the hydrogen-
burning stage of stellar development

iii. Evolution away from the main sequence: helium
burning and other reactions

iv. Estimates of stellar ages: differences in the terminal
stages of stellar evolution caused, for example, by
differences in stellar mass, rate of rotation, chemical
composition

b. Formation of chemical elements in stars

c. Probable fate of a star: white dwarfs, pulsars, and black
holes

Section 133. The solar system
[for Part One headnote see page 20

for Division III headnote see page 63]

The articles and parts of articles referred to in Section 133 treat
five main subjects: first, A, a survey of the solar system as a
whole; and then, separately, B, the Sun; C, the planets and their
satellites; D, the Earth as a planet; and E, the Moon.

The outline of subject A begins with the size of the solar sys-
tem, which is defined as extending to the orbit of the outermost
known planet, Pluto, and with a comparison of distances within
the solar system to interstellar distances. It goes on to a general
comparison of the properties of the nine major planets and of
the thirty-one satellites of six of them. It next covers other con-
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stituents of the solar system: the minor planets, or asteroids; the
comets; meteors, meteorites, and tektites; and the components of
the interplanetary medium. It next treats the regularities and the
interactions among various bodies in the solar system and con-
cludes with the two general types of theories about the origin of
the solar system.

The outline of subject B begins with the Sun’s surface layers and
their features that are characteristic of the quiet Sun. It treats the
photosphere, the visible luminous surface of the Sun; the chromo-
sphere, the Sun’s inner atmosphere, forming a transition zone



between the photosphere and the corona; and the corona, the
luminous, high-temperature, rarefied gas envelope of the Sun.
The outline goes on to the active Sun, to solar features that
occur with increased frequency during the active phase of the
solar cycle. It treats centres of activity, areas of localized strong
magnetic fields at the Sun’s surface; the nature of sunspots and
sunspot cycles; and such other features as faculae, prominences,
flares, and coronal condensations. In conclusion, the outline
treats energy generation in the solar interior and the evolution of
the Sun, the various kinds of solar radiation, and solar—terrestrial
relationships and interactions.

Subject C is the planets and their satellites. The articles referred
to separately treat Mercury, Venus, Mars, Jupiter, Saturn, Ura-
nus, Neptune, and Pluto. The Earth as a planet is subject D.

The outline of subject D begins with the distance of the Earth
from the Sun, the orbital motion of the Earth around the Sun,
and the rotation of the Earth on its axis. It then deals with the
effects of the Earth’s orbital position and speed on astronomical
observations, articles being referred to that separately treat astro-

A. A survey of the solar system

1. The Sun
[see B., below]

2. Size of the solar system: the astronomical unit and the
comparison of distances within the solar system to
interstellar distances

3. The major planets and their satellites: their sequence;
comparison of their properties
[see also C., below]

4. Other constituents of the solar system
a. Minor planets, or asteroids

i. History of discoveries up to the early 1970s
ii. Naming of minor planets
iii. Statistics of minor planets
iv. Theories of origin
b. Comets

i. History of observations of comets
ii. Comet orbits
iii. Observed characteristics and structure

iv. Theories of the origin and evolution of comets
c. Meteors and meteoroids

d. Objects recovered on the Earth that have either a
certainly extraterrestrial or a possibly extraterrestrial
origin

i. Meteorites: objects of stone and nickel-iron that
originate in interplanetary space
ii. Tektites: glassy objects that are probably of lunar or
terrestrial origin

e. The interplanetary medium

i. Its components; e.g., dust particles, electromagnetic
fields, cosmic rays

ii. Phenomena caused by the interplanetary medium;
e.g., zodiacal light, gegenschein, noctilucent clouds

iii. The direct detection of interplanetary components

5. Regularities of the solar system: the distances of the planets
from the Sun and the distribution of natural satellites .

6. Interactions among various bodies in the solar system:
gravitational perturbations and actual physical encounters

Division IIT. Section133 71

nomical parallax and the aberration of light. Finally, indication
is made of the sections in Part Two that treat the Earth’s origin;
its atmosphere, hydrosphere, and surface features; the structure
and composition of its interior; and its physical properties.

The outline of subject E begins with the basic data for the
Moon—its shape, radius, mean density, and varying brightness.
After dealing with the apparent and actual motion of the Moon,
it treats the basic gravitational properties and gravity anomalies
of the Moon. It goes on to the physical nature of the Moon, cov-
ering knowledge of lunar craters, lunar lineaments, lunar soil
and other surface material—knowledge gained by observations
from Earth and space vehicles, from remote lunar photography,
from manned lunar landings, and from close-up photographs.
It next treats evidence concerning, and theories about, the origin
and evo)ution of the Moon. Finally, it deals with the Sun—Earth—
Moon system, covering the relative motions of the Sun, Earth,
and Moon; eclipses of the Sun and Moon and the related phe-
nomena of occultation and transit; and the causes and character
of tides in the Earth’s hydrosphere, atmosphere, and lithosphere.
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i. Its orbit, mass, and radius

ii. Effects of its proximity to the Sun: the advance of its
perihelion and its transits

iii. Its rotation and the apparent motion of the Sun
in its sky

iv. Its surface conditions and possible surface material
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ii. The Sun’s temperature, rotation, and sphericity 17:801e-h
iii. The chemical composition and spectrum of the Sun 17:802c-803d/
2:237h-238g
b. The chromosphere, the relatively transparent layer that 17:803d-804c
forms a transition zone between the Sun’s photosphere
and corona: the flash spectrum, spicules, and
supergranulation
¢. The corona, the luminous, high-temperature, rarefied gas 17:804c-805a / 14:509g-510a /19:22h-23¢
envelope of the Sun 5:205h—-206¢c
i. Form, structure, and physical properties 17:804d-h
ii. The solar wind 17:804h-805a 4:977b—
. Solar features that occur with increased frequency during 17:805a-807g
the active phase of the solar cycle: the active Sun
a. Centres of activity: areas of localized strong magnetic 17:805b-d
fields at the Sun’s surface
b. Sunspots: their physical nature and the sunspot cycle of 17:805d-806b 4:739d-g
about 11 years
c. Other features; e.g., faculae, prominences, flares, 17:806b-807g 5:204e-205a /9:814h-815b /
coronal condensations 15:468g-469c
. The solar interior: energy generation and the evolution of 17:807h-808d / 17:598f-600a passim
the Sun 13:309e-310c
[see also 132.D.7.]
. Solar radiation, including light, radio waves, and particles 5:204e-205a / 4:739d-¢
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. Solar-terrestrial relationships and interactions 2:310c-h/ 6:27e-g [/19:22f-23e
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C. The planets and their satellites
1. The terrestrial planets
a. Mercury MERCURY

v. Its synodic period and the length of its solar day 11:921le-g
b. Venus VENUS 6:194b-d
19:77-82
i. Its period of rotation 19:77g-78d
ii. Its atmosphere and clouds 19:78d-80b 2:241g-h [2:326h-327d
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iv. Its microwave emissions and their observation and
interpretation

v. Its surface conditions and their relation to
possible life

. Earth
[see D., below]

. Mars

i. Its basic phenomena: orbital motion and general
appearance, diurnal and seasonal activity

ii. Its surface: topographic features, physical properties,

and possible composition

iii. Its polar caps: seasonal behaviour and possible
composition

iv. Its atmosphere
v. Its interior
vi. Its satellites
vii. Its possible suitability for life

2. The minor planets, or asteroids
[see A.4.a., above]

3. The giant planets and Pluto
a. Jupiter

i. Its outer layers: the atmosphere, clouds, and Great

Red Spot
ii. Its interior
iii. Its satellite system
iv. Its gravitational influence
v. Theories of the origin of the Jovian system
b. Saturn

i. Its orbit
ii. Its surface
iii. Its mass, density, and probable composition
iv. Itsrings
v. Its satellites
c. Uranus

i. Its discovery
ii. Its orbit
iii. Its visual appearance and spectrum

iv. Its mass, radius, density, and probable composition

v. Its satellites
d. Neptune

i. Its discovery
ii. Its appearance and constitution
iii. Its rotation and diameter
iv. Its satellites
e. Pluto

i. Its discovery
ii. Its orbit and variable brightness

iii. Its mass, diameter, density, and possible atmosphere

D. The Earth as a planet

1. The distance of the Earth from the Sun: the astronomical

unit and solar parallax
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2. The orbital motion of the Earth around the Sun and the
rotation of the Earth on its axis: the year, the day, the

precession of the equinoxes
[see also E.6.a., below]

3. Effects of the Earth’s orbital position and speed on
astronomical observations

a. Astronomical parallax

b. Aberration of light

4. The Earth’s magnetism, temperature, and other physical
properties
[see 212]

5. The structure and composition of the Earth’s interior
[see 213]

6. The origin of the Earth, its atmosphere, hydrosphere, and

surface features
[see 232, 241]

E. The Moon

1. Basic data for the Moon: its shape, radius, mean density,
and varying brightness

2. The motion of the Moon
a. The apparent motion

i. The month: the sidereal and synodic periods of the

Moon
[see 6.a.ii., below]

ii. Optical and physical librations
b. The actual motion

i. Analytical and numerical lunar theory: the
mathematical treatment of the Moon’s geocentric
motion

ii. Interpretation of small irregularities in the motion
3. The mass and gravitational field of the Moon

a. Underlying theory: basic gravitational properties of the
Moon

b. Discovery of lunar mascons: gravity anomalies on the
Moon

4. The physical nature of the Moon: selenology

a. Observations from Earth and from space vehicles:
results of remote lunar photography, manned lunar
landings, and close-up photography
[see also 738.C.3.]

b. Types of lunar feature
i. Lunar craters
ii. Lunar lineaments; e.g., mare ridges, the lunar grid
system, rilles
iii. Temporary or transient features

iv. The lunar soil and other surface material: analysis of

reflected and emitted radiation

c. Theories of origin of the Moon’s surface features: the
volcanic and impact theories

5. The origin and evolution of the Moon
a. Probable development of the Moon’s orbit

b. Evidence from the composition and physical properties
of the Moon: interpreting the lunar geological record

c. The “‘circumterrestrial swarm” theory: the theory that

the Moon accreted from silicate material that condensed

in the Earth’s early atmosphere
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6. The Sun—-Earth-Moon system
a. Relative motions of the Sun, Earth, and Moon

i. The geometry of the Sun-Earth-Moon system: the
celestial equator; the apparent motion of the Sun
along the ecliptic; the inclination of the Earth’s axis

ii

b. Eclipses of the Sun and Moon

i. Phenomena observed during eclipses
ii. Geometry of eclipses, occultations, and transits
iii. Frequency of solar and lunar eclipses
c. Tides

to its orbit

Motions of the Sun—-Earth—Moon system as the
astronomical basis of chronology: the day, month,
and year; the Sothic cycle, Metonic cycle, and other

complex cycles

i. Causes of tides

ii. Tides in the Earth’s hydrosphere, atmosphere, and

iii. Tides in the Moon and other astronomical bodies and

lithosphere
[see also 223.B.3.]

systems
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Introduction to Part Two:

The great globe itself
by Peter J. Wyllie

We all have a sense of awareness and appreciation of the
Earth; we all admire the scenery. One of the rewards of
studying and understanding the Earth is the development
of this sense to a greater extent. This development brings
us closer to nature, closer to an awareness of some tran-
scendental power, closer to God if we choose to define God
in these terms. To “commune with nature” is to seek peace,
but of course the Earth is not always peaceful and benev-
olent; sometimes it is powerful and savage. Even cities, the
culmination of man’s domination of the landscape, are not
immune to the ravages of nature. They have been devas-
tated by floods, wracked and ripped by tornadoes and hur-
ricanes, ruined by ash or lava from volcanoes, and demol-
ished by earthquakes. These events, too, we wish to under-
stand.

Man’s appreciation of the Earth begins with physical con-
tact. This immediate experience of the senses is followed
by the spiritual desire and need to understand where the
Earth and its human observers came from, and why. The
third stage of appreciation comes from scientific analysis
and interpretation. Before we examine the relationship be-
tween man and the Earth in more detail, we should con-
sider our position in the solar system and the universe.

Human civilization has developed and flourished in a
small niche in space. Our home is perched on the surface
of a sphere, enormous to us but tiny compared to the uni-
verse, that spins around its axis once each day while mov-
ing at a fantastic speed around the Sun, completing an or-
bit once each year. Although normally unaware of it, we
too are spinning and moving at the same speed as the
Earth, but we are held securely on the surface by the gravi-
tational attraction of the mass of rocks beneath us.

The Sun, a huge globe of burning gas, provides the en-
ergy that fuels the activities and processes of our immediate
environment, the boundary layer between the rocky surface
of the Earth and the fluid envelope of air and water that
separates the Earth from the starkness of space. The air
and water nurture life and simultaneously protect it from
the potentially damaging radiation and particles that ap-
proach the Earth from other parts of the solar system and
beyond.

A view of the Earth from space differs markedly from
what we see from within our own restricted environment at
the Earth’s surface. From where we stand, it appears that
the Sun, the Moon, and the stars are moving in great arcs
around the Earth, and it was once believed that this was
the way of the universe. Man on his world was surely the
centre of all things. But we know now that this is only a
relative picture; although the Moon does orbit the Earth,
the Earth-Moon system moves around the Sun, -which is it-
self speeding through the universe.

We exist because the Earth exists, and we claim the Earth
as our own by referring to it as Mother Earth, the univer-
sal provider. The Earth provides all of our material needs
and satisfies some of our spiritual needs: “I will lift up mine
eyes unto the hills, from whence cometh my help.” A day
in the mountains, at the seashore, or in the countryside

sharpens that sense of awareness of the Earth which was
compared above with an awareness of God.

Since he first appeared on Earth, man has wondered at
nature’s awesome beauty, and trembled at its indomitable
power. The dread engendered by the physical experience of
nature on the rampage, in storms, floods, or earthquakes,
has shaped the development of primitive religions. Mystical
or sacred attributes were assigned to natural objects and
phenomena, and ceremonies were devised to honour and
placate the unknown powers. Modern man has become in-
creasingly insulated from his natural surroundings, partly
because he is separated from them by masses of concrete,
partly because scientific investigation tends to dispel the
mystery of nature. This is not to imply that no problems
remain to be solved, but we have learned enough to be rea-
sonably sure that all are ultimately explicable in terms of
rational science. Therefore, we no longer feel the need to
populate the sky, mountains, trees, and winds with gods,
spirits, and souls. But we can still enjoy the sensuous and
spiritual appreciation of the Earth, and retain or rediscover
the intimacy with our natural surroundings that was ex-
perienced by primitive man.

One of the appealing aspects of Earth study is that wher-
ever we go, our favourite subject is right there with us.
There is always something new to be seen, to be admired,
or to be examined in detail. While travelling in a commer-
cial airliner, a meteorologist can examine the upper portions
of the clouds as a change from his normal ground-based
view and can track the flight right through the fronts and
the high- and low-pressure regions charted on the news-
paper weather map in his lap. An oceanographer flying over
the coastline can see at a glance the large-scale patterns in
the waves rolling shoreward, and the effect of coastal prom-
inences on these patterns. A geologist peering through the
plane window can examine the distribution of hills and val-
leys laid out below him, gaining a bird’s-eye view to sup-
plement the pattern of features that he had previously seen
only on maps. These pleasures are not reserved for the pro-
fessional Earth scientist. Anyone can observe the Earth and
Earth processes in action, almost anywhere.

Man is a curious species; he needs to know how and why
things happen. The simple, visual pictures of nature are
beautiful, awe-inspiring, and on occasion terrifying, but
they can be more satisfying if they invoke a series of addi-
tional images. Just as one’s appreciation of any work of art
is enhanced by knowing something of the artist and his
position in art history, so one’s appreciation of nature’s pic-
tures is enhanced by knowing something about natural his-
tory. For a full appreciation of the splendour of mountain
peaks rising abruptly from the plains, reaching for the puffs
of cloud that ride above them, we need to know something
of the processes that raise mountains—or were they always
there? We need to know something of the winds that carry
moisture from the oceans to the skies, because we see that
the clouds come, change their shapes, and then disappear.
We can gain a great deal by learning a little about the sci-
entific approach to appreciation of the Earth. And it is not
at all difficult for the nonprofessional to read about and to
understand many of the necessary concepts.

Two of the most troublesome concepts are time and size
—dimensions that distinguish the Earth sciences from any
other Earth-bound subject. It is very difficult for us to grasp
the meaning of the statement that the Earth formed 4,600,-



000,000 years ago. Similarly, the enormous volume of wa-
ter in the oceans or the volume of rocks in a mountain
range almost defy comprehension. We have been consider-
ing the Earth and scenery as it is exposed to us at the pres-
ent. But when we study the Earth, we realize that the
present scenery is merely a transient feature in the immense
span of geological time. Early students of the Earth were
hampered by the belief that the Earth was only a few thou-
sand years old. Many of them were seeking answers to two
recurrent questions that we find throughout human history.
How and when was the Earth formed? How and when was
man formed? Attempts to answer these questions are re-
sponsible for many myths and religions in various cultures,
both ancient and modern.

In the early part of the 19th century the study and inter-
pretation of rocks led geologists to conclude that the Earth
must be of far greater antiquity than the age implied by a
literal interpretation of the Bible. They realized that the
layers of rock now exposed at the surface contain records
of the history of the Earth during the times that each layer
was formed. One major branch of the Earth sciences is de-
voted to the discovery, translation, and interpretation of the
“record of the rocks.” Many rock layers enclose fossils, and
these remnants of animals and plants serve as illustrations
in the historical book of nature, making it possible to trace
the development and changes of species through time.

Fossil hunting has been a popular pastime for many gen-
erations. With a little experience and a little knowledge, an
amateur fossil hunter can add interpretation to his discov-
eries. From a few fossil shells and corals in a limestone, he
can reconstruct in his mind’s eye the whole flourishing com-
munity of life that once existed on a coral reef, now frozen
into the rock record. A piece of coal, with fossil imprints
of leaves, ferns, and other plant remains from which the
coal was formed, can conjure up a picture of a luxuriant
swamp of 300,000,000 years ago, populated by strange
beasts long since vanished from the Earth. The history of
the Earth, the evolution of life, and the origin of man, at
least in part, are preserved in the rocks. It is here that
fundamentalists still supporting “creationism” will find
much evidence for the evolution of life forms, if they care
to examine it. This aspect of Earth study has almost uni-
versal appeal. Earth history and human history overlap in
archaeology, and the records of early civilizations exposed
in excavation sites always excite public curiosity.

The scientific approach to the appreciation of nature in-
forms us that the key to interpretation of the past history
of the Earth from the record of the rocks lies in processes
occurring at the present time. These processes have been
grouped into great cycles. Two of the most important are
the hydrologic cycle, concerned with the circulation of wa-
ter, and the mountain-building cycle.

The oceans constitute a vast reservoir for the hydrologic
cycle. The atmosphere and the oceans are in constant mo-
tion, driven by the energy from the Sun and the rotation
of the Earth. Masses of humid air, carrying water that has
evaporated from sun-drenched tropical oceans, migrate to
cooler latitudes where the water is precipitated as rain or
snow, and thus returned to the ocean reservoir either di-
rectly or indirectly, over or through the ground. The mov-
ing air masses and ocean currents bring to the continental
masses rain or drought, heat or cold, making them hospita-
ble, habitable, or uninhabitable for human colonies. Minor
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changes in atmospheric circulation have converted fertile
plains to barren deserts and caused major changes in the
development of ancient civilizations.

The hydrologic cycle shapes our local environment. The
features that we know collectively as scenery are produced
mainly by flowing water, although ice, wind, and solar en-
ergy also contribute. The force of gravity and the rivers
together carry the products of weathering downhill to the
ocean reservoir. The average rate at which the surface of
the land is being worn down and the land dispersed into
the oceans is a trivial 1.5 inches per 1,000 years, but the
dimension of geological time gives significance to small
numbers. At this rate, all of the continents would be worn
down to sea level within 20,000,000 years. This means that
during the 4,600,000,000 years since the Earth was formed,
the continents could have been worn down to sea level at
least 200 times. By now there should be no land rising
above sea level, but we still see high mountains.

The mountains exist and persist because the effects of the
hydrologic cycle are offset by the mountain-building cycle.
Forces within the Earth cause large regions of the surface
to rise very slowly, imperceptibly in human terms. Imper-
ceptible, that is, until an earthquake signals an abrupt
movement in the continuing process of mountain building.
While some parts of the Earth rise other regions sink. This
slow rhythm has been termed “the pulse of the Earth.” Al-
though we do not understand the details of what is happen-
ing within the Earth, we are now confident that internal
forces are responsible for shaping the major features of the
Earth’s surface, such as the distinction between continents
and ocean basins, and the persistence of mountain ranges
on the land and beneath the ocean. The detailed sculpture
of the surface results from the conflict between the moun-
tain-building cycle and the hydrologic cycle.

The internal forces do more than cause the land surface
to rise and fall; they cause the land to move sideways, as
well. It is now generally believed by most scientists that the
continents drift. There is persuasive evidence that the sur-
face of the Earth is covered by a small number of very
large shell-like plates, about 60 miles thick, across which
the continents are scattered rather like logs frozen into the
ice on a lake. The rigid shells of rock slide over the Earth’s
interior, carrying the continents with them, and grinding
against each other along their edges like ice floes. The
plate boundaries are sites of geological activity: earthquakes
and volcanoes are concentrated along them. Because of
these movements, supercontinents have been rifted apart,
and ocean basins have opened, expanded, and closed again
as continents collided. Continental collisions have thrust up
great mountain ranges such as the Himalayas. The conti-
nents are drifting still at rates of an inch or two per year:
the Atlantic Ocean is increasing in size, and the Pacific
Ocean is becoming smaller. Most people are fascinated by
the theory of continental drift. The theory is aesthetically
pleasing, and it also has practical applications.

What stokes the subterranean fires that drive the Earth’s
engine, causing continental drift, mountain building, vol-
canic eruptions, and earthquakes? We have no satisfactory
answer to this question, but we do know that an enormous
amount of energy is involved in the activity along the plate
margins. One major earthquake releases more energy than
a hydrogen bomb. Modern man is a powerful animal,
thanks largely to his exploitation of the Earth for materials
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and energy, and he dominates the landscape like no species
before him. He feels reasonably secure in his command of
the environment while sitting in the city, because the land-
scape is largely a product of his industry, and it is clearly
subservient to his wishes and his computer-operated con-
trol panels. But when the Earth releases a minute fraction
of its internal energy in a major earthquake, man becomes
helpless. All control is lost while the surface of the Earth
rises and falls in solid waves.

Man cannot live in harmony with his environment during
an earthquake. It has become clear, however, that he must
learn to do so at other times if he is to avoid the dire pre-
dictions of those who evaluate such factors as projected
world populations, the material and energy resources of the
Earth, projected rates of consumption of these resources,
and the volume and toxicity of waste materials discarded.
We live in a restricted environment with finite space and
resources, and we have become a force producing major
modifications in the environment at rates very rapid com-
pared with normal rates of Earth evolution. Social deci-
sions about the continued exploitation of the Earth should
be made with full information about the problems, and so-
cial decisions are based on votes, in theory at least. This
alone is sufficient reason for any intelligent person to in-
form himself about the Earth, quite apart from the fascina-
tion of the subject, because his future depends upon it.



Part Two. The Earth

The outlines, and the articles and parts of articles referred to, in the thirteen
sections, grouped in four divisions, of Part Two treat the Earth’s properties,
structure, and composition; its atmosphere and hydrosphere; its surface fea-
tures; and its history.

Several points about the relations of this part to other parts should be
noted. The consideration here of the Earth’s physicochemical properties pre-
supposes the physical and chemical knowledge and theories set forth in Part
One. Knowledge of the Earth is in turn presupposed by Parts Three, Four,
and Five, which are concerned with Life on Earth, Human Life, and Human
Society, respectively. The several Earth sciences have themselves been the
objects of historical and analytical studies concerned with their nature, scope,
methods, and interrelations. These studies are set forth in Section 10/33 of
Part Ten. The instrumentation used in the Earth sciences is dealt with in
Section 723 of Part Seven.

The outlines and the articles referred to in the four sections of Division I
treat the orbital motions and the figure of the Earth; its physical properties;
the structure and composition of the Earth’s interior; and the Earth’s con-
stituent minerals and rocks.

In Division II the subjects are the Earth’s atmosphere; its hydrosphere; the
motions of the sea; and weather and climate.

In Division III the subjects are the basic physical features of the Earth’s
surface and the features produced by geomorphic processes acting on the
Earth’s surface.

In Division IV the subjects are the origin and development of the Earth
and its envelopes; the interpretation of the geological record; and the eras
and periods of geological time.

Division I. The Earth’s properties, structure, and composition 79
II. The Earth’s envelope: its atmosphere and hydrosphere 92

III. The Earth’s surface features 104

IV. The Earth’s history 115

Division I. The Earth’s properties, structure, and
composition

The outlines, and the articles and parts of articles referred Section 211. The planet Earth
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stituent minerals and rocks. 214. The Earth’s constituent minerals and rocks 85

The outline and the articles referred to in Section 211 deal
with the orbital motions of the Earth and with the figure of
the Earth.

Section 212 treats the Earth’s gravitational properties; the
Earth’s magnetic, electrical, thermal, and mechanical prop-
erties; and the properties of Earth materials and their
deformation.

Section 213 treats the basic divisions of the solid Earth;
the causes, distribution, magnitude, motion, and energy of
earthquakes; and the geophysical and geochemical evidence
used to infer the structure and composition of the Earth’s
interior.

Section 214 treats the mineral constituents of the Earth;
the rocks that comprise the Earth’s crust; and the geo-
chemical distribution of elements in the Earth.

Section 211. The planet Earth

The articles and parts of articles referred to in Section 211 deal —the revolution of the Earth about the Sun and the rotation of
with two main subjects: A, the orbital motions of the Earth; and the Earth on its axis. The outline goes on to treat the forces and
B, the figure of the Earth. dynamical effects related to the rotation of the Earth.

The outline of subject A treats the orbital motions of the Earth The outline of subject B begins with the definition of the figure
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of the Earth as the size and shape of a hypothetical surface,
called a geoid, the mean sea-level surface and its continuation
under the land. It goes on to the historical development of im-
proved approximations to the Earth’s figure. It next deals with

A. The orbital motions of the Earth

1. The revolution of the Earth about the Sun and the rotation
of the Earth on its axis

2. Forces and dynamical effect related to the rotation of the
Earth

a. The Coriolis force that modifies the atmospheric and
oceanic circulations

b. The centrifugal force that produces the Earth’s
equatorial bulge

c. Deceleration of the Earth’s rotation as a result of tidal
friction

B. The figure of the Earth

1. The conventional definition of the figure of the Earth: the
geoid

2. Reference figures or models of the Earth: the historical
development of improved approximations to the Earth’s
size and shape

a. The spherical model
b. The ellipsoidal model

c. The geoidal model

3. The world geodetic system: the measurement of geodetic
parameters

a. The astrogravimetric method: the use of gravity data and
the Geodimeter

b. Satellite measurements: analysis of satellite orbits;
satellite triangulation

c. Correlation of data from different methods
4. International reference systems

a. Current definitions and values: the adoption of standard
reference figures

b. Recent developments: precision measurements and their
implications concerning global structure and processes

Section 212. The Earth’s physical properties
[for Part Two headnote see page 79

for Division I headnote see page 79]

The articles and parts of articles referred to in Section 212 deal
with six main subjects: A, the Earth’s gravitational properties;
B, the Earth’s magnetic properties; C, the Earth’s electrical
properties; D, the Earth’s thermal properties; E, the Earth’s
mechanical properties; and F, the properties of Earth materials
and their deformation.

The outline of subject A begins with the factors that determine
the gravitational field at the Earth’s surface, especially the effects
of the Earth’s rotation and of its increase in density toward its
centre. After dealing with the three principal systems for measur-
ing the gravitational acceleration of the Earth, the outline goes
on to inferences about the properties of the Earth’s interior based
on interpretations of gravity data. Here, it first treats the theory
of an isostatic balance between the elevation of the Earth’s surface
and the density of the rocks below. It then deals with local, re-
gional, and large-scale irregularities in the gravitational field.

The outline of subject B begins with the mapping of the Earth’s
main magnetic field in terms of the elements of intensity, dip,

the methods used before and since satellite measurements for
establishing a world geodetic system. Finally, it treats current
definitions and values in international reference systems, and re-
cent developments in geodesy.

articles article sections other references
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and declination, and with the secular variations in that field. It
goes on to treat the periodic solar and lunar daily magnetic
variations; the geomagnetic disturbances of large amplitude called
magnetic storms; and transient variations caused by electric
currents on or near the Earth’s surface. It next deals with
theories of the origin of the main geomagnetic field, theories that
also try to account for its secular variation. It concludes with
efforts to determine the behaviour of the Earth’s magnetic field
through geological time, from the study of ferromagnetic rocks.

The outline of subject C, the Earth’s electrical properties, treats
the currents produced by the motion of charged particles in the
Earth’s ionosphere; the variation with depth of the electrical
properties of the solid Earth; and electric currents within the
Earth, those induced by variations in the geomagnetic field and
those generated by the Earth’s core.

The outline of subject D, the Earth’s thermal properties, first
deals with the sources of the Earth’s heat, the heat generated at
the time of the Earth’s formation and the heat produced by radio-



active decay. It goes on to the transmission of heat from the
Earth’s interior to its surface and to the geological aspects of heat
flow, with emphasis on volcanic activity.

The outline of subject E begins with the indirect evidence used to
determine the basic internal mechanical properties of the Earth—
density, pressure, incompressibility, rigidity, and gravitational
intensity. It goes on to the Earth’s departures from spherical
symmetry and from perfect elasticity. Finally, it treats the re-
sponse of the Earth to stresses of long duration, involving possible
large-scale flow of Earth materials.

A. The Earth’s gravitational field
[see also 131.B.]

1. Definition of gravity: the factors that determine the
gravitational field at the Earth’s surface

a. The hydrostatic figure of the Earth: effects of the Earth’s
rotation and density distribution on gravity

b. The reference ellipsoid and standard gravity:
approximations to the Earth’s average gravitational field

c. Gravity anomalies: free-air, Bouguer, and isostatic
anomalies

d. Harmonic analysis of gravity: the mathematical
representation of the Earth’s gravitational field

2. Measurement of gravity: the methods of gravimetry and
astrogeodesy; analysis of perturbations of the orbits of

artificial satellites
[see also 723.D.2.d]

3. Interpretation of gravity data: inferences about the Earth’s
interior

a. Isostasy: the approximate balance between the elevation
of the Earth’s surface and the density of the rocks below

b. Variations in the gravitational field

i. Local irregularities: their relation to small-scale
density differences and their use in geophysical
prospecting

ii. Regional irregularities; their relation to crustal
structure

iii. Large-scale irregularities: their relation to global
tectonics

B. The Earth’s magnetic properties
[see also 127.C.]

1. The Earth’s main magnetic field

a. Elements of the geomagnetic field: definition of magnetic
intensity at the surface of the Earth

b. World magnetic surveys and magnetic observations

c. Variations in the main magnetic field: the geomagnetic

secular variation
[see 4.b., below]

2. Transient and short-term geomagnetic fields
a. Solar and lunar daily magnetic variations

b. Magnetic storms and substorms: large-amplitude
geomagnetic disturbances caused by increased solar
activity

c. Electromagnetic induction and telluric currents:
geomagnetic field variations caused by electric currents
induced within the Earth

3. Origin of the geomagnetic field

a. The main geomagnetic field: evidence that the Earth’s
core is the source of the geomagnetic field

Division I. Section 212 81

Subject F is the properties of Earth materials and their deforma-
tion. The outline first deals with the properties of rocks deter-
mined from empirical observation and laboratory tests, covering
volumetric, mechanical, thermal, electrical and magnetic, hy-
draulic, and optical properties. Dealing with the deformation of
materials in the Earth’s crust, the outline treats stress and strain in
rocks; the various types of rock folding; fracture in rocks, includ-
ing various kinds of faults; the superposition of strains produced
by the tectonic events of different ages; and the deformation of
ice in ice sheets and glaciers.
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b. The dynamo theory of the geomagnetic field: theoretical
models of electromagnetic induction processes in a
highly conductive fluid core :

c. The theory of secular variation: interpretations based on
the dynamo theory

4. Rock magnetism
[see also 127.C.5.]

a. Magnetization of rocks: induced and remanent
magnetism

b. The Earth’s paleomagnetic field: the record of variation
and polar reversal through geological time

i. Geomagnetic polarity reversals
ii. Polar wandering

iii. Magnetic anomalies over the continents and the
oceans

C. The Earth’s electrical properties
[see also 127.B.]

1. Atmospheric electric current systems: currents produced by
the motion of charged particles in the Earth’s ionosphere
[see also 221.A.4.]

2. Electrical conductivity and dielectric behaviour of the

Earth’s rocks and minerals: variation with depth of the
electrical properties of the solid Earth

3. Electric currents within the Earth: currents induced by
variations in the geomagnetic field and currents generated
by the Earth’s core

D. The Earth’s thermal properties
[see also 124.A.4.c.]

1. Sources of the Earth’s heat: original heat of formation and

radioactive decay
[see also 111.C.5.]

2. Transmission of heat from the Earth’s interior to its surface:

thermal conductivity and gradients, and heat flow data

3. Geological aspects of heat flow: convection currents in the
Earth, rock metamorphism, and mountain building

4. Surface manifestations of heat flow: volcanoes and
volcanism

a. General aspects of heat flow: association of volcanoes
with localized areas of high heat flow; distribution of
volcanoes; catastrophic eruptions; generation of
geothermal power

b. Volcanic activity: discharge of geysers and other hot
springs; ejection of fragments; effusion of lava

¢. Volcanic structure and form: shield volcanoes and

stratovolcahoes; monogenetic, composite, and submarine

volcanoes

d. The origin of volcanoes: formation and movement of
magma

E. The mechanical properties of the Earth

articles
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other references
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articles article sections other references

1. General considerations: the fundamental mechanical 6:35d-36b
properties of the Earth’s body and the indirect evidence
used to determine them

2. Nature of deformable media: stress and strain; models of 6:36b-37a
the stress-strain behaviour of materials; seismic waves
[see also 126.C. and F.]

3. The basic internal mechanical properties of the Earth: 6:37b-39g
density, pressure, incompressibility, rigidity, and
gravitational intensity

4. The Earth’s departures from spherical symmetry: 6:39h—40d / 6:44b— /8:1002c-1003c/
oblateness, lateral variations associated with crustal 6:19¢-f 14:434d-f

structure, and isostasy and its effects
[see also 211.A.2.b]

5. Anelasticity in the Earth: departures of the Earth from 6:40d-41c
perfect elasticity

6. Response of the Earth to stresses of long duration: possible 6:41¢c-g/6:50d—¢/
large-scale flow of Earth materials 15:958f-959¢g

[see also 241.G.]

F. Properties of Earth materials and their deformation

1. The properties of rocks determined from empirical ROCKS,
observations and laboratory tests PHYSICAL
PROPERTIES OF
15:952-964
a. Volumetric properties: rock density and porosity 15:953a-g
b. Mechanical properties 15:953g-960a /
[see also 126.C., D., and F.] 15:914¢c-916a
i. Elasticity: compressibility and the propagation of 15:953h-955h 6:72c-¢g
elastic waves
ii. Nonelastic properties: compaction, brittle rupture 15:955h-957h
and failure, and brittle-ductile transitional behaviour
iii. Plasticity: dislocations and slip 15:957h-958f
iv. Time-dependent deformation: creep 15:958f-959g /
16:196h-197a
v. Response to shock waves: meteorite impacts 15:959g-h/
12:50h-52a
vi. Hardness and friability 15:959h-960a
¢. Thermal properties 15:960a-961h
i. Specific heat and thermal conductivity 15:960a-h/
6:25a-b
ii. Thermal expansion and rock melting 15:960h-961h/
9:208e-209d /
9:222g-223d

d. Electrical and magnetic properties

i. Magnetic susceptibility and remanent magnetization of
rocks
[see B.4., above]

ii. Electrical conductivity and dielectric behaviour
[see C.2., above]

e. Hydraulic properties: porosity and permeability; the 15:963h-964¢c/
capacity to store and transmit fluids 8:435h—436e/
12:860f-h /
14:169c-170a
f. Optical properties: colour and lustre 15:964c-¢
2. The deformation of materials in the Earth’s crust ROCK
DEFORMATION
15:913-923
a. Stress and strain of rocks 15:914¢c-916a/ 6:36b-37a
i. Response to stress 15:914c-h/
12:50h-52a
ii. Elastic and plastic deformation: reversible and 15:914h-916a
irreversible displacements
b. Folding of rocks 15:916a-918h/ 12:589¢
5:122d-g/
12:584b-¢
i. Types of tectonic folding; e.g., flexure, slip, and 15:916a-917f/

flexural-slip folding 12:579¢-h
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ii. Foliation and lineation: linear features in rocks
subjected to stress

iii. Nappes: large rock sheets that have moved over the
rock formations beneath and in front of them

iv. Diapiric structures; e.g., salt domes
[see also 724.B.1.c.ii.

v. Nontectonic folding; e.g., slumping of recently
deposited sediments

c. Fracture in rocks
i. Joints, joint sets, and joint patterns

ii. Faults and faulting; e.g., normal, transcurrent, and
thrust faults

d. Structural interference: the superposition of strains
produced by the tectonic events of different ages

e. The deformation of ice in sheets and glaciers: flow and

fracture of ice
[see also 222.A.3.a.]

Section 213. The structure and composition of the Earth’s interior
[for Part Two headnote see page 79

for Division I headnote see page 79]

The articles and parts of articles referred to in Section 213 deal
with four main subjects: A, the Earth’s concentric layers; B,
earthquakes; C, the distribution of elements in the Earth’s interi-
or; and D, the indirect evidence used to infer the structure and
composition of the Earth’s interior.

The outline of subject A begins with the basic physical proper-
ties and zonal structure of the Earth. It goes on to treat the basic
divisions of the solid Earth, covering the different composition of
the markedly differentiable shells, called the crust, the mantle,
and the core, and of the transitional zones between them.

The outline of subject B treats the natural and artificial causes
of earthquakes; the distribution of earthquakes; and the magni-
tude, motion, and energy of earthquakes.

A. The Earth’s concentric layers

1. Physical properties and zonal structure of the Earth: the
variation with depth of seismic wave velocities, density,
pressure, temperature, electrical conductivity, and elastic

and rheological properties
[see also 212]

2. The basic divisions of the solid Earth

a. The crust: the Earth’s outer layer, which may be
differentiated into continental and oceanic crust

b. The Mohorovici¢ Discontinuity: the zone that separates
crust from mantle

c. The mantle: the layer between crust and core that
comprises the bulk of the Earth’s volume

i. The upper mantle

ii. The transition zone
iii. The lower mantle

d. The core: the Earth’s innermost region, assumed to be
liquid except for a probably solid inner core

3. The development of the Earth’s structure and composition
[see 241.A.]
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Subject C, the distribution of elements in the Earth’s interior
—in its core, mantle, and crust—is dealt with in detail in the
next section, Section 214.

Subject D involves the indirect evidence used to infer the struc-
ture and composition of the Earth’s interior. The outline deals
first with geophysical evidence, especially that afforded by seismic
wave velocities, but also other geophysical evidence, such as the
Earth’s moment of inertia and its density distribution. It then
deals with geochemical evidence, covering investigations of geo-
chemical equilibria at high temperatures and pressures; the
composition of meteorites that may correspond to rocks forming
the Earth’s interior; and evidence from crustal igneous rocks
derived from the upper mantle.
other references
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B. Earthquakes: sources of seismic waves within the Earth

1. Causes of earthquakes
a. Natural causes: rock fracture and volcanism

b. Artificial causes; e.g., nuclear explosions, filling of
reservoirs

2. Distribution of earthquakes

a. Geographic and geologic occurrence: confinement of
major earthquake activity to narrow belts

b. Deep-focus earthquakes: occurrence of earthquakes in
the Earth’s mantle

3. Magnitude, motion, and energy of earthquakes
[see also 126.C. and 128.A.]

a. Seismic intensity and magnitude scales

b. Seismograms and their interpretation: the physical

characteristics of seismic waves
[see also 723.F.6.]

C. Distribution of elements in the Earth’s core, mantle, and crust
[see 214.C.]

D. The indirect evidence used to infer the structure and
composition of the Earth’s interior

1. Geophysical evidence, mainly from earthquake analyses
[see also 212.E.]

a. Seismic wave velocities

b. Other geophysical evidence; e.g., the Earth’s moment of
inertia, density distribution

2. Geochemical evidence

a. Investigations of geochemical equilibria at high
temperatures and pressures: phase transitions in the
Earth’s interior
[see also 214.A.5.a.]

b. The composition and mineralogy of meteorites that may

correspond to rocks forming the Earth’s interior
[see also 133.A.4.d.i.]

c. Evidence from crustal igneous rocks that are derived from

the upper mantle; e.g., andesite lava flows, peridotite and
eclogite inclusions in lava flows and some igneous rocks

Section 214. The Earth’s constituent minerals and rocks
[for Part Two headnote see page 79

for Division I headnote see page 79]

The articles and parts of articles referred to in Section 214 deal
with three main subjects: A, the mineral constituents of the
Earth; B, the rocks that comprise the Earth’s crust; and C, the
distribution of elements in the Earth.

The outline of subject A begins with the chemical composition,
internal structure, and external morphology of crystals, subjects
that involve major means for determining the identity of mineral
species and varieties. It goes on to the classification of minerals
in terms of structure and composition, the physical properties of
minerals, and the occurrence of minerals in nature. It concludes
with the responses of the Earth as a chemical system to change in
physical factors, covering geochemical equilibria at high tempera-
tures and pressures and geochemical equilibria at low tempera-
tures and pressures.

Subject B is the rocks that comprise the Earth’s crust. The out-
line first covers the three broad classes of rocks—the igneous
rocks that have crystallized from molten silicate solutions within
or above the Earth’s crust; the sedimentary rocks deposited by
glaciers and ice sheets, wind, or water, or produced by biogenic
processes; and the metamorphic rocks of the Earth’s crust which

Division L Section 214 85
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formed by the physicochemical alteration of pre-existing rocks.
For each of these classes of rocks, the outline treats the modes
of formation, the physical and chemical properties, the princi-
pal types, and their distribution. It concludes with the rock asso-
ciations formed in different environments of the Earth’s crust:
in the oceanic regions, in the stable continental regions, in the
continental borderlands, in the island arcs, in the major moun-
tain ranges, and in the piedmont regions adjacent to mountain
regions.

Subject C involves the determination of the relative and absolute
abundances of the chemical elements in the Earth and its various
parts. The outline first deals with estimates, made from the studies
of the composition of the Sun, other stars, and the Moon, about
the overall abundances of the elements in the universe. Treating
the terrestrial abundances, the outline covers the distribution of
chemical elements in the Earth’s core; in its mantle; in the Earth’s
crust, with particular reference to the various kinds of mineral
fuels (coals, petroleum, oil shales, and natural gas); in soils; in
the hydrosphere; and in the atmosphere. An article referred to
deals separately with the physiological concentration of elements,
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defined as the accumulation of an element in concentrations
greater than those in the surrounding environment as a result of
the physiological processes of plants and animals. At the end, it

A. The mineral constituents of the Earth

1. Crystallography: the chemical composition, internal
structure, and external morphology of crystals

2. Classification of minerals in terms of crystal structure

and chemical composition
[see also 122.D.]

a. The principal nonsilicate minerals
i. Native elements

ii. Sulfides, including arsenides and antimonides
[see also 4.c., below]

iii. Sulfosalts

iv. Oxides and hydroxides

v. Halides
vi. Carbonates

vii. Nitrates and iodates
viii. Borates

ix. Sulfates

X. Chromates

xi. Phosphates, including vanadates and arsenates

xii. Tungstates and molybdates
b. The silicate minerals

i. Silicate structure and composition: the basic
structural units, the silica tetrahedra and octahedra;
the substitution in silicate structures of ions other
than silicon

ii. Isolated or double tetrahedral group silicates:
minerals with silicate tetrahedra that are
unconnected or connected by groups of two

iii. Chain silicates: minerals with silica tetrahedra that
are connected together in single or double chains

iv. Sheet silicates: minerals with silica tetrahedra
that are connected together in two-dimensional
sheets

v. Framework silicates: minerals with silica tetrahedra
that are connected together in three-dimensional
frameworks

3. The physical properties of minerals; e.g., hardness, cleavage,
specific gravity, and magnetic, electrical, optical, and
. thermal properties

treats the geochemical cycle, an overall concept of the migration
of elements throughout the atmosphere, the hydrosphere, and the

solid Earth.

articles article sections other references
MINERALS
12:233-245
CRYSTALLOG~ 12:234a-236a/ 3:833f-836d passim [
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4. The occurrence of minerals in nature

a. The major rock-forming mineral groups
i. The olivines; e.g., forsterite, fayalite

ii. The pyroxenes; e.g., augite, jadeite

iii. The amphiboles; e.g., hornblende, tremolite

iv. The micas: e.g., muscovite, biotite

v. The feldspars; e.g., orthoclase, albite

vi. The feldspathoids; e.g., nepheline, leucite
vii. The silica minerals; e.g., quartz, tridymite
viii. The clay minerals; e.g., kaolinite, illite

ix. The carbonates; e.g., calcite, dolomite

[see A.2.a.vi., above]
x. The zeolites; e.g., natrolite, heulandite

b. The occurrence of mineral associations

i. In igneous and metamorphic rocks

ii. In ore deposits

iii. In sedimentary rocks and precipitates

iv. In the Moon, planets, and meteorites

c. Ore deposits: concentrations of metals and
metalliferous minerals
[see also 724.C.3.]

i. The nature, genesis, and classification of ore deposits

ii. Earth processes involved in the formation and
distribution of ore deposits; e.g., magmatic
concentration; hydrothermal processes

iii. Metallogenic epochs and provinces: the occurrence
of episodes of mineralization throughout geological

time
iv. The occurrence and distribution of ore deposits

d. Minerals of gem quality; e.g., beryl, corundum, diamond

Division I. Section 214 87
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5. Geochemical equilibria

a. Geochemical equilibria at high temperatures and
pressures

i. Relevant thermodynamic principles: e.g., phase

diagrams, the phase rule
[see also 124.A.]

ii. Phase equilibria in mineral systems; e.g., equilibria in
systems of one, two, or more components

iii. Areas of application of high-temperature—
high-pressure studies; e.g., phase transitions in the
Earth’s interior; geological thermometry and
barometry

b. Geochemical equilibria at low temperatures and
pressures

i. Principles and techniques: thermodynamic
fundamentals and geochemical diagrams
[see also 124.A..]

ii. Geochemical equilibria of significance in nature; e.g.,
equilibria of carbonates in water

B. The rocks that comprise the Earth’s crust

1. The igneous rocks: the predominant solid constituents of the

Earth that form through the cooling of molten or partially
molten material at or beneath the Earth’s surface

a. Properties of igneous rocks
i. Chemical composition
ii. Mineral composition
iii. Textures and fabrics

iv. Structural features; e.g., clastic structures, flow
structures, fractures, inclusions

v. Colour and specific gravity

b. Classification of igneous rocks
i.. According to mineralogy and texture
ii. According to chemical composition

c. Formation of igneous rocks
[see also 212.D.4.]

i. The nature of magmas

ii. Crystallization from magmas: influence of melt
temperature and pressure; phase equilibria in
silicate melts; Bowen’s reaction series

iii. Effects of volatile constituents and late magmatic
processes

d. Occurrence of igneous rocks
i. Distribution and abundance of igneous rocks

ii. Rock kindreds, or associations, and petrographic
provinces: groups of rocks of similar mineralogy and
chemical composition
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9:212bf
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iii. Diversification of magmas: mechanisms of magma
generation

e. Principal families of igneous rocks

i. The intrusive igneous rocks that result when magma
cools and solidifies below the surface of the Earth;
e.g., granite, gabbro, diorite

ii. The extrusive igneous rocks that form from magma
that erupts at the surface of the Earth; e.g., basalt,
rhyolite, andesite

iii. The pyroclastic igneous rocks that form from
deposits of explosive volcanic eruptions; e.g., pumice,
tuff, scoria

2. The sedimentary rocks of the Earth’s crust: rocks
that were deposited by or precipitated from ice, wind, or
water, or produced by biogenic processes

a. Classification systems
i. Clastic rocks

ii. Nonclastic rocks

b. Properties of sedimentary rocks

i. Texture

ii. Mass properties; e.g., cementation, colour, density,
elasticity, porosity

iii. Geochemical properties

iv. Fabric

c. Sedimentary structures

i. External stratification
ii. Bedding and bedding planes

iii. Deformation structures

d. Sedimentary environments

i. Marine environment

ii. Mixed marine and nonmarine environment

iii. Nonmarine environment

e. Distribution of sedimentary rocks through time

i. Rock type variation

ii. Rates of accumulation

iii. Sedimentary models: inferences concerning the mode
of emplacement and the sources of sedimentary
deposits

f. Principal types of sedimentary rocks

i. Conglomerates, tillites, and other heterogeneous
clastic rocks
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ii. Quartzose sandstones and arkoses
iii. Graywackes

iv. Shales

v. Loess

vi. Limestones and dolomites

vii. Evaporites
[see also 724.B.1.c.ii.]

viii. Siliceous rocks

ix. Phosphorites
x. Coals

[see C.4.a., below]

3. The metamorphic rocks of the Earth’s crust: rocks
that have formed by the physicochemical alteration of
pre-existing rocks

a. Formation and classification of metamorphic rocks

i. Types of metamorphism; e.g., contact, regional,
hydrothermal, progressive and regressive

ii. Grades of metamorphism: the degree to which
metamorphic changes have occurred

=

iii. Temperature and pressure of metamorphism

iv. The origin of metamorphic texture and structure
v. Metamorphic differentiation

vi. The alteration of limestones and dolomites to form
marbles

vii. Types of metamorphic rocks; e.g., schist, slate,
gneiss, hornfels

b. Physical and chemical characteristics of metamorphic
rocks

i. Metamorphic minerals

ii. Rock composition
iii. Metamorphic facies

iv. Textures and fabrics

c. Rocks of the principal facies

i. Facies associated with contact metamorphism; e.g.,
sanidinite facies, pyroxene-hornfels facies

ii. Facies associated with regional metamorphism,; e.g.,
zeolite facies, greenschist facies, amphibolite facies

iii. The eclogite and granulite facies
d. Distribution of metamorphic rocks

4. The rock associations formed in different environments of
the Earth’s crust

a. In the oceanic regions: basaltic lavas, reef limestones, and
abyssal sediments of the deep oceans
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article sections other references
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b. In the stable continental regions: conglomerates,
sandstones, evaporites, and coal measures

c. In the continental borderlands: sandstones, shales, and
limestones

d. In the island arcs: andesite and spilite lavas, ultrabasic
intrusive rocks, graywackes, and shales

e. In the major mountain ranges: regionally metamorphosed
rocks, granitic batholiths, early-stage basalts and
peridotites, and late-stage andesite lavas

f. In the piedmont regions that are adjacent to mountain
ranges: gabbros, basalts, and arkoses

C. Distribution of elements in the Earth: comparison of
terrestrial abundances of the elements with absolute, or

cosmic, abundances
[see also 121.D.2.]

1. In the core
2. In the mantle
3. In the crust

a. Igneous rocks

b. Sedimentary rocks
c. Metamorphic rocks
4. In mineral fuels

a. Coals
[see also 724.B.1.c.i. and C.2.]

i. Classification of coals
ii. Physical and chemical characteristics of coals
iii. Origin of coals
b. Petroleum

[see also 122.E.1.a. and 724.B.2. and C.1.]
i. Physical and chemical characteristics of petroleum

ii. Origin of petroleum

iii. Migration and accumulation of petroleum in porous
rocks

iv. Occurrence and distribution of petroleum

c. Oil shales
[see also 122.E.1.a. and 724.B.2. and C.1.]

i. Organic content of oil shales
ii. Properties of oil shales and related coals
iii. Origin of oil shales
iv. Occurrence and distribution of oil shales
d. Natural gas

i. Physical and chemical characteristics of natural gas
ii. Origin of natural gas
iii. Occurrence and production of natural gas
[see 724.B.2.]
5. In soils
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6. In the hydrosphere
[see 222.B.1. and C.1.]

7. In the atmosphere
[see221.A.1.c.]

8. The selective concentration of elements by plants and
animals

9. The geochemical cycle: the primary geochemical
differentiation of the Earth; the migration of elements
throughout the atmosphere, hydrosphere, and solid
Earth

Division II. The Earth’s envelope: its atmosphere and

hydrosphere
[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the four sections of Division II treat the Earth’s at-
mosphere; its hydrosphere; the motions of the sea; and
weather and climate.

The outline and the articles referred to in Section 221
treat the structure, composition, and physical properties of
the atmosphere; and the large-scale motions of the atmo-
sphere.

Section 222 treats the types and the distribution of waters
in the Earth’s hydrosphere; the physical and chemical prop-
erties of seawater; the geochemistry of freshwater; and the
hydrologic cycle, the group of paths through which the wa-
ter in nature circulates and is transformed from one state to
another.

Section 223, on the motions of the sea and the forces that
cause them, treats the interactions between ocean and at-
mosphere; the kinds of waves in the hydrosphere; and the
distribution and causes of surface and subsurface ocean
currents.

Section 224, on weather and climate, treats the conden-
sation of water in the atmosphere, producing clouds, fogs,
and precipitation; weather disturbances—cyclones and an-
ticyclones, thunderstorms, and lightning, tornadoes, hurri-
canes, and typhoons; weather forecasting; and the statistical
aggregates of weather called climates.

Section 221. The atmosphere

[for Part Two headnote see page 79]

The articles and parts of articles referred to in Section 221 deal
with two main subjects: A, the structure, composition, and physi-
cal properties of the atmosphere; and B, the large-scale motions
of the atmosphere.

The outline of subject A begins with a general description of the
regions of the atmosphere, the several layers that are character-
ized by the pattern of vertical distribution of temperature. It goes
on to the chemical reactions and physical processes that occur in
the homosphere, the layer of generally uniform composition be-
low an altitude of about 60 miles, and in the heterosphere, above
an altitude of 60 miles, where diffusive separation results in a
variation of chemical composition with height. An article referred
to gives separate treatment to the ionosphere, the upper region
that overlaps the mesosphere, thermosphere, and exosphere, in
which most of the atoms and molecules have become ionized or
electrically charged. The outline next deals with the exosphere,
the outermost layer of the atmosphere that grades into interplan-

articles article sections other references
ELEMENTS, 5:164d-¢/ 2:1040f-1041g passim |
PHYSIOLOGICAL  16:766¢c-g 11:497c-d
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OF
6:713-715
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Section 221. The atmosphere 92
222. The hydrosphere: the oceans, freshwater bodies,
and ice masses 94
223. The motions of the sea and the forces that cause
them 97
224. Weather and climate 99

etary space, and gives separate treatment to the Van Allen radia-
tion belts, zones of charged particles trapped in the magnetic field
of the Earth, which were discovered after the first Earth satellite
and space probes. .

The outline of subject B—winds and storms—begins with the
resolution of winds into zonal (east—west), meridional (north—
south), and vertical components and with the relation of winds
to pressure, temperature, and the Earth’s rotation. After dealing
with jet streams, which are high-velocity, narrow air currents in
the upper troposphere and the stratosphere, the outline covers
the westerlies of mid-latitudes, tropical wind systems, including
trade winds and tropical disturbances such as hurricanes and
typhoons; stratospheric and mesospheric wind systems; and the
mean meridional circulations of the atmosphere. It concludes
with broad causal questions about the driving mechanisms for
the general circulation of the atmosphere: the energy balance
and the transport of heat and momentum.
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A. The structure, composition, and physical properties of the ATMOSPHERE 2:321e-322a 19:698h-699¢
atmosphere 2:307-313
[see also 241.B. and 723.G.5.]
1. Regions of the atmosphere: the atmospheric layers 2:307d-308g/
characterized by the pattern of vertical distribution of 4:718b-¢
temperature
a. The lower atmosphere: the troposphere, the stratosphere, 2:307d-h
and the mesosphere

b. The upper atmosphere: the thermosphere and the 2:307h-308¢c
exosphere

c. The composition of the atmosphere: the gross 2:308d-g/
composition and regional variations 6:710g-712a/
[see also 224.A.1. and D.2.c.ii.] 9:108d-109a

2. The homosphere: the layer of the atmosphere below an 2:308g-309d
altitude of about 60 miles (100 kilometres) that maintains
a generally uniform composition
a. The effects of ultraviolet radiation: photodissociation of 2:308h-309¢c

molecules
b. Mechanisms of air mixing: molecular and turbulent 2:309¢c-d
diffusion
3. The heterosphere: the layer of the atmosphere above an 2:309d-312a
altitude of about 60 miles (100 kilometres) where diffusive
separation results in variation of composition with height
a. Oxygen dissociation in the lower thermosphere 2:309e-f
b. Effects of vertical transport: the distribution of 2:309g-310b
atmospheric constituents

c. Variations in atmospheric densities 2:310c-h

d. The escape of helium and hydrogen from the upper 2:310h-311e
atmosphere

e. Ionization mechanisms 2:311e-312a
[see also 4.b., below]

4. The ionosphere: the upper region of the atmosphere that IONOSPHERE
overlaps the mesosphere, thermosphere, and exosphere, 9:809-816
and in which most of the atoms and molecules have become
ionized, or electrically charged
[see also 127.B.2.]

a. The gross features of the ionosphere 9:810c-g
b. Formation and characteristics of the ionosphere 9:810h-814b/
2:325e-326a
i. Ionospheric processes: production and loss of ions 9:810h-812d/
2:311e-312a
ii. The vertical structure of the ionosphere 9:812d-814b
c. Ionospheric variations and disturbances of atmospheric 9:814b-g/ 2:325g-h
origin; e.g., effects of atmospheric tides and gravity 6:30f-31d

waves
d. Ionospheric variations and disturbances of solar origin: AURORAS
magnetic and auroral storms; Northern Lights 2:373-377

[see also 133.B.]

e. Probing the ionosphere: the effects of the ionosphere on

radio waves
[see also 735.1.4.]

9:814h-815f/ 19:22f-h
2:326e-g/

6:31d-32¢

9:815g-816d/

15:425g-426a

5. The exosphere: the outermost layer of the atmosphere that
grades into interplanetary space

a. Effects of low particle density on the properties of the
exosphere: the temperature of gases in the exosphere;
the vertical gradation of particle collisions

b. Determination of the critical zone, the layer above which
the number of particle collisions is negligible

c. Particle trajectories in the exosphere: particles with
ballistic trajectories, entrapped particles, particles with
escape velocities, extraterrestrial particles

d. The Van Allen radiation belts: zones of charged VAN ALLEN
particles trapped in the magnetic field of the Earth RADIATION BELTS
[see also 212.B.] 19:21-23

i. Characteristics of the belts: constituent particles and
their trajectories

2:312a-313f/ 2:321f-h
9:788h-789b

2:312b-g

2:312g-313a

2:313a-f

19:21f-22h
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ii. Their relation to the magnetosphere and the
solar wind
[see also 133.B.]

B. The large-scale motions of the atmosphere
[see also 224, 232.A.4., and 723.G.5.]

1. The general nature and relative scales of atmospheric
motions: the resolution of winds into zonal (east—west),
meridional (north-south), and vertical components

2. The relation of wind to pressure and temperature: the
cause of winds, the effect of Coriolis force, and idealized
winds derived from simplified models—the geostrophic
and thermal winds
[see also 211.A.2.a.]

3. Jet streams: high-velocity, narrow air currents in the upper
troposphere and the stratosphere

a. The cause and formation of jet streams: transport of
heat from the Equator to the poles; effects of the
Earth’s rotation

b. Occurrence and behaviour of jet streams in atmospheric
models: laboratory studies of jet streams

c. Mean and eddy transports in the jet stream region: the
relation between jet streams and the general circulation
of the atmosphere

d. Occurrence and distribution of jet streams: the westerly

Polar-Front, Subtropical, and Stratospheric Polar-Night
jet streams; the easterly Tropical jet stream

4. The westerlies of mid-latitudes

a. Standing waves of the mid-latitude westerlies and related
systems: differences between the Northern and Southern
hemispheres

b. Mid-latitude travelling disturbances, or cyclones and
anticyclones, that are the surface expression of waves in
the westerlies
[see also 224.B.1.]

5. Tropical wind systems

a. Trade winds: the Northeast and Southeast Trade Winds,
and the Intertropical Convergence Zone
b. Tropical disturbances

i. Noncyclonic storms; e.g., easterly-wave systems,
shear-line storms

ii. Cyclonic storms: hurricanes and typhoons

c. Monsoons

6. Stratospheric and mesospheric wind systems

a. Polar Night Westerlies: their mean flow, wave
disturbances, and sudden warmings

b. Summer Easterlies of the mesosphere and stratosphere:
the 26-month cycle in the equatorial stratosphere

7. The mean meridional circulations of the atmosphere

8. The driving mechanism of the atmosphere: the energy
balance and the transport of heat and momentum

Section 222. The hydrosphere: the oceans, freshwater bodies,

and ice masses
[for Part Two headnote see page 79
for Division II headnote see page 92]

The articles and parts of articles referred to in Section 222 deal
with four main subjects: A, the distribution of water in the hy-
drosphere; B, the physical and chemical properties of seawater;

articles article sections other references
19:22h-23g/ 2:376h-377g 6:27e-g
2:326a-¢
WINDS AND
STORMS
19:862-875
19:862h-864c/
2:322d-e
19:864c-865h /
4:718f-719¢c/
10:161a-162a
JET STREAMS 19:869f-h
10:160-164
10:161a-162a
10:162a—f
10:162f-163f
10:163f-164b
19:865h-872¢c
19:867h~868h 10:162f-163a
CYCLONES AND  19:868h—-872¢c 4:719¢c— /10:163a—f
ANTICYCLONES
5:392-395
19:872c-873f
19:872d-h 13:837d-842b
19:872h-873f
19:872h-873¢c 12:390d-¢ /18:364h—-365a
HURRICANES 19:873d-f
AND TYPHOONS
9:58-64
MONSOONS 19:868d-f 2:160h~-161a /4:725b—/
12:389-394 13:842d
19:873h—874¢
19:874b-d 10:164a-b
19:874d-e
19:874e-875a
19:875a—¢/ 5:392h-393a
10:162b—f

C, the geochemistry of freshwater; and D, the hydrologic cycle.
The outline of subject A covers all the types of waters in the
hydrosphere, the Earth’s aqueous envelope: saltwater bodies;



freshwater bodies, including groundwater contained within the
pores of rocks; and the various kinds of ice formations. Articles
are referred to that give separate treatment to gulfs and bays, to
groundwater, to ice sheets and glaciers, to icebergs and pack ice,
and to river and lake ice.

The outline of subject B treats the dissolved inorganic and
organic substances that are the principal constituents of oceans
and seas; and the physical properties of seawater.

The outline of subject C treats the geochemical processes that
determine the composition, properties, and changes in the fresh-
water on and below the Earth’s land surfaces.

Subject D is the hydrologic cycle—a group of paths through
which the water in nature circulates and is transformed from one
state to another, and consisting of various complicated processes
of precipitation, evaporation, interception, transpiration, infiltra-

A. The distribution of water in the hydrosphere
1. Saltwater bodies
a. Oceans and marginal seas
b. Gulfs and bays
i. Factors that influence the nature of gulfs and
bays
ii. Classification of gulfs and bays
2. Freshwater bodies

a. Rivers, lakes, and marginal bodies such as estuaries and

swamps
[see 232.C.1,, 2., and 3.]

b. Groundwater contained within the pores of rocks

i. Origin and occurrence of groundwater
ii. Fluctuations in groundwater levels
iii. Movement of groundwater

3. Ice
[see also 212.F.2.e.]

a. Ice sheets and glaciers
[see also 232.C.6.]

b. Icebergs and pack ice

c. River ice and lake ice

4. Water in the biosphere
[see 351]

B. The physical and chemical properties of seawater

1. The composition of seawater: dissolved inorganic and
organic substances

2. The chemical evolution of oceans and seas
[see 241.C.]

3. The physical properties of seawater

a. Salinity and temperature variation in the oceans in
relation to depth and latitude

b. Thermal properties of seawater; e.g., specific heat

c. Water density: effects of pressure, temperature, and
salinity
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tion, percolation, retention, detention, overland flow, through-
flow, and runoff. The outline first deals with the role of evapora-
tion in the hydrologic cycle, covering evaporation from water
surfaces, soils, snow, and ice, and from transpiration—the
evaporation of water from the leaf cells of plants. Dealing next
with the role of water vapour in the hydrologic cycle, the outline
covers the distribution of water vapour in the atmosphere; vapour
release by condensation; and precipitation and its distribution. It
next treats the factors that affect the surface runoff cycle and the
groundwater cycle, and the role of ice in the hydrologic cycle.
Finally, an article is referred to that deals separately with the
practical uses of the hydrologic sciences in determining the
available water resources and the global annual water balance,
and in the development, management, and protection of water
resources in the light of demographic trends.

articles article sections other references

1:1030f-1031d/

13:482c-484c
GULFS AND BAYS
8:481-486
8:481e-482c
8:482d-483d
GROUNDWATER 9:113g-114g
8:432-440
8:435¢-436h
8:437a~-h
8:437h—440f / 3:1024£-1025d
9:114b—/
15:963h-964c
9:114g-116c/
14:92b-93c
ICE SHEETS AND  8:165d-166g 1:955b-f/9:115h-116a/
GLACIERS 12:154f-155d
9:175-186
ICEBERGS AND  4:720e~721b/ 1:1122d-f/2:295d-f
PACK ICE 13:491b—g
9:154-160 )
ICE IN RIVERS 7:446a-b
AND LAKES
12:165-170
OCEANS AND
SEAS
13:484-491
13:484h-486g / 7:1032f-h /13:478a—c/
6:709¢c-710f / 16:461a—[16:766f-g

6:713h-715h/
9:124f-125a/
13:481a-482b/
16:193b—<

13:487d-491g

13:487d-489b/
5:590d-f/
10:592h-593¢

13:489b-¢

13:48%-g

2:302a—f/9:123e-f/9:311d-h/
13:842¢e-f
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4.

d. Pressure in the oceans

e. Optical properties of seawater; e.g., absorption and
scattering of light

f. Acoustical properties of seawater: underwater sound
transmission

Ice in the sea
[see A.3.b., above]

C. The geochemistry of freshwater
[see also 214.A.5.b.]

1.

Freshwater composition: concentrations of dissolved
substances

a. Dependence of initial freshwater composition on
precipitation and infiltration processes

b. Effect of hydrogen ion concentration (pH) on the
geochemical reactions that control freshwater
composition

c. Composition generalizations: occurrence and sources of
common cations (negative ions) and anions (positive
ions)

. Chemical reactions in freshwater

a. Cation exchange: reactions that remove or add solutes
to freshwater

b. Boundary reactions: reactions that occur at the
boundaries of geochemical environments

c. Precipitation reactions: deposition of minerals from
supersaturated solutions

d. Bacterial reduction: production of sulfide deposits by
bacteria

e. Changes in water character: reactions controlled by
variations in dissolved oxygen content

D. The hydrologic cycle: the group of paths through which the
water in nature circulates and is transformed from one state to
another

1.

The general nature of the hydrologic cycle: the types of
processes involved and their complex interaction; scales of
magnitude of the interrelated components of the global
hydrologic system; influences of climate and other

factors

. The role of evaporation in the hydrologic cycle

a. Evaporation from water surfaces
b. Evaporation from soils, snow, and ice

c. Transpiration by plants
[see also 336.D.]

. The role of water vapour in the hydrologic cycle

[see also 224.A. and D.1.e.]

a. Distribution in the atmosphere
b. Vapour release by condensation
c. Precipitation and its distribution

. Runoff and subsurface water

a. The surface runoff cycle

b. Factors affecting runoff
[see also 232.A.3.]

c. Analysis of runoff

articles

article sections

other references

13:489g-h
13:489h-490f

13:490f-491a/
17:2b-e

FRESHWATER,

GEOCHEMICAL
PROPERTIES OF
7:732-737

10:605d-606¢e

7:732g-735a
7:732g-733e

7:733f-734a

7:734a-735a/
8:133a—/
17:517a-h

6:709g-h

6:709g-710b

7:735b-737h

7:735b-g/
7:1034g-1035¢

7:735g-736b

7:736b-737b/
7:1032b-1033d

7:737b-d

7:737d-h

3:1023f-1024¢

HYDROLOGIC
CYCLE
9:102-116

2:1041h-1042¢/
10:610g-612¢/
12:118c-g

9:117¢c-119a passim

9:102e-103g

9:104d-108d

9:104d-106e
9:106e-107c
9:107¢c-108d

2:1042b— /10:339¢c-340a /
12:118¢c—+¢
10:611e-h

14:554f-555b

2:1042d-e/13:731e-g/
14:502f-g

9:108d-111d/
4:721c-d/
19:644f-645f

9:108d-109a

9:109b-d

9:109d-111d/
14:963a-h

5:607g-608b

12:118e-g

9:117c-118a /14:960d— /
19:645¢-d

9:111d-114g/
19:645f-646b
9:111d-112¢/
5:608¢c~609a /
8:435¢-h/
10:611a—¢/
14:964a-b
9:112f-g/
15:877h-879c
9:112h-113g

3:1024f-1025d /9:118d-11%a
passim

10:340a— /14:432¢—f/
16:477b-d
19:645f-646a



d. Groundwater

5. The role of ice in the hydrologic cycle
[see also A.3., above]

a. Distribution, accumulation, and ablation

b. The ice cycle

6. Water resources and supply
[see also 737.A.1.]

a. Available water resources

i. Surface water

ii. Groundwater
iii. Frozen water

b. The global water balance: the distribution of water
between the land, the ocean, and the atmosphere

i. Stability of the balance
ii. Role of atmospheric moisture
iii. Cyclicity of runoff and long-range runoff forecasting

c. Future water consumption: utilization and protection

of water resources
[see 355.D.5.a.ii.

Division IL Section 223 97

article sections other references

9:113g-114g/
5:609a—f/
8:435¢c-440f/
9:118¢-g/
17:516¢c-517a

9:114g-116¢c

articles

9:114g-115f/ 9:185d-g
9:181c-182b/
9:183g-184c

9:115f-116¢

WATER
RESOURCES
19:643-648

9:103g_104c/
9:900g-901d /
19:649g-650b

1:201d-203a /2:172h-173b/
2:397h-398¢/
6:1050h-1051b /15:876a—d

1:201e-h /6:1050h-1051a /
10:600-601a

1:201h-202h

14:92d-¢ /9:179h-182b

17:518g-519¢
9:154a-¢

19:643f-646b
8:432g-433d

19:643g-644f
19:644f-645f
19:645f-646b

Geographical articles in the Macropzdia

(Additional geographical entries may also be found in the Micropzdia)

BEAUFORT SEA 2:781
BERING SEA AND STRAIT 2:845
BLACK SEA 2:1096
CARIBBEAN SEA  3:906
CHINA SEA 4:405
GREENLAND SEA 8:414
IRISH SEA  9:893

JAPAN, SEA OF 10:92

KARA SEA  10:404

LAPTEV SEA 10:681
MEDITERRANEAN SEA 11:854
NORTH SEA 13:249
OKHOTSK, SEA OF 13:541
RED SEA 15:544

Oceans

ARCTIC OCEAN 1:1118
ATLANTIC OCEAN  2:294
INDIAN OCEAN  9:307
PACIFIC OCEAN 13:836

Seas (marginal and inland seas)
ADRIATIC SEA 1:97

AEGEAN SEA  1:123

ANDAMAN sgA  1:839

ARABIAN SEA  1:1059

AZOV, SEA OF 2:547

BALTIC SEA 2:667

BARENTS SEA  2:721

Section 223. The motions of the sea and the forces that cause
them
[for Part Two headnote see page 79
for Division IT headnote see page 92]
The articles and parts of articles referred to in Section 223 deal
with three main subjects: A, ocean—atmosphere interaction; B,
waves in the hydrosphere; and C, the circulation of the oceans.
The outline of subject A begins with basic quantities involved
in ocean—atmosphere interaction—the supply of energy to the
ocean by direct and scattered solar radiation, the amount of heat
flow from the interior of the Earth through the ocean floor, and
the water budget comprised of the various items of input, out-
put, and water storage of the hydrologic system. It goes on to
air—sea transfer processes—the vertical transport of water vapour
and heat at the sea surface. Finally, it treats oceanic turbulence,
the random motions distinguished from and superposed on waves
or ocean currents.
The outline of subject B first deals with surface waves, waves
at the air—sea interface, covering the theory of simple shallow-

HUDSON BAY 8:1131

MEXICO, GULF OF 12:77

PERSIAN GULF 14:106

SAINT LAWRENCE, GULF OF
16:172

ROSS SEA  15:1161
SCOTIA SEA 16:403
WEDDELL SEA  19:721
WHITE SEA 19:819
YELLOW SEA 19:1078

Gulfs and bays

ADEN, GULF OF 1:85

BAFFIN BAY 2:582

BENGAL, BAY OF 2:835
BISCAY, BAY OF 2:1076
CARPENTARIA, GULF OF 3:951
FUNDY, BAY OF 7:780
GUINEA, GULF OF 8:471

Other features

COLUMBIA ICEFIELD  4:929
DRAKE PASSAGE  5:979
ENGLISH CHANNEL 6:873
GULF STREAM 8:486
MALACCA, STRAIT OF 11:359
NORTHWEST PASSAGE 13:257
ROSS ICE SHELF  15:1158

water and deep-water waves and the properties of complex
wind-generated ocean waves and tsunamis, or seismic sea waves.
It goes on to internal waves, which are not noticed at the surface
but occur at sharp internal interfaces or gradual transition zones
between layers of water of different densities. Finally, it deals
with tides—the daily fluctuation of elevation of the water surfaces
of oceans, seas, and the larger lakes of the world. The outline
covers the causes of tides; the mathematical and dynamical
analyses of tidal motion; and the methods of tidal prediction that
are useful to navigation and coastal engineering.

Subject C is the system of ocean currents through which the
great water masses on the Earth’s surface are interconnected. The
outline first deals with the distribution or general pattern of cur-
rents throughout the world’s oceans. It goes on to the forces that
cause ocean currents or modify their motions—wind friction at
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pendent on differences of temperature, salinity, or sediment con-
centration. Finally, it treats the influence of ocean currents on

the sea surface, pressure gradients, and the Coriolis effect of the
Earth’s rotation. It next deals with systems of surface currents in

different regions of the Earth and with subsurface currents de- weather and climate.
articles article sections other references
A. Ocean-atmosphere interaction OCEANS AND 9:63e-g
[see also 222] SEAS
13:491493
1. Radiation, heat, and water budgets of the oceans; gains 13:491g-492c/ 9:104d-105¢
and losses of mass and energy 9:124d-f
2. Air-sea transfer processes: the role of atmospheric 13:492c-g 4:719h-720a
turbulence in the vertical transport of heat and water
vapour at the sea surface
3. Turbulence in the sea: turbulent transport of mass, heat, 13:492h—493b
and momentum; definition of eddy diffusivity, eddy
conductivity, and eddy viscosity
B. Waves in the hydrosphere WATER WAVES  13:493b—495g 8:481g-h
[see also 126.E., 128.A., and 232] 19:654-659
1. Surface waves: waves at the air—sea interface 19:654f-659g / 9:63e-g
13:493c-495a
a. Theory of simple waves 19:654f-658¢
i. Shallow-water waves: waves with wavelengths that 19:654f-656¢ /
are long with respect to water depth 10:609e-610b
ii. Deep-water waves: waves with wavelengths that are 19:656f-658c
short with respect to water depth
b. Ocean waves: the generation of waves by wind 19:658¢-659g /
10:609b— /
13:493d-494f
c. Tsunamis, or seismic sea-waves, and standing waves in 13:494g-495a
bays and marginal seas ’
2. Internal waves: waves at sharp internal interfaces or 13:495a-b
gradual transition zones between layers of water of
different densities
3. Tides: the daily fluctuation of elevation of the water TIDES 13:495b-g
surfaces of oceans and seas and the larger lakes of the world 18:383-390
a. The causes of tides: the motions and gravitational
interaction of the Sun, Moon, and Earth
[see 133.E.6.c.i.]
b. Tidal analysis; tidal harmonics, constituents, and 18:384b-385¢ 13:843¢c-d
measurements
c. Tidal dynamics and prediction: prediction using 18:385d-390a /
analytical and numerical methods; tidal currents; 19:654g-655¢g
practical aspects and complicating factors
C. The circulation of the oceans: ocean currents OCEAN CURRENTS 13:495g-497b 1:1030f-h
13:437-443
1. The distribution of ocean currents: horizontal and vertical 13:437e-g
motions in the sea
2. The forces that cause and affect ocean currents 13:437g-439d/
13:496¢c-g
a. Pressure gradients: forces resulting from density 13:437h—438c 13:496d—¢
differences and the tilting of the sea surface
b. Coriolis force: the effect of the Earth’s rotation on all 13:348c-g 13:496¢c—d
moving objects, causing deflection to the right in the
Northern Hemisphere and to the left in the Southern
Hemisphere
[see also 211.A.2.a.]
c. Frictional forces: generation of wind-driven ocean currents 13:438g-439d 13:496f-g
3. The general surface circulation 13:439d-440h / 2:301b-g/9:312a—c/
13:496a—c 13:842g-843a
a. The system of surface currents: the large-scale rotational 13:439d—f
motion of the upper strata of the oceans
b. Western and eastern boundary currents: intensification 13:439f-440a 8:486f—487f
of currents along the western boundaries of the oceans;
the Gulf Stream and Kuroshio
c. The equatorial current system that includes the North 13:440a—g

and South Equatorial currents and the Equatorial
Countercurrent




d. The Antarctic Circumpolar Current: the current that
links the circulations of the Atlantic, Indian, and Pacific
oceans

4. Subsurface ocean currents
a. The general deep-sea circulation

b. Tidal currents: periodic currents associated with tides in
the sea

c. Density currents down continental slopes, produced by
differences in temperature, salinity, or sediment
concentration
[see also 231.C.4.]

5. The influence of ocean currents on weather and climate
[see also 224.D.1.d.]

Section 224. Weather and climate
{for Part Two headnote see page 79
for Division IT headnote see page 92]

The articles and parts of articles referred to in Section 224 deal
with four main subjects: A, condensation of water in the atmo-
sphere; B, weather disturbances and storms; C, weather fore-
casting; and D, climate.

Subject A involves two processes that return water from the
atmosphere to the Earth in the hydrologic cycle. The outline
begins with the different indices of the water vapour content in
the atmosphere. It then deals with the processes of condensation
that change water from its vapour state into a liquid or a solid.
Separate articles are referred to that treat dew; frost; and the
formation, classification, weather effects, and artificial modifica-
tion of clouds and fogs. The outline then treats precipitation, cov-
ering its origin, its principal types—drizzle, rain, and freezing
rain; snow; and sleet and hail—and the world distribution of
rainfall. Finally it deals with the effects of precipitation, such as
erosion caused by raindrop impact or by surface runoff.

The outline of subject B begins with the formation, structure,
and distribution of cyclones and anticyclones and the develop-
ment of their associated frontal systems. It goes on to treat the
causes, types, and physical characteristics of thunderstorms. It
concludes with weather disturbances in the tropics, such as mon-
soon depressions, hurricanes, and typhoons.

The outline of subject C, weather forecasting, begins with the
worldwide synoptic weather service, which provides the funda-
mental information upon which weather maps are constructed,
comprising such elements as air pressure, temperature, humidity,

A. Condensation of water in the atmosphere producing clouds,
fogs, and precipitation

1. Moisture in the atmosphere
[see also 221.A.1.c.and 723.G.5.]

a. Humidity indices: measures of atmospheric moisture
i. Absolute humidity
ii. Specific humidity
iii. Relative humidity
iv. Dew-point temperature: the relation between
temperature and humidity

b. Climatic aspects of atmospheric humidity
[see D.1.e., below]
c. Effects of atmospheric humidity on the life and health of
man and other organisms
[see D.4., below]
2. Condensation of atmospheric water vapour

a. Causes of the vertical motion that leads to condensation:
convection, air mass convergence, and other processes
[see also 221.B.]
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articles article sections other references
13:440g-h 1:955f-958g
13:440h-441f/ 2:301h-302a /9:312c-d/
13:496g-497b 13:843a—c
18:387f-388e
DENSITY 3:786e—f /3:788¢c~790b passim [
CURRENTS 8:298d-299¢ /11:497h-498b
5:588-591
13:442g-443b/ 8:487g-h
4:719h~720e

wind speed and direction, and cloud heights. It goes on to deal
with the physical and dynamical principles involved in relative-
ly reliable short-range weather predictions from such data, and
with the methods used to obtain long-range weather predictions.
After a review of many important practical applications of
weather forecasting, the outline concludes by referring to an
article that gives separate treatment to the long history of weather
lore.

Subject D is climate, regarded as comprising the total experience
of weather and atmospheric behaviour over a number of years
in a given region, and specified by the average values of the
various climatic elements as well as their extreme ranges. The
outline begins with the several factors that generate climate. It
then deals with small-scale climatic variation, covering seasonal
changes, local effects, and the effects of urban concentration on
global climate. It goes on to treat various classifications of cli-
matic types; their distribution in the world; and their effects on
marine and terrestrial organisms, on vegetation and crops, and
on the life of man. The outline next deals with microclimates—
climates in small areas, within a very few feet above and below
the Earth’s surface and within the canopies of vegetation. It goes
on to climatic changes—long-term oscillatory fluctuations and
progressive changes. It treats the evidence for the several orders
of climatic change through geological time and the characteris-
tics of each such change. Finally, it treats theories of the causes
of climatic variation and projections of future climates.
other references

articles article sections

9:108d-109a /
18:1047a-b

HUMIDITY,
ATMOSPHERIC
9:1-5

9:1c-2f

9:1c-d
9:1d-f
9:1f-2a
9:2a-f

9:109b-d

18:361g-362f 5:393c-394¢ /19:872f-h
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C.

d.

. Condensation nuclei: atmospheric ions, salt and dust

particles on which water vapour condenses
Dew: liquid condensate deposited on exposed surfaces

Frost: water vapour deposited as ice on exposed surfaces
at subfreezing temperatures

3. Clouds and fogs
[see also 723.G.5.]

a.

Formation and growth of clouds

. Description and classification of clouds: the relation

between visual appearance and cloud altitude and
physical processes

. Clouds and weather: the association of specific cloud

types with different weather patterns and atmospheric
disturbances

. Fog: clouds near the ground, including advection,

radiation, and inversion fogs

. Artificial modification of clouds and fogs by seeding

i. Cloud seeding principles and techniques: the use of
Dry Ice, silver iodide smoke, and other substances
as seeding agents

ii. Weather phenomena amenable to modification: fog,
precipitation, and certain storms

iii. Large-scale modification of weather and climate:
the feasibility of such modification and its ecological,
social, and legal implications

4. Precipitation: water that is released from clouds in the form

of droplets or ice particles
[see also 222.D. and 723.G.5.]

a.

Origin of precipitation in clouds

i. Cloud formation
[see A.3.a., above]

ii. Mechanisms of precipitation release: formation of -
precipitation particles by the coalescence process and
by ice crystal growth

iii. Precipitation from shower clouds and thunderstorms:

generation of heavy rain and hail

. Types of precipitation

i. Drizzle, rain, and freezing rain

ii. Snow

iii. Sleet and hail

. The world distribution of rainfall

i. Regional and latitudinal distribution

ii. Average precipitation amounts and the variability of
annual rainfall

. Effects of precipitation; e.g., soil erosion caused by

raindrop impact, erosion caused by surface runoff

B. Weather disturbances and storms
[see also 221.B.]

1. Waves in the prevailing westerly winds and the
development of cyclones and anticyclones

a.

b.

Formation and structure of cyclones: the evolution of
cyclonic depressions and their associated fronts

Anticyclones and their formation: cold, warm, and
blocking anticyclones

. Distribution of cyclones and anticyclones

articles article sections other references
14:960h-961b 4:756h-757b /18:1049d-¢g
DEW
5:679-680
FROST
7:749-750
CLOUDS 4:721d-h
4:756-761
4:756h-757d/ 2:322a-b/19:708c-¢
14:960h-961b/
18:361g-362f
4:757d-758g/
9:788c-d
4:758h-760c/ 5:395b—/18:361d-¢
9:61d-h
4:760d-761g/
19:709d-f
WEATHER 1:359g-h 2:328e-h
MODIFICATION
19:707-711
19:708¢c-709¢ / 2:328e-g
14:961b-e¢
19:709d-711d
19:711d-g 2:328g-h
PRECIPITATION  19:709f-710c
14:960-964
14:960h-962b
14:961b—¢/ 4:757¢-d /16:912g-913c
4:721h-722¢
14:961f-962b/ 2:322b—c
18:361g-364h
14:962d-963a
14:962h—f
SNOW AND 9:176e-177b
SNOWFLAKES
16:910-914
14:962g-963a/
19:710f-h
14:963a-h
14:963a—¢
14:963e-h/ 18:364f-h
4:738f-739b
14:963h-964b/
9:109d-111h
WINDS AND
STORMS
19:865-873
CYCLONES AND  19:868h—-872c
ANTICYCLONES
5:392-395

5:393f-394h

5:394h-395¢

5:395d-f

4:758h-759h /19:699d-f /
19:868h-86%h

4:719c—¢/19:871h-872a

19:870d-872¢
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articles article sections other references
2. Thunderstorms: disturbances initiated by the lifting of air THUNDERSTORMS
by fronts, thermal convection, or other factors 18:361-365
a. Causes and types of thunderstorms 18:361g-363d
b. Physical characteristics and phenomena of thunderstorms 18:363e-364d / 4:759g-h
14:961f-962b /
18:519¢c-g
i. Updrafts and downdrafts and the vertical extent of 18:363f-364a
thunderstorms
ii. Turbulence 18:364b
iii. Movement of thunderstorms 18:364c-d
iv. Lightning and thunder LIGHTNING 18:519f-g/ 2:322b-c
[see also 127.A. and B.] 10:965-970 19:7104-f
c. The weather under thunderstorms: phenomena observed 14:962h-963a
on the ground
i. Strong winds and heavy rains associated with isolated 18:364d-h
or local thunderstorms
ii. Tornadoes, hail, and other severe phenomena TORNADOES,
associated with organized storms or squall lines WHIRLWINDS,
AND
WATERSPOUTS
18:514-520
d. Factors that control the frequency of occurrence of 18:364h-365¢c
thunderstorms
. Weather disturbances in the tropics 19:872h-873f
[see also 221.B.5.]
a. Waves in the easterly trade winds and equatorial trough 12:390d-e
disturbances including monsoon depressions or weak
cyclones
b. Tropical cyclones: hurricanes and typhoons HURRICANES 19:873d-f
AND TYPHOONS
9:58-64
i. Origins: the initiation, self-sustaining character, and 9:59¢-60g 19:873d-e
dissipation of tropical cyclones
ii. Physical properties and associated weather features: 9:60g-61h
wind velocity, clouds, precipitation, and storm energy
iii. World distribution: variations in occurrence by season 9:61h-63a
and geographical location
iv. Storm damage and its prevention 9:63a-64c 19:710h-711b
C. Weather forecasting: the plotting, analysis, and use of WEATHER
synoptic weather maps and charts FORECASTING
[see also 723.G.5.] 19:697-702

1. Synoptic weather data: the collection and correlation of 19:697d-698h /

meteorological observations

1:357h-358a/

12:59¢c-g
a. Analysis of synoptic charts 19:697h-698a 2:323a-¢/19:864d-865d
b. Upper-air observations: charts plotted at standard 19:698a-d 12:58b—f
pressure levels
c. Radar and satellite observations: collection of useful 19:698d-h 12:57h-58b /12:58f-h
supplementary data
[see also 735.J.1. and 738.C.3.b.]
. Short-range weather prediction: the construction of 19:698h—~700h 2:327e-328b
prognostic maps representing anticipated future weather
patterns
a. Physical and dynamical principles that govern the 19:698h-699f 19:870d-872¢c
development of weather patterns
b. Local weather conditions: consideration of the effects of 19:699f-700¢
topography and other factors
c. Synoptic forecasting: the sequence of steps for producing 19:700c—f
a weather forecast
d. Reliability of short-range forecasts 19:700g-h 2:327h-328b
. Long-range weather prediction: forecasting average 19:700h-702a 2:328b-d
weather conditions weeks or months in advance
a. Periods and trends of weather: prediction based on 19:701a-¢

analogy between the development of past and present
weather patterns



102 Part Two. The Earth

articles article sections other references
b. Physical relationships involved: factors that affect 19:701e-f/
climatic variability 2:323d-324b
c. Future prospects: the establishment of long-range 19:701g-702a
forecasting on a firm theoretical basis
4. Practical aspects of weather forecasting: applications in 19:702a-f
aviation, agriculture, and other fields
5. Weather lore: forecasts based on proverbs and beliefs WEATHER LORE
concerning the winds and appearance of the sky, weather 19:705-707
cycles, the behaviour of plants and animals, and other
phenomena
D. Climate: the aggregate of weather CLIMATE
[see also 133.B.5., 221, and 723.G.5.] 4:714-729
1. Factors that generate climate 4:714g-722¢
a. Solar radiation 4:714g-716b 2:321c-d
i. Variability of incident radiation: the solar constant 4:714g-715¢c/
4:739d-g
ii. Effects of the atmosphere 4:715d-f/ 9:2h-3c
4:739g-740c /
18:1047g-h
iii. Heating of the Earth’s surface 4:715f-716b/
4:740c-f/
19:711c—d
b. Temperature 4:716¢c-718e/
18:1045h-1047a
i. Variation with latitude 4:716¢c-717g
ii. Diurnal, seasonal, and extreme temperatures 4:717g-718b
iii. Variation with height 4:718b-e
c. Atmospheric pressure 4:718f-719g/
5:394f-395f /
19:865g-872¢
i. Pressure systems and winds 4:719a—c/ 5:604d-f
5:394h-395¢
ii. World storm belts and their distribution 4:719¢c-g/
5:395d-f/
9:61h-63a/
19:865h-872c
d. The world’s oceans 4:719h-721b/
19:701e—f
i. Circulation, currents, and ocean—atmosphere 4:719h-720e /
interaction 13:442g-443b
ii. Surface salinities and surface ice 4:740h-741a/
4:720e-721b
e. The moisture cycle 4:721c-722¢/
9:2f-4d
i. Evaporation and condensation 4:721c-d 9:3h-4d /19:644f-645¢
ii. World cloudiness and sunshine 4:721d-h
iii. Rain and snow 4:721h-722¢/
14:963a—<¢/
18:364h-365¢
2. Climatic variation 4:722c-723d/
14:963e-h
a. Seasonal changes resulting from the north—south 4:722c-h
migration of belts of cyclonic activity and other cyclic
processes .
b. Local effects: modification of climate by local terrain and 4:722h-723d
surface conditions
c. The effects of urban concentrations URBAN CLIMATES 14:433¢c-d

18:1045-1053
i. Elements of urban climate: effects of cities on
temperature, humidity, wind, and other meteorological
conditions -

ii. Pollution: concentrations of gaseous and particulate

pollutants in urban air
[see also 737.C.1.]

iii. Effects of man’s activities on global climate

18:1045h-1049g

18:1049g-1051h/ 5:49e~h
14:750e-751a

18:1051h-1053e/ 5:49h—50b
2:319d-f/
14:756b-d



3. Climatic types

a.
b.

The K&ppen classification system
World climates and their distribution

. Influences of climate on terrestrial life

[see also 351.B.2.b.]

a.
b.

. C.

On marine and terrestrial organisms
On vegetation and crops

On man

5. Microclimate: the climate near the ground

a.

f.

Microclimatic conditions

i. Temperature and moisture
ii. Wind and turbulence
iii. Dew and frost

iv. Heat balance and evaporation

. Factors affecting microclimates

i. Soils and surfaces
ii. Vegetative cover and forest canopies
iii. Topography
iv. Shelter and roughness
v. Advection: horizontal motion of air masses

. Relation of microclimates and macroclimates

i. Macroclimatic influences
ii. Microclimatic influences on weather and climate

. Influence of microclimates on the hydrologic cycle,

rock weathering, and other processes and
phenomena

. Microclimates as an element of the environment of

organisms
[see 351.B.2.d.]

Measurement of microclimates
[see 723.G.5.c.]

. Climatic change

[see also 242.D.]

a,

Definitions of climatic variability and climatic change:

the orders of magnitude and time scales of climatic

variations; the distinction between oscillatory fluctuations

and progressive changes

. Evidence of pre-Pleistocene climatic changes

i. Types of data; e.g., the occurrence and distribution of

fossil coral reefs, glacial deposits, evaporite3, coal
measures

ii. Synopsis of pre-Pleistocene climates

. BEvidence of Pleistocene climatic changes
i. Types of data; e.g., the occurrence and distribution of

glaciers and permafrost; fluctuation of stream
discharge and lake levels

ii. Synopsis of Pleistocene climates
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articles article sections other references
4:723d-727g/
2:324b-¢/
5:604h-607¢
4:723g-724h
4:724h-727g/ 1:187g-189g/1:953d-955b/
8:280e—g 2:160c-163b /2:390h-392f /
5:606d-607¢ /6:1042g-1044c |
9:310h-311¢/13:186h-187h/
13:837g-842d /17:82c-84a/
18:733d-f
4:727g-72%h |
9:4d-5¢/
10:342e-343b
4:727g-728d 9:4d-g
4:728d-h/ 9:4h-5a /10:342f-343b
1:358¢c-360c
4:728h-729h/ 9:4d-h /15:349f-h
5:395f-h/
9:58g-5%
MICROCLIMATES
12:114-121
12:114f-115h
12:114f-115¢
12:115d- 19:841d-f
12:115¢ 5:679e-680a passim [
7:749d-750a passim
12:115f-h 16:913g-h
12:115h-117e 1:358g-360c passim
12:115h-116¢
12:116d-e 10:342f-343b
12:116f-117a
12:117b—<
12:117c-¢
12:117e-118c
12:117e-h
12:117h-118¢
12:118c-121f
CLIMATIC 2:324e-325a
CHANGE
4:730-741
4:730b-g/
14:963e-h

4:730h-732h/
3:859h-860d

4:731b-732¢/
5:252b—/
10:984f-g/
14:99d-g/
18:155h-160b /
18:697a-d

4:732e-h

4:732h-735b
4:732h-734h

5:679¢-d /16:773h-774b

5:614d-h /14:742b—f/
17:840g-h

4:734h-735b
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d. Evidence of Holocene climatic changes

i. Types of data; e.g., evidence from pollen stratigraphy;
the fluctuations of river discharge, lake levels, and
glaciers; archaeological and historical data

ii. Synopsis of Holocene climatic trends
e. Modern climatic trends and meteorological records
i. Meteorological records and their evaluation

ii. Temperature and precipitation fluctuations since the
1870s

iii. Synopsis of modern climatic fluctuations

f. Theories of the causes of climatic variation; e.g., that
climatic variations are caused by variations in solar
radiation, atmospheric transparency, Earth’s orbit

g. Future climates: short-term and long-term trends

Division III. The Earth’s surface features
[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the two sections of Division III deal with the basic
physical features of the Earth’s surface and with the fea-
tures produced by geomorphic processes acting on the
Earth’s surface.

The outline and the articles referred to in Section 231
treat the vertical relief of the Earth’s surface; the stable
platform regions of the continents; the continental terrace
or continental margins; the oceanic deeps; coral islands,
coral reefs, and atolls; mountain ranges and mountain
belts; and oceanic ridges.

Section 232 treats the action of the hydrosphere and the
atmosphere on the Earth’s surface features; the effects of
actions from the biosphere, exosphere, and lithosphere on
the Earth’s surface features; the characteristic features of
the Earth’s major environments; and basic concepts in the
theory of landform evolution.

Section 231. Physical features of the Earth’s surface

[for Part Two headnote see page 79]

The articles and parts of articles referred to in Section 231 deal
with seven main subjects: A, the vertical relief of the Earth’s
solid surface; B, the stable platform regions of the continents;
C, the continental terrace; D, the oceanic deeps; E, coral islands,
coral reefs, and atolls; F, mountain ranges and belts; and G,
oceanic ridges.

The outline of subject A first deals with the distribution of land"

and sea on the Earth’s surface, the average elevation of the con-
tinents, and the classification of coastlines. It then deals with the
physiography of the seven continents and four oceans.

The outline of subject B begins with the size, distribution, char-
acteristics, and age of the continental shields, the ancient parts of
a continent on which younger sedimentary rocks were deposited.
It then covers the distribution and types of plateaus and of basins;
the rift valleys produced by faulting (displacement of the Earth’s
crust); and the several kinds of water bodies occupying fault-
bounded structural depressions.

Subject C is the continental terrace, which includes the com-
paratively shallow submarine plain called the continental shelf
and the much steeper zone, called the continental slope, which
merges with the deep-sea floor. The outline first deals with the
composition, structure, and origin of the continental terrace. It

article sections other references

4:735b-737d

8:1004e-1007c
4:735b-737¢

articles

17:840f

4:737c-d
4:737d-739d
4:737d-738a

4:738a-739%b/
18:1052f-1053b

4:739b—d

4:739d-741d/
18:1051h-1053e

8:1007b-c /14:433¢c-d

1:955b—e/2:324g-h

4:741d-e/
19:711d-¢g

Section 231. Physical features of the Earth’s surface 104

232. Features produced by geomorphic processes
acting on the Earth’s surface 108

then treats the so-called submarine canyons that incise the con-
tinental terrace, covering their nature and distribution and the
theories that have been proposed regarding their origin.

Subject D is the ocean basins. The outline treats the composition
of the oceanic. crust; such features of the ocean floor as mid-
ocean ridges, trenches, and fracture zones; and explanations of
the origin of ocean basins in terms of new concepts of plate tec-
tonics and sea-floor spreading.

Subject E is coral islands, coral reefs, and atolls. The outline
treats the reef-building organisms; modes and geographic distri-
bution of reef accumulation today; reefs of the geological past
and their environmental significance; factors involved in reef
growth; and the several theories of reef development.

The outline of subject F covers the major types of mountains;
the major mountain systems that align to form mountain belts;
the geology, structure, and origin of long, curved chains of islands
called island arcs; and the rock types comprising the folded
mountain ranges and island arcs.

Subject G is oceanic ridges—elongated elevations on the ocean
bottom rivalling the subaerial mountain systems in magnitude.
The outline covers the classification, properties, origin and
growth, and distribution of oceanic ridges.



A. Vertical relief of the Earth’s surface

1. Hypsography of the Earth’s surface
a. Distribution of land and sea
b. Average elevation of the continents

c. Coastlines: their classification and relation to continental
shelves and coastal plains

2. Physiography of the continents

a. Europe

b. Asia

c. Africa

d. Australia

e. North America

f. South America

g. Antarctica
3. The oceanic regions

a. Principal oceanic features: mid-ocean ridges, continental

margins, and abyssal depressions
[see also 723.G.3. and 735.J.2.]
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b. Summary of submarine physiography

i. Arctic Ocean

ii. Atlantic Ocean

iii. Indian Ocean

iv. Pacific Ocean

B. The stable platform regions of the continents

1. The continental shield areas: their age, structure, and

constituent rocks
[see also 214.B.4.]

2. Uplift, downwarp, and fracture of continental platforms
a. Plateaus and basins

i. Occurrence and distribution

ii. Specific examples; e.g., lava plateaus, intermontane

plateaus, basin and range topography, ice plateaus

b. Rift valleys

i. Their geomorphic characteristics
ii. Their geological history and structure
iii. Their origin
c. Water bodies occupying fault-bounded structural
depressions
i. Lakes and landlocked seas

ii. Inland seas with outlets to the oceans

iii. Elongated seas formed by crustal separation, such as

the Red Sea or the Gulf of California
[see also 241.G.]

C. The continental terrace or continental margins

1. Definitions and bathymetry
[see also 723.G.3. and 735.J.2.]
a. The continental shelf: the nearly horizontal strip of
seabed that extends from the low-water line to the
point at which there is a sharp increase in slope

b. The continental slope: the more steeply inclined zone
that extends from the shelf break to the ocean floor

2. Composition: evidence from bottom samples and
geophysical techniques

a. Sediments of the shelf and slope and the currents that
deposit them

b. Influence of the Ice Age: effects of sea level fluctuations

on sediment deposition
3. Structure and origin
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10:602¢-h /
15:842b-843a passim
2:547e—£/2:1097d-g
8:484g-485a 15:545b-d
CONTINENTAL
SHELF AND
SLOPE
5:115-119
5:115f-116f
5:115g-116¢c
5:116d-f 13:436d-e
5:116f-118a
5:117a-d/ 10:983d-g /11:497g-498¢
19:34d-h
5:117d-118a

5:118a-11%/
6:44d-45b



a. Geophysical evidence: the interaction between sediment
deposition and crustal subsidence

b. Geological relationships: interpretations based on the
theory of continental drift and sea-floor spreading

4. Submarine canyons incising the continental terrace

a. Types of submarine valleys

b. Physical characteristics and geographic distribution of
submarine canyons

c. Relation of submarine canyons to adjacent land valleys

d. Transport of sediment through submarine canyons:
turbidity currents and graded deposits

e. Origin of submarine canyons
D. The oceanic deeps

1. Components of ocean basins
a. The oceanic crust

b. Major features of the deep-ocean floor

i. Mid-ocean ridges
[see G., below]

ii. Trenches
[see also 241.G.]

iii. Fracture zones

iv. Seamounts and guyots

v. Abyssal hills and plains

vi. Sediments of the ocean floor

c. Basin boundaries

i. The continental slope
[see C., above]

ii. The continental rise
2. The origin of ocean basins

E. Coral islands, coral reefs, and atolls
[see also 351.B. and 354.B.]

1. Fossil reefs and reef-building organisms

2. Present reef accumulation: water conditions, reef
geochemistry, biological factors

3. Origins and development of reefs and atolls

F. The major mountain ranges and fracture zones of the
Earth’s crust on the continents and beneath the oceans

1. Types of mountains; e.g., dome, block, fold, volcanic, alpine

2. The worldwide system of folded mountain ranges, fracture
zones, and volcanic island arcs

a. The Circum-Pacific System that includes the North and
South American cordilleras and the west Pacific island
arcs

b. The Tethyan System that separates the continental
platforms of Eurasia from Africa and India

c. Subsidiary mountain ranges: systems associated with
regional domes of the continental platforms
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articles article sections other references
5:118c-119b
5:119b-¢
CANYONS,
SUBMARINE
3:786-791
3:786g-h 5:115h-116b
3:786h-787h
3:788a—
3:788c-789%¢/ 8:298g-299¢
5:590b-591h
3:789e-791d
OCEAN BASINS
13:433-437
13:433h—436f
13:433h-434d/
6:51c—<
13:434d-436d
13:435b-d 9:1026g-1027h passim |
16:446g-h
13:435¢e-f 16:446b—c
13:435f-436a
13:436a—c 14:435f-g
MARINE 13:436¢-d/ 2:300a— /8:298d-299c/
SEDIMENTS 9:1028h-1029b/ 9:231g-232a/9:310f-g/
11:495-500 16:636h-637c 10:983h-984b /13:843f-g/
16:766c—g
13:436d-f
13:436e-f 8:298g-299a
13:436g-437a/
9:125a-b
CORAL ISLANDS, 4:799d-g

CORAL REEFS,

AND ATOLLS
5:162-167
5:163b-164a/
4:731b-d/
7:560d—e
5:164a-165f 10:591h-593g passim
5:165f-167f 13:435g-h
MOUNTAIN
RANGES AND
MOUNTAIN BELTS
12:588-592

12:588g-590d /
19:505¢c-507a

12:577h-578¢g

12:590d-592d /
12:578h-580c

12:590d-591d

12:591d-g

12:591h-592d

9:215a-b/9:1028e-h
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d. The volcanic island arc systems

i. Their geomorphic characteristics
ii. Their geology and structure
iii. Their origin
e. The rock types comprising the folded mountain ranges
and island arcs; e.g., metamorphosed sediments, basaltic

and andesitic lavas
[see also 212.F.2. and 214.B.4.]

G. Oceanic ridges: broad, uplifted regions beneath the oceans and

their associated fracture zones
[see also 241.G.]

1. Classification of ridges
a. The mid-ocean ridge system
b. Ot.her ridgps: lateral, linear, and boundary ridges;
microcontinents
2. Origin and growth of ridges
a. General geophysical properties

b. The theory of plate tectonics
[see 241.G.3.b.]

3. Occurrence and distribution of ridges
[see also A.3., above]

a. Ridges of the Atlantic Ocean
b. Ridges of the Pacific Ocean
c. Ridges of the Indian Ocean

articles article sections other references
ISLAND ARCS 19:507a—d
9:1025-1030
9:1026g-1027h
9:1027h-1030a 6:69¢~h /12:591b-d /
19:507b-d
9:1030a~h 19:507a-b
8:297f-d/ 9:1028a-d
9:217b-219b/
12:579h~-580c
OCEANIC RIDGES 13:435e-f
13:472-475
13:472¢-473b
13:472d-h 6:47b—c /13:434g-435b /
15:841d-e
13:472h-473b
13:473b-h
13:473b-d
13:474a—-475h 13:434h-435a
13:474a-g 2:294f-295b
13:474g-475¢ 13:837a-b
13:475¢c-h 9:310b—e

Geographical articles in the Macropadia

(Additional geographical entries may also be found in the Micropzdia)

Continents

AFRICA 1:177
ANTARCTICA 1:947
ASIA  2:145
AUSTRALIA 2:381
EUROPE 6:1033
NORTH AMERICA 13:174
SOUTH AMERICA 17:73

ANDES MOUNTAIN RANGES 1:856
APENNINE RANGE 1:1011
APPALACHIAN MOUNTAINS
1:1015
ATLAS MOUNTAINS 2:304
CARPATHIAN MOUNTAINS  3:946
CAUCASUS MOUNTAINS 3:1015
EAST AFRICAN MOUNTAINS  6:120
ELBURZ MOUNTAINS 6:523
ETNA (MOUNT) 6:1017
EVEREST, MOUNT 6:1139
HIMALAYAN MOUNTAIN RANGES
8:882

Mountains and mountain ranges
ALASKAN MOUNTAINS 1:414
ALPS MOUNTAIN RANGES 1:633
ALTAI MOUNTAINS 1:639

Section 232. Features produced by geomorphic processes acting
on the Earth’s surface
[for Part Two headnote see page 79

for Division III headnote see page 104]

The articles and parts of articles referred to in Section 232 deal
with four main subjects: A, the action of the hydrosphere and
atmosphere on the Earth’s surface features; B, the effects of
actions from the biosphere, exosphere, and lithosphere on the
Earth’s surface features; C, the characteristic features of the
Earth’s major environments; and D, theories of landform evolu-
tion.

The outline of subject A covers the effects on the Earth’s surface
features of weathering and soil formation; of gravitational proc-
esses producing various types of Earth movements, such as rock-
falls and landslides; of rivers and the associated drainage systems
of streams and their tributaries; of wind transport of rock and
mineral material; of marine processes; of glacial processes; and
of lacustrine processes.

The outline of subject B begins with the physiographic effects
of various biological processes. It covers the effects of plants and

TIEN SHAN (MOUNTAINS) 18:392
URAL MOUNTAINS 18:1032
VESUVIUS (MOUNT) 19:98
VIRUNGA MOUNTAINS 19:162

HINDU KUSH (MOUNTAINS)
8:920

JURA MOUNTAINS 10:353

KARAKORAM RANGE 10:403

KUNLUN MOUNTAINS 10:543

NEW GUINEA, MOUNTAIN RANGES Other features
ofF 12:1088 BASIN AND RANGE PROVINCE
PACIFIC COAST RANGES 13:824 2:749

DEATH VALLEY 5:539

GRAND CANYON 8:277

GREAT BARRIER REEF 8:299

VALLEY OF TEN THOUSAND
SMOKEs 19:20

PAMIR MOUNTAIN AREA 13:938
PYRENEES RANGE  15:315
ROCKY MOUNTAINS 15:964
SALT RANGE 16:199

SIERRA NEVADA RANGE 16:739

organisms on rock weathering and soil formation; the effects of
animal trails, tracks, and burrows on the erodability of Earth
materials and on sediment yield; the effects of vegetation type

-and density on sediment yield; the direct and indirect effects of

man’s action on the Earth’s surface features; and the effects of
extraterrestrial and volcanic-tectonic processes.

Subject C is the characteristic features of the Earth’s major
environments. The ‘outline covers the fluvial environment; the
lacustrine environment; the estuarine environment; the marine
environment; the desert environment; the glacial environment;
the polar environment; the tropical environment; the temperate
environment; and such aspects of the subterranean environment
as geysers, hot springs, fumaroles, and caves and cave systems.

Subject D is theories of landform evolution, a term applied to
all changes in the Earth’s surface features throughout time,
broadly caused by the interaction of the opposing processes of
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cept of uniformitarianism; the concept of the cycle of erosion;
the concept of morphogenetic regions; the concept of dynamic
equilibrium; and the concept of entropy.

relative uplift on the Earth’s surface and downwearing by
weathering and erosion. The article referred to covers basic
concepts involved in the theory of landform evolution—the con-

articles article sections other references
A. The action of the hydrosphere and atmosphere on the Earth’s
surface features
1. Weathering: the disintegration and alteration of rocks WEATHERING 5:609f-610e
at or near the Earth’s surface 19:702-705
a. Processes involved in weathering 19:703b-705a / 16:475g-h
13:563f-h
i. Physical processes; e.g., freeze-thaw cycles, 19:703b-704c
crystal-growth pressures
ii. Chemical processes; e.g., solution effects, hydration, 19:704c-705a / 3:1023e-1024d /7:734c-735a/
hydrolysis, oxidation 4:705f-g/ 7:1032h-1033¢c /12:94d-f/
16:1018g-1020c  13:563f-h
b. Factors that control the type and rate of rock 19:705a—¢/ 3:1024f-1025d /16:1022¢
weathering; e.g., rock composition and structure, 7:1033g-1034f/
climate 12:118g-h
c. Soil formation SOILS 5:46g-47a /6:708¢~709¢

i. Processes of soil formation: clay formation,
humification, leaching, dispersion of soil
constituents, development of soil profiles, and
rates of soil formation

ii. Factors involved in soil formation: effects of
climate, drainage, topography, living organisms,
and parent material
[see also 354.A.2.b.i.]

iii. Classification and nomenclature of soil groups
iv. Geographic distribution of soils

16:1018-1028

16:1018g-1022g/
5:1091d-1092¢

16:1022g-1024a/
5:1092¢-1093b/
8:281d-h/
16:1014h-1018a

16:1024a-1025d

16:1025d-1028b

11:27c-f /14:434h-435b /
19:704d-705a

7:537b-€/7:733c—</
16:467a-b

1:191f-193¢ /2:163h-167b/
2:393a-b /6:1046c-h /
13:189d-190c /17:84h-85g

v. Solil crusts DURICRUSTS 10:340e-341c 5:610c—€ /19:704d—-f
5:1088-1093
2. Gravitational processes on hillslopes EARTH

MOVEMENTS ON
SLOPES
6:63-67

a. Factors producing earth movements; e.g., slope angle, 6:63d-h 14:432a-b

material type and water content, climate, earth tremors
b. Types of earth movements; e.g., rockfalls, cregp, 6:64a—-66¢
bulging, landslides, debris slides, slumps
c. Characteristics of unstable slopes 6:66e-g
3. Fluvial processes FLUVIAL

[see also 126] PROCESSES
7:437-446

a. The flow of water in a natural channel 7:438b—440c 11:789d-e

b. Entrainment and transport of sedimentary particles 7:440c-441d/ 6:972d-973b

1:615d-616¢e
c. Materials transported by natural rivers 7:441d-442c/ 6:709g-710b /15:876e—g
1:613e-614h
d. Erosion and deposition in natural channels 7:442c-444g/ 6:973b—/10:626d—¢/

. River forms and fluvial processes in different

environments

The flow of rivers in estuaries
[see C.3.b., below]

15:870d-871d /

15:881g-883c/

16:475g-476¢
7:444h-446e

19:641e-f/
19:642c-643a passim

15:877h-879c¢ passim |
15:867f-h

g. The flow of ephemeral streams
[see C.1.d.iv., below]
h. The relationship of rivers and groundwater 15:877h-879c 8:435d-h
i. The sediment yield of drainage systems SEDIMENT YIELD 7:441d-444h/ 14:434g-h
[see also 731.A.4.] OF DRAINAGE 7:532e-533a/
SYSTEMS 10:604f-605a
16:474-479
i. Measurement of sediment yield and sediment load 16:475b—g 7:441e-h
ii. Sources of sediment and nature of deposition 16:475g-476¢/ 6:972f-h

7:442b-444h
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iii. Factors that influence sediment yield
j. The erosion of canyons and valleys
k. The formation of hillslopes

i. Hillslope form
ii. Hillslope processes
iii. Hillslope development
4. Eolian processes
a. Transportation of rock debris by wind: the relation

between air flow and the mechanics of particle
movement

b. Effects of wind transport: modification of particles;
deflation of surfaces; abrasion by sandblasting

c. Deposition by wind: formation and migration of dunes;
the role of vegetation

d. Wind action and the works of man: benefits and
hazards of dune environments

5. Marine processes

a. Erosion and deposition of coastal materials by waves
and currents

b. Transport of sediment by density flows

6. Glacial processes
[see also C.6., below]

a. Glacial erosion
b. Glacial transport

¢. Glacial deposition
d. Glacial loading and unloading

e. Periglacial processes: formation of permafrost,
development of thermokarst topography, and related
processes

7. Lacustrine processes
a. Erosion and deposition by waves and currents
b. Sedimentation in lakes

c. Effects of flora and fauna on lakes and lake systems
[see 354.B.3.a.]

B. The effects of actions from the biosphere, exosphere, and
lithosphere on the Earth’s surface features

1. Biological processes
[see 351]

a. Effects of plants and organisms on rock weathering
and soil formation
[see A.1.b. and A.1.c.ii., above]

b. Effects of animal trails, tracks, and burrows on the
erodability of Earth materials and on sediment yield
[see A.3.i.iii., above]

c. Effects of vegetation type and density on sediment yield
[see A.3.i.iii., above]

d. Effects of man on the Earth’s surface features
[see also 355, 731, 733.B., 734, and 737]

i. Direct effects; e.g., land cultivation, mining,
construction of artificial channels and coastal works

ii. Indirect effects; e.g., land subsidence, slope failure,
erosion, sedimentation, earthquakes

articles

article sections

other references

HILLSLOPES
8:873-880

16:476e—47%
6:63d-h

8:874e-875¢f
8:875g-878¢
8:878e-880e

10:626b-d

WIND ACTION
19:841-847

14:556e-557a

19:841d-843a/
9:229¢-230g /
16:209c-g

19:843a-844g

19:844g-846d /
16:209g-211h/
19:35¢

19:846d-h

4:731h-732a /5:611b—f

14:556f-g

5:611c-d /14:556g-557a

16:636e-g

2:778a-179f |
10:594a—/
19:655h-656¢

5:590g-591h

3:788¢c-790b passim |
8:298d-299c /11:497h-498b

GLACIATION,
LANDFORMS
PRODUCED BY
8:165-167

14:563c-564b

8:165d-g
8:165g-166¢/
12:157e-f
8:166¢c-g
8:166h-167d /
14:563e-564b
8:167g-h/
14:90h-91e

8:1002¢c-1003¢

14:93¢-94f passim

10:610c—f

5:589g-590c/
10:604d-605¢c/
19:32a-34d

PHYSIOGRAPHIC
EFFECTS OF MAN

14:429-433

14:430g-431f/
3:759f-362d /
4:807d-f/
6:975d-g

14:431f-433g

7:437g-438a

8:641a-643e passim

2:779f-780f /6:970g /

15:903d-e/

16:476d-477e passim
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articles article sections other references
2. Extraterrestrial processes METEORITE 12:43a-d
[see also 133.A.4.d.] CRATERS
12:48-54
a. The occurrence of meteorite craters and the concept of 12:48¢c-49f
the astrobleme: the number of known or suspected
terrestrial impact structures
b. The impact cratering process: evidence from field 12:49g-52a 12:43a—/18:63e-g
studies and from theoretical and experimental
investigations
c. Criteria of impact origin of landforms; e.g., crater 12:52a-54b/ 12:43cd
geometry, shock metamorphism of rocks 15:959g-h

3. Volcanic-tectonic processes

a. The effect of volcanic eruptions on the Earth’s surface

features
[see 212.D.4. and 231.F.]

b. The effect of uplift and other tectonic movements on PHYSIOGRAPHIC 14:556¢c-¢ 5:121c—€/10:602e-h |

the Earth’s surface features EFFECTS OF 15:913e-g
[see also 212.F.2. and 241.E.] TECTONISM
14:433-435

C. The characteristic features of the Earth’s major environments

1. The fluvial environment RIVERS AND 12:168a-170b
RIVER SYSTEMS
15:874-888
15:876h-879¢/ 1:1033c-¢/5:608d-f

7:444h-446¢

a. Distribution of rivers in nature: comparative data on
major world rivers; principles governing river
distribution and flow

b. Drainage patterns: Horton’s laws of drainage 15:879c-880f
composition; the relation between streamflow and

basin geometry; evolution of drainage systems

10:633h-634a/
16:478f-479g passim

c. The geometry of river systems 15:8802-883c

i. Hydraulic geometry: variations in channel 15:880g-881g 10:632b-633h

characteristics in relation to discharge

ii. River channel patterns; e.g., straight, meandering,
braided

d. Streamflow and fluvial landforms

15:881g-883c 7:442c-h

15:883¢c-887c/
7:444h-446¢
i. Peak discharge and flooding: frequency of 15:883c-884f

occurrence of floods

7:443f-h /19:645h-646b

ii. River floodplains and terraces 15:884{-886b

iii. River deltas RIVER DELTAS 15:886¢—f/ 5:116b-c/17:838d—e
15:867-874 4:798g-799d
iv. Ephemeral streams 15:886g-887c 5:608d-f/6:610g-611a
v. Waterfalls: the result of discontinuities of river profile WATERFALLS
19:638-643
e. The evolution of river systems through geological time 15:887¢c-888d 7:442h-444¢
2. The lacustrine environment LAKES AND 1:1032c—f
LAKE SYSTEMS
10:600-612
a. Lake basins 10:602e-605¢c
i. Classification and topography of lake basins 10:602e-604d /
8:171d-172a
ii. Lake sediments: clastic sediments and chemical 10:604d-605¢/
precipitates 8:174f-h/
19:32a-34d
b. Lake waters 10:605d-608d
i. Chemical composition: dissolved salts, gases, and 10:605d-606¢
other constituents
ii. Thermal properties: vertical mixing and overturn; 10:606f-608d / 1:1032d-e
the heat budget of lakes 12:166b-168a
c. Lake hydraulics 10:608d-610f
[see also 223.B. and C.]
i. Lake currents: effects of pressure gradients, wind 10:608d-609b
stress, and stratification
ii. Surface waves: generation of waves by wind 10:609b—-e

iii. Seiches: long-period lake oscillations 10:609¢-610b 13:494g-h
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iv. Effects of wave and current action
[see A.7.a., above]

d. The hydrologic balance of lakes

i. The water budget: water input and output;
water-level fluctuations

ii. Lake extinction

e. Lakes in arid regions
[see C.5.c.ii., below]

f. Glacial lakes
[see C.6.e.i., below]

g. Swamps, marshes, and bogs

3. The estuarine environment

a. The formation of estuaries
i. Effects of changes in sea level

ii. Factors that control the geomorphology of
estuaries

iii. Factors tending to destroy estuaries; e.g., sediment
influx, vegetation encroachment

b. Hydrologic features of estuaries

i. Factors controlling and affecting estuarine
circulation; e.g., tides, river discharge

ii. Types and examples of estuarine circulation

iii. Relation of estuarine circulation and sediment
transport

4. The marine environment

a. Coastal features resulting from depositional processes
i. Beaches: materials, morphological features, and
physical processes

ii. Sand dunes and sandbars

iii. River deltas
[see C.1.d.iii., above]

iv. Coral reefs
[see 231.E.]

v. Lagoons
[see also 354.B.]

vi. Marshes
[see C.2.g., above]
b. Coastal features resulting from erosional processes; e.g.,
sea cliffs and related landforms

c. Coastal features dependent on bedrock type, bedrock
structure, or local topography; e.g., grottoes, spouting
holes, fjords, peninsulas, islands

d. Submerged coastal features: the continental shelf and

slope; submarine canyons
[see 231.C.]

5. The desert environment

a. General aspects of deserts: basic types of deserts and
their climatic features; areal extent of the major deserts
of the world today; economic importance of deserts

b. The aridity of deserts: the cause and definition of deserts
[see also 224.D.]

i. General cause of the arid zone: the pattern of
circulation of the atmosphere

ii. The definition of aridity: indices of aridity; the
classification of arid regions

c. Hydrologic aspects of deserts

articles article sections other references
10:610g-612f/
8:176f-177a
10:610g-612¢c
10:612d-f
SWAMPS, 4:799h-800b
MARSHES,
AND BOGS
17:836-840
ESTUARIES
6:968-973
6:969¢c-970g
6:969c—e
6:969¢e-h
6:970c-g
6:970h7973c
6:970h-971b
6:971¢-972b
6:972c-973¢
COASTAL
FEATURES
4:795-802
4:796b-800b
BEACHES 4:796b-797d
2:777-781
4:797e-798g 2:780g-h/
16:208h-212¢ passim
LAGOONS 6:1135h-1137c¢ 5:167d-£/10:983d-g
10:591-594
4:800b-801c 3:1023b-¢
4:801d-802h
DESERTS
5:602-615
5:602¢e-604a
5:604d-607¢
5:604d-g
5:604h-607e
5:607e—-609f



i. Principal hydrologic factors: effects of climatic,
topographic, and geologic features

ii. Surface water
iii. Subsurface water

. Geomorphic processes that shape desert landforms:

weathering, gravitational, fluvial, and eolian
processes

. Surficial features

i. Mountains, plateaus, pinnacles, and similar
features

ii. Alluvial fans: fan-shaped sedimentary deposits
bordering highlands from which the sediment was
derived

iii. Pediments: bedrock surfaces fringing desert highlands

iv. Desert plains, basins, and depressions
v. Playas, pans, and saline flats

vi. Sand sheets and sand dunes

The permanence of deserts: evidence concerning the

location of arid regions in the geological past
[see also 224.D.6.]

i. Climatic change: the relation between latitudinal
climatic zonation and continental drift

ii. Desert boundaries: possible future expansion or
contraction of desert areas

6. The glacial environment
[see also 354.A.1.c.i.]

a.

b.

€.

Processes of glaciation
[see A.6., above]

Landforms produced by glacial erosion

i. Microrelief and small-scale features; e.g., rock
polish, striations, grooves

ii. Glaciated valleys and associated features; e.g.,
cirques, arétes, horns, valley profiles and cross
sections, fjords

iii. Glacially eroded rock basins in non-mountainous
regions

Landforms produced by glacial deposition

i. Nonstratified drift and associated landforms; e.g.,
glacial till, moraines, drumlins

ii. Stratified drift and associated landforms; e.g.,
ice-contact deposits, kames, eskers

iii. Glaciolacustrine sediments and associated landforms

. Landforms produced by periglacial processes

i. Permafrost: perennially frozen ground

ii. Talus, rock glaciers, and blockfields

iii. Patterned ground, including stone nets, stripes, and
polygons, and features related to the melting of
buried ice masses; e.g., pingos

iv. Eolian deposits
Modern landforms and former glaciation
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articles article sections other references
5:607e-608c
5:608c-609a
5:609a—f/
8:434a—435¢
5:609f-611f/
19:843a-846d
5:611f-613h
5:611g-612b
ALLUVIAL FANS 5:612b—c
1:611-617
PEDIMENTS
13:1103-1106
5:612d-g - 19:843d-g
PLAYAS, 5:612g-h/ 14:565c-566a
PANS, 5:1091b-c/
AND 6:1135¢c-h
SALINE
FLATS
14:552-558
SAND SHEETS 5:613b-h/
AND SAND 19:844h-845¢g
DUNES
16:208-212
5:614a-615a
5.614a-h
5:614h—615a
GLACIATION, 18:733c-d
LANDFORMS
PRODUCED BY
8:164-177
8:167h-172a/ 19:641b-d
10:603c-g
8:168a-g-
8:168g-171d
8:171d-172a
8:172a-174h
8:172e-173f
8:173f-174f
8:174f-h/
19:32a-33e
8:174h-176¢/
14:561c-¢g
PERMAFROST 8:175a—d
14:89-95
8:175d-g
8:175g-176¢/
14:93¢c-94f
8:176c—

8:176e-177g/
14:564c-567h
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10.

i. Modern lakes and Pleistocene forerunners

ii. Coastal features and sea-level change

iii. Drainage patterns and ice disruption

v. Climatic implications

-

. The polar environment

[see C.6., above and 354.A.1.d.i.]

. The tropical environment

[see also 354.A.1.c.iv.]
a. Varieties and characteristics of rain forests

b. Topography and hydrology
i. Rock type and landscape
ii. Precipitation, evapotranspiration, and runoff
c. Weathering and soils
i. Tropical weathering
ii. Lateritic soils
iii. Erosion in rain forests

d. Geological history of rain forests

. The temperate environment: woodlands and grasslands

[see 354.A.1.c.ii., iii., and v.]

The subterranean environment
[see also 354.A.1.d.ii.

a. Springs and wells
b. Geysers, hot springs, and fumaroles

c. Caves and cave systems

i. Their origin, evolution, and features

ii. Karst topography: hummocky terrain resulting from
subsurface cavern development and consequent
slumping of the ground surface

D. Basic concepts in the theory of landform evolution

. The concept of uniformitarianism: that the processes

operative on the Earth’s surface in the geological past did

not differ in kind from those that are operative today
[see also 242]

. The concept of the cycle of erosion: that landforms

progress through a series of well-defined stages with time,
culminating in a planar erosion surface termed a peneplain

. The concept of morphogenetic regions: that the influence

of climate on landform development is so profound that
regions of similar landforms may be defined solely on a
climatic basis

. The concept of dynamic equilibrium: that landforms reflect

a balance between the processes now operative upon them
and the degree to which their rock type and structure resist
these processes

. The concept of entropy: that landforms reflect the most

probable of all possible alternative states in nature; that
their development is well matched by stochastic or

random-based models
[see also 124.A.]

articles

article sections

other references

8:176f-177a/
14:565¢c-566a
8:177a—</
4:733b—</
14:564c-565¢
8:177c—</
4:733e-f/
14:566b—g
8:177e-g/
4:731d-f/
4:732h-733b/
4:736f-737a/
14:561c-h/
14:566h-567h

JUNGLES AND
RAIN FORESTS
10:336-342

10:337a-339a/
7:540c—f
10:339a-340c

10:339a—c
10:339¢c-340c
10:340c-341h
10:340c—e
10:340e-341c
10:341c-h
10:341h-342d

7:54d-f

7:1034a-f

8:878c—¢

GEYSERS AND
FUMAROLES
8:132-136
CAVES AND CAVE
SYSTEMS
3:1020-1029

17:516b-517h
19:503b—f

12:120d-¢

3:1022c-1028h
3:1028h-1029¢

3:837e—f

LANDFORM
EVOLUTION
10:624-634

10:625d-626f/
18:857d-859f

10:626f-628g

8:873h-874¢c

10:628g-630b

10:630b-633a/
14:434g-435d

10:633a—634¢
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Geographical articles in the Macropadia

(Additional geographical entries may also be found in the Micropzdia)

Rivers and waterfalls

AMAZON RIVER 1:652

AMU DARYA (RIVER) 1:715

AMUR RIVER 1:716

BRAHMAPUTRA RIVER 3:104

COLORADO RIVER 4:910

COLUMBIA RIVER 4:930

CONGO RIVER 4:1123

DANUBE RIVER 5:488

DNEPR RIVER 5:923

DNESTR RIVER  5:925

DON RIVER 5:957

DVINA RIVER, NORTHERN
5:1096

DVINA RIVER, WESTERN
5:1097

ELBE RIVER  6:522

FRASER RIVER 7:696

GAMBIA RIVER  7:865

GANGES RIVER  7:879

GUADALQUIVIR RIVER 8:450

HSI CHIANG (RIVER) 8:1124

HUANG HO (RIVER) 8:1128

IGUAGU FALLS 9:233

INDUS RIVER  9:492

IRRAWADDY RIVER 9:898

JORDAN RIVER 10:275

LENA RIVER  10:790

LOIRE RIVER  11:87

MACKENZIE RIVER  11:265

MEKONG RIVER 11:860

MISSISSIPPI RIVER  12:280

NIAGARA RIVER AND FALLS
13:57

NIGER RIVER 13:97

NILE RIVER  13:102

OB RIVER 13:431

ODER RIVER 13:506

OKAVANGO RIVER 13:539

ORANGE RIVER 13:640

ORINOCO RIVER 13:737

PARAGUAY RIVER 13:991

PARANA RIVER 13:999

PLATA, RIODE LA 14:525

RHINE RIVER  15:805

RHONE RIVER 15:822

RIO GRANDE 15:859

SAINT LAWRENCE RIVER  16:172

SAO FRANCISCO RIVER  16:235

SEINE RIVER 16:488

SENEGAL RIVER  16:540

TAGUS RIVER  17:988

TARIM RIVER  17:1069

THAMES RIVER  18:205

TIBER RIVER 18:372

TIGRIS-EUPHRATES RIVER SYSTEM
18:402

VICTORIA FALLS 19:114

VISTULA RIVER  19:172

VOLGA RIVER 19:508

VOLTA RIVER 19:516
WESER RIVER 19:759
YALU RIVER  19:1069
YANGTZE RIVER 19:1072
YENISEY RIVER  19:1089
YUKON RIVER 19:1107
ZAMBEZI RIVER  19:1127

Lakes and landlocked seas
ALPINE LAKES 1:631
ARAL SEA 1:1066

BAIKAL, LAKE 2:596
BALATON, LAKE 2:609
BALKASH, LAKE 2:641
CASPIAN SEA  3:980
CHAD, LAKE 4:17

DEAD SEA 5:524

EAST AFRICAN LAKES 6:116
EYRE, LAKE 7:125
GALILEE, SEA OF 7:850
GREAT LAKES 8:301
GREAT SALT LAKE 8:305
ISSYK-KUL, LAKE 9:1067
KOKO NOR (LAKE) 10:498
LADOGA, LAKE 10:584
NICARAGUA, LAKE 13:63
ONEGA, LAKE 13:570
TITICACA, LAKE 18:461
URMIA, LAKE 18:1084

Deserts

ARABIAN DESERT 1:1051

ATACAMA DESERT 2:254

GOBI (DESERT) 8:219

KALAHARI (DESERT) 10:373

KARA-KUM DESERT  10:403

NAMIB DESERT 12:819

NORTH AMERICAN DESERT
13:203

PATAGONIAN DESERT 13:1068

SAHARA (DESERT) 16:147

SINAT DESERT 16:779

TAKLA MAKAN DESERT 17:1001

THAR DESERT 18:206

Other features
AMAZON RAIN FOREST 1:650
EVERGLADES 6:1141
GRAN CHACO 8:274
GREAT PLAINS 8:304
ITURI FOREST 9:1176
LLANOS 11:5
PANAMA CANAL 13:945
PRIPET MARSHES 14:1096
RUSSIAN STEPPE  16:100
SAINT LAWRENCE SEAWAY
16:174
SUEZ CANAL 17:766
VELD 19:56

Division IV. The Earth’s history
[for Part Two headnote see page 79]

The outlines, and the articles and parts of articles referred
to, in the three sections of Division IV deal with the origin
and development of the Earth and its envelopes; the inter-
pretation of the geological record; and the eras and periods
of geological time.

The outline and the articles referred to in Section 241
treat the origin and development of the lithosphere, of the
atmosphere, and of the hydrosphere; the formation and
growth of the continents and of the mountain ranges and
belts; the theory of continental drift; and the theory of sea-
floor spreading.

Section 242 treats the stratigraphic, the paleontological,
and the paleogeographical interpretations of the geological
record; the relative and absolute dating of the Earth’s his-
tory; and the reconstructing of the geological history of the
Earth.

The articles referred to in Section 243 treat the rocks, the
life, and the environments in Precambrian time and in the
Lower Paleozoic, Upper Paleozoic, Mesozoic, and Ceno-
ZOic eras.

Section 241. Origin and development of the Earth and its
envelopes

[for Part Two headnote see page 79]
The articles and parts of articles referred to in Section 241 deal
with seven main subjects: A, the origin and development of the
lithosphere; B, the origin and development of the atmosphere;
C, the origin and development of the hydrosphere; D, the forma-
tion and growth of the continents; E, the formation and growth
of mountain ranges and belts; F, the theory of continental drift;
and G, the theory of sea-floor spreading.

The outline of subject A covers theories of the origin of the
Earth and theories about the evolution of the crust, the outer

VAN, LAKE 19:20

Section 241. Origin and development of the Earth and its

envelopes 115
242. The interpretation of the geological record 119
243. The eras and periods of geological time 123

part of the Earth, from the mantle that underlies the crust.

The outline of subject B begins with the relation of the develop-
ment of the Earth’s atmosphere to the origin of the solar system
and the development of other planetary atmospheres. It goes on
to speculations about the original atmosphere of the Earth and
hypotheses about the evolution of the present terrestrial atmo-
sphere. It also deals with the effects of man’s activities on the heat
balance or composition of the atmosphere.

Subject C is the origin and development of the hydrosphere.
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The outline begins with speculations about the early oceans and
about the transition stage from about 3,500,000,000 to 1,500,-
000,000 years ago. It goes on to the modern chemical view of the
oceans as a steady-state system in which rates of inflow of ma-
terials into the oceans equal rates of outflow, resulting in a nearly
fixed seawater composition. It next treats evidence concerning the
evolution of the hydrosphere-atmosphere derived from the anal-
ysis of the mass and distribution of sedimentary rocks that have
been deposited from the oceans during geological time. Finally, it
deals with the evidence for limits on past variations of seawater
composition.

Subject D is the formation and growth of the continents. The
outline begins with the processes that govern crustal develop-
ment—exogenic processes, including weathering and the forma-
tion of sedimentary rocks, and endogenic processes, including
magmatism, metamorphism, and tectonism. It goes on to deal
with the types and evolution of endogenic regimes, which are
regular combinations of endogenic processes, appearing in each
interval of geologic time in definite zones, the effects of which
characterize the continents. Finally, it treats the various lines
of geophysical evidence for a long-term stability in the rela-
tions between endogenic regimes and deep-seated Earth processes.

The outline of subject E begins with the relation of the distribu-
tion of mountain belts to the movements of large plates of the
Earth’s crust postulated in the new theory of plate, or global, tec-
tonics. It goes on to such generalizations as are possible about
the highly varied composition and structure of the tectonic
mountain belts. It next deals with the geosynclinal hypothesis of
mountain building—namely, that mountain belts form at the site
of long, narrow, sediment-filled troughs called geosynclines.

A. The origin and development of the lithosphere
[see also 213.A.]

1. Theories of the origin of the Earth
[see also 133.A.7.]

a. Homogeneous accretion: that the Earth formed slowly
from metal and silicate particles and was originally
cool and unmelted and of relatively uniform
composition

b. Inhomogeneous accretion: that the origin of the Earth
was a sequential process, the formation of a metallic
core followed by the accretion of an overlying silicate
mantle

c. Single-stage accretion from primordial material: that
the Earth formed so rapidly that melting of the outer
layers occurred with the subsequent gravitational
segregation of core from mantle

2. The evolution of crust from mantle: processes involved in
the geochemical differentiation of the Earth’s outer layers

B. The origin and development of the atmosphere
[see also 133.A.7. and 221.A.]

1. The relation of the development of the Earth’s atmosphere
‘to the origin of the solar system and the development of
other planetary atmospheres

2. The original atmosphere of the Earth

a. Evidence from the atmospheric abundances of the noble
gases and the theory of planetary origins

b. Anoxic state of the original atmosphere: evidence that
the Earth’s primitive atmosphere was devoid of oxygen

3. Evolution of the present terrestrial atmosphere

a. Additions to the atmosphere: escape of volatile
components from the Earth’s interior; gases produced by

radioactive decay
[see also 111.C.]

Finally, it treats stages in the development of mountain systems.

Subject F is the theory of continental drift—the theory that the
continents have undergone, during geologic time, large-scale
horizontal displacements relative to each other and to ocean
basins. The outline, after reviewing the history of the controversy
about the concept of continental drift, deals with the main lines
of evidence, in addition to the apparent matching of continental
margins, currently thought to favour the hypothesis of continental
drift. It first treats geological data, such as recently discovered
matches between ancient rocks on now separated continents, and
fossil discoveries showing identical species of plants and animals,
strictly adapted to living on land or in freshwater, on both sides
of large marine barriers. It goes on to paleomagnetic data that
indicate polar wandering and reversals of the geomagnetic field,
and to evidence that the ocean floors are geologically young. The
outline also treats the claims of the geological theory called plate
tectonics to suggest what mechanisms could have generated the
displacements of continental drift.

Subject G is the theory of sea-floor spreading—the theory that
the ocean basins are expanding or contracting as a result of the
outward spreading of a newly generated oceanic crust from the
mid-ocean ridges. The outline, after reviewing the development
of the concept of sea-floor spreading, deals with the evidence for
it, covering the anomalously high values of heat flow over mid-
ocean ridges; the linear magnetic anomalies that parallel the
mid-ocean ridges and their relation to geomagnetic reversals;
and data about the age and distribution of marine sediments.
Finally, it treats the structural elements of the sea-floor spreading
model and the hypotheses about the causes of sea-floor spreading
in plate tectonics theory.
other references

articles article sections

EARTH,
STRUCTURE AND
COMPOSITION OF
6:55-57

6:55e-56g/
6:10g-11b/
6:24e—£/6:60d—
6:55¢-h

6:712a—¢ /12:48f-g

6:55h-56b

6:56b—g

6:56g-57d 5:123d-g /6:712e—-f

ATMOSPHERE, 6:711a~712a
DEVELOPMENT OF

2:313-319

13:486g-487d

2:313h-314f

2:314g-316b/ 13:476d-f
6:11b—c/
6:711b—c

2:314g-315b

2:315¢-316b 10:901a—c/13:477c—e

2:316b-319d
2:316¢c-g

6:711c-712a



Division IV. Section 241 1 1_7

Earth processes

a. The nature of the geophysical evidence: correlations
between endogenic regimes and crustal thickness;
properties of the asthenosphere; heat flow data

5:122g-123c

articles article sections other references
b. Changes in composition: reactions that control the 2:316g-317d/ 6:711d-712a /13:478g-479%
production and accumulation of oxygen in the 2:310h-311e
atmosphere
[see also 335.B.]
c. The hypothetical course of atmospheric evolution: 2:317d-319d
evidence from the geological record
4, Effects of man’s activities: possible changes in the heat 2:3194-f/ 5:49h-50b
balance or composition of the atmosphere as a result of 14:756b-d/
pollution 18:1051h-1053e
5. The present atmosphere
[see 221.A.] ’
. The origin and development of the hydrosphere OCEANS, 13:486g-487d 14:564c-g
DEVELOPMENT OF
13:476-482
1. The early oceans: condensation of volatile components of 13:476d-477¢
the primitive atmosphere as a result of the cooling of the
Earth
2. The transition stage from about 3,500,000,000 to 13:477d-h
1,500,000,000 years ago: reactions between initially acid
oceans and the Earth’s basaltic crust
3. The chemical view of the modern oceans: evidence to 13:478a—47%h
account for present seawater composition
a. Chemical equilibria between minerals and seawater 13:478c—f
b. Mass balance of the oceans: the addition and removal of 13:478-479%¢ | 6:709h-710e
seawater constituents 19:643g-644f
c. Experimental evidence based on reactions between clay 13:479¢-h
minerals and seawater solutions
4. The mass and composition of sedimentary rocks: evidence 13:479h-480f/ 6:710f
for recycling of the dissolved constituents of the oceans 10:984d-¢
5. Periodic compositional excursions: evidence for limits on 13:480f—481a
past variations of seawater composition
6. The present hydrosphere
[see 222 and 223]
. The formation and growth of the continents CONTINENTS,
DEVELOPMENT OF
5:119-123
1. The Earth’s crust and upper mantle 5:120b-121e
a. Composition and structure of the Earth’s crust and upper
mantle
[see213.A.]
b. Processes that govern crustal development: exogenic 5:120h-121e
processes, including rock weathering and the formation
of sedimentary rocks; endogenic processes, including
magmatism, metamorphism, and tectonism
[see also 212.D.2., 214.B.1.c., and 232]
2. Endogenic regimes of the continents 5:121e-122g
a. Types of endogenic regimes: geosynclines, platforms, 5:121f-h
rifts, continental margins
[see also 231]
b. Evolution of endogenic regimes: the original 5:121h-122g
differentiation of the crust; tectonic cycles; the role of
compressive forces and folding
3. The relation between endogenic regimes and deep-seated 5:122g-123h

b. The vertical-force basis of continent building: 5:123¢c-h
gravitational differentiation driven by the internal heat
of the Earth; the crustal-sinking hypothesis
. Orogenesis: the formation and growth of mountain ranges and MOUNTAIN- 6:62d-g
belts BUILDING
PROCESSES

12:577-584
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articles article sections other references
1. The distribution of mountain belts in relation to global 12:578h-579d 14:434b—c
tectonics: occurrence of mountain chains along the margins
of lithospheric plates
2. The tectonic mountain belts 12:579d-580c/
12:589f-591g
a. Fold and fault structures of mountain systems 12:579¢e-h/ 12:589¢
[see also 212.F.2.] 15:916a-923g
b. Rock types of the mountain belts: deformed sedimentary 12:579h-580c/
rocks, volcanic rocks, intrusive igneous rocks 9:215h-216¢ /
[see also 214.B. and 231.F.] 9:218d-219b
3. The geosynclinal hypothesis of mountain building: that 12:580d-581g
mountain belts form at the site of long, narrow,
sediment-filled troughs, or geosynclines
4. The development of mountain systems 12:581g-584¢
a. The deposition and consolidation of sediments in 12:581g-583g/ 8:299c-¢ /12:589h-590a
geosynclinal belts 6:10c-f
b. Subsequent diastrophism: uplift and deformation of 12:583g-584b
geosynclinal deposits; contemporaneous episodes of
magmatism
c. Causes of folding: crustal contraction, gravity sliding, 12:584b-g 15:921f-922h
and other hypotheses
F. The theory of continental drift: that the continents have CONTINENTAL 6:41e-g/14:98g-99a
undergone large-scale horizontal displacements relative to each DRIFT
other and to ocean basins during geological time 5:108-114
1. Historical background 5:108g-110e 6:86d-f
a. Early theories: speculations initiated by the apparent fit 5:108g-109c
of the bulge of eastern South America into the bight of
Africa
b. Wegener’s hypothesis: the first detailed, comprehensive 5:109¢c-110e
theory of continental drift
2. Evidence for continental drift 5:110e-113¢ 2:295g-300a /13:927h-929¢
a. Geological data: ages of rocks; the distribution of ancient 5:110f-112¢/ 1:948d-f/3:694a-d /
glacial deposits and fossil plants and animals 5:119b-e/ 4:731e-£/5:915g-h/
6:14d—</ 8:164d-e/14:743c-d /
18:155d-h 18:696h-697a
b. Paleomagnetic data: evidence of polar wandering, 5:112¢-f/ 13:910d-h
continental displacement and rotation, and reversals of 15:946e-h
the geomagnetic field during geological time
[see also 212.B.]
c. Oceanic data: ages of sediments; the distribution of 5:112g-113c
magnetic anomalies
3. The theory of plate tectonics
[see G.3.b., below]
4. The problem of mechanism: whether thermal motions in the
upper mantle suffice to produce continental drift
[see G.3.c., below]
G. The theory of sea-floor spreading: that the ocean basins are SEA-FLOOR
expanding or contracting as a result of the outward spreading SPREADING
of newly generated oceanic crust from the mid-ocean ridges 16:442-447
[see also 231]
1. The development of the concept of sea-floor spreading 16:442h—444a 6:86f~h
2. Evidence of sea-floor spreading 16:444a—446a/ 9:1029g-1030a /12:581d—f
5:112g-113c/
5:513b-d
a. Heat flow data: anomalously high heat flow over 16:444a—c
mid-ocean ridges
[see also 212.D.]
b. Magnetic data: linear magnetic anomalies that parallel 16:444¢c-445¢ 5:113b—/15:947b-f
the mid-ocean ridges and their relation to geomagnetic
reversals
[see also 212.B.4.]
c. Age and distribution of marine sediments 16:445g-446a 5:112g-113b
3. The nature and cause of sea-floor spreading 16:446b—447c/
9:1030a-h/

15:845¢-846b



a. The structural elements of the sea-floor spreading model:
transform faults, ridge crests, and trench systems

b. The theory of plate tectonics: that the Earth’s surface is
comprised of a small number of rigid lithospheric plates
that move and interact with one another through time

c. Possible thermal convection in the mantle

Section 242. The interpretation of the geological record
[for Part Two headnote see page 79

for Division IV headnote see page 115]

The articles and parts of articles referred to in Section 242 deal
with five main subjects: A, the stratigraphic interpretation of
the geological record; B, the paleontological interpretation of
the geological record; C, relative and absolute age dating; D,
the paleogeographical interpretation of the geological record;
and E, the reconstruction of the geological history of the Earth.

The outline of subject A begins with descriptions of the layered
rocks of the Earth’s crust and the general character of the rock
record. It goes on to deal with stratigraphic classifications and
their historical development, and with the criteria for the cor-
relation of layered deposits. It further treats the problems of
stratigraphic nomenclature and problems about stratigraphic
boundaries.

The outline of subject B begins with the nature of fossils and
of the fossilization process. It goes on to treat the fossil record,
first in the Precambrian, and then in the post-Precambrian,
wherein the record extends from the occurrence and evolution of
the Protista to the occurrence of plants and mammals. The out-
line next deals with the fossil record as showing the history of
most major groups of animals and plants and as affording evi-
dence concerning the causes and principal factors involved in the

extinction of certain groups. Finally, it deals with the paleon-

tological criteria for the correlation of layered rocks, treating
index fossils, assemblages, and especially pollen stratigraphy,
which gives the record of the chronological and geographical

A. The stratigraphic interpretation of the geological record

1. The layered rocks of the Earth’s crust and their depositional
environments: the nature of the rock record
[see also 214.B.2.]

a. Clastic sedimentary rocks

b. Carbonate rocks

¢. Volcanic rocks

d. Cyclic deposits
i. Cyclothems

ii. Varved deposits

2. Stratigraphic classifications and their historical
development: criteria for the correlation of layered deposits

a. The principle of uniformitarianism

b. The principle of superposition of strata
c. The idea of a fossil succession
d. The facies concept
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articles article sections other references
16:446b—e 11:499h-500b /15:921c—f
5:113e-114c/ 6:52f-53a /9:1030b-¢/
6:23¢-h/ 15:845h-846b
12:578h-579d /
13:436g-437a/
13:473d-h/
16:446f-g
16:446h-447c/ 6:41f-g /6:53a—c/
5:114c-h/ 13:473f-h
6:26a—c

distribution of fossil pollen and spores in the Earth’s strata.

Subject C is the assignment of a chronology to the Earth’s
history. The outline begins with relative dating—the determina-
tion of sequences in the Earth’s history by the correlation of data
about rock ages and the fossils contained in rocks. It goes on to
deal with the meaning of absolute age and with the requirements
for absolute dating. It first treats the principles and methods of
radiometric dating and the definition of time zero and the sources
of error in radiometric dating. Dealing with non-radiometric
dating, the outline treats geological processes taken as absolute
chronometers, involving methods based on weathering and ero-
sional processes; and biological processes taken as absolute
chronometers, involving methods based on tree rings and corals.
Finally, it treats applications of absolute dating for the establish-
ment of the geological time scale, in determinations of the ages
of the Earth, meteorites, and the Moon, and in the determination
of sea-floor spreading rates.

The outline of subject D treats the factors involved in the
reconstruction of former environments, and the use, for such re-
construction, of data supplied by stratigraphy, paleontology and
paleoecology, structural geology and geophysics, and petrology
and geochemistry.

Subject E is the reconstruction of the geological history of the
Earth based on the worldwide correlation of the accumulated
evidence from the geological record.

articles article sections other references
STRATIGRAPHIC
BOUNDARIES
17:715-726
17:715¢-716c/
6:8h-9g/
16:46%e-472h
4:1109h-1111e/
16:464h—466¢
10:983a-984b 16:466¢c-h
9:232b-233c
16:463c—< 17:724c—-
CYCLOTHEMS 4:793g-h
5:396-400
VARVED 5:511e-g
DEPOSITS
19:31-36
17:716d4-719g
UNIFORMITARI-  10:625d-626f
ANISM
18:857-859
17:716d-717e 5:497g-498a /7:1063d—f
17:717e-718a 5:498b—499a
SEDIMENTARY 17:718a—¢/
FACIES 6:8g-9g

16:458-463
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articles article sections other references

i. The development of terminology to describe lateral 16:458f-459¢
changes in sedimentary layers: classical and
operational definitions of sedimentary facies

ii. Types of facies and the factors that govern them: 16:459d-461d
terrigenous, biogenic, and chemical facies

iii. Facies mapping and the analysis of facies variability: 16:461d-463e
principles and applications
e. The stage concept 17:718e-g
f. The recognition of zones 17:718g-719f

g. Radiometric dating
[see C.2.b., below]

3. Stratigraphic nomenclature in theory and practice 17:719h-726b
a. Stratigraphic terminology and its standardization: the 17:719h-723a/ 5:499d-g /7:1066a—c
distinction among rock-stratigraphic, time-stratigraphic, 7:1067c-1068¢
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Introduction to Part Three: -
The mysteries of life

by René Dubos

We take for granted the existence of life on Earth. Yet, as
far as we now know, life exists nowhere else in the solar
system, its origin is still a mystery, and its effects on our
planet have been little short of miraculous. Without life
the surface of the Earth and its atmosphere would be very
different from what they are now. We are both spectators
and actors in a continuing performance where life is both
author and producer, and for which the Earth serves as an
ever-changing stage.

Cataclysms give us now and then a glimpse of what our
planet would look like without life. In 1883, a series of stu-
pendous volcanic eruptions destroyed two-thirds of Kraka-
toa Island in the Malay archipelago and covered what was
left of it with a thick layer of lava. All living things were
killed, not only on Krakatoa itself, but also on the neigh-
bouring islands that were in the path of the tidal wave gen-
erated by the explosion and of the volcanic fallout. What
had once been a luscious tropical forest suddenly became a
gray and lifeless landscape, as desolate as the surface of the
Moon.

Pictures taken of Krakatoa in the months following the
disaster help us to realize that what we regard as the surface
of the Earth is less a geological structure than a living man-
tle. Our planet would be drab and dusty, an insignificant
object in space, if it were not for the myriad of living forms
that have generated its atmosphere and its soil out of gases
and rocks. In fact, the phrase “life on Earth” is somewhat
misleading because the surface of the Earth as we experi-
ence it, with its entrancing diversity and colourful warmth,
is literally a product of biological activities—a creation of
life.

Krakatoa remained a desolate landscape for a long time
after the 1883 volcanic explosion. But. progressively the
wind and the sea brought back to its sterilized surface a
multiplicity of living things, some of which managed to
establish a permanent foothold on the lava. Today, the island
harbours once more a rich flora and fauna, not very differ-
ent from that of the native forest of the Malay archipelago.

There is a paradox in the marvellous resiliency of nature.
On the one hand, all individual forms of life are extremely
delicate. And yet life itself has been capable of prevailing
over brute physical forces for several billion years, and has
generated immensely diversified ecosystems that have re-
mained viable even under the most inhospitable conditions.
Life probably emerged from inanimate matter, but it is now
more powerful than inanimate matter.

All biological phenomena are of practical importance be-
cause they determine the characteristics of the Earth’s sur-
face and therefore affect the quality of human life. Men
have always been concerned with the contributions that liv-
ing things make to their immediate environment and to the
global economy; they have wondered how the flora and
fauna become more or less stabilized under normal condi-
tions, and manage to reestablish stable ecosystems after
cataclysms; in our times they worry to what extent living
things can be disturbed or eliminated by urbanization and
industrialization without thereby threatening human welfare.
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But the phrase “life on Earth” also raises other questions
of a more philosophical character, questions that have been
in the minds of humble uneducated people even before they
became the preoccupation of scholars. In the universe at
large, lifelessness is the rule, life the puzzling exception.
How do living things differ from inanimate matter? How
did they originate? And can life be created de novo? Is man
qualitatively different from the rest of the living world or
merely a higher, or the highest, specimen in its evolution,
the paragon of animals?

It is clear from the geological record that life has been at
home on the Earth for immense periods of time. The types
of fossils found in rock formations indicate that all major
groups of animals and plants were already represented by
recognizable ancestors some 400,000,000 years ago. Fur-
thermore, microscopic structures closely related to the pres-
ent forms of blue-green algae have been found in geologic
formations that are even very much older—some 3,000,-
000,000 years old. Since these fossils of algae-like organisms
have a complex cellular organization, it can be assumed that
they had been preceded by simpler forms, and that the origin
of life is more ancient than the oldest traces of it which have
been detected. In fact, there is no way to know when life
first appeared on Earth, because its earliest manifestations
were certainly so minute, fragile, and undifferentiated that
none of them have survived as fossils.

There is a peculiar fascination to the phrase “the origin of
life” because it means different things to different men, and
reaches into the deepest layers of their beliefs. For the re-
ligious man, it implies the mysteries of divine creation—
whether expressed as biological species in their final forms,
or as the potentialities posited by Aristotelian philosophers
and medieval theologians. For the student of muyths, it
evokes Aphrodite emerging fully developed from the foam
of the sea. The myth may have a factual basis if it is true, as
it is commonly believed, that the cradle of life was to be
found in the primitive oceans. For the modern scientist the
phrase “origin of life” refers to the kind of chemical reac-
tions that first generated complex organic molecules and
assembled them in such a manner that they could duplicate
themselves—thus converting inanimate matter into living
substance.

Whatever the mystical or rational basis of a person’s be-
liefs, there is a universal poetic quality in the thought that
life once arose from matter, and has been perpetuating itself
ever since. But the only real clue to the origin of life is that
all its forms—at least all the living things we know—have
many physicochemical characteristics in common. In partic-
ular, they all transfer their hereditary endowment from one
generation to the next through the agency of a peculiar kind
of molecule known as nucleic acid, the now famous DNA.
This uniformity of fundamental structure holds true irre-
spective of the size, shape, and complexity of the orga-
nism—whether it be microbe, plant, animal, or man. Indeed,
the similarity in structure of the genetic apparatus through-
out the living world is so perfect that it cannot possibly be
a matter of chance. The conclusion seems inescapable that
all the living forms that now exist have had a common
origin.

The simplest hypothesis to account for the origin and evo-
lution of life is that all biological phenomena are caused by
the physicochemical forces that govern the inanimate
world. Some scientists believe, indeed, that there is nothing
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very unusual in the emergence of a living molecule from
matter. According to them, it is probable that life repeatedly
emerged de novo on Earth and that it is still emerging today
somewhere in the cosmos. By making the reasonable as-
sumption that one of the living forms that appeared on
Earth proved more vigorous than the others, it is easy to
account for the single origin of all surviving species. If an
entirely new genetic form of life were to appear today on
Earth, it would have no chance of success, because it could
not compete with the established form and all its variations.

The hypothesis that life is nothing more than a special
manifestation of ordinary physicochemical forces has the
merit of being economical of thought; in addition, it is sup-
ported by the fact that all biological phenomena go hand in
hand with the kind of reactions observed in the inanimate
world. But even if we grant that living phenomena always
obey physicochemical laws, this does not constitute decisive
evidence that life is merely an expression of these laws.
Other theories are conceivable. One of them, rarely voiced
because it is not scientifically fashionable, is that some un-
known principle runs like a continuous thread through all
living forms and governs the organization of their physico-
chemical processes. The illustrious Danish physicist Niels
Bohr, for example, suggested that “the very existence of life
must be considered an elementary fact, just as in atomic
physics the existence of a quantum of action has to be taken
as a basic fact that cannot be derived from ordinary me-
chanical physics.”

Uncertainties concerning the fundamental nature of life
and its origin would disappear if it were possible to generate
at will self-reproducing molecules from inert material. Some
experimental findings have recently been quoted as evidence
of this possibility.

A fully developed virus, which had been naturally pro-
duced by a living organism, was separated into its compo-
nent parts by chemical procedures. When these separate
parts were tested for biological activity, they were found to
be inert, that is, they were unable to multiply in a susceptible
organism. This biological activity was restored, however,
when the parts of the virus were chemically reassembled in
the test tube under the proper conditions. Spectacular as
this achievement is from the chemical point of view, it does
not constitute—as has been claimed—the production of life
de novo. Since the virus first had to be produced by a living
organism, and since its reassembled parts showed activity
only when introduced into a living susceptible organism, all
the biological machinery essential for its reproduction had
to be provided by preexisting life.

In a completely unrelated kind of experiment, several com-
plex molecuies similar to those found in living things have
been produced in the laboratory by exposing simple chemi-
- cals to the kind of radiation that probably existed in the
primitive atmosphere. But this chemical feat does not con-
stitute production of life de novo because the molecules so
produced have not been assembled—organized—in a way
enabling them to duplicate themselves and to develop. An
organic molecule, however complex and similar to the kind
found in living things, still belongs to the realm of inanimate
matter if it cannot reproduce and evolve.

To become “living,” an assembly of biogenic molecules
must contain the information needed for its further develop-
ment and must be able to transmit this information to its
progeny. Even in its simplest manifestations, life is histori-

cal; it embodies the past and carries instructions for the
future.

More than a century ago, the French physiologist Claude
Bernard gave a clear formulation of the now classical view
that the earmark of a living thing is not the chemical compo-
sition of its parts but their organization. He wrote: “Admit-
ting that vital phenomena rest upon physicochemical activi-
ties, which is the truth, the essence of the problem is not
thereby cleared up; for it is no chance encounter of physico-
chemical phenomena which constructs each being according
to a preexisting plan, and produces the admirable subordi-
nation and the harmonious concert of organic activity.

“There is an arrangement in the living being, a kind of
regulated activity, which must never be neglected, because
it is in truth the most striking characteristic of living
beings. . ..”

In this celebrated passage, Bernard used the word “arrange-
ment” to denote the interdependence and integration of
the structures and properties of any given living organism.
But biological organization applies also to the ecological
system of which the organism is a part. All living things,
without exception, depend on other living things for their
survival and development. Furthermore, the higher the
organism is on the evolutionary scale, the more exacting is
its dependence on a complex web of life.

One of the major trends of evolution has thus been the
emergence of more and more complex ecosystems, exhibit-
ing high degrees of integration. But, paradoxically, an oppo-
site trend can also be detected as one ascends the evolu-
tionary scale—namely, a trend toward freedom or at least
toward increasing independence of the individual organism
within the constraints of the ecosystem. Freedom becomes
more and more apparent as one proceeds from the proto-
plasmic jelly of biological beginnings to warm-blooded ani-
mals roaming in the wild, and finally to man who modifies
his environment according to his views of the future. In a
real way, evolutionary development is associated with the
gradual insertion of more and more freedom into matter
and into individual lives.

In the Outline of Knowledge, Part Three, concerned with
life on Earth, is placed between Parts Two and Four, con-
cerned, respectively, with the Earth itself and with human
life. This positioning is reasonable enough, but one could
read into it an assumption that reaches far deeper than the
logical ordering of concepts and facts. The tacit assumption
is that human life has emerged from the inanimate matter of
the Earth through the same kind of evolutionary continuum
that links all the other living forms in a great chain of being.
In reality, the theory of evolution does not provide decisive
evidence for this assumption. What is known of biological
evolution applies only to the anatomical structures and
physiological functions of organisms that have lived in the
past or are living now. The steps from matter to life, and
from life to consciousness, have not yet been shown to have
taken place through the kind of mechanisms that account
for the evolutionary changes of anatomical structures or
physiological functions. There exists a continuum from one
form of life to another, but extending this continuum to in-
animate matter on the one hand, and to human conscious-
ness on the other, is a matter of faith rather than of scientific
knowledge.

Even the most cursory observation of nature reveals that
all living forms are conditioned by environmental forces,



and that reciprocally they shape the environment, thereby
contributing to the triumph of life. But it must be realized
that the word “life” encompasses different kinds of relations
to nature. At its lowest level, “life” implies, as mentioned
above, the deterministic and blind chemical reactions
through which an organism—simple or complex as it may
be—transmits its distinctive characteristics to its descend-
ants and reacts adaptively to its environment. At its highest,
“life” involves man’s consciousness and free will and refers
to the deep reality of the world within and the affirmation of
the individual self, irrespective of the external world.

There is no way at present to link these two extreme and
apparently incompatible manifestations of life—biological
determinism and human freedom. Yet both are real, and
both have been immensely influential in giving the present
characteristics to our planet.

The surface of the Earth reflects the activities of countless
living things. Even though these operate chiefly through
blind, deterministic mechanisms, life introduces on Earth
a degree of order, organization, and diversity not found
anywhere else in the cosmos, not even in the movements of
the celestial bodies. Man emerged, not on the bare planet,
but in this orderly and diversified biological world. As soon
as he achieved his identity as Homo sapiens, he began to
insert his free will into ecological determinism. For good or
evil, he has now become the most powerful influence in
changing the face of the globe. His conscious choices will
determine not only his own fate, but also the fate of life on
Earth.

Part Three. Life on Earth
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Part Three. Life on Earth

The outlines, and the articles and parts of articles referred to, in the twenty-
three sections of Part Three, grouped in five divisions, present results of the
studies of life on Earth made in the many complementary biological sciences.

The outlines and the articles referred to in the three sections of Division I
deal with the nature, origin, evolution, and classification of living things.

The three sections of Division II deal with the molecular level of biotic orga-
nization, treating the chemical transformations and the exchanges of energy
that occur in vital processes.

The outlines and the articles referred to in the nine sections of Division III
deal first with life at the cellular level, and then with life at the organismic
level. The treatment of the latter covers the relation of form and function in
organisms; the coordination of vital processes; the several organ systems in-
volved in the performance of fundamental vital functions; biological develop-
ment; and heredity.

The three sections of Division IV deal with the behavioral responses of orga-
nisms. They treat the nature and patterns of behavioral responses; the develop-
ment and range of capacities for individual behaviour and for group behaviour;
and the evolution of behaviour.

The five sections of Division V deal with the biosphere—the world of living
things as a single system of biotic and environmental interactions and interde-
pendencies. They treat the basic features of the biosphere—the levels of
organization, energy flow, and cycling of matter in the biosphere, and the
interactions of the biotic and the abiotic components of an ecosystem; the
properties of the biological populations and biological communities, the com-
ponents of the biosphere; the hazards of life in the biosphere; the patterns of
life in the biosphere; and man’s place in the biosphere.

Several points about the relations of Part Three to other parts should be noted.

The separation of Part Three from Part One, on matter and energy, and from
Part Two, on the Earth, reflects a traditional division of labour among the
natural sciences. However, the separation is not rigid. The borderline disci-
plines of biophysics and biochemistry appear throughout Part Three, especially
in Division II, concerned with the molecular basis of vital processes. That the
Earth’s atmosphere and hydrosphere are favourable to life is reflected through-
out Part Three, especially in Division V, which is concerned with the biosphere
and with ecosystems.

Some fundamental biological knowledge of man is involved in the treatment
throughout Part Three of what is common to all life and to all animals. And
Section 355, the last section of Part Three, deals with man’s place and activities
in the biosphere. However, what is specific to human life, human health, and
human behaviour is separately dealt with in Part Four, on human life.

The biological sciences have themselves been the object of historical and
analytical studies. Such studies are dealt with in Section 10/34 in Part Ten,
which treats the historical development of the biological sciences; the
methodology, scope, and  conceptual structure of biology as a whole; and the
several component disciplines at the different levels of biological research.

The design and operation of observational and experimental instruments are
important in the development of the biological sciences. Such scientific instru-
mentation is dealt with in Section 723 of Part Seven.

Division I. The nature and diversity of living things 130
II. The molecular basis of vital processes 144

III. The structures and functions of organisms 154

IV. Behavioral responses of organisms 182

V. The biosphere: the world of living things 189

Division I. The nature and diversity of living things

The outlines, and the articles and parts of articles referred
to, in the three sections of Division I deal with the nature,
the origin and evolution, and the classification of living
things.



The outline and the articles referred to in Section 311 treat
the general conception of life; the distinctive properties of
living things; and the investigation of extraterrestrial realms.

Section 312 first deals with hypotheses about the origin of
life and with stages in the emergence of life, and with major
trends in the phylogeny of plants and of animals. It then
treats the theory of evolution, the process of evolution, the
process of speciation, and the course of evolution.

Section 313 first deals with the principles, procedures, and
criteria for systematically classifying organisms in a hier-
archical arrangement. Thereafter, articles are referred to
that separately treat major groups of the plant and animal
kingdoms.

Section 311. Characteristics of living things
[for Part Three headnote see page 130

for Division I headnote see page 130]

The articles and parts of articles referred to in Section 311 deal
with three main subjects: A, the general conception of life; B,
life on Earth, the distinctive properties of living things; and C,
the investigation of extraterrestrial realms.

The outline of subject A first deals with various approaches to
the definition of life. It goes on to issues in the controversy
about the adequacy of physics and chemistry to explain living
phenomena. Finally, it treats the successive and emergent levels
of biotic organization.

The outline of subject B first deals with the common occurrence
of nucleic acids and of metabolic and genetic regulators in all
living things. It goes on to treat metabolism, the process of self-

A. The general conception of life

1. Definitions of life: physiological, metabolic, biochemical,
genetic, and thermodynamic definitions

2. Mechanism and vitalism: the adequacy of physics and
chemistry for the explanation of living phenomena
[see 10/34.C.2.b.] :

3. The successive and emergent levels of biotic organization:
the molecular, cellular, organismic, individual, and
population levels

B. Life on Earth: the distinctive properties of living things

1. The common occurrence of nucleic acids and metabolic and
genetic regulators in all living things: the chemical and
physical limitations to which all living things are subject

2. Metabolism: the process of self-maintenance

3. Homeostasis: the maintenance of dynamic equilibrium
through built-in steady-state controls

4. Reproduction and development: the succession of and the
changes in living substance; sex as the basis of variability

a. Eucaryotic and procaryotic cells: single cells possessing a
distinct nucleus (eucaryotes) or lacking one (procaryotes)

b. Metazoa: many-celled organisms, from slime molds to
man

5. Variation among organisms: the adaptation of organisms
through the operation of natural selection

6. Responsiveness: sensory and behavioral reactions to
external stimuli

Division L Section 311 131

Section 311. Characteristics of living things 131
312. The origin of life and the evolution of living

things 132

313. The classification of living things 135

maintenance; homeostasis, the maintenance of dynamic equi-
librium through built-in steady-state controls; and the processes
of reproduction and development. It next deals with variation
among organisms and the adaptation of organisms through the
operation of natural selection. Finally, it treats responsiveness,
which is the range of sensory and behavioral reactions to ex-
ternal stimuli.

The outline of subject C treats the notion of extraterrestrial life;
the search for life beyond the Earth and its significance;
an exobiological survey of the solar system; and speculations
about the possible characteristics of intelligent life beyond the
solar system.
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C. The investigation of extraterrestrial realms

1. The notion of extraterrestrial life and its chemistry

2. The search for life beyond the Earth: the significance of this
search

3. Exobiological survey of the solar system: its physical
environments and biological prospects

4. Intelligent life beyond the solar system

Section 312. The origin of life and the evolution of
living things
[for Part Three headnote see page 130

for Division I headnote see page 130]

The articles and parts of articles referred to in Section 312 deal
with five main subjects: A, stages in the emergence of life; B, the
theory of evolution; C, the process of evolution; D, the establish-
ment of species and the process of speciation; and E, the course
of evolution.

The outline of subject A begins with various hypotheses about
the origin of life. It goes on to modern hypotheses, constructed
by extrapolations from modern cosmogony, chemistry, molecular
biology, and experimental biochemistry. Here, it first treats steps
in the production of chemical precursors; the earliest living sys-
tems; and evidence in the geological record concerning the an-
tiquity of life. It then deals with the adaptive radiation of or-
ganisms, treating the methods of phylogeny; the probable main
lines of descent; major trends in the phylogeny of plants; and
major trends in the phylogeny of animals.

The outline of subject B begins with the history of evolutionary
theory. Dealing with the evidence for evolution, it covers facts
explicable by the theory of evolution—similarities among living
organisms with regard to structure and function, suggesting
descent with modifications from a common ancestor; facts about
the spread of organisms from their centres of evolutionary origin;
and facts about the fossils in the Earth that suggest the relation-
ships of living organisms during their evolution. Finally, the out-
line treats generally the modern synthetic theory of evolution,
which regards statistical transformations of populations as re-
sulting from complex genetic mechanisms and mutations com-
bined with natural selection of better-fitted variants.

Subject C is the process of evolution. The outline first deals with
the mechanism of natural selection, involving individual vari-

A. Stages in the emergence of life

1. Hypotheses about the origin of life: as a result of a
supernatural event; by spontaneous generation from
nonliving matter; as co-eternal with matter and having no
beginning; by a series of progressive chemical reactions on
the early Earth

2. Steps in the production of chemical precursors of life

a. Formation of the Earth’s primitive reducing atmosphere:
the cosmic distribution of the elements and the
composition of life

b. Production of simple organic molecules: effects of
radiation and lightning on inorganic compounds in the
early oceans

c. Production of long-chain molecules consisting of
repeating units; e.g., the joining together of amino acids
to form proteinlike molecules

d. Origin of the genetic code: the first functional
relationship between molecules with the ability to
replicate themselves (polynucleotides) and molecules
with catalytic properties (enzymes)
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ation within a population, and with the maintenance of selective
advantages through an increase in the capacity for survival and
reproduction. It goes on to the theory of gene mutations as pro-
viding the heritable variations in the evolutionary process.
Articles referred to next separately treat, as instances of natural
selection in action, the adaptive and survival functions of bio-
logical coloration, of mimicry, and of biological polymorphism,
the frequent occurrence of several distinct forms within a popu-
lation. Finally, it treats, as factors affecting the rate of evolution,
the effects of environmental change and of the conquest of a new
medium, and the significance of nonadaptive or adaptively neutral
features.

Subject D is the establishment of species and the process of
speciation. After reviewing the history of various concepts of
species, the outline proceeds to the modern biological concept,
which has reproductive isolation of a group of organisms, the
mechanism by which species integrity is maintained, as the key
criterion. It treats various situations in which this species concept
is difficult to apply—for example, to asexual species and fossil
species, definable only morphologically. It next deals with the
properties of species, especially with the various isolating fac-
tors that restrict random mating, and with the role played by
gene flow in maintaining species characteristics over large areas.
Finally, it treats the evolution of species and the relationship
between species and other taxonomic categories.

The outline of subject E first deals with the major steps of evo-
lution, the progressive development of life forms, and the spread
of organisms from water to land. It then treats various patterns
of evolution.
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3. The earliest living systems; é.g., evolution of enzymatic
reaction chains; origin of procaryotic and eucaryotic cells;
evolution of photosynthesis

4. The antiquity of life: evidence of biological activity in the

geological record

5. Adaptive radiation of organisms: lines of descent

a. The basis of phylogeny: use of the fossil record,
comparative anatomy, and other evidence to indicate
phylogenetic relationships

b. Early stages of phylogeny

i. Chemical evolution of early living systems
[see A.2. and 3., above]

ii. The probable main lines of descent

¢. Major trends in the phylogeny of plants

i. Algal predecessors: achievement in eucaryotic algae of

multicellularity with minimal specialization of cells

ii. Land plants: the retention in bryophytes (e.£.,
mosses and other primitive plants) and
tracheophytes (higher plants) of the embryo within

the maternal tissue, a prerequisite for exploitation of

the land
iii. Seed plants: seeds as the culmination of the trend

toward embryo retention; the origin of gymnosperms

(e.g., conifers) and of angiosperms (flowering
plants)

d. Major trends in the »phylogeny of animals
i. The problem of the origin of multicellular animals

ii. Changes in the body plan of the lower metazoans:
symmetry; development of tissues and organs; head
formation and segmentation of the body

iii. Phylogenetic lineage among the higher metazoans:

theories of linear descent from lower to higher forms

and of descent along two principal lines

e. Life as the product of a historical process: the
appearance of the first organisms during the

Precambrian and the continuing process of diversification

throughout succeeding periods of Earth’s history
[see also 243]

B. The theory of evolution

1. History of evolutionary theory: examination of ideas that

preceded those of Darwin; the separate formulation of
almost identical theories of evolution by Darwin and
Wallace

2. The evidence for evolution: facts explicable by the theory of

evolution

a. Similarities among living organisms with regard to
structure and function, suggesting descent with

modification from a common ancestor; indirect evidence
from comparative anatomy, embryology, behaviour, and

biochemistry

Division I Section 312 133
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16:563d-f 14:775d-g [16:398d—f
b. Mimicry: the close resemblance of one organism to MIMICRY
another for some advantage 12:213-220
i. General features and the basic types of mimicry 12:213h-214h 4:923g-924a
ii. Warning systems in noxious organisms 12:214h-215g
iii. Occurrence of mimicry among plants and animals 12:215g-219¢/ 5:360e-361a /10:823h-824b /
13:654d-h 14:775h-776a
iv. The evolution of mimicry 12:219¢c-220h
c. Polymorphism: the frequent occurrence of several distinct POLYMORPHISM,
forms within a population BIOLOGICAL
) 14:774-777
i. Origin and maintenance of a balanced, or permanent, 14:774g-775d
polymorphism
ii. Types of polymorphism 14:775d-776g/  4:925f-h/5:911h-912b/
16:483h—484a 10:824c-¢
d. Implications of natural selection: the coefficient of 7:576f-577a/ 7:15¢c-16a /8:816a—<c/
selective advantage, imperfect or excessive adaptation, 7:1007h-1009¢/ 14:98b—e
and extinction 8:811e-813e/
11:429b-430a /
14:569c-</

15:354h-355b



4. The rate of evolution: effects of environmental change and
conquest of a new medium such as air, dry land, or
freshwater; significance of nonadaptive or adaptively
neutral features

D. The establishment of species and the process of speciation

1. The distinctiveness of species—a group of organisms
reproductively isolated from other groups: the
classification of a species

2. Species concepts: historical background; the concepts of
typological, morphological, nondimensional, and biological
species

3. Application of the biological species concept: the criterion
of reproductive isolation; examples of situations in which
the species concept is difficult to apply

a. Populations that appear closely related but differ in
enough characteristics owing to geographical isolation to
be called different species

b. Hybridization between populations with resulting
sterility or reduced fitness

c. Other problematic situations: variants within a single
species; asexual species and fossil species definable only
on the basis of structure

4. The properties of species

a. Distinctiveness that restricts random mating; e.g.,
behavioral differences, physical differences

b. Gene flow: relocation of offspring along with their
inherited genes

c. Variability: genetic, environmental, age-related, and
geographic variations within a species; the presence of
subspecies, called races among animals and varieties
among plants; sibling, or cryptic, species that are
separate biological species despite looking remarkably
similar

5. The evolution of species: gradual speciation in populations

a. Allopatric speciation: extrinsic barriers to gene exchange
b. Sympatric speciation: intrinsic barriers to gene exchange

c. Stasipatric speciation: spread of a chromosomal
rearrangement within the range of an existing species

6. The relationship between species and other taxonomic
categories—family, order, class, and phylum

E. The course of evolution

1. Major steps of evolution: the progressive development of life
forms and the spread of organisms from water to land

2. Patterns of evolution; e.g., improvement and adaptive
radiation, mosaic evolution, parallel and convergent
evolution

Section 313. The classification of living things

[for Part Three headnote see page 130

for Division I headnote see page 130]
The articles and parts of articles referred to in Section 313 deal
with ten main subjects. Subject A is biological classification. The
remaining nine subjects, B through J, involve modern taxonomy,
the distinguishing, ordering, and naming of living things.

Division L Section 313 135

articles article sections other references
7:16b-17c 1:880h-881a
SPECIES AND 7:17¢c-g
SPECIATION
17:449-455
17:449d-h

17:449h-450g 4:687b—

17:450h-451g

17:450h-451b

17:451bd 8:815f-g/8:817e—¢g

17:451d-g

17:451g-453b
17:451g-452b

17:452b—<

17:452c-453b/ 7:1009g-1010a /
8:815¢c-816¢ 8:1090f-1092a passim |
12:755a-b/
15:348b-355f passim

17:453b-455b/  4:1029c—/8:815¢—d

8:816d-¢
17:453¢c-454b
17:454b-h 12:218a-b
17:454h-455b
17:455b-d 4:686a-h passim
EVOLUTION
7:17-19
7:17g-18g/
13:922h-927¢
7:18g-19g/ 2:217f-g/
7:538a-b/ 8:1034f-1035h passim |
7:546f-547b/ 8:1044e-f/
13:655b-h 8:1046¢c-1048c passim |

10:897h-898b /11:405¢-g /
12:453e-h /14:382h-383d /
14:383f-g/

15:971e-972g passim |
15:976f-g /16:818g-h

The outline of subject A begins with the objectives and the his-
tory of biological classification. Going on to the taxonomic
process, it treats the prerequisites of classification; the collecting,
preserving, and labelling of suitable specimens; the various cri-
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teria for systematic classification; and the steps involved in the
construction of a classification, Finally, it treats the concepts and
methods involved in current systems of classification.

Subject B is the unique life form called the virus, characterized
by relatively small size, simple composition, and the need to
grow in a living cell.

The taxonomy of intermediate organisms is set forth in the
following subjects: C, the monerans, such as blue-green algae
and bacteria, which lack differentiated nuclei; and D, the protists,
organisms such as algae, protozoans, slime molds, and fungi.

The taxonomy of the plant kingdom is set forth in the following

A. Systematic classification of organisms in a hierarchical
arrangement

1. The objectives of biological classification: identification and
the making of natural groups

2. History of biological classification

a. From the Greeks to the Renaissance; e.g., the
Aristotelian method

b. The Linnaean system

c. Classification since Linnaeus: the importance of natural
relationships; the influence of Darwin

3. The taxonomic process
a. Prerequisites

i. A recognized system of ranks in classifying; e.g.,
phylum, class, order

ii. Recognized rules for nomenclature: the naming of
organisms

iii. A procedure for verification and validation of
descriptions of organisms by type specimens

b. Handling of material: the collecting, preserving, and
labelling of suitable specimens

c. Taxonomic characters: criteria for systematic
classification; e.g., anatomical, biochemical,
physiological, and behavioral characters

d. Making a classification: fitting the hierarchical system to
the group and suggesting its course of evolution

4. Current systems of classification

a. Division of organisms into kingdoms: problems in
classification caused by organisms that do not fit into the
traditional plant or animal kingdoms

b. A classification of living organisms: a contemporary
approach consisting of four kingdoms (Monera,
Protista, Metaphyta, Metazoa)

B. The viruses: a unique group of infectious agents characterized
by small size, relatively simple composition, and the need to
grow in a living cell

C. The monerans: the procaryotes
1. Blue-green algae

[see D.2., below]

2. Bacteria and allies; e.g., actinomycetes, mycoplasmas,
rickettsias

D. The protists: the simpler eucaryotes

subjects: E, nonvascular plants, such as mosses, which lack
specialized conducting systems; and F, vascular plants.

The taxonomy of the animal kingdom is set forth in the follow-
ing subjects: G, the invertebrates, or animals without back-
bones—the lower invertebrates, such as sponges; the lophophor-
ates such as brachiopods; and the schizocoelomates, such as mol-
lusks and annelid worms; H, the arthropods, such as scorpions,
spiders, crustaceans, and insects; I, the enterocoelomate inver-
tebrates, such as echinoderms and tunicates; and J, vertebrate
animals, or animals with backbones—fishes, bony fishes, am-
phibians, reptiles, birds, and mammals.

articles article sections other references
CLASSIFICATION, 1:978g-979a /4:691e—f
BIOLOGICAL
4:683-691
4:684b—f
4:684f-685h /
2:1021h-1022¢/
19:1165b—
4:684f-685a
4:685a—c 2:1022b—c /3:66g—67a [
10:1013b-€/19:1165b—-d
4:685¢c-h 17:449h-450b /19:1165d—¢
4:685h-689%¢
4:686a-687h
4:686a-h 17:449f-g
4:686h—687¢/ 8:1030d-g /8:1044b—f
4:693f-g
4:687e-h
4:687h—688c
4:688c-689a / 3:974d-¢/8:1044b—f/
1:881g-882c/ 10:827¢-828a /12:453a-d
11:410b-d/
14:376f-377c/
16:106c-¢
4:689a-¢/ 2:70c-d /4:451a—
6:185h-186b/
14:382c-383d
4:689¢-691c/
14:377h-379a
4:689¢-690¢ / 2:577c-d /14:377h-378f [
15:120d—¢ 14:379b— /16:883h-884d
4:690f-691c/ 12:767f-g /14:378f-379a
15:129g-130a
VIRUS 3:765a—c/ 3:1060f-h /4:689h-690b /
19:163-172 5:856g-857c/ 10:896h-897a
7:986b-987f
3:1048d-f 10:897b—c /14:377d~-379a
passim
BACTERIA 5:95%—g 5:857¢-888c passim [
2:568-577 5:889a-890b passim [

14:608a—f




1. Characteristics of the protists
2. The algae; e.g., diatoms, seaweeds, pond scums

3. The slime molds, e.g., true slime molds, endoparasitic slime
molds, cellular slime molds

4. The true fungi; e.g., yeasts, mildews, mushrooms

5. Algal-fungal partnerships

6. The protozoans; e.g., amoebas, flagellates, ciliates

E. The nonvascular plants, or bryophytes
1. Characteristics of the bryophytes

2. Liverworts

3. Mosses

F. The vascular plants, or tracheophytes
1. Characteristics of the tracheophytes

2. Whisk ferns, or psilopsids

3. Club mosses, or lycopsids

4. The horsetails, or sphenopsids
5. The true ferns

6. The nonflowering seed plants, or gymnosperms
a. Early gymnosperms; e.g., gnetums, cycads, ginkgoes
b. Conifers

7. The flowering plants, or angiosperms

a. Major groups of dicotyledonous plants in order of
presumed evolutionary advance

i. Magnolia order; e.g., magnolias, custard-apple,
nutmeg

ii. Laurel order; e.g., laurels, avocado
iii. Pepper order; e.g., pepper, lizard’s-tails

iv. Birthwort order; e.g., Dutchman’s pipe

v. Water lily order; e.g., water lilies, hornworts

vi. Buttercup order; e.g., buttercups, barberry,
monkshood

vii. Poppy order; e.g., poppies, fumitory

13:963-966
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articles article sections other references
3:1048g-h/ 3:1060h-1061c /5:645f-g |
3:1050c-d / 14:378d-g
7:557¢-558d
ALGAE 14:379b—f 7:349c—¢ /10:882e-887¢
1:487-498 passim [13:733g-h [
14:494d-495d /14:609¢-610d
SLIME MOLDS
16:883-892
MYCOTA 4:690c—d /5:890b-892c
12:756-768 passim [5:902f-g [9:552c—f |
10:882¢-888¢ passim [
14:608f-609¢c
LICHEN 12:760f-g
10:882-888
PROTOZOA 4:177d—-e/ 5:781d-g/5:960f-g /
15:120-130 11:15h-16f/ 16:937a-¢
12:976¢c-e
9:665a-b/ 14:379f-h /13:733f-g
15:718a-719a
" HEPATOPSIDA 15:718a-d 14:379g-h
8:779-781
BRYOPSIDA 15:718¢-719a 17:837a-838¢ passim
3:351-354
9:665b—666b / 14:379h-380d /18:451c—d
13:731h-733f/
15:719a-724c/
18:453c-454d
PSILOPSIDA 15:719b—<
15:136-137
LYCOPSIDA 15:719¢c-h
11:206-208
SPHENOPSIDA 15:719h-720b
17:500-501
FERN 15:720b-e
7:237-247
GYMNOSPERM 14:380d-¢/15:721b-722a /
8:518-524 16:481b—d
8:522h-523h
CONIFER 8:523f-h
5:1-9
ANGIOSPERM 11:343e-g /14:380f-381a /
1:876-885 15:722b-724¢ /16:480d-481a
MAGNOLIALES
11:340-344
LAURALES -
10:709-712
PIPERALES
14:467-468
ARISTOLOCHIALES
1:1152-1153
NYMPHAEALES
13:428-431
RANUNCULALES
15:508-511
PAPAVERALES
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viii.

ix.

Xi.
Xii.
xiii.

Xiv.

XV.
XVi.
XVil.
Xviii.
Xix.
XX.
XXI.
XXil.
XXiii.
XXIV.
XXV.
XXVi.
XXvii.
XXViii.
XXiX.
XXX.
XXXi.
XXXii.
XXXiii.
XXXiV,
XXXV.
XXXVi.
XXXVii.
XXXViii.
XXXiX.

x1.

=

xli.

Pitcher-plant order

Witch-hazel order; e.g., witch-hazel, ironwood,
plane tree

. Nettle order; e.g., figs, elms, true hemp,

marijuana
Beech order; e.g., beeches, oaks, chestnuts

Birch order; e.g., birches, alders, filberts
Walnut order; e.g., walnuts, hickories, pecans
Pink order; e.g., carnations, pinks, beets

Cactus order; e.g., prickly pears, barrel cacti,
peyote

Tea order; e.g., tea, mangosteen, camellias
Violet order; e.g., violets, rock-roses

Gourd order; e.g., cucumbers, melons, gourds
Begonia order; e.g., begonias, durango root
Caper order; e.g., capers, cabbages, radishes
Willow order; e.g., willows, poplars

Heath order; e.g., azaleas, rhododendrons,
blueberries, cranberries

Ebony order; e.g., ebony, sapotes

Primrose order; e.g., loosestrife, cyclamen,
primrose

Mallow order; e.g., mallows, linden, cotton

Euphorbia order; e.g., spurge, boxwood, rubber
tree

Saxifrage order; e.g., saxifrage, hydrangeas,
currants

Rose order; e.g., roses, apples, pears,
strawberries

Pea order; e.g., legumes, clover, acacia

Nepenthes order; e.g., Old World pitcher plants,
sundews, Venus’s-flytraps

Myrtle order; e.g., myrtle, pomegranate,
mangrove

Rue order; e.g., cashew, citrus fruits, mahogany

Soapberry order; e.g., maple, horse-chestnut,
lychee

Geranium order; e.g., coca, flax, geraniums
Dogwood order; e.g., dogwood, carrots, celery,
ginseng

Staff-tree order; e.g., staff-tree, holly
Buckthorn order; e.g., grape, buckthorn

Olive order; e.g., olive, lilac, ashes

Sandalwood order; e.g., mistletoes, sandalwood

Teasel order; e.g., honeysuckles, teasel

Gentian order; e.g., coffee, milkweed, madder

articles

article sections

other references

SARRACENIALES
16:252-255
HAMAMELIDALES
8:578-580

URTICALES
18:1088-1093

FAGALES
7:139-142
BETULALES
2:872-875
JUGLANDALES
10:329-333
CARYOPHYL-
LALES
3:973-976
CACTALES
3:573-575

THEALES
18:207-212
VIOLALES
19:148-150
CUCURBITALES
5:362-364
BEGONIALES
2:801-803
CAPPARALES
3:803-806
SALICALES
16:179-183
ERICALES
6:954-957

EBENALES
6:173-176
PRIMULALES
14:1047-1049

MALVALES
11:396-399
EUPHORBIALES
6:1027-1030

SAXIFRAGALES
16:291-302

ROSALES
15:1150-1154

FABALES
7:128-132
NEPENTHALES
12:958-962

MYRTALES
12:772-776

RUTALES

16:102-106
SAPINDALES
16:239-244

GERANIALES
8:1-6
CORNALES
5:174-178

CELASTRALES
3:1037-1040
RHAMNALES
15:794-796
OLEALES
13:556-559
SANTALALES
16:227-230
DIPSACALES
5:815-818
GENTIANALES
7:1017-1020

7:279a-280d /
7:756f-h

7:758a—

15:1175a-¢g

7:758d-760a

7:280d-f

7:278d-279a

7:756e—f

5:1058¢c~1059c¢ passim

7:757g-758a

7:760a-c

7:272h-278d passim

12:216¢/16:252b—

5:893f-h



b.

xlii. Phlox order; e.g., phlox, borage, sweet potato

Figwort order; e.g., potato, tomato, African
violets, tobacco

xliii.

xliv. Mint order; e.g., verbena, teak, mints
xlv. Bellflower order; e.g., bellflowers, lobelia
xlvi. Composite order; e.g., lettuce, ragweed, asters

Major groups of monocotyledonous plants in order of
presumed evolutionary advance

i. Water-plantain order; e.g., water-plantain,
flowering rush

ii. Lily order; e.g., narcissus, onions, yams

iii. Iris order; e.g., iris, crocus, gladiolus

iv. Ginger order; e.g., banana, ginger, canna

v. Orchid order; e.g., orchids, vanilla, lady’s slipper
vi. Pineapple order; e.g., pineapples, Spanish moss
vii. Grass order; e.g., cereals, bamboo, turf grasses

viii. Palm order

G. The invertebrates: animals without backbones

1. Characteristics of the invertebrates

2. The lower invertebrates: Mesozoa through Entoprocta

a.

b.

C.

The mesozoans
The sponges

The coelenterates; e.g., jellyfishes, corals, sea anemones

. The ctenophores; e.g., comb jellies, sea walnuts

. The flatworms; e.g., planarians, tapeworms, flukes

The ribbonworms

. The spiny-headed worms

. The aschelminthes; e.g., rotifers, nematodes, hairworms

The entoprocts

3. The lophophorates

a.

The ‘‘moss animals,” or ectoprocts

b. The phoronid worms

C.

The lamp shells, or brachiopods
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articles article sections other references
POLEMONIALES
14:657-661
SCROPHU-
LARIALES
16:412-418
LAMIALES
10:619-622
CAMPANULALES
3:704-708
ASTERALES
2:213-219
ALISMALES
1:576-579
LILIALES 7:282c-283e passim
10:971-976
IRIDALES
9:890-893
ZINGIBERALES 7:281e-282b/
19:1150-1154 7:752¢c—d
ORCHIDALES 12:218c—¢
13:648-656
BROMELIALES
3:323-327
POALES 8:282b-f
14:584-595
ARECALES 7:753d-f
1:1131-1134
4:620d—-624a / 5:617h—-618c /14:355¢-360h
5:782e-783h/ passim
6:845f-846g /
7:46e—48c/
9:666b-667¢/
12:641e-644f/
12:979a-982a /
14:381a-382b/
15:702g-707¢/
15:752h-754c/
16:820e-822¢c
MESOZOA
11:1013
PORIFERA 7:558d-559¢
14:848-855
CNIDARIA 4:177e-g/ 5:162b-167f passim |
4:768-772 7:559d-560¢e / 14:359d-¢
12:643c—</
16:820e-821a
CTENOPHORA
5:347-348
PLATY- 4:177g-178b/ 12:216b-d /15:703c-d
HELMINTHES 12:980a-b
14:545-551
NEMERTEA
12:950-951
ACANTHO-
CEPHALA
1:18-19
ASCHELMINTHES 4:178b—c/ 5:892¢-893f passim [15:683g-h
2:137-143 16:821a-b
ENTOPROCTA
6:895-896
BRYOZOA 7:562g-h
3:354-358
PHORONIDA
14:283
BRACHIOPODA  7:563b-g/

3:97-100

10:356h-357d
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4. The schizocoelomates

a. The mollusks; e.g., chitons, snails, clams, tusk shells,
octopuses
with special attention to

i. Gastropods: snails and slugs
ii. Bivalves: clams, oysters, and scallops

iii. Cephalopods: octopuses, squids, and cuttlefishes

b. The peanutworms

c. The annelid worms; e.g., leeches, bristleworms,
earthworms

d. The spoonworms

e. The oncopods: tardigrades, onychophorans, and
pentastomids

f. The arthropods; e.g., arachnids, crustaceans
[see H., below]

H. The arthropods: trilobites, horseshoe crabs, sea spiders,
crustaceans, and insects
with special attention to

1. Trilobites

2. Arachnids
with special attention to

a. Scorpions
b. Spiders
c. Mites and ticks

d. Extinct arachnids

3. Crustaceans
with special attention to

a. Branchiopods
b. Barnacles
c. Decapods: true shrimps, crabs, lobsters, and crayfishes

d. Extinct crustaceans

4. The myriapods; e.g., millipedes, centipedes, symphylans,
pauropods

5. The insects, or hexapods: major groups

a. Apterygote orders; e.g., proturans, silverfishes,
springtails
b. Mayfly order

c. Dragonfly and damselfly order

articles article sections other references
MOLLUSCA 4:178g-179b/ 3:691a /4:622c-623a /
12:325-331 7:474-f/ 5:251e-g/11:17e-f/
7:560e-562f | 12:980e-981b /14:356a~f /
10:357d-358g/ 15:704a-d /15:706b—
12:644c—f/
15:684c—f
GASTROPODA 7:560g-h /11:17a-b/
7:947-957 12:329h-330b
BIVALVIA 7:561c-f/ 11:17¢ /12:330b—c
2:1085-1091 10:357d-h
CEPHALOPODA - 7:561f-562a/ 5:251e-£/12:330c-d /
3:1149-1154 10:358c-g 12:980g-981b /14:355¢—g /
15:684e—f
SIPUNCULA
16:809-810
ANNELIDA 4:1784d-f/ 4:621c-f /5:23f-27a passim [
1:927-937 15:683h-684c 11:18h-19¢ /12:980c— /
15:703g-704a /15:705h-706a
ECHIURA
6:186-187
ONCOPOD
13:568-570
ARTHROPODA 4:179b-183b / 4:621g-622¢ [9:666h—667T¢ |
2:65-70 7:563g-565h/ 11:19f-20b /12:981b-982a
12:643e-644c/
14:356f-359b /
15:684g-686g /
15:704d-705d /
15:706¢c—</
16:821c-822b
7:564b-565a
ARACHNIDA 15:685¢c-d
1:1061-1066
SCORPIONIDA
16:401-403
ARANEIDA 17:42d-h 14:356g-h
1:1066-1074
ACARINA
1:19-23
1:1064d-1065a
CRUSTACEA 4:179d-180c/ 12:643e—g/15:684g-685¢c/
5:310-318 6:846f-g/ 15:704e-705a
7:47f-h
BRANCHIOPODA
3:114-116
CIRRIPEDIA
4:641-643
DECAPODA 12:177f-g
5:542-549
5:316g-317b/
7:565¢c-¢
MYRIAPOD
12:768-772
INSECTA 4:180c-183b/ 1:33b—</11:23b—/
9:608-621 5:961b—d/ 15:685¢-686g /15:705a—
6:845h-846¢ /
7:47Th-48¢c/
12:177g-178d /
12:643g-644c/
17:40b-42d
APTERYGOTE 9:620b-621e passim
1:1023-1026
EPHEMEROP-
TERA
6:903-904
ODONATA

13:507-509



d. Orthopteran orders; e.g., grasshoppers, crickets,
cockroaches, stick insects

e. Termite order

f. Louse order: chewing lice and sucking lice

g. Thrips order

h. Heteropteran order; e.g., bugs, bedbugs

i. Homopteran order; e.g., cicadas, leafhoppers, aphids
j. Neuropteran order; e.g., snakeflies, lacewings

k. Caddisfly order

1. Lepidopteran order: butterflies, skippers, and moths

m. Coleopteran order; e.g., beetles, weevils, wireworms

n. Hymenopteran order; e.g., ants, bees, wasps

o. Fly order; e.g., true flies, gnats, mosquitoes
p. Flea order

q. Extinct insects

1. The enterocoelomate invertebrates: echinoderms through
protochordates

1. Nonchordate enterocoelomates
a. The arrowworms

b. The echinoderms; e.g., sea lilies, starfishes, sea
cucumbers

c. The hemichordates; e.g., acornworms

d. The beardworms

2. The chordates
a. Tunicates, or urochordates

b. Cephalochordates, or amphioxus

J. Vertebrates: animals with backbones
1. Characteristics of the vertebrates

2. Fishes

a. Jawless fishes: lampreys, hagfishes, and ostracoderms

b. Placoderms: extinct armoured fishes
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c. Cartilaginous fishes; e.g., sharks, skates, rays

d. Bony fishes
[see J.3., below]

3. Bony fishes
a. Crossopterygians; e.g., osteolepiforms, coelacanths

b. Lungfishes

c. Chondrosteans: sturgeon and paddlefish

d. Holosts: gars and bowfins

e. Teleosts: major groups of modern bony fishes in order of
presumed evolutionary advance

i
ii.

iii.

vi.

vii.

viii.

Xi.

Xii.

Xiii.

Elopiform order: tarpons and bonefishes
Anguilliform order: eels

Clupeiform order; e.g., herrings, alewives, anchovies

iv. Osteoglossiform and mormyriform orders

. Salmoniform and gonorhynchiform orders; e.g.,

salmons, trouts, pikes

Crypriniform and siluriform orders; e.g.,
characids, minnows, carp, loaches, catfishes

Batrachoidiform, gadiform, gobiesociform,
lophiiform, percopsiform, and polymixiiform
orders; e.g., toadfishes, cods, clingfishes,
anglerfishes, trout-perches, beardfishes

Atheriniform, beryciform, zeiform, and
lampridiform orders; e.g., flying fishes, squirrelfishes,
boarfishes, opahs

ix. Gasterosteiform order; e.g., sticklebacks,

pipefishes, sea horses

. Scorpaeniform, dactylopteriform, and pegasiform

orders; e.g., scorpion fishes, sculpins, flying
gurnards, dragonfishes

Perciform order; e.g., perches, basses, tuna,
swordfish, barracuda

Pleuronectiform order; e.g., flatfishes, flounders,
soles

Tetraodontiform order; e.g., filefishes, puffers,
molas

4. Amphibians
with special attention to

a. Salamanders and other tailed amphibians

b. Frogs and toads

c. Extinct amphibians

5. Reptiles
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d.

e.

. Turtle order

. Tuatara order

. Squamatan order

i. Lizards
ii. Snakes

Crocodilian order: alligators, crocodiles, gavials,
caimans

Extinct reptiles

. Birds
with special attention to

. Penguin order

. Casuariiform order: cassowaries and emus
. Tinamous order

. Grebe order

. Procellariiform order; e.g., albatrosses, shearwaters,

petrels

Pelecaniform order; e.g., pelicans, frigate birds,
cormorants

. Ciconiiform order; e.g., herons, storks, flamingos

. Anseriform order; e.g., ducks, geese

Falconiform order; e.g., vultures, hawks, falcons

Galliform order; e.g., megapodes, fowl, hoatzins

. Gruiform order; e.g., cranes, coots, rails

Charadriiform order; e.g., auks, gulls, shorebirds

. Columbiform order; e.g., pigeons, sandgrouse
. Psittaciform order; e.g., parrots, macaws

. Cuculiform order; e.g., cuckoos, roadrunners
. Owl order

. Caprimulgiform order; e.g., oilbirds, goatsuckers,

nightjars

. Apodiform order: swifts, hummingbirds

. Coraciiform order; e.g., kingfishers, hornbills

. Piciform order; e.g., toucans, woodpeckers

. Passeriform order: passerines, or perching birds

. Extinct birds

articles

article sections
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7. Mammals

a. Monotremes: egg-laying mammals
b. Marsupials: live-bearing pouched mammals

c. The live-bearing placental mammals in order of
presumed biological advance
with special attention to

i. Insectivore order; e.g., shrews, moles, hedgehogs
ii. Bat order
iii. Edentate order; e.g., sloths, anteaters, armadillos
iv. Primate order; e.g., lemurs, monkeys, apes, man

v. Rodent order; e.g., rats, lemmings, beaver,
squirrels, porcupines

vi. Lagomorph order: rabbits, hares, and pikas
vii. Cetacean order: whales and dolphins
viii. Carnivore order; e.g., dogs, bears, cats, seals
ix. Proboscid order: elephants and allies
x. Sirenian order: sea cows and manatees
xi. Perissodactyl order; e.g., horses, rhinoceroses, tapirs

xii. Artiodactyl order; e.g., hippopotamuses, camels,
ruminants

d. Extinct mammals

Division II. The molecular basis of vital processes
[for Part Three headnote see page 130]

The outlines, and the articles and parts of articles referred
to, in the three sections of Division II deal with the molecu-
lar level of biotic organization and set forth theories of the
chemical transformations and the exchanges of energy that
occur in the distinctively vital processes treated in Section
311 of Division I.

The outline and the articles referred to in Section 321 treat
the inorganic milieu of living systems; the organic chemicals
that participate naturally in life processes; and substances,
such as drugs, alcohol, antiseptics, and biocides, which modi-
fy vital processes.

Section 322 treats photosynthesis, which initiates energy
conversion in the biosphere; metabolism; and the nitrogen
cycle.

Section 323, concerned with vital processes at the molecu-
lar level, deals with five main subjects: the biochemical con-
stituents, properties, and functions of cell membranes;
bioelectricity, the generation or action of electric currents
in biological processes; the nature and transmission of the
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nerve impulse; muscle contraction, the conversion of chemi-
cal energy to mechanical energy; and bioluminescence, the
conversion by organisms of chemical energy to light energy.

Section 321. Chemicals and the vital processes
[for Part Three headnote see page 130

for Division II headnote see page 144]

The articles and parts of articles referred to in Section 321 deal
with six main subjects that fall into three groups. The first group
(subjects A and B) concerns the inorganic chemical milieu of
living systems and the organic chemicals participating in life
processes. The second group (subjects C, D, and E) concerns the
chemical substances, other than food, that can produce significant
changes in life processes: drugs; ethyl alcohol; and biocides and
biorepellents. The last subject, F, is the selective concentration of
chemicals by organisms.

Subject A involves the biochemical significance of inorganic
chemicals that are favourable to life and life processes.

The articles referred to in connection with subject B deal with
the biological significance and the classification of organic
chemicals that are constituents of living matter and active in vital
processes. The outline first treats the principal components of
living cells—carbohydrates, lipids, and proteins and peptides. It
goes on to adenosine triphosphate, the major carrier of chemical
energy, and to nucleic acids. It also treats biological pigments
and coloration, enzymes, vitamins, hormones, and other chemi-
cals of biological significance—alkaloids, steroids, isoprenoids,
and terpenes.

The outline of subject C, drugs, begins with the sources and
development of drugs and with the general aspects of drug action.

A. The inorganic milieu of living systems; e.g., the necessity for
water; the effects of gases

B. Organic chemicals participating naturally in the life processes
1. Carbohydrates

a. Classification and nomenclature of carbohydrates

b. Importance of carbohydrates in the biosphere, in human
nutrition, in energy storage, and in plant and animal
structure

¢. The structural features of carbohydrates

d. Classes of carbohydrates and their preparation and
analysis

2. Lipids

a. The biological importance of lipids as food reserves and
as structural components of cells

b. Fatty acids

c. Derivatives of fatty acids and other biologically
important lipids; e.g., triglycerides, sterols, lipoproteins

3. Proteins and peptides

a. General structure and properties of proteins
i. The amino acid composition of proteins

ii. Other general features of proteins: levels of structural
organization, methods of study, physicochemical
properties, conformation of globular forms,
classification

b. Special structure and function of proteins
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It goes on to treat the absorption, distribution, metabolism, and
excretion of drugs. It next treats the classification of drugs in
terms of the organ systems they affect, covering drugs affecting
the cardiovascular system, the muscle system, the central nervous
system, the digestive system, the excretory system, the autonomic
nervous system, the reproductive system, the immune response
system, and the histamine response system. Finally, it deals with
drugs directed against disease-causing organisms—antibiotics
and chemotherapeutic drugs.

The outline of subject D first deals with the physiological and
psychological effects of alcohol. It then treats the social con-
ditions of alcohol consumption, alcoholism, and other con-
temporary alcohol problems and controls.

The outline of subject E, biocides and biorepellents, covers anti-
septics and disinfectants; biocides directed by man against plant
and animal pests; and the biotoxins produced by micro-orga-
nisms, animals, and plants. )

Subject F is the selective concentration of chemicals by or-
ganisms. The outline treats the different kinds of chemicals
selected by animals and plants to be constituents of organic
compounds or mineralized skeletal materials; and the adaptive
significance of metabolic waste products that accumulate within
certain plants as the chemical basis for repulsion.
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i. Structural proteins; e.g., collagen, muscle proteins,
fibrinogen

ii. Albumins, globulins, and other soluble or
conjugate proteins; e.g., blood serum proteins, plant
proteins, hemoglobins, hormones, antibodies

4. The major carrier of chemical energy: ATP

a.

b.

The mechanisms by which adenosine triphosphate (aTp)
is synthesized from adenosine diphosphate (ApP) and
inorganic phosphate

Utilization of ATP in biosynthesis

5. Nucleic acids

a.

General features: nucleic acids as long chain compounds
consisting of repeating structural units called
nucleotides; types of nucleic acids

. Deoxyribonucleic acid (DNA): a major constituent of the

hereditary material of calls

. Ribonucleic acid (RNA): a substance primarily associated

with protein synthesis in cells

6. Biological pigments and coloration

. The expression of colour: the genetic, physiological, and

environmental control of coloration; long-term

coloration changes, as in seasonal changes and in changes

due to aging

. The structural and biochemical bases for colour

i. Structural colour: the effects of reflection, interference,
and scattering and their reinforcement by the presence

of pigment

ii. Pigments; e.g., carotenoids, quinones, flavonoids,
porphyrins

. The adaptive value of biological coloration; e.g.,

camouflage, advertising coloration

7. Enzymes

d.

. Historical background and importance
. General properties: classification, chemical nature,

coenzymes, and nature of catalysis

. The nature of enzyme-catalyzed reactions; e.g.,
specificity, mechanisms, inhibitors, effects of temperature

and pH (a measure of the degree of acidity or alkalinity)

Enzyme flexibility and allosteric control; e.g.,
regulation of enzymatic activity

8. Vitamins

a.

General characteristics of vitamins

i. Nomenclature and the biological significance of
vitamins; e.g., the regulation of metabolic reactions

ii. Sources of vitamins and vitamin requirements of
living things

iii. Results of vitamin deficiencies and the evolution of
vitamin-dependent organisms

. Water-soluble vitamins (vitamin C and the B vitamins):

properties, functions, and metabolism

. Lipid-soluble vitamin groups (the A, D, E, and K

vitamins): properties, functions, and metabolism

. Vitamin-like substances: choline, myoinosital,

para-aminobenzoic acid (PABA), carnitine, lipoic acid,
and bioflavinoids
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€.

Methods used in vitamin research to determine vitamin
requirements and vitamin sources

9. Hormones

a.

C.

d.

General features of hormones: relationship between
endocrine regulation and neural regulation; the
evolution of hormones

. The hormones of vertebrates

i. Hormones of the pituitary gland; e.g., growth
hormone, ACTH, TSH, vasopressin

ii. Hormones of the thyroid gland; e.g., thyroxine

iii. Parathormone of the parathyroid glands
iv. Hormones of the pancreas: insulin and glucagon

v. Hormones of the adrenal glands; e.g., adrenaline,
aldosterone

vi. Hormones of the reproductive system; e.g.,
estrogens, androgens

vii. Hormones of the digestive system; e.g., gastrin,
secretin

viii. Secretions of endocrine-like glands; e.g., kinins,
melatonin, thymosin

The hormones and hormone-like substances of
invertebrates: neurohormones, molting hormones, and
pheromones

i. Hormones of insects

ii. Hormones of crustaceans

iii. Other invertebrate hormones
The hormones of plants

i. Growth promotors: auxins, gibberellins, and
cytokinins

ii. Growth inhibitors: abscisic acid and ethylene

10. Other natural products

a.
b.

C.

Alkaloids
Steroids and sterols

Isoprenoids and terpenes

C. Drugs: chemicals administered to an organism to change its
physiological state or to combat pathogens

1. Sources and development of drugs

2. General aspects of drug action

a.

b.

The relationship between chemical structure and drug
receptor interactions

Mechanisms of drug action

. Quantitative evaluation of drug responses and efficacy

(intrinsic activity)

. Factors modifying drug responses; e.g., dosage,

frequency of administration, physiological variability of
the patient, drug combinations
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€.

Drug interactions and drug toxicity

3. Absorption, distribution, metabolism, and excretion of
drugs

4. Classification of drugs by organ or organ system of
principal effect

a.  Drugs affecting the cardiovascular system; e.g., digitalis

b.

C.

Drugs affecting smooth and skeletal muscle systems;
e.g., ergot, vasopressin

Drugs affecting the central nervous system
with special attention to

i. Drugs that prevent the perception of inflicted pain:
anesthetics

ii. Drugs that reduce pain: analgesics

iii. Drugs that stabilize behaviour and reduce anxiety:
tranquillizers

iv. Drugs that quiet and induce sleep: sedatives

v. Drugs that produce stupor and narcoses: narcotics

vi. Drugs that excite or stimulate consciousness:
stimulants

vii. Drugs that profoundly alter mental and psychic
functions: hallucinogens

. Drugs affecting the autonomic nervous system and the

eyes; e.g., cholinergic drugs, adrenergic drugs

. Drugs affecting the excretory system; e.g., diuretics,

antidiuretics

. Drugs affecting the digestive system: antacids, emetics,

anti-emetics, and laxatives

. Drugs affecting the reproductive systems: sex hormones

and oral contraceptives

. Drugs affecting the immune response system; e.g.,

purine analogues

. Drugs affecting the histamine response system:

antihistamines

5. Drugs directed against disease organisms

a.

Drugs derived from living micro-organisms: antibiotics

i. General features of antibiotics; e.g., historical
background, nature of action, absorption and
excretion, toxicity

ii. Antibiotics that act on the bacterial cell wall; e.g.,
the penicillins, cephalosporin derivatives

iii. Antibiotics that interfere with protein synthesis;
e.g., the tetracyclines, streptomycin, neomycin

iv. Other types of antibiotics: antibiotics that affect
cell membranes; antibiotics that affect nucleic
acid metabolism
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5:1043b-d/ 1:718¢c-d /5:20h-21a/
1:610b-d/ 5:852d-g/8:558g-559a /
1:867g 14:618h—619¢ /16:457c-f/
17:693h—694a
5:1043d-1044g/ 1:867d—e/8:558f-g/
1:596g-597a/ 14:621b-f/16:456¢c—</
10:1270f-g/ 17:693¢e—f
12:842f-g/
18:595¢-¢g
5:1044g-1047b/ 12:992c—¢ [17:686d—688b
1:595g-596g / passim
18:282f-285b
5:1044g-1045b /
18:283d-g
5:1045b-d 1:596e—-f
5:1045d-1046b/ 12:992d-¢/18:282g-283a
5:1048e-1049f/
5:1052f-1059c/
15:142g-143g
ANESTHETIC 1:458h/ 1:596d-¢ /5:1045d-f/
1:866-869 5:1057d-f/ 12:843d-h
13:1038a-¢
ANALGESIC 5:1045f-g /12:843b-844a
1:717-719 passim
TRANQUILLIZER 5:1058a—c 15:143b/16:457h—458b
18:595-596
SEDATIVE- 5:1057b-d/ 14:194f-g /15:142g-143a
HYPNOTIC 16:882¢e-g
DRUGS
16:456-458
NARCOTIC 5:1052f-1054h/  13:963f
12:841-844 13:1038a-d
STIMULANT 5:1057f-1058a 15:143cd
17:692-695
HALLUCINOGEN  5:1054h-1056g/ 14:658b—
8:557-560 5:1058¢c-1059c/
14:200a-g/
9:246g-247¢c
5:1046¢c—</ 1:596a-f /8:560a-b /
1:868f-g/ 12:1033f-1035a passim |
12:1035a—¢ 17:693a—/18:283b-d
5:1046f/
18:284d-¢
5:1046g/
18:284a-d
5:1046h / 2:1068e-h /8:1083¢c-1084g
17:686d-687d passim
5:1047a-b/
1:611c—</
9:258a~d/
18:285a-b
HISTAMINE AND  5:1046h-1047a 1:611f/9:561a-b
ANTIHISTAMINES
8:944-945
5:1047b-g 18:285b-g
ANTIBIOTIC 5:1047d-f
1:986-990
1:986c-987¢/ 5:856e-£/9:534b—c/
11:833b-g 14:192h-193d
1:987f-988f
1:988f—989h
1:989h-990c



b. Chemical compounds used to treat infectious diseases:
chemotherapeutic drugs

i. General features of chemotherapeutic drugs; e.g.,
historical background; nature of action; absorption,
metabolism, and excretion; toxicity

ii. Chemotherapeutic treatment of parasitic diseases;
e.g., anthelmintic drugs, antimalarial drugs,
amoebicides, and other drugs that kill protozoans

iii. Chemotherapeutic treatment of microbial diseases;
e.g., sulfonamide drugs, antileprotic drugs,
antituberculotic drugs

6. Drugs directed at the suppression of cancer

7. Drug use and abuse: the nature of drug addiction and

dependence
[see 522.C.9.]

. Ethyl alcohol: the physiologically active principle of
beverages produced by fermentation

1. Physiological and psychological effects of alcohol

a. What the body does with alcohol: the fate of alcohol in
the body

b. Intoxication: effects on the brain, on emotional
behaviour, and on body organs; acute and chronic
diseases associated with intoxication

2. Social conditions of alcohol consumption: history of the
various uses of alcohol in different societies; drinking
patterns

3. Alcoholism and other contemporary alcohol problems:

controls over alcohol use
[see 522.C.9.c.]

. Biocides and biorepellents

1. Antiseptics and disinfectants: chemical compounds and
physical agents that are used to destroy micro-organisms
or to prevent their development

2. Biocides directed by man against pests
a. Against animal pests

i. The significance of pest control: the nature of
animal pests; the extent of pest damage; pest
control programs

ii. Chemical pest control; e.g., insecticides, repellents,
antibiotics

iii. Biological pest control; e.g., cultural control
involving the environment, the use of resistant
plant and animal species, the use of natural enemies

iv. Integrated pest control: the manipulation of
populations to maintain them at noneconomic levels
of abundance and the eradication of a pest species
when this is attainable and desirable

v. Production and utilization of pesticides
b. Against plant pests

i. Importance of weed control; e.g., weeds as health
hazards; weeds as the competitors of crop plants

ii. Mechanical weed control; e.g., tillage, crop
rotation, use of weed-free seed

iii. Chemical weed control; e.g., selective and
nonselective herbicides, contact herbicides

iv. Biological weed control; e.g., insect predators,
pathogenic micro-organisms, grazing animals

v. Production and utilization of herbicides
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3. Biotoxins produced by micro-organisms, plants, and
animals

a. General features: properties and occurrence of
biotoxins; importance to man; historical background

b. Major categories of biotoxins

i. Microbial toxins: poisons produced by bacteria,
fungi, and various types of dlgae

ii. Phytotoxins: poisons produced by higher plants

iii. Zootoxins: poisons produced by animals

4. Biological and chemical warfare agents
[see 736.A.2.j.]

F. The selective concentration of chemicals by organisms

1. Elements selected by organisms to be constituents of
organic compounds or mineralized skeletal materials

2. The adaptive significance of metabolic waste products
that accumulate within certain plants as the chemical
basis for repulsion

Section 322. Metabolism: bioenergetics and biosynthesis
[for Part Three headnote see page 130

for Division II headnote see page 144]

The articles and parts of articles referred to in Section 322 deal
with three main subjects: A, photosynthesis; B, metabolism; and
C, the nitrogen cycle.

The outline of subject A begins with the biological importance
of photosynthesis—the photochemical reaction in which green
plants capture and use solar light energy to convert water, carbon
dioxide, and minerals into oxygen and energy-rich organic com-
pounds. The outline then covers the factors that influence the
rate and the energy efficiency of photosynthesis; the site and the
mechanism of the photosynthetic process; the photosynthetic
pigments; the energetics of photosynthesis; and the metabolic
path of carbon in photosynthesis.

Subject B is metabolism, which encompasses all the molecular
processes by which an organism acquires, uses, and replaces the
energy it needs for growth, for maintenance, and for the activities
of life. The outline begins with the catabolic processes by which
complex molecules are fragmented. It goes on to the combustion
of food materials and the conservation of part of the energy in

A. Photosynthesis: the initiation of energy conversion in the
biosphere

1. The biological importance of photosynthesis
[see 351.A.3.]

2. Factors that influence the rate of photosynthesis and the
energy efficiency of photosynthesis

3. Determination of the mechanism of photosynthesis

4. The site of the photosynthetic process in green plants: the
chloroplast

5. The photosynthetic pigments; e.g., chlorophylls, accessory
chlorophylls, phycobilins

6. The energetics of photosynthesis: photoelectron transfer and
photophosphorylation

7. The metabolic path of carbon in photosynthesis: the carbon
reduction cycle
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them, treating the oxidation of molecular fragments and bio-
logical energy transduction. The outline next deals with the
anabolic processes by which are synthesized chemicals essential
to life, such as carbohydrates, lipids, amino acids, nucleic acids,
and proteins. Finally, dealing with the regulation of metabolism,
the outline treats the sensitive adjustments of the flux of nutrients
relative to the needs of cells under relatively constant environ-
mental conditions, and the less immediately responsive adjust-
ments that allow the cell to cope with severe changes in the
chemical milieu.

Subject C is the nitrogen cycle—a complex sequence of natural
processes, important in the balance of the biosphere, by which
inorganic nitrogen is converted to nitrates, consumed and me-
tabolized by organisms, and returned to an inorganic state. The
outline refers to nitrogen fixation, the process by which at-
mospheric nitrogen is converted into the form of nitrogen most
available to plants, nitrate; and to micro-organisms that nitrify
and denitrify.
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B. Metabolism: the totality of all chemical processes in the living
organism

1. The fragmentation of complex molecules: catabolism

a. The catabolism of glucose: glycolysis and the
phosphogluconate pathway

b. The catabolism of sugars other than glucose

c. The catabolism of lipids (fats): the fates of glycerol and
fatty acids

d. The catabolism of proteins: the removal and disposal of
nitrogen; oxidation of the carbon skeleton

2. The combustion of food materials and the conservation of
part of the energy in them: cellular respiration

a. Oxidation of molecular fragments

i. The oxidation of pyruvate: the formation of the
two-carbon compound acetate in the form of
acetyl-coenzyme A

ii. The tricarboxylic acid (TcaA) cycle: the sequence of
enzyme-catalyzed steps that effects both the total
combustion of the acetyl moiety of acetyl-coenzyme
A and the removal of hydrogen atoms or electrons
from compounds formed during the cycle

b. Biological energy transduction: the energy-conserving
process in which hydrogen atoms and electrons pass
down a chain of respiratory carriers to oxygen, forming
water, with concomitant formation of the energy-rich
compound adenosine triphosphate (ATP)

i. ATP as the currency of energy exchange: ATP and
adenosine diphosphate (ADP) as intermediate carriers
for the transfer of energy when necessary, ATP being
capable of donating energy and ADP of accepting it

ii. Energy conservation: the catabolism-linked synthesis
of ATP by one mechanism that does not require oxygen
(substrate level phosphorylation) and one that does
(oxidative phosphorylation)

3. The biosynthesis of cell components: anabolism

a. The nature of biosynthesis: the stages of biosynthesis and
the utilization of ATP in the formation of small molecules
(building blocks) and in their assembly into larger ones
(macromolecules)

b. The supply of biosynthetic precursors: specialized
processes (e.g., anaplerotic routes) by which micro-
organisms effect the formation of components necessary
for their growth

c. The synthesis of building blocks: sugars, the building
blocks of carbohydrates; glycerol, fatty acids, and the
other building blocks of lipids; amino acids, the building
blocks of proteins; purine and pyrimidine nucleotides,
the building blocks of nucleic acids

d. The synthesis of macromolecules

i. Carbohydrates and lipids: the formation of
polysaccharides and phospholipids from their
component building blocks

ii. Nucleic acids and proteins: the formation of
deoxyribonucleic acid, ribonucleic acids, and proteins
from their component building blocks

4. Regulation of metabolism

a. Fine control: the sensitive adjustments of the flux of
nutrients along metabolic pathways relative to the needs
of cells under relatively constant environmental conditions
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b. Coarse control: the less immediately responsive
adjustments that allow the cell to cope with severe
changes in the chemical milieu, as when diet is changed
or the hormonal balance altered

C. The nitrogen cycle: the process of nitrogen fixation;
the role of micro-organisms in nitrification and
denitrification

Section 323, Vital processes at the molecular level
[for Part Three headnote see page 130

for Division II headnote see page 144]

The articles and parts of articles referred to in Section 323 deal
with five main subjects: A, the cell membrane; B, bioelectricity;
C, the nerve impulse; D, muscle contraction; and E, biolumines-
cence.

The outline of subject A begins with the biochemical constitu-
ents and properties of cell membranes and with their function in
the life of the cell. It goes on to treat the movement of water
across cell membranes, and the role of selective permeability of
membranes in the regulation and control of the movement
through them of substances other than water.

Subject B is bioelectricity—the generation or action of electric
currents in biological processes. The outline treats the range and
types of biopotentials; the factors required to establish a bio-
electric potential; the specialized properties of excitable cells; the
electrical changes induced in stimulated cells; and the bioelectric
effector organs in fishes such as eels, in endocrine systems, and in
central nervous systems.

The outline of subject C, the nerve impulse, treats the structure
of the nerve cell, or neuron; the characteristics of artificially
stimulated nerve fibres; the nature and transmission of the nerve
impulse; and the ways by which the nerve impulse is studied.

A. The cell membrane: the barrier between the cell and its
environment and between structures within the cell

1. The nature of membranes
a. Biochemical constituents of membranes

b. Properties of membranes; e.g., electrical
properties

2. Compartmentalization of the cell: protection, by
membranes of limited permeability, of internal
structures, or organelles, from the activities of other
organelles and from the activities of the ground substance
of the cell

3. Movement of water across cell membranes: osmosis

4. Movement of solutes through membranes in response to
a concentration gradient

a. Methods of studying permeability: measurement of the
rates of uptake or exit of solutes from cells

b. Factors that influence permeability; e.g., molecular size
and electrical charge of the substance being transported;
membrane structure

c. Facilitated diffusion: the concept of a mobile carrier
that combines with the substance and carries it through
the membrane; exchange diffusion as a special case of
facilitated diffusion

5. Movement of solutes through membranes independent
of concentration gradients

a. Active transport: metabolically linked (i.e.,
energy-requiring) transport across a membrane

articles article sections other references
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Subject D is muscle contraction—the conversion of chemical
energy to work. The outline begins with contractile or motile
activity of some type as a characteristic of all living things. It
goes on to deal with the striated, or skeletal, muscle in higher
animals, treating the structure and levels of organization of the
muscular system; nerve-muscle communication; the physical
aspects of muscle contraction; the energy transformations and
metabolic pathways supporting energy events; and the molecular
basis of contraction. The outline next treats the structure, organi-
zation, mechanical properties, and metabolic activities of the in-
voluntary cardiac muscles. Finally, it treats the many nonstriated,
or smooth, muscles, which form the visceral musculature of
vertebrates, but which perform both bodily and visceral move-
ments in lower animals such as worms.

Subject E is bioluminescence—the conversion by organisms of
chemical energy to light energy. The outline first treats the sig-
nificance of bioluminescence in studies of behaviour and of
metabolism, and the use of the luminescent reaction of the firefly
in biological research. It then treats the range and variety of
bioluminescent organisms and the biochemical events involved in
light emission.
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b. Pinocytosis: engulfment by a cell of a droplet of the
medium surrounding it and the formation of a
membrane-bounded body (vesicle) that can be carried
into and across the cell

B. Bioelectricity: the range of phenomena that occur in the
generation or action of electric currents in biological
processes, as signalling in nerves or triggering of physical
processes in muscles

1.

Range and types of biopotentials (1.e., electrlcal effects
resulting from the ability of opposite sides of the cell
membrane to store energy in the form of electrically
charged ions)

. Factors required to establish a bioelectric potential:

semipermeable membrane, potassium-ion gradient across
the membrane, and energy

. Specialized properties of excitable cells: depolarization as

the transient increase in membrane permeability to sodium
ions; sodium equilibrium potential as the approximate value
of the potential attained across a depolarized membrane

. Electrical changes induced in stimulated cells: a stimulus

that modifies the permeability of an area of a membrane,
and an effect (e.g., muscle contraction, light production)

. Effector organs and systems: bioelectric organs in fishes

including eels, in endocrine systems, and in central nervous
systems

C. The nerve impulse: a unit of electrical information conducted
along a nerve fibre (an extension of a nerve cell, or neuron)

1.

2.

The structure of the neuron

Characteristics of artificially stimulated nerve fibres

a. Effects of stimulation; e.g., all-or-none law, tetanus,
refractory periods, latent addition

b. Strength—duration curve

. Nature of the nerve impulse

a. The local-circuit theory of conduction: an explanation
for the forward movement of a brief electrical event,
the action potential, along a nerve fibre

b. Electrical events; e.g., the resting potential, a measure of
the difference in voltage across an unstimulated
membrane; the ionic theory as an explanation of the
changes that occur in a nerve fibre during an action
potential

¢. Maintenance of ionic concentration gradients by the
sodium pump, a mechanism by which sodium ions leave
the cell and potassium ions enter it

d. Accompanying phenomena; e.g., liberation of heat,
optical effects

. Transmission of the nerve impulse: the mechanism

involved in transmitting impulses between cells; the synapse

. Study of the nerve impulse: the prediction of action

potential events from voltage clamp data and from
artificial and simplified membranes

D. Muscle contraction: the conversion of chemical energy
to work

. Contractile or motile activity of some type as a

characteristic of all living things

. Striated, or skeletal, muscle in higher animals

a. Structure and levels of organization: the whole muscle,
the muscle fibre, the myofibril, and the myofilament
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b. The neuromuscular junction: nerve-muscle
communication

i. Nature of the communication and anatomy of the
junction

ii. The transmission process: the transfer of information
from the nerve to the muscle so that muscle
contraction results

c. Mechanical properties: experimental study of the
physical aspects of muscle contraction, and tension
changes; twitch and tetanus responses;
length—tension relationship; isotonic and isometric
contraction

d. Energy transformations and metabolic pathways
supporting energy events: energy-yielding and
energy-building reactions; the glycolytic and oxidative
pathways

e. Molecular basis of contraction

i. Molecular components: myosin, actin, actomyosin
ii. Molecular mechanisms of contraction: excitation—

contraction coupling; the development of muscular
force and the sliding-filament theory

3. Cardiac muscle

a. Structure and organization: the myocardial cell;
pacemakers of the heart

b. Mechanical properties: the contraction-relaxation
cycle; regulation of the heartbeat

c. Metabolic pathways: conversion of chemical energy
by the myocardium
4. Smooth muscle
a. Vertebrate smooth muscle: visceral, or single unit,
muscle; multi-unit muscle

b. Invertebrate smooth muscle; e.g., catch muscle,
conspicuous in animals with two shells; quick action
muscle that operates the wings of some insects

E. Bioluminescence: the conversion of chemical energy to
light energy

1. The significance of bioluminescence in behaviour,
metabolism, and research

2. The range and variety of bioluminescent organisms

a. Marine organisms; e.g., certain crustaceans, squids,
deep-sea fishes

“ b. Land and freshwater organisms; e.g., certain fungi,
- fireflies

3. The biochemical events of light emission: enzymic and
nonenzymic systems

Division III. The structures and functions of organisms
[for Part Three headnote see page 130]

Division I dealt with the nature, origin, evolution, distinctive
properties, and classification of living things. Division II
dealt with the molecular level of biotic organization.

The outlines, and the articles and parts of articles referred
to, in the nine sections of Division III deal with life at the
cellular level and at the organismic level.

Section 331, concerned with the cellular basis of biological
form and function, treats cell theory and cell classification,
the design of cells, the functional aspects of cells in life, the
cell cycle, and fertilization.
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Section 332, concerned with the relation of form and func-
tion in multicellular organisms, treats the basic structure and
levels of biological organization; the classification, organiza-
tion, and main function of the tissues of plants and of the
tissues of animals; plant organs and organ systems; and ani-
mal organs and organ systems. .

Section 333, concerned with the coordination of vital pro-
cesses, treats homeostasis, the maintenance of steady states
in biological systems; reception and processing of sensory
information; invertebrate and vertebrate endocrine systems;
invertebrate and vertebrate nervous systems; and the phe-
nomena of biological periodicity.

Section 334 treats integumentary systems, skeletal systems,
and muscular systems.

Section 335 treats the basic features of nutrition, the pro-
duction of food in green plants, and digestion and digestive
systems.

Section 336 treats respiration and respiratory systems, cir-
culation and circulatory systems, and elimination and ex-
cretory systems.

Section 337 treats the several forms of reproduction and
their comparative adaptive significance; the origin and adap-
tive significance of sex and sexuality; reproductive systems in
plants; and reproductive systems in animals.

Section 338 first deals with the nature, scope, types, and
general systems of biological development. It goes on to the
constituent processes of development—growth, morpho-
genesis, and differentiation. It then treats plant development
and animal development, aging and decline in animals, and,
finally, specialized patterns of development.

Section 339 deals with heredity. It treats the Mendelian
laws; the gene—chromosome theory of heredity; the interac-
tion of heredity and environment; heredity in the evolution-
ary process; and various applications of genetics.

Section 331. The cellular basis of form and function
[for Part Three headnote see page 130
for Division IIT headnote see page 154]

The articles and parts of articles referred to in Section 331 deal

with five main subjects: A, cell theory and classification; B, the’

design of cells; C, functional.aspects of cells in life; D, the cell
cycle; and E, fertilization.

The outline of subject A, after dealing with the historical back-
ground of cell theory, treats challenges to and revisions of the
cell theory in the light of new knowledge. Dealing with the clas-
sification of cells, the outline treats comparisons between cells
and viruses, and between procaryotic and eucaryotic cells; tissues
as providing a functional classification of cells; the cells and
tissues of animals and of higher plants; and comparisons between
animal cells and plant cells.

The outline of subject B begins with the cell as a molecular sys-
tem and treats the macromolecules and the small molecules in
cells. It then treats the sizes, shapes, and morphological elements
of cells.

The outline of subject C begins with the cell’s internal environ-
ment and the cell matrix, and with the functions of the cell’s

A. Cell theory and classification

1. The cell theory

a. Historical background; e.g., the description by Schleiden
and Schwann of cells as ‘‘elementary particles of
organisms”
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surface membrane. It goes on to the interplay of nucleus and
cytoplasm and to the kinds of cell movement. Finally, it treats
the evolution of multicellular life—the means by which cells can
combine, communicate, and contribute to the survival of so-
cieties of cells.

Subject D is the cell cycle—the doubling of a cell in size by
growth, and then the division into two cells, which double in size
and again divide. The outline begins with the characteristics of
the growth process. It then treats the stages and products of the
two kinds of nuclear division: mitosis, which distributes replicas
of the parent chromosomes to the daughter cells; and meiosis,
which produces daughter cells with half the number of chromo-
somes of the parent cell.

Subject E is fertilization—the fusion of male and female sex
cells to form the primary nucleus of an embryo. The outline
treats the characteristics of the mature egg; the events of fertiliza-
tion; the biochemical analysis of the events of fertilization; and
the structural and behavioral accessories to fertilization.
other references

articles article sections
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b. Challenges to and revisions of the cell theory in the light
of new knowledge

i. The challenge of the “‘protoplasm” concept:
protoplasm as the basic substance of living organisms
but unable to account for the origin of formed
structures within the cell

ii. Evolution of the cell theory: the influence of such
disciplines as microbiology, molecular biology, and
biochemistry on the concept of the cell as the unit
of life

iii. Critique of the cell theory: problems arising from the
existence of syncytial life forms (i.e., many nuclei
sharing the same cytoplasm), from the existence of
unicellular organisms having remarkable complexity,
and from the inability of the cell theory to explain the
development of multicellular organisms

2. Classification of cells

a. General features: comparisons between cells and viruses
and between procaryotic and eucaryotic cells; tissues as
providing a functional classification of cells

b. Cells and tissues of animals
i. Absorptive cells
ii. Secretory cells
iii. Nerve cells

iv. Sensory cells

v. Muscle cells

vi. Cells in supporting tissues
vii. Circulating cells
viii. Reproductivecells: gametes

c. Cells and tissues of higher plants: outstanding features of
the plant cell; meristematic, epidermal, and other types
of plant cells

d. Comparison between animal cells and plant cells

B. Cell design and cell organization

1. The cell as a molecular system

a. Macromolecules in cells; e.g., nucleic acids, proteins,
polysaccharides

b. Small molecules in cells; e.g., lipids, nucleotides,
porphyrin derivatives, water

2. Form and structure of the cell
a. Sizes and shapes of cells

b. Morphological elements: parts of cells; e.g., cell
membrane, extracellular membrane system, mitochondria,
ribosomes, microtubules, microfilaments, nuclear
envelope, chromosomes, nucleolus

c. Procaryotic and eucaryotic cells
[see 311.B.4.a. and 312.A.3.]

C. Functional aspects of cells
1. The internal environment and the cell matrix: the concept of

the cell as a ‘‘protoplasm”’; the concept of the cell as a “‘bag”
containing a water solution of molecules
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2. Living membranes; e.g., as barriers, in transport, in the
generation of electricity

3. Interplay of nucleus and cytoplasm: overall function of the
nucleus in the production of messenger RNA; exchange
between nucleus and cytoplasm

4. Cell movement: ciliary, flagellar, and amoeboid

5. Cells in societies: extension of the cell concept for
multicellular life

D. The cell cycle: growth and division

1. Cell growth: doubling of size, genetic replication,
‘preparation for mitosis

2. Mitosis: the separation of sister chromosomes to opposite
poles of the mitotic apparatus, a spindle-shaped structure in
the cytoplasm

a. Special structures in mitosis: the centrioles that define the
poles and the kinetochores (centromeres), the points at
which chromosomes attach to the poles

b. The chromosome cycle: early stages in the formation of
the mitotic apparatus; engagement of the chromosomes
to the mitotic apparatus and metakinesis (movement of
the chromosomes); separation of chromosomes to the
poles (anaphase movement); and mechanisms of
chromosome movement

c. Telophase: restoration of the daughter nuclei A
d. Cytokinesis: division of the cell body

3. Meiosis: reduction division that produces daughter cells
with half the number of chromosomes of the parent cells

a. The events and significance of meiosis
b. Differences between meiosis and mitosis

E. Fertilization: the fusion of two different sex cells (gametes) to
form the primary nucleus of an embryo (zygote nucleus)

1. Characteristics of the mature egg: the egg surface and the
egg coats

2. Events of fertilization: sperm—egg association, egg -
activation, and formation of the zygote nucleus

3. Biochemical analysis of the events of fertilization

4. Accessories to fertilization: mechanisms that aid in the union
of gametes

Section 332. The relation of form and function in organisms
[for Part Three headnote see page 130
for Division III headnote see page 154]

Section 331 dealt with the individual cell and with the cellular
basis of biological form and function. Section 332 initiates the
presentation of knowledge about multicellular organisms, which
is continued in the remaining sections of Division IIL.

The articles and parts of articles referred to in Section 332 deal
with five main subjects: A, basic structure and levels of organiza-
tion; B, the tissues of plants; C, the organs and organ systems of
plants; D, the tissues of animals; and E, animal organs and organ
systems.

The outline of subject A first treats such general features of
biological form and function as the differences of energy flow in
living and nonliving structures; the nonrandom character of living
structure; and the significance of Newton’s laws of motion, of
static forces, and of simple machines to biological systems. It
then deals with the biomechanical limitation of body sizes and
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the determination of basic body patterns. It next treats the in-
corporation of simple mechanisms into complex systems for the
transformation of certain types of energy. Finally, it treats evo-
lutionary changes in form and function, dealing especially with
the emergence of increasingly more orderly and complex levels
of biotic organization.

The outline of subject B first deals with the relatively un-
differentiated tissues of nonvascular plants, such as fungi and
lichens, which lack true roots, stems, leaves, and organized con-
ducting systems. It goes on to treat well-differentiated tissues in
vascular plants: first, the formative, cell-producing tissues called
meristems; and then the mature tissues—dermal (protective)
tissues, vascular (water- and food-conducting) tissues, and the
fundamental or ground tissues composing the axis of most plants.

Subject C is the organs and organ systems of plants, such as the
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shoot system and the root system. The outline first treats the de-
velopment of organs in vascular plants, covering the growth and
tissue organization of the stem, the leaf, and the root. It then
deals with the physiology of the organs in vascular plants, and
the structural adaptations of organs and organ systems to meet
the needs of the whole autotrophic (self-nourishing) organism.
It goes on to the varieties of shoot, root, and reproductive sys-
tems. After dealing with the analogues of stem, leaf, and root in
nonvascular plants, the outline concludes with the evolution of
plant organs and organ systems as disclosed in the fossil record.
The outline of subject D, after referring to anatomical and
embryological classifications of animal tissues, proceeds to a
functional classification. It treats tissues used for assimilation,
storage, transport, and excretion; coordinating tissues, nervous

A. Basic structure and levels of organization

1. General features; e.g., comparison of energy flow in living
and nonliving structure, living structure as distinctly
nonrandom

2. The significance of Newton’s laws of motion, static forces,
and simple machines for biological systems

3. Limits on body size; e.g., the problem of the
surface-to-volume ratios

4. Basic body patterns and their evolution; e.g., symmetry,
segmentation

5. The incorporation of simple mechanisms into complex
systems for the transformation of certain types of energy:
the need for one system to undertake the processing of the
energy and another to control this processing in order to
yield a suitable output

6. Evolutionary change in form and function

a. Preadaptation: the potential for the evolution of a
structure from one function to another

b. Levels of orderliness and complexity: the simple viruses
and the more complex single-celled organisms; the
increase in cellular specialization and interdependence in
multicellular organisms

B. Tissues of plants: classification, organization, and main
functions

1. Relatively undifferentiated tissues of nonvascular plants;
e.g., fungi, lichens, bryophytes

2. Well-differentiated tissues in vascular plants

a. Meristematic (cell-producing) tissues: apical, lateral,
and intercalary

b. Mature tissues

i. Dermal (protective) tissues: the epidermis of the
primary plant body; the periderm of the secondary
plant body

ii. Vascular (conducting) tissues: the xylem, a mineral
and water route; the phloem, a food route

iii. Fundamental (ground) tissues: the parenchyma, a
tissue of general importance in plant structure and
function; the supportive collenchyma and
sclerenchyma; the endodermis

3. Cells of plant tissues
[see 331.A.2.c.]

and sensory tissues, and endocrine tissues; tissues for support and
movement, such as those of bone and muscle; reproductive tis-
sues; hemopoietic tissues, which produce the cellular components
of blood; and the various kinds of tissue fluids, such as lymph and
cerebrospinal fluid.

The outline of subject E begins with the characteristics of the
several specialized organ systems relating the organism to the
environment primarily; those serving cell metabolism primarily;
and those serving genetic continuity primarily. It goes on to the
functional interdependence, coordination, and control of the
organ systems. It next deals with the embryonic origins of in-
dividual systems and their appearance during development.
Finally, it treats the evolution of organ systems as disclosed in
the fossil record.
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C. Organs of plants: tissue organization, functions, and types

1. Importance of plant organs to man; e.g., for food,
clothing, shelter, industrial products, drugs, decoration
[see also 355.C.3.]

2. Development of organs in vascular plants: internal and
external morphology, tissue organization, functions,
types, and modifications

a. The stem

b. The leaf

c. The root

3. Physiology of organs in vascular plants: structural
adaptations of organs and organ systems as ways by which
the needs of the whole organism are met

4. Diverse sizes and forms of organ systems in vascular plants:

potential for unlimited growth

a. Varieties of shoot systems: the tree, shrub, and vine

b. Varieties of root systems; the transition between root
and shoot systems

c. Varieties of reproductive organs and organ systems

i. Reproductive structures in nonflowering plants;
e.g., oogonia, archegonia, antheridia :
ii. Cones
iii. Flowers

5. Organs of nonvascular plants: analogues of stem, leaf,
and root

6. Evolution of plant organs and organ systems into the
complex, multicellular state: estimates of time of origin of
the multicellular plant body; adaptive radiation of plants
into suitable habitats

D. Tissues of animals: classification, organization, and main

functions

1. Classification of tissues: anatomical, embryological, and
functional

2. Tissues for assimilation, storage, transport, and excretion
a. Alimentary tissues

b. Liver tissues
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c. Blood and lymph
d. Kidney tissues

e. Lung tissues
3. Tissues for coordination
a. Physical coordinators: nervous and sensory tissues

b. Chemical coordinators: endocrine tissues
4. Tissues for support and movement
a. Connective tissues

b. Cartilage
c. Bone

d. Muscle

5. Other tissues
a. Reproductive tissues

b. Hemopoietic tissues
c. Tissue fluids

6. Cells of animal tissues
[see 331.A.2.b.]

E. Comparative structure and function of the organ systems and
constituent organs of animals

1. Specialized organ systems
a. Relating to the environment primarily

i. Integumentary system
[see 334.A.]

ii. Skeletal system
[see 334.B.]

iii. Muscular system
[see 334.C.]

iv. Nervous system
[see 333.D.]

v. Endocrine system
[see 333.C.]

b. Serving cell metabBlisrn primarily

i. Digestive system
[see 335.C.3.]

ii. Respiratory system
[see 336.A.]

iii. Circulatory system
[see 336.C.]

iv. Excretory system
[see 336.F.]

c. Serving genetic continuity primarily: the reproductive
system

2. Interrelationships between organ systems

a. Functional interdependence
b. Feedback mechanisms
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3. Development of organ systems: embryonic origins of
individual systems from the various germ layers; the

stages at which organ systems make their appearance
[see also 338.E.]

4. Evolution of organ systems

Section 333, Coordination of vital processes: regulation and
integration
[for Part Three headnote see page 130
for Division III headnote see page 154]

The articles and parts of articles referred to in Section 333 deal
with five main subjects: A, the maintenance of steady states in
biological systems; B, information reception and processing; C,
endocrine systems in animals; D, nervous systems in animals;
and E, biological periodicity.

The outline of subject A begins with the nature of homeostatic
systems, treating the comparison of self-regulatory devices in
mechanical and biological systems, the pattern that identifies a
homeostatic system, and the limits of homeostatic regulation. It
goes on to treat the different homeostatic processes; their coordi-
nated control for homeostasis in the organism as a whole and in
natural biological communities; and the origin and evolution of
homeostasis. The outline next deals with the individual adjust-
ments to gradual changes in the environment—adaptive re-
sponses, collectively called responses of acclimatization, to en-
vironmental changes in temperature, illumination, humidity,
salinity, and pressure. Finally, it deals with dormancy, an inac-
tive state accompanied by a lower than normal rate of metabo-
lism and a mechanism used by some organisms to avoid stressful
environmental conditions. It treats the general adaptive value of
dormancy, the environmental variables that can cause it, and
the types of dormancy states and associated mechanisms in dif-
ferent kinds of organisms.

The outline of subject B begins with two classifications of sen-
sory systems—one, according to the surface or internal location
of the receptors; the other, according to the various types of
stimuli, into photoreception, thermoreception, chemoreception,
mechanoreception, and sound reception. It then treats the evolu-
tion of sensory systems, and sensory information as involving
interactions between adjacent sense cells and sensory neurons.

The outline of subject C begins with the general characteristics

A. Maintenance of steady states in biological systems

1. The nature of homeostatic systems
a. The concept of homeostasis

b. The comparison and regulation of self-regulatory devices
in mechanical and biological systems

c. The pattern that identifies a homeostatic system and the
limits of homeostatic regulation

2. Survey of homeostatic processes

a. Physiological homeostasis; e.g., the balance of hormones,
the composition of the blood

b. Genetical homeostasis: gene regulation and expression

c. Developmental homeostasis; e.g., maturation, tissue
growth, regeneration

d. Ecological homeostasis; e.g., predator—prey relationships

e. Medical homeostasis: mental health and the response to
disease
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and functions of hormonal coordination. It goes on to the struc-
ture and function of vertebrate endocrine systems and of inverte-
brate endocrine systems. Finally, it treats the comparative, adap-
tive, and evolutionary aspects of endocrine systems.

The outline of subject D begins with the comparison of chemi-
cal and nervous regulation. It then treats the cytoplasmic respon-
siveness to a stimulus, or irritability, common to every living
cell; organelle systems, which channel responsiveness at the sub-
cellular level within more complex protozoans; and nervous sys-
tems, which channel responsiveness at the cellular level within
multicellular organisms. The treatment of invertebrate nervous
systems covers theories of the evolutionary origin of the nervous
system; the diffuse nervous systems found in coelenterates; and
the trend, in the evolution of nervous systems, toward concen-
tration, centralization, and cephalization of the nervous func-
tions. The treatment of vertebrate nervous systems begins with
the central nervous system, including the brain and its compo-
nents, the spinal cord, the brain coverings, cavities, cerebrospinal
fluid, and the neuroglia, or non-nervous tissue. It goes on to the
peripheral nervous system, in which smooth muscles, heart mus-
cle, and glandular tissues are innervated. The outline of subject
D further treats the embryonic development, the evolution, and
the biodynamics of the vertebrate nervous system.

Subject E is the biological clock: rhythmicity of organismic
activity. The outline begins with rhythms, such as those of
breathing or of heartbeat, that are without apparent external cor-
relates. It goes on to rhythms definitely correlated with natural
geophysical cycles—solar-day, lunar-tidal, monthly, annual or
seasonal, and epochal rhythms. Finally, it attempts to analyze the
nature and mechanisms of biological rhythms, and the factors
that affect biological periodicities.

articles article sections other references
HOMEOSTASIS
8:1014-1017
8:1014d-1015d
8:1014d-g
8:1014g-1015b 18:328a-d
8:1015b-d/ 2:570d-f/
2:1039d-e 14:996h-998b passim
8:1015e-1017a
8:1015e-g/ 1:704f-g /6:800h-801f/
7:45g-46b | 9:664e-f
7:429c-430b/
13:724b-c

8:1015h-1016b/
7:990d-991c¢/
11:429d-¢/
11:1046£-1048g

8:1016b-d/
5:647h-648¢/
8:443b-e

8:1016d-f

8:1016g-1017a/
5:843d-844d

14:831b-836a passim
11:212¢c-f
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articles article sections other references
3. Homeostatic control hierarchies: homeostatic subsystems 8:1017a-d
that serve the whole
a. In organisms; e.g., circulatory, nervous, and hormonal 8:1017a-b/ 4:618e—g /12:1005f-1006f /

systems 6:839d-840d / 12:1026b-d /14:43%9b-¢
12:637g-638c/
12:992e-h/
13:723f-724a
b. In natural communities; e.g., among social insects 8:1017b-d/
4:1031f-1032¢c
4. Origin and evolution of homeostasis 8:1017d-f 7:49¢c-50d passim
5. Individual adjustments to gradual changes in the physical ACCLIMATIZA-
environment TION
1:32-35
a. General features: acclimatization as an adaptive change 1:32c-¢
that is reversible when conditions return to their former
state but that is distinct from both the process of
adaptation effecting evolution and homeostatic
regulation
b. Influences of environmental conditions upon life 1:32e-35¢
i. Temperature 1:32f-33h/ 2:1058d-g /14:995h-998b
15:735f-h passim [17:500a-b
ii. Illumination 1:33h-34c
iii. Other factors; e.g., humidity, chemicals, changes in 1:34c-35¢/ 14:994b-995h passim
pressure 15:762c-763f
c. The biological significance of acclimatization: the 1:35e-g
exploitation of regions of great seasonal variation or of
wholly new environments
6. Inactive states accompanied by a lower than normal rate of DORMANCY
metabolism: dormancy 5:958-966
a. General features: adaptive value of dormancy; 5:959b-—¢
environmental variables which can cause
dormancy
b. Types of dormancy states and associated mechanisms in 5:959¢-966a/ 6:762f-g [9:137c—e
different organisms; e.g., production of resistant 16:876g-877¢/
structures; hibernation and aestivation; sleep, torpor, and 16:882h-883h
hypnotic states
i. In bacteria and fungi 5:959¢-¢g
ii. In vascular plants 5:959h-960e / 5:617c—d /5:670a—
16:486¢c—487h
iii. In protozoans and invertebrates 5:960f-961d 2:139a-b/14:550a-b/
15:122d-h
iv. In cold-blooded vertebrates 5:961e-962c 5:814f-g /16:560f-561a
v. In warm-blooded vertebrates 5:962d-966a / 9:623d-¢ /11:404c-d /
3:809d-¢/ 15:974d-e
4:434c-d/
12:387b—c
B. Information reception and processing: sensory reception SENSORY 11:23f-24¢c
RECEPTION
16:545-547
1. Classification of sensory systems 16:545h-546g
a. According to location of receptors: exteroceptors, 16:545h-546a /
surface receptors responding to the external 11:802e-806¢c
environment, and enteroreceptors, internal receptors
responding to changes inside the body
b. According to type of stimulus 16:546b-g/ 4:434¢e-f/5:315h-316b/
4:1012a-1013¢/  7:336a-g/10:899e-h/
9:131b—¢/ 16:496¢c—¢ /18:446h—447b
15:734£-735¢/
19:808g-809a
i. Photoreceptors: light receptors PHOTO- 4:1012¢e-h 7:118a-b/7:336b—c/
RECEPTION 14:45b—c/15:734f-g/
14:353-365 16:546b—e
ii. Thermoreceptors: temperature (level of heat energy) THERMO-
receptors RECEPTION
18:328-332
iii. Chemoreceptors: receptors of chemical stimuli CHEMO- 4:1012h-1013c/ 9:131c—/13:761g-762a/
RECEPTION 15:761h-762c 15:735¢-d

4:176-188



iv. Mechanoreceptors and electroreceptors: pain
receptors, position and interior stretch receptors,
balance and motion receptors, and touch and pressure
receptors

v. Sound receptors

2. Evolution of sensory systems; e.g., specialized organs,

information-processing structures

3. Sensory information: interactions between adjacent sense

cells and sensory neurons

. Endocrine systems in animals

. General features of hormonal coordination; e.g.,
relationships between endocrine and neural regulation

. Vertebrate endocrine systems

a. Relationships of endocrine glands to each other and to

the blood; the role of endocrine glands in the manufacture

and release of hormones; the chemical nature and action
of hormones

b. Structure and function; e.g., neurosecretory systems,
thyroid gland, ultimobranchial gland, gastrointestinal
endocrine system

. Invertebrate endocrine systems; e.g., insects, crustaceans,
and annelid worms

. Comparative, adaptive, and evolutionary aspects of
endocrine systems; e.g., the neurosecretory cell,
hypothalamus-pituitary control systems

. The human endocrine system
[see 422.F.]

. Nervous systems in animals

. Comparison of chemical and nervous regulation: control
mechanisms located between the stimulus and the response

. Nervous coordination

a. Intracellular coordination: general cytoplasmic
responsiveness, or irritability, to a stimulus

b. Organelle systems: the channelling of responsiveness at
the subcellular level within more complex protozoans

c. Nervous systems: the channelling of responsiveness at the
cellular level within multicellular organisms

i. The neuron, or nerve cell

ii. The transmission of the nerve impulse and the synapse
[see 323.C.4.]

. Invertebrate nervous systems: structure and function
a. Theories of the evolutionary origin of the nervous system

b. Diffuse nervous systems: the nerve net of hydra and
simple radial systems of other cnidarians (coelenterates)

c. Centralized nervous systems
i. Complex radial systems in echinoderms
ii. Simple bilateral systems as in flatworms

iii. Moderately cephalized systems as in annelid worms
and simple mollusks

iv. Complexly compartmentalized systems as in insects,
spiders, and cephalopods such as squids

. Vertebrate nervous systems: structure and function
a. The central nervous system
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articles article sections other references
MECHANO- 4:1013c—¢/ 5:1130b-1131a/12:1015e-g/
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i. The brain and its components

ii. The spinal cord

iii. The brain coverings (meninges), cavities,
cerebrospinal fluid, and neuroglia (nonnervous tissue)

b. The peripheral nervous system; e.g., sensory and motor
fibres, the autonomic nervous system

c. Embryonic development of the vertebrate nervous system
from the outer cell layer (ectoderm)

d. Evolution of the vertebrate nervous system: the primitive
condition in chordates; sensory centralization; dominance
of the cerebrum

e. Biodynamics of the vertebrate nervous system: intrinsic

and extrinsic controls exerted on the nervous system;
interaction between nervous and endocrine systems

5. The human nervous system

[see 422.K.]

E. The biological clock: rhythmicity of organismic activity

1.

2.

Rhythms without apparent external correlates; e.g., brain
waves, breathing, heartbeat

Rhythms definitely correlated with natural geophysical cycles

a. Solar-day rhythms; e.g., wakefulness and sleep in animals,
sleep movements in plants

b. Lunar-tidal rhythms that are characteristic of most
activities of tidal zone organisms

c. Monthly rhythms; e.g., reproductive cycles of many
miarine organisms, menstrual period in females of certain
primates

d. Annual or seasonal rhythms; e.g., breeding in many

animals, growth and fruiting in many plants, hibernation
and aestivation in some animals

e. Epochal rhythms; e.g., lemming migrations, population
cycles in some animals

. The mechanism of the biological clock: attempts to analyze

the nature of biological rhythms

a. The notion of natural time as an inherent basis of
biological rhythms

b. The relation of the biological clock to external events

i. Modifiable and persistent clock-timed rhythms
ii. Fluctuating activity

c. The biological clock as an internal timer based on
external clues

. Factors affecting biological periodicities; e.g.,

environmental factors, hormonal and neural factors

. The amplification and superimposition of individual rhythms

in communities
[see 352.C.2.b.]

Section 334, Covering and support
[for Part Three headnote see page 130
for Division III headnote see page 154]

The articles and parts of articles referred to in Section 334 deal
with three main subjects: A, the body covering; B, the body
skeleton; and C, the body musculature.

articles

article sections

other references

12:982d-984h /
15:760f-761a
12:984h-986f

12:986f-987c

12:987c-988h /
12:1033c-f

12:988h-990a /
5:633e—634f

12:990a-991f

12:991f-992h

11:409d-f /14:1024f-h

18:446d—-¢

14:1024b—f

12:994h-995b

PERIODICITY,
BIOLOGICAL
14:69-75

18:422a—c

2:1125h-1127d

2:356d—f /15:750f-h

14:69¢-T1e/ -
4:1028d-¢/
12:121d-f

14:69f-h / 4:431b /5:961g-963e passim |
16:877f-878b 17:673g-h

14:69h-70¢ 4:806d-e

14:70f-71a 11:908a-b

14:71b—</ 5:958h-966a passim [
5:670a-d/ 11:907h-908a /12:177c-184h
7:538¢c-539¢ passim [14:352b-353e passim |

14:496b—d /16:590f-591a

14:71c-¢/
15:974e-975a

14:71e-74d

14:71e-72a 18:420a—

14:72a-73g/
12:183g-184c

14:72a-73e

14:73f-g

14:73g-74d

14:74d-75a/ 1:32e-39¢g passim |
4:722c-h/ 7:538¢~539c¢ passim [
12:184c-h/ 16:591a—c
15:714c-g

The outline of subject A begins with the major common func-

tions and adaptive character of the coverings, or integuments, of
organisms. It goes on to treat the poorly defined integuments of



lower, nonvascular plants; the structure and organization of the
integuments of higher, vascular plants; and the cellular compo-
nents and noncellular coatings of the invertebrate integuments.
It next deals generally with the vertebrate integumentary sys-
tem, the only boundary covering to attain the complexity of an
organ system, providing not only protection from the environ-
ment for the tissues beneath it, but also a sensory grid for com-
munication with it. It treats not only the character and relations
of the two skin layers, the epidermis and the dermis, but the wide
array of derivatives and appendages that have appeared among
the various classes of vertebrates. It then covers, comparatively
and descriptively, the integuments of various classes of verte-
brates in the order of their position on the evolutionary scale.
Finally, it treats the embryology, evolution, and biodynamics of
vertebrate skin.

The outline of subject B first deals with the major functions
of the body skeleton: the primary supportive function and, in
some animals, its role in providing protection, facilitating move-
ment, and aiding certain sensory functions. It goes on to the
principal types of skeletal elements: so-called hard, cuticular

'

A. The body covering

1. General features of the body covering, of integument:
comparisons among unicellular organisms, plants, and
animals )

2. Plant integuments: organization and function

3. Invertebrate integuments: organization and function
a. Cellular components and their derivatives

b. Noncellular coatings of the integument; e.g., the
secretion of various types of cuticles, replacement of
the body covering through molting

4. Vertebrate integuments: cellular components and their
derivatives

a. Skin layers: the relatively thin outer layer, the
epidermis, and the thicker and tougher inner portion,
the dermis

b. Skin derivatives and appendages; e.g., skin glands and
pigment; epidermal scales; claws, nails, and hoofs; horns
and antlers; feathers and hair; dermal derivatives

5. Skin variations among vertebrates
a. In cyclostomes and fishes

b. In amphibians and reptiles

c. In birds

d. In mammals

6. Embryology and evolution of the vertebrate skin:
ectodermal origin; adaptive changes during evolution

7. The biodynamics of vertebrate skin: protection from and
communication with the environment

8. Human integument and derivatives; e.g., skin, hair, nails,

teeth, gums
[see 422.1.9.]

B. The body skeleton

1. The roles of the body skeleton: the major supportive
function in all animals; in some animals, a protective
function, facilitation of movement, and aid in certain
sensory functions
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structures, semirigid structures, connective tissue, hydrostatic
structures, elastic structures, and buoyancy devices. The treat-
ment of the invertebrate skeleton covers the skeletomuscula-
ture of a mobile coelenterate, such as a sea anemone or a jelly-
fish; of earthworms; of arthropods, such as insects and spiders,
and of echinoderms, such as the starfish. The treatment of the ver-
tebrate skeleton covers the variations associated with each ver-
tebrate class and with particular problems of adaptation; the
embryology of vertebrate skeletons; the vertebral column and
thoracic skeleton; and the appendicular (limb) skeleton. Final-
ly, the outline deals with joints in vertebrates and invertebrates
and with the properties and development of bone.

The outline of subject C begins with the several roles played by
muscle systems in animal life and with the arrangement and
gross function of muscle tissues. It goes on to the characteristics
of simple contractile systems and to the kinds of complex con-
tractile tissues, varying in the rates of contraction they undergo.
Finally, it treats the comparative structure and function and the
evolution of invertebrate and vertebrate muscle systems and
muscle system variations among classes of vertebrates.

other references

4:914c-923g passim

articles article sections
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18:452e-453b

9:666b—-667¢

9:666b—e /
15:125d-e

9:666e-667¢ /
7:953¢f/
9:614c-d

9:667e—668g

14:548g-549a

5:316e-g/2:68e-h /
2:1089f-1090a

9:667e-h

9:667h~668g /
16:842b-844c

2:76{f-77g passim |
4:74e—£/7:285a—-d/
11:406a—d
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9:668h—669f/
7:333d-334a
9:669g-670d /
16:286h-287a /
16:562b—
9:670d-671c/
2:1055f-1056d
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2:77e-g/
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14:85d-e
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9:672e-g

4:74e-f /5:288¢e-f /18:1087a~b
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SKELETAL 13:722¢
SYSTEMS

16:818-830

12:645h-648a passim |
13:499h-500b /
14:500f-502¢ passim

16:818e-g



166

Part Three. Life on Earth

2. Description and composition of the skeletal elements

a. Cuticular structures; e.g., bone, crystals, cuticle,
ossicles, spicules

b. Semirigid structures; e.g., flexible cuticular structures,
calcareous spicules that are not tightly packed, keratin,
notochord, cartilage

c. Other elements: connective tissue, the hydrostatic
skeleton, elastic structures, and buoyancy devices

3. The invertebrate skeleton: organization and function

a. Skeleto-musculature of coelenterates
b. Skeleto-musculature of earthworms
c. Skeleto-musculature of arthropods
d. Skeleton of echinoderms

4. The vertebrate skeleton: structure and function

a. General features: variations associated with each
vertebrate class and with adaptations for particular
habits or environments

b. Embryology of vertebrate skeletons: development of
the skeleton from the embryonic mesoderm

c. Vertebral column and thoracic skeleton

d. Appendicular skeleton: pectoral girdle, pelvic girdle,
and limbs

5. Joints in vertebrates and invertebrates permitting various

types of movement

6. Properties of bone and its development

[see 422.1.2.]

7. The human skeletal system

1.

[see 422.1.1.]

. The body musculature

General features of muscle tissue: its role in movement,
support, colour changes, temperature régulation, and
discharge of certain glands; arrangement and gross
function

. Muscle contractile systems

a. Simple contractile systems: simple contractile fibrils and
epithelio-muscular cells

b. Complex contractile tissues: their occurrence in
jellyfish, and in all groups of animals above
coelenterates in the evolutionary scale

i. Striated muscle: skeletal and cardiac

ii. Smooth muscle: as found in the viscera of vertebrates
(classic smooth muscle), in certain invertebrate
tissues such as the body wall of annelid worms
(helical smooth muscle), and in the adductor muscle
of clams (paramyosin)

. Muscle contraction: the main work of muscle tissue

[see 323.D.]

. Invertebrate muscle systems: comparative structure and

function

a. Main trends in the evolution of invertebrate muscular
systems

b. Function and regulation of muscle action in certain
invertebrate groups; e.g., cnidarians (coelenterates),
arthropods, mollusks

. Vertebrate muscle systems: comparative structure and

function

articles article sections other references
16:818g-820e 6:713h-715d passim
16:818h-819f/ 2:1089h-1090a
3:18d-19¢/
7:953c-f/
18:448d-g
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12:640e-641a

2:1057h-1058a

12:641e-644f
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a. Embryonic development and divisions of the muscular
system: mesodermal derivation of the somatic and
visceral muscles

b. Evolution of the vertebrate muscular system

c. Function and regulation of muscle action; e.g., striated
postural muscles; visceral smooth muscle; multi-unit
nonstriated muscle affecting the eye, hair, and ‘arteries

d. Electric organs in certain fishes

6. The human musculatory system
[see 422.1.7.]

Section 335. Nutrition: the procurement and processing
of nutrients

[for Part Three headnote see page 130
for Division I1I headnote see page 154]

The articles and parts of articles referred to in Section 335 deal
with three main subjects: A, the basic features of nutrition; B, the
production of food in green plants; and C, the procurement and
processing of nutrients by animals.

The outline of subject A begins with the distinction in mode of
nutrition, basic in the food cycle of the biosphere, between auto-
trophic organisms, those that can make their own organic sub-
stances from inorganic nutrients; and heterotrophic organisms,
those that require a supply of organic nutrient compounds from
other living organisms. After dealing with the nutritional evolu-
tion of living organisms, the outline goes on to essential nu-
trients—the compounds that cannot be synthesized by an orga-
nism and must be supplied in food. It treats the determination
of essential inorganic and essential organic nutrients, and the
comparative magnitudes of the requirements for different types
of nutrients. Finally, it treats syntrophism—the nutritional inter-
relationships in which the immediate or end products of metabo-
lism of one organism may provide essential nutrients for another.

Subject B is the production of food in green plants. The outline
treats the components and products of photosynthesis; the evolu-

A. The basic features of nutrition

1. The various nutritional patterns; e.g., autotrophism and
heterotrophism, phototrophism and chemotrophism

2. Nutritional evolution of living organisms; e.g., the origin
of heterotrophic organisms, the evolution of photosynthesis

3. Methods of ingestion or penetration
[see C.2., below]

4, The essential nutrients: compounds that cannot be
synthesized by an organism and must be supplied in food;
the nutritional needs of organisms

a. The determination of essential nutrient requirements

b. Essential inorganic nutrients (minerals); e.g., boron,
iodide, calcium, potassium

c. Organic nutrients that are essential building blocks of
various cell components; e.g., certain amino acids,
fatty acids, vitamins

5. Comparative magnitudes of the requirements for different
types of nutrients; e.g., the relatively small requirements
for trace elements and vitamins

6. Syntrophism: nutritional interrelationships in which the
immediate or end products of metabolism of one organism
may provide essential nutrients for another
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articles article sections other references
12:644g-645f 5:635b—<
12:645g-648a /
11:407g-h
12:648a—¢/

12:631g-632g/
16:822d-823b

12:648f 2:1000a—f /13:761f-g [

13:764c—<

tion of photosynthesis; the factors affecting the rate of photosyn-
thesis; the mechanisms of photosynthesis; and the process of
photosynthesis, producing carbohydrates through the agency of
chlorophyll.

Subject C is the procurement and processing of nutrients by
animals. The outline, after again referring to the contrast be-
tween autotrophs and heterotrophs, deals with the different ways
of obtaining nutrients—by absorption directly from the environ-
ment and by the ingestion of bulk food. It then goes on to the
alimentary system in animals other than man. It first deals with
the organization, function, and special adaptations in inverte-
brate digestive systems, covering vacuolar, channel-network,
saccular, and tubular digestive systems. The treatment of the
basic structure and functions of vertebrate digestive systems
covers the oral cavity, the teeth, and the pharynx; the esophagus
and the stomach; the small intestine, pancreas, and liver; and
the large intestine. Finally, the outline treats the embryology,
the evolutionary development, and the biodynamics of vertebrate
digestive systems. The outline concludes by indicating that the
human alimentary system is treated in Section 422.

articles article sections other references
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B. The production of food in green plants

1. General characteristics: components and products of
photosynthesis; the evolution of photosynthesis

2. Factors affecting the rate of photosynthesis; e.g., intensity
and wavelength of light, temperature, concentration of
carbon dioxide

3. Determination of the mechanism of photosynthesis

4. The process of photosynthesis: the manufacture of
carbohydrates through the agency of chlorophyll

a. The light reactions and photophosphorylation
b. The dark reaction: the carbon reduction cycle

C. Procurement and processing of nutrients by animals

1. The contrast between autotrophs and heterotrophs

2. Ways of getting nutrients: absorption directly from the
environment; ingestion of bulk food

3. The alimentary system in animals other than man

a. Invertebrate digestive systems: organization, function,
and special adaptations

i. Vacuolar systems
ii. Channel-network systems, as in sponges

iii. Saccular systems, as in cnidarians (coelenterates)
and flatworms

iv. Tubular systems, as in earthworms and mollusks

b. Vertebrate digestive systems: basic structures and
functions; variations among classes of vertebrates

i. Oral cavity, teeth, and pharynx

ii. Esophagus and stomach
iii. Small intestine, pancreas, and liver

iv. The large intestine

c. Embryology and evolutionary development of the
vertebrate digestive system

d. Biodynamics of the vertebrate digestive system: control
of secretions and intestinal movements

4. The human alimentary system
[see 422.E.]

Section 336. Gas exchange, internal transport, and elimination
[for Part Three headnote see page 130
for Division III headnote see page 154]

The articles and parts of articles referred to in Section 336 deal
with six main subjects: A, gas exchange and breathing; B, cir-
culation; C, the transport system in animals; D, transport of
materials in plants; E, elimination; and F, excretion.

The outline of subject A begins with the biological significance
of breathing and with the varying composition and physical
characteristics of water and air in the environment, which affect
the range of respiratory problems faced by aquatic and terres-
trial animals. It goes on to the basic types of respiratory struc-
tures, covering insect respiration by tracheae, the gill breathing
of invertebrates and "vertebrates, and lung breathing in higher

articles

article sections

other references

PHOTOSYNTHESIS 15:93c—¢ 3:824d-f/13:523h-524b
14:365-373
14:366a—f 2:1038g-1039a /4:1029e—f/
10:903b-c /15:415f—¢
14:367a—€ 2:1039b~c/15:415a

14:367h-369b

14:370d-373¢

14:370d-371e
14:371e-373¢

14:291e-g

DIGESTION AND  2:995e-g/
DIGESTIVE 13:722h-723a/
SYSTEMS 14:549¢e-g
5:780-788
5:780h-781c
5:781c-782d/ 7:208c-209¢ passim |
11:405e-g/ 15:126b—
13:403b-d
5:782¢-788h
5:782e~783h 6:720h-721b
5:782¢/ 5:781d-g
11:884e-g
5:782f/ 14:853c-d
14:851b-f
5:782f-783d 14:549d
5:783d-h 2:1090e—f/5:315¢c—d
5:783h-787a/ 11:407h-408a /
7:334b-g/ 14:86c-87a passim [
18:443h—445a 16:189f-g
5:783h-785a/ 2:76h-77a[3:927ef/
11:406e—f 15:732g-h /18:443h—444c
5:785a—f 2:77h-78c [18:444c—¢
5:785(-786g/
18:444¢—445a
5:786g-787a
5:787b-h/
5:639b-h
5:788a-h/
6:842h-843f

animals. It further treats the dynamics of respiratory mecha-
nisms; the control of respiration; and the processes of adapta-
tion to special conditions, such as prolonged submersion in wa-
ter or activity at high altitudes.

The outline of subject B begins with the biological significance
of circulation and with a comparison of the circulation of blood
in animals with the movement of fluids through plants. It goes
on to circulation and transport patterns, covering the streaming
movement of fluid cytoplasm in single cells and the major roles
and modes of circulation in multicellular animals, It next deals
with the fluid media involved in circulation, covering the evolu-



tionary origins of circulating fluids; plasma, the fluid part of the
circulating medium; the formed elements of the circulating fluid;
and lymphocytes and lymph in vertebrates.

The outline of subject C begins with invertebrate circulatory
systems, covering circulation in sponges and coelenterates, circu-
lation in acoelomates, such as flatworms, and circulation in coelo-
mates, such as mollusks. Dealing with the vertebrate circulatory
system, the outline treats the common ancestral plan, evolution-
ary trends, and modifications of circulatory systems among the
classes of vertebrates. It further treats coronary circulation; the
embryonic development of the circulatory system; and the bio-
dynamics of vertebrate circulation.

The outline of subject D begins with general features of the two
main transport systems in highly developed land plants. Then,
after dealing with the structural basis of plant transport, it treats
xylem transport, phloem transport, and vascular transport.

The outline of subject E first deals with the distinction between

A. Gas exchange and breathing

1. The significance of breathing: the extraction of oxygen from
the environment and the release of carbon dioxide

2. Gases in the environment: the range of respiratory problems
faced by aquatic and terrestrial animals

3. Basic types of respiratory structures
a. Respiratory organs of invertebrates: tracheae and gills

b. Respiratory organs of vertebrates: gills and lungs
4. Dynamics of respiratory mechanisms
a. Respiration in fishes

b. Respiration in amphibians and terrestrial
vertebrates

c. Gas transport by the blood

5. The control of respiration: neural reflexes, muscular
feedback, and chemically sensitive controls

6. Adaptation to special conditions; e.g., diving, high
altitudes

7. The human respiratory system
[see 422.D.]

B. Basic features of circulation

1. General features: comparison between unicellular and more
complex organisms; the role of circulating fluids in
homeostasis; comparison of the circulation of blood in
animals with the movement of fluids through plants

2. Circulation and transport patterns: general aspects common
to all circulatory systems

a. Circulation in single cells: streaming movements within
the protoplasm

b. Circulation in multicellular animals

i. Major roles of circulation: transport of oxygen and
foodstuffs

ii. Modes of circulation: the movement of circulating
fluids through vessels
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types of waste-disposal processes, the biological significance of
elimination, and the distinction between metabolic and nonmeta-
bolic wastes. It then treats specific elimination mechanisms—the
alimentary canal, the respiratory system, and the kidney; and
nonspecific mechanisms for the elimination of heat, toxic sub-
stances, and particulate wastes. Finally, after a comparative
overview of elimination schemes at the different levels of biotic
organization, the outline treats the utilization of the waste prod-
ucts of all living systems in the various ecological cycles.

Subject F is animal excretion—the term confined here to the
elimination of the nitrogenous by-products of metabolic pro-
cesses. The outline first treats the role of osmotic pressure in the
excretory system; the homeostatic role of that system in regulat-
ing the water—salt balance; and the principal excretory structures.
It then treats the five main types of excretory organs in the higher
invertebrates, and the structure, function, and evolution of the
excretory systems in the different classes of vertebrates.

articles article sections other references
RESPIRATION 13:723a-b
AND
RESPIRATORY
SYSTEMS
15:751-763
15:751b-h
15:752a-f 6:719h-720b
15:752f-755b/ 13:1057a—<
18:445h—446b
15:752h-754c/ 5:315b—
9:616d-g
15:754¢c-755¢ 11:409b—
15:755g-760f
15:755g-757a/ 5:814d-f
7:334h-335b/
16:496f-g
15:757b-758f 15:733h-734b
15:758g-760¢e 2:1113a~-d /2:1125d-¢/
2:1127g-1128b/
18:608h—609h passim
15:760e-762c
15:762c-763f/ 1:35¢~-d/3:939e-h
13:761c-d/
14:995b-h
CIRCULATION 13:723b-c
AND
CIRCULATORY
SYSTEMS
4:618-620
4:618¢-619a 14:438a—¢
4:619b-620d
4:619b— 16:886e-f
4:619¢c-620d
4:619c-¢/
15:758g-760e
4:619e-620d
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3. The fluid media involved in circulation

a. General features; e.g., evolutionary origins of circulating
fluids

‘b. Plasma: fluid part of the circulating medium

i. Small molecules and the regulation of water content:
the maintenance of an osmotic equilibrium

ii. Proteins and their various roles: the evolution of
albumins, fibrinogen, and various globulins; globulins
(e.g., hemoglobin) that carry specific metal ions

¢. Formed elements of the circulating fluid; e.g., their
physical characteristics, their functions

i. Red cells of vertebrates and certain worms

ii. White cells in vertebrates and invertebrates

iii. The platelets of mammals and the thrombocytes of
other vertebrates

d. Lymphocytes and lymph in vertebrates; e.g., the
formation and characteristics of lymphocytes, the role of
the thymus, homeostatic mechanisms

C. Transport systems in animals

1. Invertebrate circulatory systems
a. Circulation in sponges and coelenterates

b. Circulation in acoelomates; e.g., flatworms, nematodes,
rotifers

c. Circulation in coelomates; e.g., annelids, arthropods,
mollusks

2. Vertebrate circulatory systems
a. The basic vertebrate pattern

i. The common ancestral plan of venous system,
chambered heart, and arterial system

ii. Evolutionary trends: comparison of the condition of
jawless and jawed vertebrates

b. Modifications of circulatory systems among classes of
vertebrates

i. In fishes

ii. In amphibians
iii. In reptiles

iv. In birds

v. In mammals

c. Coronary circulation: the blood supply to the cardiac
muscle

d. Embryonic development of the circulatory system: the
blood system and the lymphatic system

e. Biodynamics of vertebrate circulation: blood pressure
and blood flow; electrical activity of the heart; control of
the heart and circulation

f. The human cardiovascular system
[see 422.A.]

D. Transport of materials in plants

1. General features of the two main transport systems in highly
developed land plants

articles

article sections

other references

BLOOD AND
LYMPH
2:1121-1125

18:445a—c

2:1121e-1122a

2:1122a-1123d
2:1122a-¢g

2:1122¢g-1123d

2:1123d-1124e

2:1123d-h

2:1123h-1124¢c
2:1124d—-

2:1124e-1125a/
9:249c-252f

2:995h-996a /2:1111h-1112¢/
2:1125d-€/4:619g-h

3:1062a-b

1:934a-b /4:918f-h /
15:760c— /18:609a—

CIRCULATION
AND
CIRCULATORY
SYSTEMS
4:620-634

4:620d-624a

4:620d-621a/
14:851b-f

4:62la—c

4:621c—624a/
9:616a—c

5:315d-¢

4:624b-634d

4:624b-626b/
2:1125b-g/
18:450c—

4:624b-625a

4:625b-626b
4:626b-630d

4:626b—628c/
7:335b—
4:628c-h

4:628h-629d
4:629d-630b

4:630b-d/
11:408h-409a
4:630d-h

4:630h-632f
5:636d-638a

4:632f-634d

15:733a-h

PLANT INTERNAL

TRANSPORT
14:500-504

14:500h-501c

13:731b-h



. Structural basis of transport

a. Cell-to-cell transport

b. The structure of xylem and phloem

c. Gas exchange and transport in leaves

d. Upfake of water and mineral nutrients from the soil

. Xylem transport: quantitative aspects and mechanisms of sap

ascent (e.g., transpiration)

. Phloem transport: quantitative aspects of and mechanisms

for the transport of photosynthetic products

. Vascular transport and plant growth: the storage and

circulation of nutrients; the transport of growth regulators
(e.g., hormones)

. Elimination: the disposal of wastes

1.

General features of elimination

a. The distinction between types of waste-disposal
processes: excretion, secretion, egestion, and elimination

b. The biological significance of elimination: waste disposal
in organisms as vital to their well-being and to the
continuance of life

c. Types of wastes: metabolic wastes produced by the
chemical processes of living cells; nonmetabolic wastes,
which are merely passed through the digestive tract of an
organism without actually entering into its life processes

. Methods of waste disposal

a. Specific elimination mechanisms: the alimentary canal,
the respiratory system, and the kidney

b. Nonspecific mechanisms for the elimination of heat, toxic
substances, and particulate wastes

. Comparative overview of elimination schemes: the

nonspecialized elimination mechanisms of protists and
plants; the egestion of undigestible matter and excretion of
metabolic wastes in animals

. Waste disposal: the utilization of the waste products of all

living systems by the various ecological cycles

. Patterns of animal excretion

. The meaning of excretion; the products of excretion
. Excretory mechanisms

a. Osmotic pressure: the behaviour of molecules in solution
b. Regulation of the water—salt balance: maintenance of the
internal chemical environment

c. Principal excretory structures; e.g., the kidney in
mammals, gills in fishes

. Invertebrate excretory systems

a. The contractile vacuoles of protozoans

b. The nephridia of annelids, nemertines, flatworms, and
rotifers

c. The renal glands of mollusks
d. The coxal glands of aquatic arthropods
e. The malpighian tubules of insects

. Vertebrate excretory systems

a. Structure and function
i. In mammals

ii. In birds and reptiles

articles

article sections
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other references

14:501c-503c
14:501c—e
14:501e-502¢
14:502f-503a
14:503a—c

14:503c—g/
9:107¢c-108d

8:437b-d

14:503h-504d

14:504d-h

ELIMINATION
6:718-721

6:718h-719f
6:718h-719b

6:719b-d/
18:453c—454d

6:719d—f

7:45a-b

6:719g-720e
6:719g-720c

6:720d—

6:720e-721c

5:782d-783f passim

6:721c-e

EXCRETION AND
EXCRETORY
SYSTEMS
7:44-50

13:723c-d

7:45a—€

7:45e-46d

7:45e-g/
11:879c-g

7:45g-46b/
16:496e—f

7:46b-d

2:1113f-g /5:1044c-f/
6:719g-720e passim

7:46e—48c
7:47a-b
7:47b—d

7:47d-f
7:47f-h
7:47Th—48c

1:934b—c/2:141cd

5:315¢

7:48¢c-50d /
18:445c-g

7:48d-49g /
5:635h—636¢

7:48d-49b

7:49¢c—e

18:445d—¢g

7:50f-54f passim |
11:408b-c
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iii. In amphibians and fishes

b. The evolution of the vertebrate excretory system

c. The human excretory system
[see 422.H.]

Section 337. Reproduction and sex
[for Part Three headnote see page 130

for Division III headnote see page 154]

The articles and parts of articles referred to in Section 337 deal
with four main subjects: A, the forms of reproduction and their
comparative adaptive significance; B, the nature and role of sex;
C, the reproductive system in plants; and D, the reproductive
system in animals.

The outline of subject A, after distinguishing the levels of re-
production, first treats the replication of virus molecules at the
expense of host molecules, and reproduction in single-celled or-
ganisms. Dealing with multicellular organisms, it treats vegeta-
tive, or asexual, reproduction; sexual reproduction; and varia-
tions of gametic reproduction, such as parthenogenesis. Finally,
it treats the evolutionary significance of the different modes of
reproduction.

The outline of subject B first deals with the distinctions be-
tween sex, sexuality, and reproduction. It then treats certain
nuclear exchanges, or recombinations, in viruses and bacteria
that are sexlike in character; the adaptive and evolutionary sig-
nificance of sex; and the superiority of the sexual mode of repro-
duction in producing and controlling the variations on which
natural selection comes to bear. Dealing with the origin of sex
and sexuality, the outline covers the evidence for the early evolu-
tion of sex cells; the development of specialized reproductive
tissues and of associated structures for delivering functional sex
cells at the appropriate time and place; the process of mating;
and the elaboration of courtship behaviour that facilitates mating
between potential partners. It next deals with the forms and
functions of secondary sex differentiation and with seasonal or
periodic sexual cycles. Finally, dealing with the determination of

A. The forms of reproduction and their comparative adaptive
significance

1. Levels of reproduction
a. Molecular replication and reproduction

b. Cell reproduction: binary and multiple fission

c. Reproduction of organisms
[see A.2., below]
d. Reproduction of living forms in relation to time

i. Life cycles of plants

ii. Life cycles of animals

2. Reproduction of organisms

a. Viruses: replication of virus molecules at the expense of
host molecules (e.g., transduction)

b. Single-celled organisms; e.g., bacteria, protozoans

articles article sections other references
7:49¢—g/
7:335¢f
7:49g-50d 18:445¢—d

the sex of individuals, the outline treats the decisive determina-
tion of the sex, in most species of animals, by means of chromo-
somal distribution at the time of fertilization; abnormal chro-
mosome effects; the effects of parthenogenetic development;
and the environmental and hormonal influences on sex deter-
mination.

The outline of subject C begins with the different effects in plants
of asexual systems and sexual systems. It goes on to treat the sex
organs of bryophytes (liverworts and mosses) ; the complex vari-
ations of sex organs in tracheophytes, in which the union of sex
cells results in individuals or tissues called sporophytes; and
variations in reproductive cycles. Finally, it treats the physiology
of reproduction and the influence of internal and environmental
factors on the maturation of sporophytes and gametophytes.

Subject D is the reproductive system in multicellular animals,
exclusive of man. The outline begins with general points about
the evolution of animal reproductive systems and about the syn-
chronization between the total behaviour of animals and their
reproductive activity. Dealing with the reproductive systems of
invertebrates, the outline treats the characteristics of gonads (sex
organs) at the several levels of invertebrate life; the mechanisms
that aid in the union of gametes (male or female reproductive
cells); the specializations associated with parthenogenesis; and
provisions for the developing embryo. The treatment of the re-

productive systems of vertebrates covers the gonads, structures

associated with them, and their products; adaptations for inter-
nal fertilization; the role of gonads in hormonal cycles; and the
provisions for the developing embryo.

articles article sections other references
REPRODUCTION
15:676-679 .
15:676d-678f
15:676d-f/
3:1051e-1052d /
7:985h-986f

15:676f-677d /
3:1052d-1055¢

2:570b— /15:122h-123¢

15:677Th—678f

15:678b-d/
1:876h-877d/
5:3b4a/
5:659a—d/
7:237f-h/
12:759d-760b /
15:137c-¢/
17:500h-501b

15:678d—f

15:717f-h

5:639h—642g passim/
15:122d-h/16:187d-g/
16:586h—-587¢

15:677d-h/
5:625d-g/
15:716d-717h

19:165¢c-167b 19:167b-168e passim

2:570b-d /15:122h-124¢/
15:677d-e
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articles article sections other references
i. Asexual reproduction: simple division
[see A.1.b., above]
ii. Sexual reproduction; e.g., conjugation, syngamy, 7:984d-985d /15:123f-124¢c/
autogamy 16:587e-g
c. Multicellular organisms; e.g., certain algae, fungi, the 12:758f-759d/ 15:576e—g /15:677e-h/
higher plants and animals 15:716d-717h/ 15:702b-d /
16:585d-586a 16:884h-887g passim
i. Vegetative, or asexual, reproduction; e.g., by 1:489g-490d / 1:578¢c-¢/
budding, formation of spores, fragmentation 12:758f-h/ 8:1106c-1107g passim |
15:716d-717¢ 14:849h-850b /16:585d—f
ii. Sexual reproduction: by means of gametes, or sex 1:490d—</ 1:704a-b /7:240a—¢ /
cells 3:1055f-1056b/  12:758h-759b /15:702g-h/
15:717c-h 15:707e-g /16:585f-586a
iii. Variations of gametic reproduction; e.g., 15:706e-707b/ 2:214b—/7:245d-¢g
parthenogenesis, apomixis 15:724c-f/
16:592b-d
3. Natural selection and reproduction: the evolution of 15:678f-679¢c/ 16:586b-589¢ passim
reproduction and variation control 5:625d-g/
5:659a-d/
7:18d-g
B. The nature and role of sex: definitions and distinctions SEX AND
SEXUALITY
16:585-592
1. The distinctions between sex, sexuality, and reproduction 16:585d-586a 15:702b—-d
2. Transduction and transformation as sexlike recombination 7:984b-985h
in viruses and bacteria
3. The adaptive significance of sex: establishment of genetic 16:586b-587¢ / 5:625f-g
diversity 15:679f-g
a. Reproduction and evolution: the need to produce 16:586e-h / 10:897f-h /15:1151c-d
perfect working copies of the parent organism and yet 14:744c-745b
introduce novelties
b. Life cycles adapted to environmental change: the 16:586h—587¢ 9:622d-623a
exploitation of reproduction to meet widely
fluctuating environmental conditions, such as seasonal
changes
4. The origin of sex and sexuality 16:587e-590a
a. Individual mating cells among single-celled organisms as 16:587¢-588a 15:677g-h
evidence of the early evolution of the differentiation of
sex cells
b. Differentiation of the sexes: the development of 16:588b—¢/
specialized reproductive tissues and of associated 14:1024h-1025¢/
structures in order to deliver functional sex cells at the 15:690c-g
appropriate time and place
c. Mating: a necessary adjunct to fertilization when eggs 16:588f-589¢c/ 15:705f-706e passim [
must be fertilized at or before the time they are shed 15:713c-714b passim
d. Courtship: elaboration of sexual behaviour that 16:589¢c-590a / 15:727h-728¢c/
facilitates mating between potential partners 15:681b-g 8:445d-446c¢ passim |
17:451g-452b
5. Sex patterns 16:590a-591c/
14:84h-85b/
16:940g-941e
a. Distinctions: separate sexes and double-sexed 16:590a-d
individuals; cross-fertilization and self-fertilization
b. Secondary sexual differences, as in structure 16:590d—f 13:760c—¢ /14:48a-d
c. Seasonal or periodic sexual cycles; e.g., the role of 16:590f-591c/ 4:430c-d /11:403a-b/
hormonal controls 14:1017a—d 14:353b—c
6. Determination of the sex of individuals: the question of how 16:591c-592h
the development of one sex is suppressed in a potentially
double-sexed organism
a. The sex chromosomes: determination by means of 16:591f-h 7:998a—c
chromosomal distribution at the time of fertilization of
the egg
b. Abnormal chromosome effects; e.g., superfemales, 16:592a-b 2:1075g-h /2:1076b-d /
gynandromorphs 15:697h—-698¢ passim
c. The effect of parthenogenetic development 16:592b—d

d. Environmental and hormonal influences 16:592e-h



174  Part Three. Life on Earth

reproductive systems; the direct relationship between
behaviour and the functional state of the gonads

articles article sections other references
C. The reproductive system in plants: its organization and REPRODUCTIVE
function SYSTEMS, PLANT
15:716-725
. General features: asexual systems that create new plants. 15:716d-717h
identical to the parent plant; sexual systems that create new
plants different from either of the two parents
. The sex organs of bryophytes, in which the sexual phase 15:718a-719a
(gametophyte) is dominant; e.g., antheridia, archegonia
a. In liverworts and hornworts 15:718a—d 8:779g-780c
b. In mosses 15:718e~719a 3:353d-354a passim
. The complex variations of sex organs in tracheophytes, in 15:719a-724c 5:660d-661a passim
which the union of sex cells results in individuals or tissues
called sporophytes
a. In spore plants; e.g., lycopsids, ferns 15:719a~720e /
7:239¢c-240e /
7:243g-244h
b. In seed plants; e.g., direct production of plants by cells 15:720f-724c¢ 16:480d-481d passim
other than the usual ones (apomixis)
i. Cones 15:721b-722a 8:521b—¢/8:522b-g
ii. Flowers 15:722b-724¢/ 14:380f-381a/
1:879e-880h 14:743g-747f passim
. Variations in reproductive cycles: apogamy and apospory 15:724cf
(apparent secondary loss of capacity for sexual
reproduction)
. The physiology of reproduction: the influence of internal and 15:724f-725¢
environmental factors on the maturation of sporophytes and
gametophytes as manifested by their ability to produce
spores and gametes
. The reproductive system in animals: its organization and REPRODUCTIVE  13:723d-e/
function SYSTEMS, 18:449c—450c
ANIMAL
15:702-715
. General features: evolutionary trends in the complexity of 15:702b-g 3:1062b-c

. Reproductive systems of invertebrates

a. Gonads, associated structures, and products in
monoecious (both sexes in the same individual) and
dioecious (sexes separate) types

i. In the lower invertebrates; e.g., sponges,
coelenterates, flatworms, aschelminths

ii. In annelid worms and mollusks
iii. In arthropods

iv. In echinoderms and protochordates
b. Mechanisms that aid in the union of gametes

c. Specializations associated with parthenogenesis
(development of an organism from an unfertilized egg)

d. Provisions for the developing embryo: nutrients;
protection from the environment
[see 338.E.2.b.]

15:702g-707¢
15:702g-705f

15:702h-703g

15:703g-704d

15:704d-705d /
9:616g-617d
15:705d-f

15:705f-706¢
15:706e-707b

14:546h-547b

1:928g-929f /2:1085h-1086d /
3:1151e-g/7:950h-951e
10:826d

6:183f-¢

. Reproductive systems of vertebrates
a. Gonads, associated structures, and products

i. General features: the intimate association of the
reproductive system and the excretory system;
development of the gonads and their ducts

ii. Male systems: testes, ducts, and accessory glands

iii. Female systems: ovaries, reproductive tracts, and
accessory glands

b. Adaptations for internal fertilization; e.g., the cloaca,
intromittent (copulatory) organs, accessory structures
(e.g., claspers)

15:707e-715g/
11:541h-542¢

15:707e-713c/
6:845b-f

15:707e-708¢c/
5:638a—639a

15:708¢c~710a
15:710a-713c

15:713c-714b

7:49g-50¢

11:408c~d /18:449d-g
11:408d-g /18:449h-450c

15:734d-e/16:589b—



c. Role of gonads in hormone cycles: influence of
neurosecretions and certain pituitary gland hormones on
the gonads; effects of the gonadal hormones

d. Provision for the developing embryo: nutrients, oxygen, a
site for the discharge of metabolic wastes, and
protection from the environment
[see 338.E.2.b.]

e. The human reproductive system: male and female
[see 422.G.2.]

Section 338. Development: growth, differentiation, and
morphogenesis
[for Part Three headnote see page 130
for Division III headnote see page 154]

The articles and parts of articles referred to in Section 338 deal
with seven main subjects. The first three concern development
generally: A, the nature and scope of development; B, the con-
stituent processes of development and their control; and C, de-
velopment and evolution. The next two subjects involve more de-
tailed treatment of D, plant development, and E, animal develop-
ment. Subject F is aging and decline in animals. Subject G is
specialized patterns of development.

The outline of subject A begins with the definition of develop-
ment as the series of progressive, nonrepetitive changes that
occur during the life history of an organism—a definition that
distinguishes development from the essentially repetitive meta-
bolic maintenance processes on the one hand, and from the
sequence of many life histories that constitute evolutionary
changes on the other. The outline goes on to the scope of devel-
opment, conceived as encompassing all the processes concerned
with carrying out the genetic instructions encoded in DNA (de-
oxyribonucleic acid). It next deals with the main types of de-
velopment and with the general systems of development—the
development of single-celled organisms, the closed system of
animals, the open system of plants, and asexual and sexual de-
velopment. Finally, it treats chemical, environmental, and nutri-
tional factors that influence development.

The outline of subject B first deals with three constituent pro-
cesses of development: growth, an increase in cell numbers or in
cell size; morphogenesis, the processes by which parts of a devel-
oping system come to have a definite shape or to occupy particu-
lar relative positions; and differentiation, the processes that yield
functionally specialized tissues and place them in different re-
gions. The outline then treats the mechanisms that control and
integrate the three developmental processes.

Subject C is development and evolution. The outline treats the
length and timing of the reproductive phase and the recapitula-
tion of ancestral stages; the adaptability and canalization result-
ing in the development of relatively invariant organisms; and
genetic assimilation, the Darwinian interpretation of the inher-
itance of acquired characteristics.

The outline of subject D, plant development, begins generally
with types of life cycles and with the alternation of generations
as independent phases of the life cycle. It goes on to the prepara-
tory events—the formation of sex cells, pollination, and fertiliza-

A. The nature and scope of biological development

1. The concept of development: the distinction of biological
development from the changes involved in the maintenance
of the body (metabolism) and from evolutionary changes

2. The scope of development: development as encompassing all
the processes concerned with carrying out the genetic
instructions contained in deoxyribonucleic acid (DNA)

3. Types of development: quantitative and qualitative,
progressive and regressive, single-phase and multiphase,
structural and functional, and normal and abnormal
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15:714c-g

tion. It then deals with the early development, from fertilized egg
(zygote) to seedling, treating embryo formation, the independent
dormant stages, and the germination of the seeds and fruits of
higher plants. The treatment of the later development covers the
continuation of organ formation and the development of the
shoot and root systems and their derivatives. Finally, the outline
treats the coordination of shoot and root development; the de-
termination of mature form and the attainment of reproductive
capacity; the seasonal adaptations of plants; and plant senescence
and death.

The outline of subject E, animal development, first treats the
preparatory events; embryo formation and embryonic adapta-
tions for the maintenance of the developing embryo; and the
primary and secondary organ rudiments. The outline next deals
with the development of mature organs and organ systems, treat-
ing them by reference to their source in the outermost, the mid-
dle, and the innermost primary germinal layers. It concludes
with the postembryonic development that brings the newborn
to mature functional and reproductive capacity.

Subject F is aging and decline in animals. The outline begins
with the natural history of aging, treating the relation of it to
reproduction, species differences in longevity and aging, and the
inheritance of longevity. It then deals with senescence in mam-
mals, covering changes in body composition, metabolism, activ-
ity, and structural tissues; tissue cell loss and replacement; the
limited growth potency of dividing cells; and changes in tissue
and cell morphology. It next treats the aging of genetic informa-
tion systems, of immunological systems, and of neural and en-
docrine systems. It next deals with external environmental agents
that affect aging, and with internal metabolic causes of aging.
The outline further deals with the life-span in human beings, sub-
human animals, and plants. At the end an article is referred to
that treats death.

Subject G involves the results of special physiological and em-
bryological studies that supplement knowledge of the general
course of development. The outline covers the modes, processes,
and range of biological regenerative capabilities; healing pro-
cesses and scar tissue formation; aberrant development—plant
and animal malformations; twinning and multiple births; cell
and tissue cultures; and the development of transplanted tissues
and organs.

articles article sections other references
DEVELOPMENT,
BIOLOGICAL
5:643-646
5:643a-d
5:643e—644a
5:644b-645f 5:640b—642d passim
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4. General systems of development

a.

b.

Development of single-celled organisms; e.g., cell
division

Open and closed systems of development: continued
embryonic capability of certain plant cell types and lack
of such capability in animals

Blastogenesis versus embryogenesis: the remodelling of °
part of a parental body into a new organism versus
involvement of egg or sperm -

5. Factors influencing development; e.g., genetic constitution,
growth substances, environmental factors, nutritional

factors

B. The constituent processes of development and their control

1. Growth

a.

The nature of growth; e.g., growth as an increase in cell

numbers or as an increase in cell size; the relation
between growth and development

b. Types of growth: in cells, in plants, and in animals

c. Environmental and internal factors that regulate growth;

e.g., temperature, pressure, light, hormones

d. Dynamics of growth: the growth curve and the
measurement of growth; the study of growth

. Morphogenesis: processes involving the action of physical

forces by which parts of a developing system come to have a

definite shape or to occupy particular relative positions in
space

. Differentiation: differentiation in time involving the
production of the characteristic features of adult tissues

(histogenesis); differentiation in space involving an initially

similar mass of tissue becoming separated into different
regions (regionalization)

. Control and integration of development

a. Phenomenological aspects: regulation in terms of some
appropriate time path

b. Analytical aspects: development as an expression of the

controlled activities of genes

. Development and evolution

. Effect on life histories: length and timing of the
reproductive phase and recapitulation of ancestral stages

. Adaptability and canalization resulting in the development

of relatively invariant organisms

. Genetic assimilation: the Darwinian interpretation of the
inheritance of acquired characteristics

. Development of plants

1. General features: types of life cycles; alternation of
generations as independent phases of the life cycle

2. Preparatory events

articles article sections other references
5:645f-646d
5:645f-g 15:122h-124¢
5:645h—646a |
5:664d—f
5:646b-d/ 15:577d-578d passim |
5:625d-g 16:586h~587b
8:1079c—/ 2:1073a-1074e passim |
16:586b—¢ 7:997b-¢/
8:130b-131a passim/
8:810g-h /8:1075b-¢/
8:1083c-1087h passim |
11:378h-380h passim |
13:401c—</
13:404a-406h passim
DEVELOPMENT,
BIOLOGICAL
5:646-649
GROWTH 5:646d—-f/
8:440-444 12:762c-h
8:440g—441a/ 15:729d—e
6:745g-746a /
13:731h-732b
8:441a-442c
8:442d-443e/ 5:5g-6b/8:1075b—e/
8:1086g-1087h/  13:403f-407f passim [
14:367a-¢/ 14:994d-g
14:995h-996¢
8:443f-444c/
3:1051e-f/
5:652a-g
5:646f-647f
5:647f-h/ 10:897e—f
6:746a—d
5:647h-649¢
5:647h—648¢/
8:1016b-d
5:648f-649c/
7:987g-991c/
8:808c-h
DEVELOPMENT,
BIOLOGICAL
5:649-650
5:649d-650a / 3:805b/5:545a~b /5:642d-f/
1:299h-300g 5:965b-f/8:813c-¢
5:650a—
5:650d—f 7:12d-g
DEVELOPMENT, 5:644f-h [/12:455d—e
PLANT
5:658-671
5:659a-660c 15:678b—d
5:660d-661a/

1:876h-878g/
15:717¢c-h



Division IIL Section 338 177

articles article sections other references

a. Formation of sex cells 1:879¢-880h / 15:717c—-
3:1055f-1056f/
16:585g-586a

b. Pollination POLLINATION 2:214a—c/ 2:794a-b [3:324f-g [4:927¢c
14:743-747 3:704h-705f/ 12:774b—¢ /13:429d-f /
8:3d-g/ 14:497e~g [14:1048c—< /
11:397b-d/ 15:723c—¢/16:181c—¢
12:218b-g/

13:652c-655a(
14:587g-588b/
15:509h-510c/
18:1090h-1091d
c. Fertilization 1:877d-878g 7:254f-h [15:721c-d /
15:721f-g /15:723¢c-h

3. Early development: from fertilized egg (zygote) to seedling 5:661a-664b /
7:240e-g
a. Embryo formation: cleavage of the zygote; origin of the 5:661a—663d 13:523h-524b
primary organs; nutritional dependence of the embryo
b. Independent dormant stages and germination of the SEED AND FRUIT 5:960b-¢/
seeds and fruits of higher plants 16:480-487 6:1029g-h/
14:591c-d
i. General features of seeds and fruits: formation, 16:480d-481g/ 1:8782-879b /7:764h—765h
development, and classification 5:4b—
ii. Form and function; e.g., seed size, shape of dispersal 16:481h—484a 7:129a—c
units, polymorphism of seeds and fruits
iii. Dispersal of seeds and fruits by animals, by wind, by 16:484b—486c/ 16:415b—<
water, or by self-dispersal 2:214c-d/
3:706a-b/
3:804c-805a/
5:175g-176a/
8:2e-3c/
14:659g-h/
15:510d-¢
iv. Seed germination and resumption of growth by the 5:663e~664b/ 3:805a-d /10:620f-g
embryo: the role of the seed coat, after-ripening, 16:486c—487h [
environmental factors, and internal chemical 10:915f-¢g
effects
4. Later development: the sporophyte plant body 5:664c—668¢ / 1:876h-877d /
13:726g-730h 7:240g-243f passim
a. Continuation of organ formation: the continuous 5:664c-665a / 13:726g-727¢
elaboration by meristematic (cell-producing) regions; the 18:451a-452¢
determination of the forms of tissues and organs
b. The shoot system and its derivatives: the shoot tip, the 5:665b-667d / 18:453d-h
production of leaves, branching of the shoot, and 13:726h-730c/
vascular development 13:732b-733a
c. The root system and its derivatives: the root tip; 5:667d-668¢/
branching of the root 13:730c-h /
13:733a-d
5. Correlations in plant development 5:668f-671c
a. Coordination of shoot and root development: control by 5:668f-669a / 17:672f-673f passim
hormones and nutrients 8:1086g-1087h
b. Determination of mature form: juvenility, maturity, and 5:669a-670a 14:352c-—¢
the attainment of reproductive capacity
c. Seasonal adaptations 5:670a-d/ 1:32g-33a/5:959a-960e
7:538¢c-539¢/ passim [13:729h~730a
10:915d-f/
14:659h-660a
d. Senescence and death 5:670d-671c 10:914e-915f passim
E. Development of animals DEVELOPMENT, 5:645h-646d
ANIMAL
5:625-642
1. Preparatory events: the egg and its activation by normal 5:625h-626d / 7:254£-257f passim |
fertilization or by parthenogenesis 6:742a~-743c 11:403a-b /15:678d-h /
16:585d-587e passim
2. Early development 5:626e-631c 1:930c-d /12:455¢
a. Embryo formation: cell proliferation and the formation 5:626e—629c 1:929f-g /10:897e—f

of a three-layered embryo, or gastrula
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i. Cleavage, a series of consecutive cell divisions that 5:626e-627d/
ends with the formation of a blastula (hollow 6:743d-744b
ball-like structure)
ii. Gastrulation: transformation by various 5:627d-629¢c/ 5:648a—c
mechanisms of the blastula to form the three 6:745d-f
germinal layers (ectoderm, mesoderm, and
endoderm)
b. Embryonic adaptations for the maintenance of the 5:629g-631c
developing embryo
i. In animals other than mammals; e.g., shell, yolk 5:629g-630e / 7:950h-951h passim |
stores, membranous sacs 15:707b-¢ 15:714g-715f /16:588f-589a
ii. In mammals; e.g., placenta 5:630e-631c/ 2:78e-g/
14:1025¢c-¢ 6:744c-h passim |
11:403c—f/11:541h-542b/
15:715f-¢g
. Organ formation 5:631d-633¢/
13:724d-725b
a. Primary organ rudiments: the narrowing of prospective 5:631d-633b
potencies of embryonic tissues
b. Organogenesis and histogenesis: formation of the 5:633b— 6:746b-d
secondary rudiments of various organs and their
component tissues
. Ectodermal derivatives: the nervous system (brain, spinal 5:633e-635a/ 5:1131g-1132¢ passim/
cord, and major sense organs); the epidermis and its 6:749g-751f/ 9:672c /14:361h-362a
outgrowths (hairs, feathers, and skin glands) 12:988h-990a
. Mesodermal derivatives: the body muscles and axial 5:635b-639a/ 15:707e-708c passim |
skeleton; the appendages (tail and limbs); excretory organs; 4:630h—631h/ 7:49g-50a
circulatory organs; reproductive organs 6:751f-753¢c/
16:823b-g
. Endodermal derivatives: the alimentary canal; the pharynx 5:639b-h/ 15:766e—f
and its outgrowths; the liver, pancreas, and lungs 5:787b-d/
6:753¢c-g
. Postembryonic development: transformation of the 5:639h—-642f 2:1086g-1087a /5:644¢e-h /
newborn into the adult 6:179d-180b/10:911d—e
a. The larval phase and metamorphosis: the larva as a form 5:640b-642b / 1:898b-899c /1:929h-930c /
differing substantially from the adult, and the process of 2:67f-68a / 1:1005¢c—¢/2:138e-g/
transformation into an adult 4:830a-831b/ 4:768g-769¢ [5:312g-313¢/
13:743f-744g 7:950f-h /9:130g-131a/
9:611g-612c/10:821f-822a /
18:1085g-1086f
b. Direct development: gradual and direct transformation of 5:642b-d 1:1006f-1007¢ /
the embryo through a juvenile period 14:1017f-1018d /18:450f-g
c. Attainment of mature functional and reproductive 5:642d-f/ 10:822a— /14:1018e—f
capacity as marking the pinnacle of development and 5:526h-527a
morphogenesis and, for many animals, signalling the end
of life
d. Human postnatal development
[see 422.G.1.b.ii.
F. Aging and decline in animals AGING 5:643a—650f passim
[for aging in man, see 421.C.4.] 1:299-304
1. Natural history of aging 1:299h-301f
a. Reproduction and aging: the influence of population 1:299h-300g / 5:649d—-f
dynamics on the evolution of reproductive and bodily 5:642d-f
senescence
b. Longevity and aging: species differences in longevity and 1:300h-301f/
aging; the inheritance of longevity 10:914e-915d
2. Senescence in mammals 1:301f-303b
a. Changes in body composition, metabolism, and 1:301f-h
activity
b. Changes in structural tissues 1:301h-302b
c. Tissue cell loss and replacement: comparison between 1:302b-g
renewal and nonrenewal tissues
d. Mammalian cell cultures: the limited growth potency of 1:302g-303a 18:441h-442b

dividing cells
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e. Changes in tissue and cell morphology; e.g., atrophy 1:303a-b 2:351h-352g passim
of tissues
3. Aging as a loss of information: theories explaining the 1:303b-304a/
aging mechanism 1:305b-f
a. Aging of genetic information systems 1:303b-f/
1:305b—c
b. Aging of the immunological systems; e.g., age-related 1:303f—¢g
autoimmune disease
c. Aging of neural and endocrine systems; e.g., decrease in 1:303h-304a
hormone responsiveness
4. Causes of aging 1:304a-g 10:913cf
a. External environmental agents; e.g., ionizing radiations, 1:304a-f
temperature
b. Internal environment: consequences of metabolism 1:304f-g 17:452g-h
5. The duration of life LIFE-SPAN
10:911-915
a. General background; e.g., the significance of individual 10:911c-f/ 5:645h—646a
existence, having a definite beginning and end 14:830a-831b
b. Life-span in human beings: studies on longevity; actual 10:911f-913a 1:306b—c
versus possible life-span
c. Life-span in subhuman animals: maximum and average 10:913b-914¢/ 1:930d-f /4:430h—431a/
longevity; environmental influences; patterns of survival 1:300h-301f/ 13:744f-g /15:729%¢-g
15:973b-¢
d. Life-span in plants: the problem of defining age 10:914e-915g 5:6c-d /13:728c-d /14:502c—¢
6. The ultimate effect of aging: death DEATH 5:649d-f/
5:526-529 5:670d-671c passim
G. Specialized patterns of development
1. Regeneration REGENERATION,
BIOLOGICAL
15:576-580
a. The modes and significance of regeneration 15:576d-577d 8:441h—442b
b. The regeneration process 15:577d-578d
c. The range of regenerative capability 15:578d-580¢e/ 1:302e-g /5:646¢-d/
12:997f-g 12:978e—f
i. In protists and plants 15:578e-h
ii. In invertebrates 15:578h-57%h/ 1:930f-931a
14:547d-f/
14:850b-d
iii. In vertebrates 15:579h-580c 5:846a-c
2. The healing processes and scar tissue formation 16:827f-828a/ 3:27h-28d /5:846a—d /
19:1020a—¢ 9:562h-563c
3. Aberrant development MALFORMATION, 2:1073a-1076¢ passim |
BIOLOGICAL 5:645d-f/8:441g-h
11:378-380
a. Animal malformations 11:379a-380b/
6:749¢c—f
b. Plant malformations 11:380b-h
4. Twinning: multiple births 2:1148c-d/
6:748f-749a
5. Development in vitro: cell and tissue cultures TISSUE CULTURE  1:302g-303a/ 19:169g-h
18:438-442 3:1050g-1051d/

6. Development of transplanted tissues and organs
[see 423.C.2.k.]

Section 339. Heredity: the transmission of traits
[for Part Three headnote see page 130
for Division III headnote see page 154]

8:444a—c

ity; F, heredity and evolution; and G, heredity and applied
science.

The outline of subject A deals with early speculations on the
nature of heredity; the biological bases of heredity; and the dis-
tinction between genotype and phenotype.

The articles and parts of articles referred to in Section 339 deal
with seven main subjects: A, basic features of heredity; B, Men-
del’s experiments and their significance; C, the physical and
chemical bases of heredity; D, the combined action of heredity
and environment in producing an organism; E, changing hered-
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The outline of subject B begins with the discovery and uni-
versality of Mendel’s laws of inheritance. It then treats apparent
exceptions to Mendelian inheritance, such as those posed by the
discovery of polygenic inheritance and of inheritance of charac-
ters from the cytoplasm of the germ cell.

The outline of subject C begins with the concept and the physi-
cal reality of the gene, and with the proofs of the gene—chromo-
some theory of heredity. It goes on to recent functional and
structural analyses in genetics, touching upon the nature of the
genetic material, the way information is encoded in the genes,
and the mechanisms that translate this information into the
developmental processes of an organism.

The outline of subject D treats theories of preformation and
epigengsis; the genetic causes of diseases and defects; and the
genetic and environmental components of heritability.

Subject E involves the need for occasional deviations (muta-
tions) from the precision of the copying mechanism of the
hereditary material.

Subject F is heredity and evolution. The outline begins with
the basic concepts of population genetics: of a Mendelian popu-
lation as one in which matings among individuals can occur; of a
gene pool as the sum of the genes carried by individual members
of the population; and of gene frequency as a measure of genetic
equilibrium. It then treats the interaction of the genetic processes
in Mendelian populations with natural selection and Darwinian
fitness; the biological consequences of the several varieties of
natural selection; the genetics of race and species differences; and
the origin of new species.

The outline of subject G begins with legal applications of ge-
netics, as in disputed paternity cases, and with the genetic coun-
selling sought by prospective parents. It goes on to the effects of
outbreeding on the vigour, viability, and fertility of the offspring,
and to different theories concerning the ways by which hereditary
variability is maintained in populations of sexually reproducing
species. Finally, it treats genetic improvements of selected orga-
nisms, such as domestic animals.

and genes during maturation of the sex cells:
segregation of genes as a consequence of segregation
of chromosomes

articles article sections other references
A. Basic features of heredity HEREDITY
8:801-802
1. Early speculations on the nature of heredity; e.g., views on 8:801c-g 2:1024e-g
the relative contributions of the female and male parents,
the blood theory of heredity
2. The biological bases of heredity; e.g., origin of the sex cells 3:1055f-1056b/  7:996h-998c passim |
(gametes) 16:586b—¢ 16:585h-586a
3. The distinction between genotype and phenotype: the 8:801g-802f 2:576¢~d /5:650d-f /
interaction of heredity and environment in the development 10:899c— /12:754g-755a
of organisms; the noninheritance of acquired characteristics
. Mendel’s experiments and their significance HEREDITY 7:998¢-1001d 8:1147a-1151e passim/
8:802-805 11:899a—c/
14:774c-777b passim
1. The deduction of the rules governing inerhitance by 8:802g-804b / 2:1024h-1025¢/
following the changes of one easily visible trait at a time; 8:1150d-1151e 7:998d-1000f
the distinction between dominant and recessive traits; the
mechanism and ratio of gene transmission as stated in
Mendel’s laws
2. Universality of Mendel’s laws: their application to the 8:804b-f/ 2:1073d-f
inheritance of many kinds of characters in most organisms; 4:911h-912¢c
the lack of clear-cut dominance or recessiveness in many of
the traits of organisms
3. Apparent exceptions to Mendelian inheritance 8:804f-805¢c/
7:996a-b
a. Polygenic inheritance: quantitative inheritance 8:804f-805b / 1:904e-905b
depending upon the cumulative action of many genes, 14:497c—¢
each of which produces a small effect
b. Cytoplasmic inheritance: the transmission of a trait by a 8:805b—/
component of the cytoplasm of the cell 7:987f-g
c. Sex-linked inheritance: traits affected by genes carried 8:807c-808a 7:1000£-1001b
on the sex chromosomes
d. Reduced viability of certain mutant individuals: lethal 7:1001b-d 2:1073f-g /12:756a~b/
and sublethal effects 15:387a—c/19:168g-169a
C. The physical and chemical bases of heredity GENE 8:805d-808h
7:981-991
1. The gene—chromosome theory of heredity and its 7:981d-984a
development
a. Early views on the transmission of heredity 7:981d-982f
b. The relation of genes to chromosomes 7:982g-984a /
8:805d-806a
i. Chromosomes as carriers of heredity 8:805d-g 3:1048a—c [7:996d-997a /
10:895b—d
ii. The parallel between the behaviour of chromosomes 7:982g-983c 8:805g-806a
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iii. The linear order of genes and genetic maps 7:983c-984a /
2:1147b-g/
19:169a—¢
c. Proof of the gene-chromosome theory; e.g., linkage of 8:806b-808a / 7:998a—c /7:1000f-1001b
traits, genetic sex determination, development of 2:1076b—/
gynandromorphs 16:591c-592d
2. The nature of the gene 7:984a-987g
a. Functional analysis: clarification of genetic mechanisms 7:984b-985h
i. Recombinational ability in bacteria: gene transfer 7:984b-985d
ii. Information transferral: nucleic acids as the carriers of 7:985d-h/
genetic information 8:808b-c/
) 15:676e—f
b. Structural analysis 7:985h-987g
i. Molecular structure: the Watson—-Crick model, 7:986a~f/ 3:1051f-1052b
which permits an explanation of the mechanism for 15:676d—¢
precise replication of deoxyribonucleic acid (DNA)
ii. Changes in chromosomes and their significance: the 7:986g-987f/ 2:576d-f
role of bacteriophage (bacterial virus) studies 12:754c-755a/
involving mutation, transduction, and 19:167g-168c
complementation
iii. Extranuclear genetic material in higher organisms 7:987f-g
3. Genes and development 7:987g-991c/ 1:303b-¢
5:648f-649¢c /
8:808c-h/
8:1015h-1016a
a. Gene action 7:987g-988¢ /
11:1044h-1046¢
i. The one gene-one enzyme hypothesis 7:987g-h/ 8:808d-g
3:1050c—
ii. The determination of protein structure and synthesis 7:987h-988e 5:649a—c /11:1045h—1046¢
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1. Medicolegal applications and genetic counselling
[see also 425.D.3.b.]

2. Outbreeding and inbreeding: the evidence that the progenies
of matings of closely related parents tend to be less
vigorous than the offspring of unrelated parents

3. Genetic load and hybrid vigour: the maintenance of
hereditary variability

4. Genetic improvements of selected organisms

a. In domestic animals and cultivated plants; e.g., pets,
livestock, crops

b. In organisms of experimental interest that elucidate
hereditary principles; e.g., Drosophila, Neurospora,
bacteriophage

c. Inman
[see 414.A.3. and 355.B.3.]

Division IV. Behavioral responses of organisms
[for Part Three headnote see page 130]

Several of the sections in Division III dealt with the struc-
ture and internal functioning of organisms. The outlines,
and the articles and parts of articles referred to, in the three
sections of Division IV deal with the external actions and
reactions of living things in relation to changes in their
environment.

Section 341 first deals with patterns of stereotyped re-
sponses in plants and animals—unlearned behavioral re-
actions of organisms to some environmental stimulus. It
goes on to the diversity, the classification, and the compo-
nents of animal behaviour. It then treats hormonal and
nervous control of behaviour.

Section 342 deals with the development and range of be-
havioral capacities. It first treats basic behavioral activities
of individuals, such as food procurement, locomotion, and
aggressive behaviour. It goes on to the types of animal learn-
ing and the behavioral and physiological aspects of animal
learning. It then deals with the behaviour of animals in
groups, treating animal communication, the kinds of animal
societies, and the dynamics of animal social behaviour.

Section 343 deals with the evolution of behaviour. It treats
evidence for the genetic determination of behaviour; phy-
letic patterns in the evolution of learning; and the evolu-
tionary origins and evolutionary consequences of behaviour
patterns.

Section 341. Nature and patterns of behavioral responses

[for Part Three headnote see page 130]

The articles and parts of articles referred to in Section 341 deal
with three main subjects: A, patterns of stereotyped response; B,
diverse conceptions of behaviour; and C, hormonal and nervous
control of behaviour.

The outline of subject A begins with plant movements, covering
tropic movements, nastic movements, nutation, and other autono-
mous movements. Going on to animal movements, the outline
treats reflex and reflexlike activities, such as kineses, which are
undirected velocity changes caused by changes of intensity in the

articles article sections other references
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stimulus; taxes, which are oriented locomotory reactions to vari-
ous kinds of stimuli, such as moisture, heat, or light; and the
characteristics and varieties of instinctive behaviour. The outline
ends with photoperiodism, responses of organisms to relative
length of light and dark periods, exemplified in plants by flower-
ing, fruit-set, and abscission, and in animals by bird migration.
The outline of subject B begins with the diversity of animal be-
haviour and with several ways of classifying it. It then deals
with the components of animal behaviour—various kinds of



stimuli initiating selective responses, and kinds of internal drives
and motivations that initiate, control, and redirect behavioral
changes.

The outline of subject C first deals generally with the interaction
of the endocrine and nervous systems in the control of behaviour.

A. Patterns of stereotyped response: unlearned behavioral
reactions of organisms to some environmental stimulus

1. Plant movements

a. Tropic movements: curvature of growing parts of plants
classified according to spatial orientation (e.g.,
orthotropism, plagiotropism,) or to type of stimulus
(e.g., phototropism, geotropism)

b. Nastic movements: movements whose direction is limited
by the structure of the responding organ

c. Nutation: rhythmic or periodic movements exhibited by
shoot apexes during growth

d. Other autonomous movements: turgor movements,
hydration movements, circadian rhythm, movements
in insectivorous plants

2. Animal movements

a. Reflex and reflex-like activities; e.g., kineses, or velocity
changes of an entire animal based on intensity of the
stimulus

b. Taxes: oriented locomotory reactions in response to a
stimulation

c. Fixed action patterns and instinct

i. Characteristics of instinctive behaviour: heritability,
complexity of pattern, adaptive function, and
stability under external change

ii. Varieties of instinctive behaviour: reflex activity,
fixed action patterns, and modifiable action
patterns

iii. Modification of instinctive behaviour by experience

3. Photoperiodism: responses of organisms to relative length
of light and dark periods

a. In plants: flowering, fruit-set and abscission, or the
dropping of plant parts

b. In animals: bird migration, reproduction

B. Diverse conceptions of animal behaviour

1. The variety of animal behaviour: the relation between
animal behaviour and human behaviour; behaviour as
an aid in taxonomy; contrast between simple behaviour, as
in taxis or kinesis, and complex behaviour, such as nest
building

2. Classification of behaviour

a. Ways of classifying behaviour: by the immediate
causation, by the similarity of evolutionary history, or
by the similarity of function

b. The influence of genetics and experience: classification
according to the nature of the changes occurring
during evolution or ontogeny; innate versus learned
behaviour

3. Components of behaviour

a. Fixed action patterns: behaviour that is independent of
environmental stimuli for its form, although such
stimuli may be responsible for its elicitation
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It treats hormonal influences on such animal activities as migra-
tion, territoriality, or sexual behaviour. It then treats the nervous
system in relation to behaviour—its role in receiving informa-
tion, processing it in the brain and spinal cord, and initiating the

appropriate response.
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b. Key stimuli: pertinent stimuli that will initiate a
selective response

¢. Drive and motivation: internal changes that initiate
behavioral changes

d. ““‘Supernormal” stimuli: enhanced stimulation which is
even more effective than normal in triggering particular
behaviours

e. Movement and control systems

f. Behavioral chains: series of responses dependent upon
appropriate stimuli

g. Simultaneous stimulation: conflict between drives
activated simultaneously

h. Redirection and displacement: redirection of behaviour
to another object when the original behaviour is
prevented; resolution of a conflict situation in which a
seemingly irrelevant activity is performed

i. Transitional activity: resolution of a conflict situation
in which the environmental stimulus becomes
unavailable during the course of response

4. Evolution and development of behaviour
[see also 343]

C. Hormonal and nervous control of behaviour

1. Interaction of endocrine and nervous systems
2. Hormonal influences on behaviour; e.g., by sex hormones

3. The nervous system and behaviour: the role of the nervous
system in receiving information, processing it in the brain
and spinal cord, and initiating the appropriate response

a. The integrative capabilities and hierarchical
organization of the nervous system

b. Relation of the complexity of the nervous system to
behaviour

Section 342. Development and range of behavioral
capacities: individual and group behaviour
[for Part Three headnote see page 130

for Division IV headnote see page 182]

The articles and parts of articles referred to in Section 342 deal
with three main subjects: A, basic behavioral activities of in-
dividuals; B, higher behavioral characteristics of individuals;
and C, the behaviour of animals in groups.

The outline of subject A treats food getting, locomotion, avoid-
ance behaviour, aggressive behaviour, behaviour related to
habitat, and behaviour related to reproduction.

The outline of subject B begins with the types of learning, the
periods of sensitization during which organisms can perceive and
change their behaviour as a result of their perceptions. It first
treats habituation; and then, dealing with associative learning, it
treats classical conditioning, trial-and-error learning, latent
learning, insight learning, imitation, tool use and construction,
perceptual learning, and imprinting. The outline then treats

A. Basic behavioral activities of individuals
1. Food getting
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stimulus-response and cognitive mechanisms and the neurophys-
iological mechanisms involved in animal memory and learning.
The outline of subject C begins with distinctions between groups
of social animals and groups of nonsocial ones, and with the signs
of sociality. Dealing with biocommunication as a common feature
of social behaviour, the outline covers the role of information,
the functions and processes of animal communication, and the
development and evolution of communication. The treatment of
the range of social behaviour covers parental societies; societies
with sexual bonds; nonfamilial social bonds, arising from spacing
or swarming; and certain interspecific associations, such as sym-
biotic associations. Finally, the outline treats the advantages and
disadvantages of animal social behaviour; the factors in its de-
velopment; and the evolution of sociality.
other references

articles article sections

FEEDING
BEHAVIOUR
7:207-212



a. Nutritional requirements of higher organisms

b. Types of food procurement: structural mechanisms for
dealing with different forms of food; selective feeders

versus filter feeders

c. Regulation of food intake: the regulation of feeding to
metabolic rate and the physiological mechanisms of

feeding motivation

d. Selection of food items and food specificity: learned

versus innate processes

i. In vertebrates

ii. In invertebrates
e. Hunting behaviour of predatory animals

f. Specialized aspects of feeding behaviour

i. Relation of feeding to other functions

ii. Food-directed activities in social situations
. Locomotion

a. General considerations
i. Physical restraints to movement
ii. Axial and appendicular locomotion

b. Aquatic locomotion: bottom walking, bottom
creeping, and swimming

i. In micro-organisms

ii. Ininvertebrates

iii. In vertebrates

c. Fossorial locomotion: burrowing and boring

d. Terrestrial locomotion
i. Walking and running

ii. Saltation (hopping)
iii. Crawling

e. Arboreal and aerial locomotion: climbing, leaping,

brachiating, and flying

f. Directional control

. Avoidance behaviour: behaviour induced by aversive

stimuli; patterns of active and passive avoidance

a. Factors that elicit and regulate avoidance behaviour;

e.g., specific stimuli, hormones

b. Patterns of avoidance behaviour and their functions;
e.g., fleeing and escape, freezing, armour, warning

behaviour
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4. Aggressive behaviour: attack and defensive threats

a. Causation: stimulus, physiological effects, and threat
displays

b. Evolution in invertebrates: functional modifications

. Behaviour related to habitat

a.

b.

C.

Habitat selection
Migratory behaviour

Homing and local navigation

6. Behaviour related to reproduction

f.

. General features: the dominance of sexual reproduction;

natural selection and reproductive behaviour;
environmental and hormonal influences on reproductive
behaviour

. Modes of sexual attraction: clues by which organisms

advertise their readiness to engage in reproductive
activity; courtship

. Postfertilization behaviour: protective adaptations;

parental or group care of eggs and young

. Reproductive behaviour in invertebrates

i. In the lower invertebrates; e.g., sponges, cnidarians
(coelenterates), segmented worms, mollusks

ii. In arthropods

Reproductive behaviour in vertebrates
i. In fishes and amphibians

ii. In reptiles

iii. In birds

iv. In mammals

Evolution of reproductive behaviour
[see 343.C.2.b.]

B. Higher behavioral characteristics of individuals

1. Types of learning: periods of sensitization during which
organisms can perceive and change their behaviour as a
result of their perceptions

a.

Habituation: the relatively persistent waning of a
response as a result of repeated or continuous
stimulation that is not associated with any kind of -
reward or reinforcement

. Associative learning

i. Classical conditioning: the process by which an
animal acquires the capacity to respond to a given
stimulus with the same reflex action that can
be elicited by another stimulus
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ii. Trial-and-error learning, or operant conditioning;
the process of selecting from initial, unlearned
behaviour those responses that are effective for
obtaining a reinforcement (i.e., a reward)

iii. Latent learning: the association of stimuli in
absence of any reward

iv. Insight learning: the sudden production of a new
adaptive response that is not arrived at by trial-
and-error behaviour

v. Imitation: social facilitation, local enhancement,
and true imitation

vi. Tool use and construction: the nature of true tool
using and the ability to make tools

vii. Perceptual learning: the way in which stimuli are
perceived as a result of continued or repeated
exposure to them; discrimination of brightness
and of form

viii. Imprinting: the process by which an animal may
develop a preference for any moving object
during a very early and brief sensitive period

2. Behavioral and physiological aspects of learning: effects of
limitations in sensory and perceptual mechanisms

a.

Stimulus-response and cognitive mechanisms:
comparison of classical and operant conditioning; role
of reinforcement in motivating learning; the ability to
form concepts

. Neurophysiological mechanisms: memory and learning;

problems in explaining neurophysiological learning
mechanisms

3. Evolution of learning ability and intelligence
[see 343.B.]

C. The behaviour of animals in groups

1. Distinctions between groups of social animals and groups
of nonsocial ones

a.

b.

The significance of the distribution, or grouping, of an
animal within its needed habitat

The importance of the constancy of the distance an
animal maintains from its neighbours

. Signs of sociality: lack of dominance hierarchy,

occurrence of division of labour, and altruistic behaviour

2. Biocommunication as a common feature of social behaviour

. The role of information: an exchange during interactions

among individuals as they cope with the social
circumstance of their environment

. The functions of communication; e.g., identification,

establishment of social order, coordination of group
activity

. The process of animal communication

i. Modes of information transfer: sound, vision,
chemicals, and electrical energy

ii. The role of displays: the display repertoire, and the
information content of displays
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iii. The interpretation of information: the study of
meanings of information to animals

iv. Sources of information: modified displays, functional
activities and behaviour, and historical information

d. The development and evolution of communication; e.g.,

€.

the development of song in young birds; evolutionary
precursors of displays

Human communication
[see 441 and 442]

3. The range of social behaviour among social and nonsocial
animals

a. Parental societies, in which parent and offspring stay

together for some period of time

i. Formation of aggregations, or colonies, among simple
organisms such as bacteria, protozoans, sponges, and
cnidarians (coelenterates)

ii. Arthropods as the lowest animal group in which
extended associations occur between parents and
offspring; e.g., advanced societies of ants, bees, and
wasps with various types of care for the young and
with division of labour determined by such factors as
polymorphism and age

iii. The variety of parental societies among vertebrates
and their predecessors; e.g., care of young by
males among fishes; bands and troops among
mammals

. Societies with sexual bonds: the role of behavioral

patterns in bringing together males and females and
their sex cells at the right time

i. Individual courtship as a way to get male and female
of the same species together as efficiently as possible

ii. Group courtship as a way to synchronize breeding and
to perpetuate the genetic superiority of the most
dominant males

. Nonfamilial social bonds: social behaviour in

associations not necessarily related by parental or sexual
bonds

i. Spacing: the distinctions between aggregations of
colonies and interactions between unrelated and
unmated individuals requiring personal space or
territory

ii. Swarming: communal mating displays of arthropods,
especially fireflies, and vertebrates such as birds;
hordes of migratory locusts; flock formation in
birds; herds and packs of mammals; troops among
primates

. Interspecific associations: symbiosis; complex asocial

associations among animals such as flies, other insects,
and birds around army ants or driver ants; mixed flocks
of mammals and birds

4. Dynamics of social behaviour
a. A comparison of the disadvantages and the advantages

accompanying social behaviour

i. Disadvantages: utilization of energy and interference
with activities necessary for life (e.g., eating); increase
in susceptibility to disease and predation and in
chances for conflict

ii. Advantages: combining of desirable genes that might
not otherwise get together, care and teaching of young,
selection of habitat and shelter, avoidance of small
hazards such as excessive cold, removal by grooming
of parasites, and protection against predators

b. Factors in the development of social behaviour: instinct

and learning

c. The evolution of sociality: social behaviour as an

adaptive advantage
[see 343.C.2.d.]
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Section 343. Evolution of behaviour
[for Part Three headnote see page 130
for Division IV headnote see page 182]

The articles and parts of articles referred to in Section 343 deal
with three main subjects: A, evidence of the genetic determina-
tion of behaviour; B, the influence of experience on behaviour;
and C, evolutionary origins and evolutionary consequences of
behaviour patterns.

The outline of subject A treats the evidence of genetic de-
termination of behaviour afforded by selection in domestic ani-
mals and by behaviour in hybrids.

The outline of subject B first deals with learning in invertebrates

A. Evidence of the genetic determination of behaviour

1. Selection in domestic animals
2. Behaviour in hybrids

B. The influence of experience on behaviour: phyletic patterns
in the evolution of learning

1. Learning in invertebrates: evolution of neural structures;
organizational patterns by neural elements

2. Learning in vertebrates

a. General features: the nature of intelligence; learning to
learn

b. Comparison of the higher animal groups in terms of the
exceptional features of their learning ability

i. Fishes
ii. Birds
iii. Mammals

C. Evolutionary origins and evolutionary consequences of
behaviour patterns :

1. Evolutionary origins of communication; e.g., display
behaviour, mimicry, displacement activities, ritualization
2. Behaviour as a factor in evolution
a. Aggressive behaviour
b. Reproductive behaviour
c. Migratory behaviour
d. Social behaviour

Division V. The biosphere: the world of living things
[for Part Three headnote see page 130]

Division I of Part Three dealt with the nature, origin, evolu-
tion, distinctive properties, and classification of living things.
Divisions II, ITI, and IV dealt with life at the molecular, cel-
lular, organismal, and behavioral levels.

The outlines, and the articles and parts of articles referred
to, in the five sections of Division V deal with the world of
living things taken as a single system of biotic and environ-
mental interactions and interdependencies.

Section 351 begins with the levels of organization within
the biosphere and with the energy flow and the cycling of
matter in the biosphere. It then deals with the interactions
of the biotic and the abiotic components of an ecosystem—a
collection of integrated biological communities taken to-
gether with the nonliving factors in their environments.

Division IV. Section 343 189

and the evolution of neural structures. It then treats general
features of learning in vertebrates, and a comparison of the
higher animal groups in terms of the exceptional features of their
learning ability.

The outline of subject C first deals with the evolutionary origins
of communication, as exemplified in display behaviour, mimicry,
displacement activities, or ritualization. It then treats aggressive,
reproductive, migratory, and social behaviour as factors of great-
er or lesser influence in evolution.
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190  Part Three. Life on Earth

Section 352 begins with the properties of biological popu-
lations, groups of interacting individuals of the same
species; and of biological communities, which contain inter-
acting populations of two or more species. It next treats the
positive and negative intraspecific and interspecific biotic
reactions in populations and communities. It then treats the
structure, functioning, growth, and classification of biologi-
cal communities.

Section 353 first deals with the ecology of disease and then
treats the diseases of plants and the diseases of animals.

Section 354 treats terrestrial and aquatic biocycles; factors
that affect the distribution of organisms; and the regional
differentiation in faunal and floral distribution.

Though what is specific to human life is the subject of Part
Four, the last section of Part Three, Section 355, deals with
man’s place in the biosphere. It treats the qualities that set
man apart in the biosphere; the influence of the human spe-
cies on the modification of the environment; plant and
animal domestication and breeding; and the conservation of
natural resources.

Section 351. Basic features of the biosphere
[for Part Three headnote see page 130

for Division V headnote see 189]

The articles and parts of articles referred to in Section 351 deal
with two main subjects: A, the biosphere; and B, the ecosystem,
the most inclusive unit in the biosphere. Less inclusive units,
populations and communities, are dealt with in Section 352.

The outline of subject A begins with the preconditions of the
biosphere—the physical and chemical facts about the Earth and
the solar system that facilitate life in both the aquatic and ter-
restrial realms. It then sets forth the levels of organization within
the biosphere: populations, made up of interacting and interde-
pendent individual organisms of the same species; communities,
composed of two or more interacting and interdependent popu-
lations; and ecosystems, more or less self-contained units of
interaction between several communities and their environments.
The outline next deals with the patterns of energy transforma-
tions and transfers in the biosphere. Finally, it treats the cyclic

A. The extent of the biosphere

1. Preconditions of the biosphere: the Earth as an ideal
medium for life

2. The levels of organization within the biosphere

a. The biocycle: a collection of biotic realms
[see 354]

b. The ecosystem: a collection of integrated communities
and their environment
[see B., below]

c. The community: a collection of interacting populations
of two or more species
[see 352.C.]

d. The population: a collection of interacting individuals
of the same species
[see 352.A.]

3. Energy flow in the biosphere

a. Energy and organization: life as an organized system
capable of creating more order from less order

b. Efficiency of utilization of solar energy: the notion of the
biosphere as an open system with respect to energy
exchange with outer space

c. Energy balance of organisms: plants, warm-blooded
animals, and cold-blooded animals

flow of the chemical materials needed for life, covering the car-
bon and oxygen cycles, the nitrogen cycle, the sulfur cycle, the
water cycle, and the sedimentary cycles of essential minerals.

The outline of B begins with a historical review of the ecosystem
concept. It goes on to the biotic components of the ecosystem—
producer, consumer, and decomposer organisms linked in great
food chains. It next treats the limiting effects and the influence in
ecosystems of eleven abiotic components, such as pressure and
temperature, water, or fire; the influence of organisms on the
atmosphere, hydrosphere, and lithosphere; and the variable sub-
regional microclimates. The outline next deals with productivity
in ecosystems as a function of the rates in which energy is fixed,
transformed, transferred, and reused. Finally, it treats the fea-
tures of the ecosystem as disclosed by the use of models, and the
stages in the development of ecosystems.
other references
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4. Cycling of matter in the biosphere
a. The general pattern of chemical cycles in nature

b. The carbon and oxygen cycles
c. The nitrogen cycle

d. The sulfur cycle
e. The water cycle

f. The sedimentary cycles of essential minerals

5. The concept of the noosphere: man’s place in the biosphere
[see 355.B.]

B. The ecosystem: a collection of integrated communities and
their environment

1. Definition of an ecosystem and historical review of the
ecosystem concept

2. The components of the ecosystem
a. Biotic components

i. Producers: chiefly green plants that manufacture food

from simple substances and light energy

ii. Consumers: animals that ingest other organisms or
particulate organic matter

iii. Decomposers: chiefly micro-organisms that break
down complex compounds with release of products
that are recycled by plants or that affect other
biotic components

b. Abiotic components: limiting factors and their influence
on the biotic environment

i. Pressure and temperature: range and variation

ii. Radiation: quality, intensity, and duration

iii. Illumination

iv. Water: availability and quality

v. Interaction of temperature and moisture as a
special limiting factor in terrestrial
environments

vi. Gases
vii. Biogenic salts: macronutrients and micronutrients

viii. Water and wind currents
ix. Soil characteristics

X. Salinity
xi. Fire as an ecological limiting factor

c. Conditioning of the abiotic environment by living
organisms: the influence of organisms on the
atmosphere, the hydrosphere, and the lithosphere
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d. Micro-environments: the local horizontal and vertical
differences in limiting factors

3. Energy flow and nutrient cycling: processes that determine
the nature and productivity of the ecosystem

a. Productivity as dependent upon the continuous inflow
of solar energy
[see A.3., above]

b. Productivity as dependent upon the reuse of
continuously cycling matter within the biosphere
[see A.4., above]

c. Attempts to increase productivity and channel
available energy into usable food form
[see 355.C., 731.H., and 425.G.]

4. Features of the ecosystem made evident by the use of the
formal or mathematical models of systems ecology

5. Ecosystem development: comparison in energy flow
between the early successional growth stage and the mature
stages; relevance to land-use planning

6. Types of ecosystems
[see 354]

Section 352. The community: a collection of interacting
populations
[for Part Three headnote see page 130
for Division V headnote see page 189]

Section 351 dealt generally with the hierarchical structure of the
biosphere. The articles and parts of articles referred to in Section
352 deal in more detail with the components of the biosphere.
They treat three main subjects: A, biological populations, made
up of interacting and interdependent individual organisms of
the same species; B, biotic interactions, the dynamic processes in
the large ecological units of populations and communities; and
C, biological communities, composed of two or more interacting
and interdependent populations.

The outline of subject A begins with the factors that determine
the distribution in biological populations of age, sex, and genetic
difference, and with the reproductive and death rates that de-
termine population densities. It goes on to the types of population
growth, and to the causes and extent of fluctuations in relatively
stable populations. Finally, it treats the four main types of move-
ments—migration, emigration, dispersion, and dispersal.

Subject B is the biotic interactions that constitute the principal
stabilizing, connective linkages among the various species con-
tained in a biological community. The outline first deals with
negative, or competitive, and positive, or cooperative, inter-
actions of individuals within a species. It goes on to the range and
types of interactions among members of different species, classi-
fied mainly by their effect of enhancing or reducing survival or
reproduction in the species involved. The treatment of negative
interactions covers such things as herbivory, predation, para-
sitism, and types of competition between two species utilizing a
common, limited resource (such as food, space, or moisture). The
treatment of positive interactions covers commensalism, an inter-
action in which one species benefits, without harming the other,
with respect to such things as the attainment of nutrients, space

A. Properties of the species population

1. The study of populations
[see 10/34.B.6.]

2. The measurable characteristics of biological populations

articles article sections other references
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or support, shelter or protection, and transport; and mutualism,
associations of two different species bringing benefit or gain to
both. Finally, the outline deals with the population effects of
interactions, covering the effects on the numbers and thus on
the state of rareness or commonness of different species, and the
effects on the qualities of individuals in the populations and thus
on evolutionary developments.

Subject C is the biological community, which consists of all of
the organisms that live together in a given environment and, in
various ways, affect one another. Dealing with the structure of
communities, the outline treats the process of stratification and
zonation that distribute the organisms of a community vertically
and horizontally; the phenomena of periodicity correlating com-
munity activities with diurnal, lunar, seasonal, and annual
changes; the interactions of species in communities competing
for food sources, light, soil, space, and other resources; the
position and function of a species in the community in relation
to other species, or the niche of a species; and the special char-
acteristics of ecotones—the marginal, intergrading areas between
adjoining major communities, exemplified by the seashore eco-
tone. The outline goes on to community functioning, the energy
flow in a community through the trophic levels of the food chain:
producers (synthesizing plants), consumers (ingesting animals),
and reducers or decomposers (bacteria and fungi). The outline
next deals with the stages in the development of communities,
terminating in the relatively stable communities called climax
communities. It goes on to the grouping of communities into
larger systems called landscapes, which consist of a pattern of
ecosystems related to one another. The outline concludes with
the various criteria used by ecologists to classify communities.

articles article sections other references
POPULATION,
BIOLOGICAL
14:824-838
14:826b-831b 11:404f-g



a. Age, sex, and genetic differences and their distribution

b. Numbers and density: the effects of natality and
mortality, the reproductive rate and death rate

3. Growth of populations: growth form and carrying capacity

4. Fluctuations in stable populations: variations in
population size

5. Movements: processes of distribution

a. Migration: periodic departure from and return to an
area

i. Survey of migrations in animals

ii. Mechanisms of migration time and directional
control

iii. Evolution and significance of migrations

b. Emigration: one-way movement out of an area in direct
response to food shortage or overcrowding

c. Dispersion: the spacing out of organisms, especially for
breeding

d. Dispersal: the movement of young animals or plant
seeds from their birthplace to where they settle down

e. The influence of topographical, climatic, and biological
barriers

6. Interactions of populations: changes as a result of
interspecific and intraspecific interactions in the population
[see B., below]

7. Factors affecting the structure of human populations
[see 525.A.]

B. Biotic interactions

1. Intraspecific interactions: positive and negative
interactions of individuals within a species

2. Interspecific interactions: interactions among members of
different species

a. The range of interspecies associations

b. Negative interactions, in which one or both populations
are harmed

i. Consumption: herbivory, the consumption of plants
by animals; predation, the consumption of animals
by other animals

ii. Parasitic interactions: classical endoparasitism and
ectoparasitism in which the host is usually not
killed; parasitoidism among insects in which the host
is consumed; brood parasitism in which one species
lays its eggs in the nest of another species

iii. Amensalism and antagonism, associations in which
neither species is benefitted and one or both are
harmed: competition for a common, limited resource;
antibiosis, involving the secretion of a chemical
substance; mutual antagonism
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c. Positive interactions, in which one or both populations
are benefitted

i. Commensalism, an association in which one species
benefits without harming the other: nutritional
commensalism and physical commensalism

ii. Mutualism, an association of two different species
that results in mutual benefit or gain: facultative
mutualism (protocooperation), and obligative
mutualism (interdependency)

d. Neutralistic interactions, in which two or more species
persistently appear together with neither benefit nor
harm accruing to any

. Interactions between populations of different species and

the ecological, evolutionary, and biogeographical aspects
of interaction on the population level

C. Organization at the community level

. Definitions of the biological community

. Community structure

a. Vertical and horizontal patterns: the influence of
variations in environmental conditions on the
stratification and zonation of organisms

b. Time relations: periodicity and population changes in the
community

c. Interactions in the community: e.g., heterotrophic
nutrition, predation, symbiosis

d. Niches and species diversity

e. Ecotones and the “‘edge effect”: overlapping
communities and their abundance and variety of life

. Community function: energy flow

a. Productivity of organic matter: transfer of energy
through the trophic levels of the food chain

b. Decomposition of organic matter

c. Nutrient circulation

. Community succession: growth toward a stable, mature

condition

a. Developmental communities: communities that replace
one another in sequence so that each stage paves the way
for the next

b. Stable communities: the climax of community succession,
characterized by a condition of relative constancy in an
open system

. Communities in space

a. Landscape patterns: the habitats of a landscape as
forming a pattern of environmental gradients

b. Climax interpretation: monoclimax theory, polyclimax
theory, and climax pattern hypothesis

c. Community gradients: coenclines

. Community classification and its bases

a. The association as the unit of classification
b. The biome or formation as the unit of classification

c. Other bases for classification: e.g., ecological succession,
habitat, community metabolism

. Community structure in past ages: biogeographical

succession
[see 242.B. and 243]
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Section 353. Hazards of life in the biosphere: disruptions
and death
[for Part Three headnote see page 130

for Division V headnote see page 189]

The articles and parts of articles referred to in Section 353 deal
with three main subjects: A, the ecology of disease; B, hazards to
plants; and C, hazards to animals.

The outline of subject A begins with general conceptions of
disease and of death. It goes on to the metabolic defects and en-
vironmental hazards involved in noncommunicable disease. The
treatment of contagious disease covers the multifactorial concept
of it; diseases endemic in particular regions; diseases that occur
in sporadic epidemics; and the processes that yield immunity,
defense against biotic invasion.

The outline of subject B begins with the nature and economic
importance of plant diseases. It goes on to the causes and stages
of disease development and spread and to the variable factors
affecting diagnosis of plant diseases. It next treats various kinds
of noninfectious-disease-causing agents and various kinds of in-
fectious-disease-causing agents. Finally, it deals with the prin-

A. The ecology of disease

1. Disease as a departure from the ‘‘normal’ state, or a
disruption of homeostasis; death as the irreparable
disruption of life processes

2. The nature of noncommunicable disease: metabolic defects
and environmental hazards

3. The nature of communicable, or contagious, disease
a. The multifactorial concept of contagious disease

i. Host—parasite relationships: the various degrees of
dependence of the parasite on the host

ii. Parasite specificity and host resistance

iii. Life in an experimentally controlled environment
with regard to contaminants

b. Endemic disease and epidemic disease

i. Apparent and inapparent infection: the concept of the

‘“carrier” state and of endemic disease; interactions
with commensal and pathogenic organisms

ii. Inheritance of resistance: genetic control of resistance
or susceptibility

iii. Epidemic disease and the factors that contribute to
spread of disease

c. Immunity: defense against biotic invasion

4. Control of disease: prevention and treatment

B. Hazards to plants

1. Plant diseases: general features
a. Nature and importance of plant diseases: extent of
damage; important epidemics

b. Disease development and spread: pathogenesis and
saprogenesis, vital and nonvital association of the
pathogen with the host tissue; epiphytotics or
epidemics; environmental factors affecting disease
development; conditions of disease development

c. Diagnosis of plant diseases: variable factors affecting
diagnosis; signs and symptoms of specific diseases

2. Classification and control of plant diseases
a. Noninfectious disease-causing agents
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ciples of disease control—the disinfection of plants and seeds;
eradication of an established disease agent through crop rotation
and other methods; protection of the host; host resistance and
selection; and therapy. )
Subject C is hazards to animals other than man. (Human disease
is treated in sections 423 and 424 of Part Four.) The outline be-
gins with the historical development of veterinary medicine, the
economic consequences of animal diseases, and the development
of modern epidemiology as the medical aspect of ecology. It goes
on to the methods for the detection, diagnosis, and treatment of
animal disease. The treatment of particular animal diseases and
disorders covers those that arise from bacterial infection or in-
sect infestation; those that arise from interspecies competition
and predation; and various kinds of noninfectious diseases and
disorders. Finally, the outline deals with the methods of disease
prevention, control, and eradication.
other references
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i. Adverse environment; e.g., drought, frost,
nutritional deficiencies

ii. Toxic chemicals; e.g., herbicides, insecticides,
pollutants

iii. Physical injury: e.g., high winds, fire, insect and
animal feeding

b. Infectious disease-causing agents

i. Infection; e.g., by viruses, mycoplasmas, bacteria,
fungi

ii. Infestation; e.g., by nematodes, parasitic seed plants,
insects

c. Principles of plant disease control: exclusion and
avoidance; the disinfection of plants and seeds;
eradication of an established disease agent through crop
rotation and other methods; protection of the host; host
resistance and selection; therapy

C. Hazards to animals

1. General features of animal diseases: historical background,
importance, and the role of ecology

2. Detection and diagnosis: the reactions of tissue to disease;
methods of examination; tests as diagnostic aids

3. Survey of animal diseases and disorders
a. Infectious and noninfectious diseases

i. Infectious diseases and interspecies competition:
infection, infestation, and predation by other
organisms

ii. Noninfectious diseases and disorders; e.g., nutritional
deficiencies, hereditary conditions, congenital
deformity, trauma

b. Zoonoses: human diseases acquired from or transmitted
to any other vertebrate animal

c. Disease prevention, control, and eradication:
prevention through quarantine, mass immunizations, and
other methods; control programs such as the testing and
slaughter of infected animals

4. Human diseases
[see 423 and 424]

Section 354. Patterns of life in the biosphere
[for Part Three headnote see page 130
for Division V headnote see page 189]

The articles and parts of articles referred to in Section 354 deal
with four main subjects: A, the terrestrial biocycle; B, the aquatic
biocycles; C, the distribution of living things; and D, bio-
geographical regions and their inhabitants.

The outline of subject A first treats the land environment as a
medium for life; the contrasts between terrestrial and aquatic
ecosystems; and limiting factors to living on land. It goes on to
descriptions of the major terrestrial communities of the Earth,
called biomes, which, though they include animals, are identified
from characteristic vegetation forms. It next deals with the major
terrestrial life forms, classified first by habitat as soil organisms,

articles article sections

5:886a—

other references

1:358g-360c passim

5:886d-f/
1:360d-361b

5:886f/
2:1045f-1046¢

5:886g-894b

5:886g-892c/
16:294g-295a /
16:889c—d

5:892c-894b /
9:610c—f

5:894b-895f/
1:354c—e

8:280g-281c /16:420e—f

12:763d-f

DISEASES OF
ANIMALS
5:863-879

5:864b-865h /
10:823a—c

5:865h-874f

5:874f-879g

5:874f-875f/
8:1090e—f/
15:120£f-121b
2:794b-h/
2:1046¢c-1047f /
5:934a—¢/
9:610g-611b/
14:546d4—f
1:301f-303b/
5:837f-838b/
11:379a-380b/
14:607h-616h /
19:488g-489¢c/
19:1018e-1019b
5:875g-877d/
9:531h-532a/
9:537¢-53%/
9:552g-553a/
14:151h-152b
5:877d-879g

5:965g-h
10:1284h-1285a

5:838b-840g passim |
6:998h-999a /9:532¢c-d /
10:1281d-g/10:1282d—

13:403f-406h passim

9:530e—£/9:551c-d/
9:554f-558c passim [
15:770g-771a

rooted plants, animals and plants attached to the major rooted
plants, and animals that move freely above the ground; and
classified next by their niche or operating role in an ecosystem as
producers, consumers, and decomposers, or reducers. Finally, it
deals with productivity in terrestrial ecosystems—the processes
by which plants and animals convert nutrients into their own
kind of body substance.

The outline of subject B first deals with water as a medium for
life, with the limiting factors to life in water, and with the major
marine and inland divisions of the aquatic environment. Dealing
with the ocean as a biological environment, the outline covers the



processes of zonation that distribute aquatic organisms vertically
and horizontally; the major aquatic life forms, such as the
benthos, the plankton, and the nekton; the modes of adaptation
to marine conditions; and the productivity of marine com-
munities, as judged by biological oxygen consumption or by
nutrient concentration. The treatment of inland communities
covers lacustrine, or standing-water, communities and riverine,
or flowing-water, communities. Finally, the outline deals with
boundary ecosystems, covering estuaries—the marine—fresh-
water border ecotones—and life along seacoasts, called the
neritic habitat.

The outline of subject C first deals with broad distribution pat-
terns and with the processes that bring about patterns within
local ranges as well as large-scale patterns of distribution—

A. The terrestrial biocycle: life on land

1. The land environment

a. Land as a medium for life and the comparison of the
terrestrial and aquatic ecosystems

b. Limiting factors to living on land
c. Major terrestrial biomes

i. The tundra: Arctic and alpine

ii. The coniferous forest: moist-temperate and taiga

iii. The middle-latitude forest: deciduous and evergreen

iv. The tropical rain forest: equatorial and subtropical

v. The grassland and savanna

vi. The scrublands: chaparral, macchie, mellee, and
ecotones

vii. The desert: cold deserts and tropical deserts

d. Specialized biomes
i. Polar biomes: Arctic and Antarctic

ii. Subterranean biomes
2. Major life forms

a. Growth habits and indicator organisms
b. Classification by habitat
i. Soil organisms

ii. Trees and other rooted plants

iii. Epiphytes and periphytes: animals and plants that
cling to or are attached to the major rooted plants

iv. Permeants: animals that move freely above the
ground
[see 342.A.2.]

c. Classification by niche: producers, consumers, and
decomposers
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regional and global. It goes on to the distinction between active,
self-initiated dispersal of organisms and such passive dispersals
as plant seeds carried by wind or animals, or surface organisms
carried by oceanic currents; and to the dispersal abilities and
environmental factors that lead to the effective colonization of
new areas. Finally, it deals with_hypotheses in biogeography
concerning the centres of evolutionary origin of species and the
environmental, geological, and human influences on their sub-
sequent spread.

The article referred to on subject D treats the biogeographical
world maps that set forth regional differentiations in faunal and
floral distribution. It also describes the various biogeographical
regions of the Earth, which are based on average patterns of
distribution of present plant and animal species.
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3. Productivity in terrestrial ecosystems: net primary

production, secondary production, and man-influenced
ecosystems

B. The aquatic biocycles: life in fresh and marine water

1. The aquatic environment

a. Water as a medium for life: physical properties of water

b. Limiting factors to living in water: biotic effects of light
intensity, salinity, and other factors of the aquatic
environment

c. Major divisions of the aquatic environment: marine and
inland

2. The ocean and its communities: communities of the open

sea

a. The sea as a biological environment: the relative
constancy of abiotic factors; the antiquity of the marine
environment; relation of chemical composition of
organisms to that of seawater; habitat zonation (benthic
and pelagic divisions and their subdivisions)

b. Character of oceanic populations: in lighted open water,
in dark open water, and on the deep sea floor

i. Benthos: organisms on the bottom
ii. Plankton: organisms floating in water

iii. Nekton: organisms swimming in water

c. Adaptations to marine conditions: structural, functional,
and ecological

d. Productivity of marine communities as judged by
biological oxygen consumption or by nutrient
concentration

. Inland waters and their communities: freshwater
communities

a. Lacustrine, or standing water, communities
i. In lakes and ponds

ii. In swamps, marshes, and bogs

b. Riverine, or flowing water, communities

i. In rivers and streams

ii. In springs

. Boundary ecosystems: between waters or between water and
land

a. Estuarine communities: communities in brackish water

b. Neritic communities: life along seacoasts

i. Coasts as habitats: the supralittoral zone, the
midlittoral zone, and the infralittoral fringe

ii. Character of coastal populations: the communities of
rocky shores, of sandy and muddy shores, and of
specialized habitats
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iii. Adaptations to coastal living: physical and
behavioral adaptations

iv. Associations between different neritic species:
commensal, parasitic, and symbiotic associations

v. Productivity of coastal communities

5. Productivity in aquatic ecosystems: the problem of
determining productivity; comparisons of productivity

C. The distribution of living things

1. Patterns and processes of distribution

a. Local distribution: spatial and temporal arrangements;
the effects of environmental influences and of interactions
with other organisms

b. Large-scale distribution: shape and extent of spread;
factors limiting spread

2. The nature of dispersal

a. Active dispersal; e.g., the search for a place to breed,
animal irruptions

b. Passive dispersal: transport by wind, water, and other
organisms

3. Colonization of new areas
a. Effects of dispersal abilities and barriers

b. Effects of the new environment

4. Changes in distribution with time

a. Centres of evolutionary origin

b. The spread of organisms: environmental, geological, and
human influences

D. Biogeographic regions and their inhabitants: regional floras
and faunas

1. General features: the notion of regional boundaries versus
that of overlapping and interdigitating regional floras and
faunas; floral and faunal systems of classification; concepts
of faunal elements and faunal types

2. Description of the biogeographical regions: average
patterns of distribution of present plant and animal
species
a. The Megagaean realm

i. Holarctic region: the nontropical parts of Eurasia,
northern Africa, and North America

ii. Ethiopian region: Africa south of the Sahara,
southwestern Arabia, and Madagascar
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