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ABOUT THIS ISSUE 
The theme of this month's Experimenter, if we were given to themo.tizing, 

might be "The Resolution Revolution.'' The lead article describes o counter 
that con give six significant digits of readout for a frequency as low as 0.6 Hz. 
At that point the right-hand digit is actuaUy displaying microherlz, a unit prob­
ably making its debut in print here. Moreover, this counter can make such 
ultra-low-frequency measurements in o second or less, thanks to a built-in 
computer that translates a multiple-period measurement mnto a frequency 
readout . . . .  Then consider the resolution of the new digital impedance 
comparator (page 1 0). Here the percent rnag.nitude di1fference between 
two impedances is spread over five digits, with five more d. gits indicating 
phase difference. Since the full-scale range can be as little as 1 0 percent, 
the comparator detects os little as l 0 ppm difference between unknown ·and 
standard C, R, or L . . .  Tolerances on inner and outer conductors of our 
GR900 reference air lines (page 26) are 100 and 50 microinches, respec­
tively, electrical lengths ore controlled to ±0.002 cm, and both conductors 
are overlaid with pure silver. The same attention to detail hos produced o 
preciision attenuator that represents a fivefold improvement in SWR over 
previously ovoiloble units� 

The General R�Lio E.xperimenler iis mailed each rnont h without charge to engi­
neer.·, ·<"ientis !-;, technicians, edu ators, and others int.ere ·ted in he in ·trument. and 
techuiqu s of elec rical and e ectronics measurements. Addre · all corre ·pundenc to 
EdiLor, General Radio Experimenter, General Iladio Co., \\est Concord, l\f atis. 01781. 
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THE RECIPROMATIC COUNTER 
Automatic ranging, fast measu rement of low f requencies, 

full use of six-digit resolution, and no-hands op eration 

make the l 159 a most extraordinary counte r. 

Add d conveni nc ' nd p ed are th 
k y id a behind inuch of today '. · 

fforts in in-·Lrun1C'nt cl flign. In th 
ar a of fr quen ·y m a ure1 ient, the 

di ital frequ ncy otm er ha.· lin1inat d 

many of th' t diou · , I a ociat-d 
with old r rn thods. till, :sev ral 11ag­
ging probl m.· have pcrsi.·tcd, Hp -

ially in the al'(•a of low-fr qucn r 

In asur 1n nt. 

n way f m· king t preci e low-fn·-
1u ncy m a ur m nt i · to count the 

numb r of cycle of the unknov»n frc­

qu ncy until h' de.·ir d resolution i: 

achi v d. But thi. tak .· tim - t o 
mu h ti1n • in n10 cas s. For xampk, 

u . i -digi mca. ut· ment of 60 z would 
take over 2,7-2 hour.: by hi· me hod. 

A mu h fast Jr way of g ttiug high 

re olution i. t m a ur period rather 
than fr quen y hat is, o coun not 

th c cl of h unkn wn signal hut 
th higher-freq ue cy pub .. · fron1 th 

ount r'i-; tin1 h· :,;c, u 'ing he nknown 

signal to s ar and to stop the count. 
If the count r tim ba.·c i:-; a. l 0-..\f Hz 
o cillator, h r i,· no probl m in pro­
ducing a. .·ix-digit r u,dout in a very 

short tim (for our {)0-Ilz mea,·ur n1enL 

about.0.1 ec nd). 
A riod r adout;, how ver, i, th 

reciprocal of the frequency da a u. ually 

d ir d and oft n r q ii red by pecifica­

tion�. The operator can, of c ur.· , call 

on a cal ulalor to 1wrform the ::;imple 
conversion fro111 p riod to fr quen y, 

but this i8 a, ti1 1 - on: urning and pot n­

tinJly crror-produ<'ing :ipproach. 

A he tcr so 1 n ti on is o I u: ld a ·p cial­
pu rpose omputer into th<" counter 

:o that a p ri cl 1nc-a,'urcm. nt is dis­

pla.y<'d in t rms of fr quency. Our 
approa<'h to th d . ign pr bl .n1 f 

adding a comput )f ha: 1 �d to :.. n <"XC'cp­

tional in:Lrunwnt with automatic rang­

ing a..· '" 11 as r cipro ·al-. ·omputation. 

THE RECIPROMATIC COUNTER 

The fon•going iR by way of int roduc­
ing; G lt'8 new 1 ccipron ati ounter, 

whi h hm; a freq ucnc rungP of from 

.G Hz to '.20 i\IIIz six-digit r<.> ol ution , 
a.nu an an�rag' rn usur m nt im of 
1 00 milli.econd. n.bov GHz, 1 se·ond 
d wn to 0.() IIz. All .:ix JigiL.· arc alwa s 
u:-;ed; a IllP:..tsur 'mcnt a. the counter's 

lov•-frc c 1 u ncy limi i:-; actually pre­

. nt cl wi h micruherlz resolution. 
uto11tttic ranging i:-; one of the 

1na.jor fra.tur<'s of h n w oun r. 

we hav ' :een abov , thi:::; im li : auto­
ma.tie �cl ction of the number of 

period� to h<' nwa.·ur<'d. Iany of the 
earli<'r, n mautomn.ti ount r: with 
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f.lgure 1. Measurement Ume as a function of freq1uency. 
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1a L· sli htl · l ." t h  n half of regi �t r 
·n.pa it T. hi · �y m make"' in e1 11 

u · f r •ai:4l r pa it h w \r 
i will be mly abou t half full 

fr ,q u n eie ... 

n ak th 1 w 

111 nt ti1 • · r pr w�, 
with th r ult illu ·tr l <l iu Fi 
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Jlfiflim11m ,1[ ·a;·ur -
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rnnn 
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u ati n. 

lo' r fr 

-p ,'l­
e n r 1 p' n 1 

rrid � of hi� au o­
tion in fav r 

- fllz lock. 

.J une-J uly 1968 

• 't ll n ntz 11 r ' iv d 
his B 'E 

'ompu ation rn � . ·111 in. trunwn 

initially .:c 'Incd prohi itn ly )Illpli-

t ·d. Althou rh th} availability of 
in ra d ir . it· h pt d Lo hring his 

ap1 r a h rl<'ar r t · ·on o 1 prac· ti­
cality, h' k y i<l 'U wa · il f <l ual­
pu rpo.' regi.·tC'r:-i, which f I i n in 
both lw ntc>a ·ur m n t and c mpu a lion 

part.· of th program. Our fir. l ff rt. 
al n h · lhw.: in voh·c d :e he m es i 

n ploy :-;t,· <lar ·oun .in 

th C'ornpu ta, ti on .. ' 

xi ·t, u t th y ar 01npara tiv ly , l w 
rd, in . ·01nc l'as . , lP. ·� u cu rat than 

d .·ir •d. '1 h l l [)U em pl< · two rPgislc•r · 
can fun ·tion i h r a.' ·mmting 

r gi �t ·r · r a: ·hif re · ' r b applica-

ion of p 1·0 er programn ·ng ·ignal '. 

ThC'»C two r gi. L ·r coun .·irrna.l pul' ' 

· nd lo k puls ·.· d uring th mea..·ure­
n1 n · during ·omput tion they be-

ornP, r .'p ·th l , the ivid n and 

divisor r gi ·t r" in a fairly landard 

serial c01npulcr. 
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The met.hod f c m.puta ion v to 

.:u h t n ct the di,·it>or fron1 th� dividend 
and t,o tc:st for a po.-iti c r rnaindcr. 

If the r •rnuind ,r i.· po.·ili\· ' .  a. pul.· • i.· 

applied to he fir.· d a.de of the quo­
t i n t r ·gi ·t r and anoth r .·uhtra.cl icm 
i p rf onncd. \\'h 'Tl tllC' r maind •r iH 

negative, the divi.-or is adcl<'<l to rc:-;tor · 

a po:--;it.i\' remuind<>r, complN.ing t.h, 
ale u lu ti on f th c fi rst digit. 'I'hc rc­

mai11tl r i.- then inultipli cl by t.cn an 

the pr WC::->:-) r<'P '<d.Pd lo cal<'11h t. t.hr! 
B cond di rit. T.·ually t.lw did<l£'1 d i::o 
initially small r than th di,·i.·or (cx-

pt whC're tlw signal frequene � x<·epd� 
th clock fr q u llC'Y) �o that.. tho first 
digi i. · ll.'W ll z ro. Th q uoti .n t 
r gisler iH de:-;igned to ignor 8UC'h 11011-

ignificant zeroH, howcv<'r, and \rill \Vait 

until a. non-z<'ro digit iH rc:•<·ord d in t.h, 
fir t d ca.de b for· Lran.·f rring it.� input, 
to th ' · •cond d cad . The ·l p.s r quir d 

to p rform thi · normaliza.ticm are 

oun d to d •t 'rminc <le imal-poin 

po ·it i n and units. 1 mputation is 
coniinuc-<l until s v n digits hav b en 

compu · d, the la. ·t of vhi ·h i:-; not dit-S­

playcd but is u.·cd to g n rat a round­
off in ih q uoli nt :register . The time 

required for ·omputation d pends upon 
ih fr •qu n y, varying fr m abou 1.50 

µs for 10.0000+l\11 z to abou >75 µ 
for 9.91 9!JO Ilz. Dccau. e of thi · .-hort 
con1put.a.ti n tim ., th result i' dis­
play d directly from the quotient r gi:­
tcr without the need for buffer ·torag . 

'Vhile the program f the TYPE 1 1 59 

nsur s a constant ·ix-digit r oluti n, 

a curacy d pends upon h a ·curacy of 
the internal crystal o · illator and upon 
noi ·e . With a resolution of l X 10-6 the 

accuracy r quirements of ihc crystal 
oscillator arc not se ere in h light, of 

presently availabl compo ents. Th 
crystal oscillator for t.ho T1-rE 1159 

\V:l.. nc er hele .. designed for go d Ion 

tern a Tin<r characteristics in order tv 
n1akc the tim between re alibralions 
u · lon•T a' I o:sible . In addition, fa ·ility 
js includ d for phas 1 kincr th int r­
nal �cillator to an .x <'rnal 100-kIIz 
or 1-1\lIIz r f r nc ,·t.,undard. 

] h input cir uit ii') of vH n.l impor­
tance t th pcrforman of an ' p "riod­

nwasurin0· d vi e. A ·  di;-;cui..;spd in u. pr -
viow; arti 1 , 1 the a uracy f n p riod 

lllP:l.'Urenwnt, iti con ro lled by th O\'Cr­
all ;..ignul-to-noi.-e rati of lh • ::-10111T c  and 
the i nput cir •ui . Th noi.·e of the input 
cirC' 11i t. i:-;. of two kind · :  rand 1 1  11 is 
g n raticd hy the semicon lucion-; in th• 

ir ui , and .·puri us ·ignal. · h a ,rmoni­
call r rC'lat d o t.,h dock and mpu a­

tion< l fr 'quc nci �. In rdcr t l ohlain 

the" lowe. t noi.· le el in he 1 J !)< , t.he 

in put ('ircuit hat5 n lin ar input arnplifi r 
foll w d by a ehrnit triggc>r of com­
parativ ·ly larg hy · •r .·i.�. Th ff ·t 

of any noiti, in he .._ <"hmit, trigg r 
i th r by red u d by the gain of the 
n.mplifi<>r o that p rform' nee dcp<'lld::s 

prirnarily upon th noiH(' l vcl cf the 
ampli fi r. Ilandom n i i � reduced by 
the C'ircuit. d :ip;n of the amplHi r, whil 

he purious fr qu n ·ie · ar r duccd 
by careful shi 'lding and d ·oupling. 

The n oi ·e l vel .·p i fi d for the TYPE 
1 159 is 50 µ. V. Th rror in n1 usur -
m nt cau ed by additive noii:;c i given 

1 
y the formula E = -

/ 
"" where 

Il7r 

/N is the ov r-all signal-to-noise ratio 
and n is the number of p riod · meas­
ur d. 1 or ·ngle-p riod measur men ts, 
thi impli · t.hat the root-1nean-squar d 
error due to int rnal nois is 1· duccd to 
J X 10-6 for a signal of 16 ol s rms 

1 R. W. Fnuik. "lopui Noise," Oe�rol. Radio Experimenter, 
February 1966. 
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��"'inc �av ) , for two periods for a signal 
f 8 volts, and so on. At 1600 p riods 

the signal level n eded to make internal 
noi e negligibl would be 10 m V rms, 
which is the specified instrument n­
sitivity . The formula no longer holds at 

this point becau c triggering no longer 

occurs at the axis crossing. For signal 

l v ls of 20 m V, how v r, internal noise 

will not aII ct a curacy aL fr quencies 

ov r 8 kllz for the fast range or 0 Hz 
for the slow rang . From the same 

formula "e may infer that nois eITects 

from t,he 'ignal ource " ill be negligibl 
for /N > 1 10 dB - 20 log n. At 1600 

periods this req uir s / N > 46 dB. 

In the design of the input circuit, con­

sideration mu t be giv n to he types of 
signal that will b measw·ed. Probably 

the most comn10n type of signal in fre­

quency m asu remen t is a noisy sine 

wave with a s mall amount of distortion. 
In order to minimize the e!Ie t of noise 

with this type of signal, triggering 

should take p lace at the st epest part 
of th ' aveform, whicb is th axis 

er ssing . For t,hi r son the 1159 was 

made ac-coupled. In order to preserve 

this r lationship under large signal 

conditions, th signal is clipped sym­

metrically before ach stage of the 
amplifi r. 

The 1159 input amplifier als has a 
programmable bandwidth , which may 

be changed in decade steps from 10 

MHz down to 1 kHz by a rotary switch 
on the control panel . By r du ing the 

bandwidth to the minirnum required 
by the signal, one may often obtain a 
significant improvemen·t in signal-to-­
noise rati . 

For non-sine-wav ignals , two addi­

tional controls h lp the user to obtain 
best results from the 1159. First, a slope 

switch permits selection of ither axis-

June-.July 1968 

cro sing polari y for trigg ring . This 

aUows the opera tor to choose the steep­
er sid of a non 'ym metri al \ avef orm 

or the side with l s - noi -c an j i tter 

(for example , the r:iggcred edge of a 
one-shot) . � ·ond , a trigger-I vcl con­

trol helps o en ur trigg ring on low­
l vel pulses with very low duty rati . 

Although he elimination of range 

s •l ction removes mo ·t of t,he program­
mability rcq uiremcn ts, all the rcmain­
:ing functions mentioned in the preced­
ina paragraphs arc progcarnmabl . 

Programming inputs require 0·11� micro­
logic input lcv ls except for the display 
ti1nc (variable r sistanc ) and rigger­

level (variable voltage) inputs. Pro­

gramming conn •ctions are made 

through a mu ltit rminal conne tor on 
th rear panel of the counter. 

BC data output is available at a 
mult,i-tcrminal connector on the r ar 
panel . 'l'he si; digits of readout together 

with range infor1nation are supplied in 
1-2-4-8 BCD format at DTL logic lev 1 , 
together with control signals for operat­
ing the 1 1:37 Printer, the 1 13 Digital­

to-Analog Con vcrter and s milar de­

v1ce . 

By the use of a pre calcr such as the 
TYPE 1156 Decade Scaler or Typg 1157 

100:1 calm·, the range of the TYPE 

1159 can be ex end d to 100 MHz or 
500 l\IIHz with the same six-digit resolu ­

tion and automatic ranging features. 
Because of its period-type m asurc-­

ment, the TYPE 1 159 docs not lose a 

factor of ten in resolution as is the case 

with conventional fr •q ucncy counters. 
A three-position switch on the rear 
panel of the instrument permits multi­

plying the readout by a factor of l 0 or 
100 to give direct readout when a 

prescaler is used. This last function, like 

all the other controls, is programmable. 
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nough o l e set to ±0.001 % wit 

h 11.J has in aU ar a th aid f an l · ven th ugh l 
where 

on 

s t bility d a ur ' f the o cilla­
tor dial cu.lihration allo\ only ±23. 

l\lf or ta l ignal g n rator , l"k 

� R rr YPE 1 03 tandard- ignal n­
ra lor an b t t ±0. 2){ wi h 
b h lp f h 11. c th fine-tuning 

adju,' n1en L f thp ,n ra or. U •ing h 

g n n · r dial al n an a ·hi v 
onl ±0. l Yc. For ignal urc fr m 

2 .- 0 :JfIIz th :1 T YPE 11-7 

r th 1 : l �J YP E I 1 5 I ·' d 
can b u d ah ad f -h 1 1  ·g. 

f I tic r 

t anJ 

in-
au ma ti up m V rms ovPr 

itoring, fi]t r nd 

' t . 

1gna 

s p ra or to 

calibrate each point n a dial ithout 

ha ing t th 
ount r. 

th 

mea ur m 
measuremen p r h 

to allow the pera tor t 
oscillator ontinuously with h unt r 

conLinuously followin hi a tions. 

Many l 'II -fr u ncy 'Cill tors, uch 
as the R TYPE 1310-A, are stable 

r ' n  
The 1 1 5 
as h 
t n 
th 

r 
ula­

w hen the 
coun ,r i connec ut-

f h g n rator. 

h r u' ful input- ircui charact r­
i tic f the 115 are high input r is 
an e and I°' input apacitan , 1 Mn 
in parall 1 wi1 h 27 pb (20 F wh n the 
r ar-pan 1 input terminal is di con-
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ne ted). Th e mak it po ibl t u 

an 1 1 5  -DGOO Input Prob , giving a 
total inpu in1p dane-. of l �In 

hunted by / pF and a ma.'im.un1 n­
sitivi t.y of I 00 rn Y (:200 n1 Y at 20 

l\1Hz) or tt r. Th <· u n  r an th n 
be connec d to o ilh tors and \ircuit:-:; 

without loading th m an n1orc than 
a g cl o illo p . would. 

Th l 15D will b ,. ry useful in pro­

ducti n-lin w rk. It. automali rung ' 

'\lli chin r capa.l ility and c.·c 11 111., low-
frequency performance permit an un-

June-July 1968 

kill d work r to obtain a . ix-digit 

reading of :wy fr iu n y h w en 0.6 

Hz u.nd 2 J.. Illz without n cd for 

manipulaLion of ·on trol . Th f w on­

troL , · nn etc l wi h t.he input circuit 

and i play time ar coY r d by a 
hing d door in ord r to prev n t n i , d­
j u ·lm nt by curi u · production help. 
Th u e of thP::;e ·on trol � is unn �ary 

undC'l· n ormn I u. f t..h 115< . 

- N. L. \V1<;STL.\KE 
I • BEXTZEX 

S P E  C I  FI C A  TI 0 NS 

Frequency- Measurement Range: .6 Hz to 20 
:\1Ilz. In the fast mode,() Hz lo 20 l\[Tlz; in th<' 
slow mod 0.6 Hz to 0.9!JOO!J . 1Tlz. •,xl 'nd 
rang o 100 or 50 l\fllz wiU1011t lo i:i of 
accura ·y with GR 115{) (10:1) or 1157 (100:1) 

calcr. 
Frequency- Measurement Accuracy: .J- I X I o-6 
± clo k nccurncy ± noise (se note). 
Measurement Rcdei Hum of adjustable display 

time, 0.02 to 10 sand ""• and mensurem nt Lim 
of about 100 ms in fast mod � or 1 H in slow 
mode. 
INPUT 
Sensitivity: 20 m\' rms at.'..?() :.\Ilh; 10 m\' rm . .., 
from 1 IIz to 1 .l\IHz. 
Ba n dwidth: Ac-coupl d inpuL, ;� dB at approx 
1 I z. undwidtb switch -:3 dB p ints nt 
approx 10 or l fTfa, 100, 10, or 1 kH:r.. 
lmpe.da nce: l fH,,'27 pF f r up to 5-V I k-pk 
input ; 0.G7 \li27:)Q pF f1..)r up o 200 V 1 k-pk. 
Input capacitance can \ r: reducrrl liy di con­
n cling ithcr unus d front- or r ar-pnncl input 
conne>ctor. Fron only, 20 pF· rear only, LI pF. 
Trigger Thr·eshold: ±20 m V, ndjustablC'. 
Slope: P sitiv - or n ga ive-goiniz, witch-
selected. 
CLOCK 
Internal: 10-\rITv., third-ov rLon q11iutz-crysta.l 

scill tor in lJr p rlionul-controll d ov n. 
Tem peralure Effects: < l X l �from 0 to 50°C 
ambient. 
Warmup: Within L X 1 - in 10 minut s at 
25°0 ambient. 
Stabi tity: Better U.11111 a X io-o p r day after 
1 month of operation: b •lle1" than l X LO 6 

per year. 
Extern a l  Control: Internal clock oscilla or can be 
phas -locked o xtcrnal 100-kl-I,-, or 1-1\THz 
signal of a lea t 1 V rrns. 
GENERAL 
Programmability: All ontrol functions can be 
programm d by contact clo urc lo ground (2-
to -1-mA sink curr nt r quir d) x pt di play 
time, which requires an external resistance of 
0 to J 00 k .• , and trigger I vcl, ' hi ch require 0 
to ±5 V de. 

Note - N ois uff ects Jlr c• ion of freciuency 
measurement. •or ndditiv. noi • on signal 
tn asur d, tlw t'rror in me, urcm nt will be � 

""here N is th ' noi level and H th · E = 
1T' 'II 

si�nal lf'vel in Ow �iamc unit ; n i. l.hc n umber of 
period.· n.veraged. l11l �rnaily produe cl noi:-; iu 
th {'•mnt r will dctc•rmi11c I he li mit i11g •1Tor 
level. For t}w 11.'>\I, 1.his i11l 3r11td 11oi�l! is approx 
!}0 µ\' rms. 

Data Output: 1-2-1-8 BCD-DTL out.put for G 
digits f datu., cl C'imal point, and mensur ment 
nnitf:1. Dat a. zero is 0.5 \� max ( 12-mA current 

inking <.:apabiltL,\ ) ; <lab on is approx 5 V 
behind J kH. 
Display: • 'ix neon readout tube , autonH ticnlly 
positi ned decim al poin , and mca 1 1 rem nt 
llnits. Dimcn ion s cun b multiplied by I, I 0, 
or 100 '·ith rcur-piinel switch for use wi h I 0: I 
nr l 00: 1 presrnlcr. 
P'awer Required: l 00 to L 25 or 200 to 250 V, 50 
to lOO Hz, CiO \Y. 
Accessories Supplied: Power <'Ord, spare fuses, 
mounling har<lwarc with rark models. 
Accessories Available: ClH. 1150 (10:1) nn<l 1157 
(100:1) !-'caler , 11:{7 Data Printer, l l:�() Digi­
tnl-to-Anttlog (:on v<•rlcr, 115 '-DliOO input pro he 
(a\ailnhk onl� \\tlh eounlcr). 

Mounting: H.nrk-hen<'h cabinet. 
Dimensions (width x h ight x depth) : B nch, 
10' 2 x i 7 'l x 15 in. ( W5 x L2f> x :� '5 mm); rack, 
ID, :�1 �' n• sin. ( lS.') x, H x :{;).)mm). 
Net Weight: Bl'nf'h, 2!i lh (12 kg); raek, IH 
lh (!l kg). 
Shipp i ng Weight: l�l'll ·h, :�5 lb ( l li kg): r: ek, 
2 lb ( 1:� kg). 
( '<ila log 
\· umbrr 

1159-9700 
1159-970 I 
1158-9600 

Prfr1· 
/)('8f'ri1>ti01L in l '8. l 

1T59 Recipromatic Cou n ter 
Bench Model $2235.00 
Rack Model 2235 .00 
P6006 Probe, Tektronix 
Catalog No. 0 l 0-0 l 27-00 
(not sold separctety) 22.00 

9 
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10 

th [;] p rime ter 

- r r r, (, ') ; --- ', I. .-
\.... • \,._I "--' L - ... \_, ,) -

figure 1. Type 1681 Automatic Impeda nce Comparator Syste:m. 

THE AUTOMAT C IMPEDANCE COMPARATOR 
high -p rf >rmanc . pecifi ·a ion · 

of ·l c roni. eqniprnen t requir 
u.· of pre i i n ornpon t. 

c manlfo. t ur r· an us r· 

c mp n n R to h e k larg 
r . i t r. apa it r.' and t o  
clo.·p toleran .· . Th 1) 1 uto1 nti 

� P< dtanc intr duced in 
ll61, r on 
th 

can w 
capa ·i an m a ·  ir 111 nt:· a - ond ancl 
pr cnt: h ta in ma<'hinP-r a<lal I a· 
'· 1 1  a� ,·i�ual f rm. Th 

;"t m was imm dia t 
n <.-.-ociat d quiprnent c>an n , . b 

f rnnd in prod uc tion q unlity- ont.r-l, 
and in. pecti n in.- ullation.� 1..hr ugh ut 
the world. 

Th new 1 J 1 _ utom H' 
omparn.tor • y.·tem (Figur 

lar in appeurun ·c t.o th J 
b ... -·t mo. t of the 16 advanh ere-, 
plu·c. f •imp r ant ne· ofit· w 
Like the 16 0, it can in ... k, mea. ur 

me ' ::t hiah p cl ( ) t 1 p r 
n1inut ), and i pre nt <la a in both 

in-lin digi <. 1 r • u an l in bin r 

od d d in al f rm f r u · w] h tape 

val 1 
th 

(':-<Tl lU 
parat r i · 

f 

f r nee� in in pedanc 
in pha ·e an le. r l gr 

�nd 

up­
hat 

dif­

und 
f 

1 R. . Fulk , ·· 'he .\utomul i Capaci ance Bridge," 
Gr11erul RtuJio Erprrime,.ler. \pril Hll\,'j_ 
• .1 L C. Ho11j!' an l IL P. Hall. ".\ Hin-h-Pre i.::iion Im­
perlrinc<"' owpar Lor," G neral Radio Expirimtm!i'r 
AtJril I "G. 
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e 1 1 over it- older rela i n ar th  
_ugh re olu ti n of  the iO'it 1 r adout 
and it8 compatibi l it  , with the auto­
mati component-handl in cr  a n d  da a-
handling e uipm n Yi tnJ in toda 
technolog r .  

O PERAT N G  FEATURES 

The 1 6  1 i ·  a fu ll  T a u toma ic com-
par·i on brid prov iding dir r adin 
in both magn i tud and phc �e-an le dff­
fer nee O\'er a "·id rang of impedance.  
The hicrh .:·p d and el -balancing apa ­
bili  y f th i � mpar, t r a r  obtained 
vithout .. acrific of ac u r  cy or i m­

p danc range. Ba · i  · compnri�on ac­
curncy i · .)0 ppm and imp <lane rano-e 
i 2 h m  · to � m g h m  · . Th m­
para tor can d tect i n1p da ce differen ce 
and phase-an le d iffer nc to 10 ppm. 

The m ·ur ment d c i. ion ar n1ad 
by a 1 ' 72-_\ Digital  'ont ro l  Cni , 
w h  :..: i rcuitr�r ha.: b n d cribed in n 
earli r article. 3 Th opera tino- de of 
the digital con tr  l un i  s nr 
trate the Y r ·n t i l i  ty of t hi. in strum n . 

1 .  The H O L D  R.\. XGE pro ·ide . peed 
nd nrnxin1um re olu ion of i mpedance 

val ue f r ompon nt tha vary widely 

a Fulks, op. cit . 

m va l ue from the tandard .  In this 
mode the bridge balun e ·eq u nc art 
at the mo · -:;ignificant d igi . 

2 .  Th TR.'.. K COXTl 0 u. mod pro-
Yide con m uou, trac king of the un­
known from th .·tandard .  Balance 
- t�  rt"' fr m th p re,·i u ' n1 a ·urcd 

nllue  in th lca,·t- ignificant di it .  '"rh i  
n1od i- u .. eful for t 1nperature-c ffi -

ient n1ca.:urem nt . . wh r :mall 
change , in t h<' ,·alue of th unkn wn 
are being m a.·ur d.  

3.  The TRAC K .:..\ .  I P L E D  mod i .  u d 
for m a �urement.  of comp ncn t where 
t he diff r Il(' b t we n th u n k nown u n d  

the tandard i: :n1nJ l .  Thi- is . i milar o 
the T H.AC K co . .  TL' l  o e .  m de xc pt  
that balanc i s  achiev d h r n l  r on 
command of the perator. 

4 .  The n ·, . 1 0TE po ' i t i  n di conn ct  
th front-pan l balanC'c con rul and 
all  w.- th operat ing mod e to b ·c:l ct d 
externally by contact clo. ur 

H O W  IT W ORKS 

Fi u rc 2 i · n, 1 lock iagra.m f t he 
1 6  l A u  oma t ic I mpedan ce Con1para­
tor ' tern . Bu�ieally,  the 16 1 is 
a ran.'former ratio-ar m  compari on 
bridge \Yi t h  the  unkn o '  · n  and ·tan<lard 

. - - - - - - - - - - - - - - �- - - - - - - - - - - - - - - - - - - - - - - - - .... I C LO C K  PU LS E S  t BCO 1 - 2 - 4 -2 
I 1 • ���� 
I 1 r - - - - - - - - - - - - - - - - - - - - - -

REVERSIBL..E I COU N'TE.R 
I 
I 

I 

I 

I 
I 

(] 
GENERATOR 
120 Hz 
400 Hi 

IOOO Hi 

@ 
U lllKNOWN 

BRIO G E  

A"'PLIF1ER 

GUAADED 
l 
I 
I 
I 

PHASE ­
S E N S ITIVE 

DETECTORS 

L _ - - - - - - - - - - - - - - - - -- -

L - - - - - - - - - - - - - - - - - - - - - - -

LOGIC 
CIRCUITS 

RE VERSIBl..E 

COUN TER 

BCD I - 2  - 4 - 2 

f i g u re 2. B l o c k  d i a gram of t h ·e  i m pe d a• n ce c o m p a r ator. 

0.0001 RAO 

+ 
1 0 0 . 00 .,. 

1611-IJt 

1 1 
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1 2  

thei;]Expe imenter 

impedan rv1ng as the r m in1ng 
two b rid e arm . Th outpu o the 

ompan on b ridrr i an unbalan e 
voltag '\ b i  b i mea u r  d 
b ridrr , u ing con ven ti  nal 
ancing t • hniqu · a de ri 

\ h n t he u n k n  wn and h 

n rnagni ud 
ive to age ar a. m a u :r  of 

th danc differ n . Th unhal-
an v i · f d in to a h igh-in p u t-
re i.  tance, low-input-capaci a nce ampli-

e · o tha o l oa ing will  cc r a b 
ou put t rmina1. of t h  m 
bridg •h n high-" r ped nc 
n nt ar n1ea ur d .  

h a mplifi r '  h igh input i m p  d n e 
a h i  v d hr urr f a fi ld-eff t 

mpu 
fara . 

ita nce of 

In the a e o h igh-im p  
uren1 n t,  w h  r hi I d  d c to 
p r  v n pickup h able capa itanc 
t gr m '"ill  au pha ·hif and 
a t n ua ion f h u bal n · icrn · l .  
T h  · mplifi r p rm·id a low-imp dan 
guar voltage, whieh an be u; d to 
drh· the ampl ifi r i n p u  a 
appro. imat ly b am. p 
the inpu ·ignal to liminate 

ap ,citanc . 'I'h rua rd , an eff tiv 1 
r d uce ab e c pacitanc b a f 'Ct r of 
abou ::J 

Th un a lan · ( E 1 )  a h 
>f h n1p l ifier i m n. ur by 

r ridge ·ir uit con . i ting of I<... 1 ,  
a varia 1 v 1 t g � 2 and the int r 

tandard Z1 and Z2•  f thi · b ridg 
unbal a n  ed, th u nbalan igna l 1 

tor 
lil 

he 

MEASU R EMENT MO DES 

m a  ur rn n 
n ur 

bridge m 
en a. 
unp dan 

m.o · ural 
mea m nt 

l v r mal l .  
I n  the � 

th i m p  dan 
th 
kn 
a c u r  

t h  

jm p dan -m. 

ti.e Mode 

ar 
a 

p ro-

h 

r 
and 

The � m d can r p ·e n t b 

Fio-u 3. J .  th 
in u t.i v 1 c u-

• �1 . . Holli  . H . P. H a.1 1 ,  and I.  G .  • aston . " An rn. tru-
m nt for ih Preci e tnpad n of f mp ance and Di 
!lipation • acto , "  Prou dings of the Salional El ctro 11ic 
Confer nc , ol . 1 0, 1 95.). 
• Holtje and Ha.I I ,  op. cit. 
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1 cl rat io arm a r  q u al ,  the con1plex 
ou t pu t.  \'Olt  g J Eo 1 

Eo Z x  - Z 
E Zx + Z 

rrhe real part f h i :-;  e. · p r  . .  · ion i. · : 

Z I Zs I 
1 z  I +  1 z. 1 ---'-----

) - 1 
--

]_ + Z,. + IZs J 
� Z 2 JZ x J  

I f ( "' - �) i- smal l ,  , ay I :- t ha n  . l 
rad ian , co ( x - ) = u ni t y  and t h i  · 

q u a t ion r due ' t 

n t her appr x i ma t i  n is n ,_:::;:i r  T 

t o  h a \" t h  } rid <r meL sure t h e  i n1-
pedu. n e d iffer n ee a. a pe1·cent of t h  
standard . I f  JZ - I  - IZ>; i · \" ry ·n1all : 

Zx l J Z .. I 
I Zx l  + IZ,. I 

z I . 

I n  n1 a u rcn1cn L of rc;.;i.·t ancc.  capac­
itance, and i n d u c t a n c  he i n-pha.·· 
component of t h  b ridg u t p u t  ,. l t ag 
is a m. a ·ur f th d ifferen of 
th r lativ 

(Rl( - R 
1 00 � ) ( - X 1 0  c-c,o') x ; , ---Rs 

Thi approxima t i  

i m.p anc cliff r n 
I h ba i f r 
op rat ion . For laro-

n i .· q uite good for 

,, le � t ha n  .�o/c a n d  
c n1p_ari�'On-bridge 

r i1np dance differ-

Zx - � E 0 • --- E Zx + Zs 

1681-5 

F i g u r e  3. B a s i c  b r i d g e  c ircui t  i n  t h e  ..j, m o d e .  

.J u ne-J u l y  1 968 

F i g ure 4 .  Ba s i c  bri d g e  circ u i t  i n  t h e  .C>. R ,  Lll, or 
.C>. C  m od e .  

en h e  bridg o u l p u t.  b com : q u i te 

n n l i n  a r  a n <l co rrection i .  n c sary . 

(The ..lR, � L , ..\C n1ode d i::;ign d i n to 
t h  1 6  l compara o r  t oYercome t he 
ncce.·:--;itv fo r corrcet ion du o t hi n n­

l ineari ty i: dLcu . . cd b l w . )  Th 
i mao-i na r · part of t h  b rid e output 
,·ol t age i n  t he ...\ m.od 1 • : 

I (Eo) = ._in ( . - .,) __ _ 

m F I Z J I -- co� (e - e ) + + � . x - IZs l 2 Zx l 
I f  Z x a n d  Z a re tu q ual h u t  t he d i f­

ference i .· ·n1al l  a n d  s i .� 1 . than 
0. 1 rad ian , t h i .· cxpre . · o n  r duce · t : 

(Eo) 1 
Im E = 2 ( x - e ) . 

I f  r la l i \' ly p u re el rnen t s  a r  u. d 
( C  w i t h  D 1£'::-;, · l ha n  0 . 1 ;  R, ,,· i t h  Q 1 , s 
t han 0 . 1 ;  L . w i t h  gr a t c r  hn. n  J ) , 

l hen ( x - Bs) = ...\ of C and L ,  or 
� of R. 

6R, � L, o r ..). C  Mod e  

The b ridge c i r c u i t  for the ..\ R ,  ..\ L, 

or � rue de•  i .· !_.;hcrn·n in Fig u re 4 .  The 
unl �:dance b rirl gc Yoltarr i : 

E + k Eo 

I f  feedback from t h e  ou t p u t  to th e 

b ridge is u c h  t h a t  k = 1 t hen : 

E0 Zx - Z - =  
E -Z:3 

This is what is desir d. 

1 3  
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1 4  

t he I;] Experimenter 

H obert K. Leong re­
C'eive<l h i. ·  B:EE and 
l\l �EE degree.· from 
Nm·l heastern L' n iversit y 
a n d  j o i 1 1  J .eneml H a­
dio i n  1 D6-L A� a develop­
n 1e r 1  e 1 1µ;i 1 1  er i n  tlie 
Low-Frcq l l  1 1 cy mp <l­
l'\ llec C n > u p ,  he l'])eda l­
i ze� in t h  de�iµ;n of 
hrid� .,., and co1 1 1par:.i­
t o 1 " . H '  is a member of  
Ta n B • l a Pi  and Eta 
Kappa >: 1 1 .  

T h e  r !al part o f  t h  formula i.  : 

Re ( EJ ·.�o) 
= IZ x l C :_·(O 

� 2 [Z. I 
�) - z .. 

For (Ox - lc-s� than 0 .0 1 :rad ian : 

! Z x l  - " Z .. I 
2 1 z I 

T h i s  upprox i m a 1011  L-· 0 x t re n1C'ly 
good ; i t  p rodu l»� a rnax i n  u 1 diff r n e 

error of 0. 5 70  for (0 - 0 )  - . 0 1 

rad inn . 
T he i rnaginary part of 

u n h u l ancc i.' n p p ro x i mat ly 

r,,,(�o) = : ��II ( 

t he" hri g 
q uul to : 

if  ( x - ,.) < 0 . 0 1 rad i a n .  

� ot ,. t h at th pha ..... -ang l '-diff • r  n 
error i. d i rec t ly proportionn l t o  t he 
r" tio of H c u n kno w n  i mp a n  O \' r 
th .standard i m p  ' lane . h i:-; c rro t· i.:-5 

ncg l igi h l r  i n  compa ri�cHL' of p u re d<'­

men t. · ( H ,  L ,  ' ) of a p p roxi ma teJ · the 
, ·a n10 ,·al w .  

1 n  e ff Pc t .  con ,·en t i o n n.l an n log c·on1 -
pa ri :-;on bridge. · h a \·0 p ro \· id d an i n d i­

cntion of  l lw pPrc'<' u t agP cl i ff rcn c 
hP wP<' n the �tan dard i mpcdu ncc an 1 
t h  u n k n own i m_p d a n c  w i t h  rc�p et 
to the rwcrcrgc of t he t \\·o i m pcd n.n c � .  

Ide all  .,. the reading sh ould r0 pre en 
the difT r n bctw 0 1 1  h e  u n k n o w n  

a n d  the ·tancl a rd i 1 n pedan ces, e x­
p r  �:-;cd fit:; a p r n t. £ t h  sta ndard . 
'Thc.s t.wo upproachcR p rod uc diIT r n 
r n l i r  g .  , b u t  thi  · diff ren · i · .' ma J l  

w hen t he u nknown n n  l .' t<- n 1 · r d  i n  -

pedan e a rc cl<  se in \•a l u . Fo r l u rg 

d i fferen c · b tw n t he u n kno\\ n a nd 

t h  . tan dard t h  r a. cl i ng� lwco rne 

\V iel ly d ifferen t,  as i n d icated in Fio-u re 
;) . For cxam_plc , n n  a cc u rate p r n t  
d iIT0rPnc ' of 0or-1 we uhl read + ·10 ' 
on one ·id and - Gu . 7 S7  o n  t h  o t h� r .  

Ro m u rn  l ug c m pa rat or� prcn·i c l  

. Ppn.rat n1 te · . c a l  � .. nd i n c J i \·i d u a l  

mca ... u r  rn n ra n gP:-> t o  co1npcn �ate 
for t his n on l i 1H arity .  I n  t he l U  1 how­

c \· · 1· ,  th n e w  ti R , � L  or ..J.C 1nodc 

p ro\·id s t h  dC'�'ir ·<l ind iC't tion O \Tr th 
total 1nC'a� u re uwn t ra n g  \Yi thou co r­

rt'et ion . T h  other m o  e · �  n bo a. Ya il­
u h l<" a n d is lab l d ..J.O si n it i .  · e>spe­

cia l l . '  u. ful u1 t he c ·on1pa n::-;on of 

p h a .·e angle ' .  

A P P L I CATIONS 

Component M e a su re ment 

Th l G<- l c a n  be u sed to nu1 ke fa s , 

a o m pari . ·on m.ea. u rem.e1 t:-; o n  
al m :.; any ty pe o f  c t  pad t or.  'Y i t h  

capaci t o r. · o f  \'P ry l J \\. val ue - u n d C' r  
1 p li - h ·o rnpantt o r  c a n  be made 
dir c t- r ad in g i n  capi c i t a n C'e if a . u i t ­

able ,..,h u n t ing car>ttc i t or i .  · c o n ned <l 
ae ro.;::-.; t hC' d·'t (' < · t o r. I n  lo . .,· nw u s t tr < ' ­
mcn ts o n  lo\\· - l o:-.;:-; ca pacit o r :-: , t h<'" u sC' r 

can c u l l  o n  th 1 0- p p m  di:-:sipa t i o n ­

r �  t o r  r , ·ol u t i on o f  t h , l G  1 . 
For m ea:-> u r  inPn t s  on Yol t a!!: -.·< ·n. ·i­

i vc capacit r · .  t h e t .s t  Y o l t agc' nm be 
rn ocl ifle<l t o  m � f i l  • pcc i fi f'at. ion � 

:\ I I L-C - 1 1 0 1 .=iC and l\ I I L-C -:3UO l 1 fo r 
viation 1 1  :...tr)U r .1ncn t 8  u p  t o  =*= io</ . 
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- 8 0  -60 

P E R C E N T  
OF 8RI OG E  
OUTPUT �o 

+eo 

+60 

20 40 60 

PERCENT OF STA N DARD 
-20 z. - z .  

-z.-
-40 

.J u n e-J u l y  1968 

80 

i � _ _ _  - - - - - r - 60 

-80 
I 

F i g ure 5. Bri d g e  o u tput c h aracter isti c s .  
681-7 

The comparator ,yj 1 mf'a. · u rc indu -
t · r '  in t rm.� of i ndu tanc cl iff ren , 
i n  p<'rccn t. T h u.· he in .·t ru men t c a n  be 

hC' l pf u l i t ,  t h  hahn<'ing of t ran. fori wr · 
and in the ·1<lj u ;-;tm  n < f induc tor.· o 

p r e1s to lr:ran ·r.�. 
Re. ist a n ce mea s u remf'n t - uµ;ai n a . ·  

n p<:rco n t <l i fTerPn ·e from n .·tnndard 

i.· po:. ·ib l with tlw 1 u 1 .  I Iere al.·o h 
high r l u  ion f th comp, rat r ·an 

1) put to good u :-:e - i n  1 1  asur ·nwn t.· 
of re:i Lan ' d ri f t ,  for xn mplc ,  n. · 
·nud l a::; 10 p p m .  

Sorting, Inspection, Q u a l ity Control 

A he n mub r of con pon n LB l b 
rn u. ·ur <l und ·ort d incrca._· .: , .:pe<'d 
b comes m re and mor i m po rt an t. 
Th Hk 1 ,  l i k  it: ,·i: • r  i nstrum n t ,  t h  
J G  .: u t  ma t i  'apacit, 1 H ridO' , 

,,.,,a d signC'd for in ·tal lat i n and. u.c·e 
in auto matic syst.P ms.  Grn Pra l a<li o  

man ufa tu r ._ or c. n p ro\' idc a wide 

a rray of inpu and u tpu t. ac ri . t 
hand l and to ·ort 01npon n ' an to 
r ·ortl measurcm n t datu ( · ' · F irru r ' 6 ) .  

Dielectric a nd Tem peratu re- Coeffic ient 

Measure ments 

The <>n te rp ri:-;inO' C' nginec r or ::-:C'icnti: 
w i l l  q u i c.: k l . f i 1 1d n an. •  W:l) :s to t n k  
a u  v an t age o f  L h  :-; 1  d ::u d r s< l u tion 
o the 1 () l .  �a m p ]ps of d ic lecl r] mnk­
rials  c ·u n l w  compa rc•d wit h p rceisC' 
rea d o u t  of i m pC'du nc·<•-ruag 1 1 i l. udc· anJ 

p h a;' -m µ;IP d iffC' r n c  :-;. T n p ratur  -
co<'f i iC'n l  rncasu r m n t .· n ·om po-

ncn s i n  PH \· i ro n nw n t a l  ehmnhers 
U!'3ua l ly in vol n• dm·iatio11 InC 'a, · u n ' lllPn 1 · 
as a funct ion of t m pc ra u r  , an<l her 
the com p a ra tor, wi t h  i t .  I - p p m  r �ol u­
t ion and pro v i..;ion for autom a t i c  data 
co l l  •c t ion i .- o f  o l l \· iou: n1l uc. 

TEST SYSTEMS 

Input Devices 

Bl'eau.  c .so many di IT rcn t . pes of 
com ponc'rd :-; c a u  1H' nH a.·u rC'd ovC'r such 

u w id<:> i m p(' claJ H'<' ra n ge ,  it is impo;..;siblc 

t. p rovide' n �i1  g l  , a l l- p u rpo� t. rmina l 

o. rra n g  · rnf'n t. I n  many as :.-� t h c n­
nc-c t ion of t he u n known component to 
th ' comparu Lor c u 11 uc n101:;l con v nien t-
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1 6  

t he[;]Experimenter 

CONDITION I N G  

B I A S  

S U P P LY 

E N VI RO N M E NTA L 

C H A M B E R  

1 6 8 0 - P I  
T E S T  

F X Tt.J R E  

1 7 70 

SCA N N ER 

COJIPO ENT 

HANDLER 

M E AS U R E M E  T 8  
OT H E R  DATA 

T R A  SDUCER 

C LO C K  

T H E R M O M E TER 

[=:J CA BE SUPPL. IEO BY G E ,.,E R A L  R AD I O  

PROC E S S I N G  
R E C O R D I NG, 

HA D U NG A A LY S  IS 

X-Y RECO R D E R  

R I T E R  

68 1 ·8 

F i g u r e  6 .  C h a rt s h o w i n g  i n str u m e n t s  a n d  d e v i c e s  t h a t  c a n  be u s; e d  irt a n  a u l o m a t i c  c o m ­
p o n e n t - m e a s u ri n g  system . G e n er a  R a d i o  c a ll  s up p l y  s ys t e m s i n c l u d i n g  t h o s e  c om po n e n t s  

i n d i  c al e d  by ti n t e d  b l o c  k s .  

1 n1 t h rough t h  u :-;  , f  t h  1 \ - P l 
T .' t Fi. · t u  re , i n  w hi · h  t h  n p m n 

u r  n · n ua l ly i n .  r ( 
. u t  n :.  t ic i n p u t <l vi  

1 77 . " c-a1  n r .�y:--;t r n ,  

appli<'ation :-; in  w h i  · o m p  n n l :-4 

t h  
for 

c nn l< t t h ' pt ra t o r  m a 

pr · rihc l � u 

Output Devices 

_ I i  u t p u t  Y t Yail ·  h l  t 

r rd t h  rnca:-;u red da t a .  A 1  n o- t h  . ·c 
ar p ri n t  r:-4, � nalocr r r l r. ·, ('Urd an 

tap pu n eh . · ,  t �  p w ri t  . · ,  t nd n1an-­
n � i • t ap r o rd 1 . 7 

Th T ·rE l J :1 --A D: t · 1  P rin P r  (de-
·jgn d f r u .  \\ i t h  � l d igi t ·  l 1 u 1 p-

n1 n t )  i� p rol a l l r i h  l a.·t  .·p n,.:;i \· 
an d  i m p le.· way o f  · n t  r ia t ically 

obtainiucr a p rn1 ncnt r o rd . 
I n ._ p p l i <'u t i( n :-;  \\' r t he o u t p u t  <la t. ·  

a r  �ir i n t h  f r m  o f  a n  analog 

plot , such a ·  in t m p ru · u r  - ffi ·i 'n 

• F11 lk. . op.  it. 
7 J l .  T. :\l c- .\1  r n•l R. r . .  · .. l tt>, " \ u torna ic- pacitor­
T l1a  •y. t ffil!, " Ge " ral R1ui10 E.xperim.e,.tt:r, • ·o,·-D c 
1 U6ti.  

111 L .  u r  1 
o-. na l< ,,. 

t ran · lat  

< 'n t l"I .  a TYP · I 1 :  -�\. I i i t  1-
1011  \'e rt  r an b u. d t 

h d a t a. u t 1 u t  in o a d · 
r · u rrc n t for a n alog r ording 

1: YPE 1 .)2 1- � rap h i L ,.  I 
c rd r. 

For t h  : w w i::-ih r cord <la ta in 

nul ·hine-r a<l· J 1 p u n c h  t..ap 
I ·  t h  1 .a · 

p u ra l  
r t ' 1 b t w  

p In 
b ridg 

a rall<  I fo r m . 

�·ol u t i < n . 
1 11-

n p.., 

B 'D lu t u  fro n t h  
:->c riu l l  r n t h > t a p 
p u  1� p r  n tcd i n  

<'t rd p u n el , . ·u ·h a .� the•  I .:\ r ;y:.... (j 
for 

rd .· . 

d 

I. t h n o�t c o m m.  t d \' J C  
ob t a i 1 ing m a  · h in • - r  •a<l ·  b l  r 

T h  f t h  p u n c h  
t h  t' a u o n  a 

o m pon n t  h a ,·e b n p u n  h d 
on . i n gl curd t h  ea rd c - a n  m v wi t h  

t h  h 'J'yp , I 7H l an.1-
.. n h u · d a ·  t h  

n Y  rte r b t w  n t h  
car p u n ·h .  
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Typewrit rs and magn ic tap r -
corder an also be u d a ou pu 
re or in r d vice ; th ar g nerally 

n n ly in la1�g m suremen t y ·­
terns. 

P rocessing Equip m ent 

A u f ul m mb r of be proc , inn--
quipmen fa n · 1y i th n w TYPE l 7 3 

Digi al Limi omparator ( imilar to 
the 17 1 Di ital Li mit mpara tor) , 

mpar s th b ridg r adino-
again m anually lirni d 
'ivh her the m a ur d 
or out of t 1 n 
G O  vi ual indication a 
contact 1 i· s for au Lomati orting. 
Furth r information n t h i  in irum n t 
is a aHab e on r q st. 

Sta n d a rds 

An x t  rnal tan d rd i r q uir-d f r 
th 1 6  l .  Thi s andard may be a 
c m ponen t  i n tic 1 to h un known 
and 1 f r a minal value, r it 
may a alibra ed , fixed standard r, 
if mor n veni n , a v riabl tan ard . 
A wid . el ti n f tandard i avail­
a ble : th l 1 2 Pr I 10n apac1 ors 
(for mall val ues of ) the 23 ,  1 424 , 
and 1 25 Decad apacitor (for large 

J u n e�.J u l y  19SS 

valu of C) , the 1 33 and 1 3 D cade 

esi tors an the 1 49 1  D cade In­
ductor . 

BRIDGE OR C OMPARATOR? 

l e  a aila ili y of b th an automatic 
capa i tan , e  bridg (th R lG 0) and 

cat capacitan 
h compa ra or i 
ion fr  m an x erna l 

om para tor 
, · i m  tel r the 

' ond r 
u ited o 

', the 
r " dg indi-

directly , 

perc n t devia­
tan a rd .  The 

o m para tor offer crreat r r ol u tion , 
and i t  m asures r '  ' istors an i nd uc tors 

j u  a ea i ly u it apaci t  r . 
B ridge or compara or1 t h  result is 

p d and n enienc i m p  ible w i th 

manu ally opera d m rum n s. The 
higher ini  ial p ric f h a u tomatic 
in r u n1 n t ,  �' a n  in d in rm. of t 
per o mpon n t  c ed , i n a a true 
saving. Indc d, for th h igh volu me 
m u rer of · mpon nt , he au tom atic 
brjdg or corn.para or i now an 
economic n ece sity. 

- I .  LEONG 
1 � 1 cAI er and Sette, op. cit. .  

S P E C I FI C A T I O N S  

Total 
Useful Range 

Ranges for JJ ea urement with Stated Accuracy 

Full  
Sca le 

R es h•ta n c e  2 12-20 Mfl 
1 003 

1 03 
C a p a ci r a n c e  20 p f-800 µ F  

1 003 
1 03 

I n d u ct a n ce 400 µ H- 1 000 H 1 003 
1 0  0 

F U L L - S ,C A L E  R AN G ES 
M a g n i t u d e  D i f ference : ± 1 �' a n d  + 10 t:;� 
- ·l0%, full cal . 
Ph,as e - A n g l e  D i fference : ±0. 1 and ± 1  radi n, 

1 20 Hz 4 0 0  Hz 1 000 Hz 

1 0  n.-2 MH T O  n-2 Mn 1 0  S'l-2 Mf! 
500 fl-2 M!.2 500 Q-2 Mf! 500 Q-2 M 

-
1 n f- 1 0 0 µ f  4 00 pf-50 µ F  200 p F-20 µ F  
1 o f- 5 µF 400 p.F- 2 µ F  2 0 0  p f- 1 µ F  

-
5 m H-1 000 H 2 m H-200 H 600 µ H- 1 00 H 

200 m H - l  000 H 50 m H-200 H 30 m H - 1 00 H 

ful l cale. The phM -angle differ n is very 
n arly qual the D d i fference ( and L )  and 
the Q difference (R)  ' hen the D or is less 
than O. l .  
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1 8  

the 1.1Experimenter 

000"" F'Ul..� SCA-'---'L_C �IVl_H��-'4-----------'---1---�>'--I 
o"- � 0.01 

.,. °" < 0.01 
� OL � t()O  
>-� o.1i.-----+-------+--­
=> �0.0,1------...------+----.,._-+-....."'------I 

OOf 0 0.1 I S 10 
DIP'FEll£HC£ BETWEEN STA DARO A 0 UNKNOW'i l'i "' 

100 

A c c u rcu::y o f  R ,  L,  or C D ifference  as Percent  o f  
Sta nd ard . 

OJI IO ... FULL-SCALE A A HGE 
011 < o.OI 

.,. 
De c o.o• 

� 
OL > IOO /' 

>- / 
l;l 0.01 

/ "" SPECIFICATIO / => u 0.00' u 4 
TYPICAL 1 1 11.il  TO !IOO 1'111 

o.0010"---,!l---o��-1 ----�ru'-----o��-��------',o 
Dl f rE RE NCE 8£TWEEN ST.ANOl\ROAHO UNK NOW IN ... 

A CC U R A CY 

..l R ,  � L  • ..lC Measurement M o d e  

Mog n i tude D i fference (us � of s undard ) : ± [ 1  ;, 
of r •ud i ng + 0.00 1 ..lO ( in  c·uu n t  ) + 5 cou n t.s l .  
P h as e - A ng l e  D i ffere n c e :  ± [ I ',''0' o f  read i n 11; + 

.005 ..'iZ ( i n  c·uLmts ) + 5 cou nt. I + u.dd i t ional 
(' rrur when l arg m u�n i tude diffe rent·<' li r 
I llCtLsu rc<l . orrcction chart uppl ied . 

.:i.o M.easurement Mode· 

Mag n i tude D 'ifference ( as c ;  o f  nvc rage of un­
k n o w u  and st.andnrd ) :  ± 1 1 c ' of r u.<l ing + 
0.00 1 ..l8 ( i n  cou11t ) + 5 counts! . R adi ng 
i n  this 1 1 1 1  <le d j fTcr · from S, -of- tantlard whPn 
deviation > 1 < ;., . corr >ction ·hart is uppl ied . 
Phase - A n g l e  D i fference : ± ( 1  £ n of r ndi n g  + 
0.0 5 ..lZ ( i n counts ) + 5 count ] .  
M a x  Reso l u t io n :  0.001 <1� ,  0 .000 0 1  radian. 

Effects of Leads : For h i gh-i m pf'dnnce mC'a ure­
mcnt · " i t h  input sh ie ld �u::irde<l, shi<'ld cl 
cal >I<· up to :� feet long : m  be u d withou t  

ign i fi t'an l err!J r from ·uble captll'itan e .  

Vo l tage A c ro s s  Sta ndard and Unkno w n :  0.� Y for 
1 00 '; -fu ll-seak ranµ;e ; :� Y for i o cc, ranr;e. Te 
vol l :l g<' r ·an be nwd i f i  d on reque t ti>  meet 
:\ C I L  �p1•ei fil'atio1 1  1\ I T L-C- 1 1 0 1 5C and .:\1 L-C­
;{!J0 1 -.!  on n•ramic capac·i tor!l.  
De B ias : C a n  be i n trod uced from external ource . 
D is p la y : T\VO !5-digi t  ban k of bright-light , nu­
l l t C'ri c·al i n d i <·a1 ors \\ i t h  <lecimal p i n t. and unit 
of nu•nsurt>n1e n t .  Lump burnout. :lo '!:\ n o l  att'�ct 
i nst rument operation or c·otkd ou put. Lttn1ps 
can be repl a<"ed fron1 fron t p:1 ncl . 
Remote C o n tro l : l"tnrt, a11c l  ha l a n t'e con t rol .  can 
be activated remotcl · by con tacl dosu rcs. 

O U T P U T  

N umerical  Do ta : 1 0  d i gi t  B 1 -2--1-2 ·ode. 
Print Comm a n d  ( a  completion of balan ) : h ng from " l "  levf'l to " O "  level . 
Slgnol  Levels : " l "  I vcl, 0 ' ; " O "  level,  - 1 2 V ;  
both with respect t ref re.nee line at +6V 
above h· ssis groun d .  I m p  dance of l ine. 1 2  kn. 
Measu rement  R a te : P•:rn I c ntrol allm.\'S adj ust­

ment f m a u r  ment rul e o t hat display ti me 
betw en m t ur ment i l e  ween appro.· 0 . 1  
u n d  5 s .  The ra.t an I t manual l v  or r -
mot ly t ::mv rn e compatible with · bal an c 
time. 
Other Measurement Freque n c ies : ,.\.'ith internal 
modification, the mea ur ment fr uen ies can 
be ch anged to any value et'i\·ecn 1 0 0  IT z and 
2 kHz.  

G E N E R A L  

Power Reqv ired : 1 05 t 1 25, 1 5 t 2�:), o r  2 1 0 
to 2.5 Y, 50 to f>O H z ,  1 00 \Y. I nt ernal 1 2  -Tl z  

cill ator is  locked o o w  r line f o r  60-H z 
operat ion . 

A u x i l ia ry Contro l s :  • en i t i v i  v ontrol  on fro n t  
p a n  l ·un b u s  d t o  rn i n i �'l ize balance t i me 
.., ·ith a resulti ng deer a. P in accu racy . S lf tart 
( w lwn component i c rnn ) o r  xt t art (b 
con tac clo ure ) can be s I clc<l wi th a rear­
panc 1 w i tc h .  

A c cesso ries Supp l i e d :  R ack-moun t i ng hard ware 
\d 1 h  rack m od ls · p wer cord an<l par fu es 
" i t h  oll models.  
Accesso r ies Ava i la b l e :  lo 0-P l  Te t Fi xt u re ; 
Il , L, and stand�irds and d . c a  de box P  : 
variou. ( � R di i t al-duta-::u·qu i  it ion in  l ru­
men t u n<l ys l.em com p onents . 
M o u n t hig : ::4upplied with hard\ ·:1rf' for raC'k 

m ou n t i n g  o r  us'embled i n  rabinet for bc>r1C' h use . 
D im e n s i o n s  ( width X heii:?:ht X dept h ) : B ne h, 
1!1 1  2 x 1 2  x 1 9  i n .  ( H);) X :w.? x 4 - m m ) ; 
:rack, H J  X 1 0 1 -:z X 1 in. ( l - X 2 ;-0 X -!GO 
mm ). 
Net Weight :  Bench, 7 G  Lb (35 k -.. ) ;  rac k ,  I L  l b  
( :{:{ k g ) .  

Sh i p p i n g  Weight:  Ben c h , 1 00 lb ( 7 4  kg ) ;  rack , 
1 45 lb (67 k g ) .  

C'al<!.lo(J 
_\'1wibtr 

1 68 1 - 9700 
1 68 1 - 970 1 
1 68 1 - 9702 
1 68 1 - 9703 
1 68 1 - 9704 
1 68 1 - 9705 
1 68 1 - 9706 
1 68 1 -9707 

1 6 80- 960 1 

DeN riµlion 

1 68 1  A ut o m a t i c  I m p e d ­
a n c e  C o m p a rator 

S y st< e m  

1 1 5  V, 6 0  H z ,  B ench 
l 1 5  V, 60 Hz, R o c k  
l 1 5 V ,  5 0  H z ,  Bench 
1 1 5 V, 50 Hz, R a c k  
2 2 0  V ,  50 H z ,  B � n c h  
2 2 0  V ,  5 0  H z ,  R :> c k  
2 3 0  V ,  50 Hz, B en c h  
2 3 0  V ,  50 Hz, R e c k  

1 680- P l  Test F i x t u re 

U.S. Po en!  Applied For. 

Price 
in L"S.t 

$4975.00 
4975 .00 

on req ue st 
on req u est 
o n  req u est  
on r e q v est  
on req u e st 
o n  r e q u e s t  

95 .00 

' 
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J u n e-J u l y  196·8 

NEW WIDE-RANGE RF SOURCES 

v ral  r c n t  addi t i on 

ral a.di 

o t he n-
ral-

n Dete tor ( . pug ...,-±)  t h e 
I - F  n1p l i f1 r :u l t - -l- � I R A J_, 

r a r  u. · w i t h t h  ,: 

r ate a pret'i.· ion t'a l i b ruted rec iy r. 
Typi al : n:5i t i \• i( i� - 1 0 d B m  f r a 

3-d B m e t  r d e fl c i on ov r r · idual 
n I �  with a 0 . .  - - .:\ I  H z  b, n d  ·id t h .  Th 

an l m- ._C ' i l la or.� ae h i y l ot h 1 w n i.� and 
c o m p l  t e  fr d 01n from non harm n i  

IT r l i . ·cr  ..;puri o u s  fr iu n c i  i n  t h  i r  

g r i n  a 
r lay n · k .  

T h  n w o.�ei l l a t  > r  - ha,. h l w­
n 01.· ,·i d  band l v l .. � ·en t i u l  in  t h  

l cal o i l la r of a · i m pl . uperh t ero­
dyne recei v r u .. i 1w a wide-band : i n rrl -

·id ban m i ,·cr. I n  th TYPE 1 :... 1 e -

"' I-I-.. 
! 
__, __, 
:II 
� 
a: "' 
� 
0 ... 
I-::. 0. .... :::> Q 

1 0 00 

8 0 0  

6 0 0  

5 00 

4 0 0  

3 0 0  

2 0 0  

1 5 0 

1 00 

8 0  

7 0  

60 

50 

1 1  
� - TYPICA L  

_ ! W I T H ALL "'" 
POWER � v ...,, SUPf'L IESI 

/ "1'.. 
I "' 

\ y / ' 
1 .. .V / !'-.. 1 

1,/' L./\ v GUAR AN T E ED - \. I/ II \ 

60 70 80 100 ·� 200 2.50 '°° 400 500 
F REQUENCY IN M H z  :iu. 1  

F i g ure l a .  O utput p o w er i nto a 
50- o h m  l oa.d for Type 1 363 

O s. c l l l ator. 

l pu t .  h r ugh h u ·e f high- t n n k  
i rc u i t  � op rat at hi&h l \'e l rn a 

f l l n d a rn , n t a l-frPc 1 u C> 1H' • m od e .  

5 6  t o  5 0 0  M H z  in  O n e  B a n d  

Th 1 ?  , ;3 .Ti l lator l i vers pow r 
typiC'ally in  x · �:- of I .)  n1 \Y fr. n 56 
t .:>O \ H .z  (.:cc ;' i ure l a) and r pla · · 

t h  pop l n r  . A a l ocal  
o�cilla or in t he tero yn D -
t or, i pro,·id · fundaniental 111.ixing 

"' ... .... .. 
! _, _, 
:I 
� 
>--:::> a.. .... 
� 
0 
"' ... 
• 
0 
a.. 

1000 

800 

600 

500 

400 

300 

100 

' O '----'-�--'---'--�-'--� 
220 300 400 '00 TOO 920 

fREOU E N C Y  MHz 
IJ0>- 14 

f i g ure 1 b. Output p o w er 
i nto a SO- o h m l o a d  for 

Type 1 362 0 $ ( l l la tor.  
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20 

llS 
\ I \ I I 

DELAY 

\ 
1 0  

7 

5 
\ \ 
\ \ � \ f\.. ' 

\."'-" :--....._ I� 
,______ � ,......__ I _,_-

2 

'1 

60 M H z  2 µ s/d i v  

R I S E "' -· 

�� 

FA�L!" w 
:a; .... 

0.7 
o.s \ J ITTER 

\ 
\ I 

o.z [\. 5 00 M f h  1 µ s/div 

0. 1 �o 70 1 00  

-"'-f-..._ r--_ 
zoo 300 

F i g ure 2a . T y p i c a l  r i se  ti m e, starti ng d e l a y, a n d  j i lter w h e n  
t h e  1 363 Osci l lator i s  pu lsed by t h ,e  1 264 M o d u l a t i n g  

Power S u p p l y, dri ven b y  a 1 2 1 7- C  P u l s e  G e n erator,  
500 O s c i l l ogra m s  s h o w  m o d u l ati n g  a n d  m o d u l a te d  p u l s e  FREQU E N CY, M H z  130)-2 

s h a pes Cit freq u e n c y  extrem es o f  t h e  1 363 . 

for :-:ignal fr q u  n c i  ' from 40 o 5:30 
::\I IIz .  'l he ba.·i w id -ra n g  t Ul r1 c o n ­
._i. t .� of a ntrial 1 i n d u c  or u d a nuia-

1 t u n ing C'apacit r cons rud d • . an 

i n t  gra l u n i t .  Thi:,; fu n nm n t a l-frc­
q uc t  <'Y L os i llat.or c i r  u it i:s i n hC' r-

n t l y n1 re t.a hl  t han R r h at-

frequency cir uit s .  In h . n ew o._ i l l:i-

1 . Ka ml11R. " VII F  n H F  Unit 0>1cillator , " G neral 
Rudw E.rperimettl r, :\lay 19.50. 

10 
' DELAY 

' -
...... � ' ALL � """'- , 

or, we huv iuer a. ed tl t u n i n g  

r ngc w h i le r d 11 C'i n g  t he n u m ber of 

'Yi pi n g  con t ae t .  f om t wo t n I 
u. ·mO' : fixed ne work t o  . u pp1·e:-;s t h  

u n w·an tecl re.· w:i.n '<' 1 n  the U ll l l .' cl 
po · ion of t he u n i n O' i n d uc t  r .  

th r i m port n n  t · i r  · u i t chang e1 -
u r  c· m pa i l bi l i t y  wit h the J '.2  ) cl  power 

u ppl � ,  m a k i ng po . .  i h l  b t h  , 'q ua.r -

' ·a. ·e and pul e mod ub.t ion ( Figure 

-

�� � ,r£ ----

2f O 0. 1  
200 

' 
' 

' 
.......... 

"'-.. 

--

- RISE 

" v i  TT ER 
"- I 
FREQUEMCY , MHz 

----

�f> 
800 900 

F i g ure 2 b .  P u l s e  c h ara cteri stic s  of t h e  1 362 O s c i l l ator . 
O s c l l lo grams s h o w i n g  m o d ulat ing a n d  m o d u l ated s i g n a l s  

are at  freq u en c y  extremes of th e 1 362. 

2 2 0  M, H x  2 µ s/d i v  

900 M H z  2 µ s/d i v  

.. 
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,..�u) . A frou - pa n e l  u ut o trol i 

rovid d and Lh rf out. p u t  on n ee ·or 
can be i nst.allecl i h c> r  r1 th fron t or 

at t h  r ,ar of th i n.stru m  nt · h e  u · er 
an c h n n rr  t h e  1 c a  t i  on i n  a few m o-

n1 n t .  · \v i Lh ou p ial t l . Th 
R 7-1® u p u n n  d or C 'an be ea:-;i ly 

onver ed l. y m ans f � l 7 1  acla.ptors 
o :: ny po u l ar coax i al n n  ,c r ._ n .· 

(BNf', , T ', . · . ·1 / BR r ,  .... l i C '.r  <lot, 
etc) . 
2 20 to 9 2 0  M H z  i n  One B a n d  

T he i :rn.... sci I i  ... l r,  w i t h  " l  · 'u l.pu t 

p ' . [' typi < l l  Ul ( 'XC :-;, of 2."> m \V 
from 220 . :..0 l\ I I J z ( l � i gu re l b  

u 1  r. J .' w i  l ly u� � · i l l ator.s 
the ] 2 n- 1 I ... n d  t h  , T 1  p I·� ] 2 

l , freq u 1wy r· n g  f t h  n p w  oi.;c i l -

1 ... r i n  · l udc.  h ' l l ti r  1 h f air< ' raft 
·on1 n1 u u i  · ,  ti 1 v  I a n  ( 2 :.Z  -4- () J l I z ) 

h '  i h f  r \ l and ( 7 l\I T i z) , 
w i th m .. rgin t spc r a th l p < * 

Th t u n < ' r  i s  a n one< n rtC' t i 1  " b u t t  rfl y 

s i m i lar t o  tha u.· <l i n  ·. he ,: 1 rl i  r :-;. il-

T h  

r �  i n \\ · h 

Thi ' t i ny c r ini · t.u 1 th 

l w in ·r�le t rod •apa itc  n re-
q u i r  d for \ i t n ing ran a  a n d  h 

tab le � thod of h igh nliKsi n ca pa-

b i l i ty r 1 uir for high p we r u p u t . 
T h  ca ho 1 p ra.t a a mod P ru 
tem.p ratu r  n "uri n g  I ng,  r u b l  -

f r  l if . Thi.· u h  ha d m o n .  r,·t l i t.' 

I lene 1 n  h un d r  d · f r n t  p ro-
u t i  n 12 9 osc i J la tors and 1 n h 

high-p rforman ,.. Y P E  1 02G Lan-
dar '- i(J' nal • en era r.  3 

Th o u tp u t  y ·t m is a wn vc>g uid -

b 1 " -cutoIT pi ·to n  calibrat .d o er a 
ra ge of 0 B and adj u · , a le fro m  th 

J u n e -..J u l y  1 9 68 

f i g ul'e 3. l ntuior view of  t h e  362 O s c i l l ator 
s h o w i n g  n e w  G E  Y - 1 266 plcui ar triode . 

fr m t  pan 1 .  A . ·  i n  t.h l :  > 1  :-';<' i l l n  tor,4 

i t  i ::-;  k v <>  ag: i n . · ro l a t. io  n<l ·un 
r ad i ly b<' r , ·  t pr viou. · l  · d t r­

m i n c  posi t .i o n .  1 c l  " Uo l c f thP ( u t-
ut co u p l i n �  L op r<' l a t.i \' 1. t he bu r-

0_ and th u:-;e >f ap ri d i  tlu. m pi n <r  to 
�mp rps a n  i n tc rd ig' tnl ro t o r  r :on · u 1  · 

r . · u lt 1 1 1  m i n i m u n  harmoni ·on n t  
<. i c l  a vc> ry :-;mooth 0 1.1 t p 1 1 t- ( •r:-;u. ·-fr -
q l l <'n <'.Y h �  ra 1. ri:-;tic · t an · ' t  ing >f 
the o u t p u t, a l  t.<'n n a t  r .  

L vr.Jed op ra t.i m on r th n t i re o -
c i l l a t.o r u i n g  ra nµ; w i  h a . · in�l t­
H n a  o f  th<' o u t p u t  ' i n ua tor c n be 
a h i  v d by m a n :-)  of h 
I l i t ud H.eg ulati n g  P w r u p p ly .  Thi.·  

on1l  ina t iou d P l i  v e n;  20 1 \V i n t  f)O 
oh m :  < + 1 :� d B m ) , f'it. Jw r P 'tt k w i t h  

1 -k T T z  :q uu rc -wav n1 d i ] a.  ion , o r  c w .  
T h  1 vcl C' a n  h r d LC('(l a �  m. 1  h 
20 d B  if < lP .  i r  · L vcl d p do nnan · 
i::i shown i n  F ig u n' .. t. _ A l  :rn ·  t i v  Iy, n .v 

i rc u j  Lr • p r m i  ::> d i  ·p L ·onnection to 

i Ibid . 
1 f': . K 11 rpl 11s, " The B11t 1t>1·fiy Circui , " G nernl Radio 
E:r.pert'mnitPr, October t i:M4 .  
3 ' . P. J\1cCourh.  " \ ew :'>00-l\f H 7. , l..ntl 11rd-.. ip;nal 
Gt'nt'n<- or." Gencnrl Rrirli.o J�;r;peri.nie fll.er, l\•f rch 1 Hli7. 
• 0. P. f <'l'ouch . " A  N P \\ U H F  :-:lip;nu.l �011 rr. , " Gt·Twrc•l 
Jlridio 1'Jx pAriTr1e nter, l\lan·h l Vii l .  
* Th e  region bPl o "  220 I I J z  is cov rl'<l l>y both t.he 
TYr 1 2 1. '>  Oi«�i l \ a tor ( .- 0-250 l\!U l ?. ,  noncontacting uner} 
and h n w 1 :1{):'1. Thf' rcil;ion &hove 920 • I H z  is covcroo 
by th l :.i(H (-1 50- 1 050 M H z) and th 1 21 l 00-2000 
Milz).  
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2 2 

�he [;]Experimenter 

t 

I -
l I I I f t  l 20-mW LEVELED . >- OUTPUT ' 

1 
'>- I r >-

I 1-rr f 
t I I f 

_t z-�l ��E� 
O U T P UT 

=,a:i--
_,__ 

I --- l 1 
t l t l t t i Figure 4 .  R ec ordi n g s  

s h o w i n g  leveled per­
formance of  a 1 362 
O s c i l lator p o w ered by 
a 1 263-C A m p l itude-

_L O.Z-mW LEVELED 

R e g u l at l n g  P o w er 
S u p p l y. 

',_ 
I _...._ 
I 

OUTPU T 
.... ,_,_ r 

220 2.60 

th l 264- B l\ f od ulating Po\v r ... u pply, 

mi kin ., po::-isib l  bo t h  . ·q unrc-wa vc, and 
p u L' iod u lation (Fig re 2b) . Ful l  
po\ver ou p u t  i" dcl iv r d u ri ng th 

" on ' p riod an<l he o.·c i l l ato r i.· c:om­

pl  tely ut olT <l u ri ng th ' off " p riot.I . 

Improved Stabi lity from New Power 

Sup p l ies 

The new po' ' r supplie.· oIT • r  a maj or 

i m provc-m nt in  fr < i uen c·y nn d amp l i­
tude . ·tu. I i l it.y as w n a. · i n  I ('<i.. ·ed t u t  

l if , obtain d b y  clo.' r g ula ion o 
cat r a,· w l l  a.· plate . ·u p p ly vol ta 

The ad v· n tage.· aJTord d by regulation 

f hoth .·u ppli ' have be n l .a rly C.' ab­
H , , d by �om y ·ar"' 'XP ri n :  wi h 

he 1 2  '7- P wcr .. " pply. ' 7Pll reg u­
lat .d <le heat .r ::;upp l ie. have n \' he n 

in rporakd in th 1 2(-):3- mplitude 

Regu la.ting Power , u pp ly and i n  the 

1 2G4-B l\l od . l a ti ug Po\ Pr upply. 
Re "Ilt r dc."ign of the 1 2  · 7  to a 

' '  ' '  i odel p rmi t u t mai n tain 
the excellent . p ·ifi ca ions f i t" p redc­
ce or ' hile sim plifying the regulators 

and intr d ucing a d ual p rimary power 

transformer so that a single model now 

I 

t I. I I 

I 

·-
·-

� l I 

I -

·-

- -. 

J f . 

l 
I 

·-

: 
1-

·->-,_ 

t 
I 

--

J 
1 

1-

I T r �� f'\.,1" 1 
I Ill i t 
r� dB 

- . ->-

I ; 
� 

f ,_,_ 

I I ll ,_ - I J_._ t- t-f-·-·- -

- [-
e-L ,_ 

• ·- ·-
i i I �- J_U .....L�J 

300 400 
FREOUENCY - MH• 

� 600 700 800 900 
1362· 11 

opcru.i , n i the r 1 1 .)- or 230-V l ines . 
I n  al l  th r e p w r ·uppli  . , h heate r  

regulut r · a re . e t  o dPliver 6.:- vol ts, 

t hereby al l  win r 0 . 2  vo l t  for the d rop 

t hat >cc· urn in  th b a ter rf f i l ter · in the 

o, c i l la.tor . 
A n  i 1n portan t f aLu r  of th T irP l<J 

1 2{}4- B �I od u lati ng P \ r l u pp ly is t h  

i n  e rn n.l 1 - k l l z 8q uur -wn.v g n p ru.tor . 

. amp I of th 1 -k Iz  signal h u.. b n 

b ro ugh t ut  to t he mod ulation tP rm i­

nal . · for use in �yn e h ronizing os · illo­

op·� . weeps ; c n ver.-ely, a sy n h r< n i z-

ing ignal fro rn an . t, rn a l o ·c il lator 

may he inj t her . 

I n  he lat m del of t he 1 264, it is 

mu h a ier o .'et the 1 -k Iz freq u  n cy 

to the exa t c n le r  of he n arrow pass­

ban of a h igh ly 10c i ve d tee tor 

am p l i n r, and thcr � 1 a n  rder-of­
macrn i t u<l  � impr >Vernen i n  t C " tU.bil­

i y of th frc q u  ucy once it is set. 
he i i  pro vccl ·ettabil i  y of the 

I - k Hz fr q u  ncy ha Leen achi ved by 

m an of a d ual poten tio mete r with 

con tro l led acklash , operated from a 

·ingle k n ob .  The p roced u re i o tun 

with slight overshoot, th n ,  as the con-
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• 

trol i back d u p ,  o nly th vcrn1 r p -

ten ti >met r C 'ome into p l ay ov r an arc 
of -±0 degrc'e . .  Thi.· · ingl("' c o n t rol i.' h r  
.a:-1i r lo  us ha.n i · t he conv .n ti o nal 

d ua l  con cen t ric knob c ar::-;c/fi n combi­

nation . 

Th � .� bilit.y agai1 s l ine voltage of 
u 1 2(.J.1 -B u ·ed to po"·er a 1 2 1  - B ( hwil­
la lor in an .·pan<lcd-sca.l s w it-m<>a u r­
ing ystcm3 i · . hmvn i n  l'irrur :) . 

The 1 264- B i al ·o ideal for use wi h 

... ..... � ..... -� �-•%0 ••••• ,.,. 

.J u n e-J u l y 1 966 

F i gure 5. Stab i li ty of 
,a 1 2 1 8 - B  O s c i l lator -
1 264 - B  P o w er S u p p l y  
C o m bi n ati o n  u s e d  i n  a 

s l o tt e d - l i n e  rec:ordi  n g 
system . 

other G nentl Ra<li high-freq uency 

o i l la o r · a a sou re fo r c n \"C'll ti m ttl 

· 1 ottt�d-Ji ne mPasu r  mc nts using t he 
ne w h igh-�Labi lity I :...:31 • ' t,anding- \V a v  
.:\ I e t  r .6 

- G .  P.  l\ [ c o t: "" H  
A b 1  ief b iography o f  l\. [ r. l c-C 'o11d1 app :ne<l in 
Lhc I\1areh 1 U67 issue of t he Experi me n ter.  

s . R . .  mden<on, " \ Slo tc<l Line Recorder 'y. tern , "  
General Rwlfo t:xper..menter, .Jan uary 1 9()5. 
• M. Khaza rn ,  " A  H i 1d1-Resol 1 1 tioo ,' \YR l\letl'r " ,  
Generul Radio Experimenter, February 19ti . 

• 
Type 1 362 U H F  Osci l lator w ith 
Type 1 267- B R e g u l ated P o w er 

.S u p p l y  • 

Complete s.pecificati o n s  for the i nstruments d es cribed i n  th is  art icle are given I n  G e n er a l  

R a d i o  Cafd l o g  T 

Catawg Number 
1 36 2-970 1 
1 363-970 1 
1 263-9703 
1 2 64-9702 
1 264-9703 
1 267-970 2 

----1--
Description 

1 362 U H F  Osci l lator 
1 363 V H F  O s c i l lator 

---

1 26 3 - C  Ampl i tu d e - R egulati n g  Power Su p p l y  
1 26 4 - B M o d u lati n g  Power S •u p p l y  ( 1 1 5  V) 
1 264- B M o d u lating Power S u pply (230 V) 
1 267- B R e g ulated P.ower Supply 

Prfre i n  U A 
$ 395 . 00 

395 .00 
5 5 0 .00 

4 1 5 .00 
4 1 5 .00 

1 95 . 001 

2 3  
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2 4  

tbe[ �1 Experimenter 

O s c il lato ,t - Power-Su pply Co m b i inati o n s 

Price 
U ·cill<1 lor 

C:atalog 
Power Jc upply JI 01adiny " arnlier fn SA 

1 36 3  1 269- A *  B e n e  It 1 3 6 3 - 94 1 9  $490.00 
R a c k  11 3 6 3 - 95 0 9'  5 1 5:.00 

(56-SOO M H x ) 1 26 7 - B B e n e ll  1 3 6 3 - 94 1 7  590.00 
RGck 1 3 63 -9507 6 1 5 .00 

1 264 - B  B ench 1 3 6 3 - 94 1 4 ,a 1 0i  •. oo 
R o c k  1 3 6 3 -9504 836,.00 

1 362 • 26 9 - A *  Bench 1 3 62-94 1 9  490.00 
R a c k  1 3 6 2 -9509 5 1 5 .00 

(220-920 M H :z:)' 1 26,7 - B  Bene Ii 1 36 2 - '9 4 1 7  5 9 0 .00 
Rack 1 36 2 - 9507 6 1 5 . 00 

1 264 - 8  Bench 1 3 6 2 - 94 1 4  S l 0.00 
R o c k  1 3 6 2 -9504 836.00 

1 26 3 - C  Bench 1 3 6 2 - 94 1 3 9 4 5 . '0 0  
Ro c k 1 3 6 2 -9503, 9 7 1 .00 

* ee Augm1t 1 963 Experimenter. 

T y p e  1 363 U H F  0 H i 1 J al o r  with T y p e  1 236 1 - F  A m p l i fier, p r i n c i p a l  c o m p o n e n t s  of a 
T y p e  1 24 1  H eter o d y n e  D etedOr'. 

N EW H ETE R10DYN E DETECTOR 

G P ' · T Y P E  1 236 I-F A m p l i fier 1 

T Y t> i•� 7�!-).I R A L l ixer,2  and the o ·cil­

l ator · i n t roduced el�cwher i n  ihi.· i . .::m 
cont; titn t  t.h ' mdn l m n t  · of a hi ..-h ly 

:::i n .  i t i ve h igh-fr qu ' n cy heterodyne de­

t · Lor for rel atiw!-.' ignal-lc vcl rnea.. ure-

m n ts an d for u�c a n u l l  d t tor. '\IV 
now off r· the n t ire pac kag inc]uding, 

i n  add i tion to t he abov a 1 0-d B pad a 
90° ell  and an app ropria t ]ow-pass 

fi l ter .  The a ·  ·ern bly i avai labl  a ,  the 

T "PE 1 24 1  H erodyne et c tor.  

p p l ica ion Ior t h  het rodyne d c-

te tor ar l n110. 1 i 1nitle " . f t  can b 

u� Jd t o  a. · u r i n  · erti n los , a te n ua-

ti n, cros · t.a l k ,  a n te n n a  gain,  a. n rad · a­
tion p a t  r n  · .  I t  i , o f  cour e ,  a e n  · i  i v  

high-freq uen ·y W hen ali-

b ra t a.t o n  ignal lcv 1 and fr -

qu nc r it ·an be u · d a t  h ·  freq uency 
a a se lec ti ve v l tm ter in '-0- o h m  

1 A L  K ha.zam, " A  Ne">v 30-l\l[ H z  mplifi r with Two 
Bandwidths," Gtmero.t Rcul.!'.o Erperim1mter,  J u l}•- uguHt 
1 967. 
" G1m1<ru.l Radio .t.':r;peri.:rrnmter, .J uly-A ugust 1967. page 1 9. 

.. 
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tor f r th 
I t r, 

an l ran :-:;f . 1 ·-
1011 · n I ln i t t u n  B ridge . 

n ' W R i n c h  ·a r \' l h , · I  > t  ed 

l inc> , it i:-:i e.-pcci l ly u ." ·ful for 111 · ·:t. · l r' ·-
1 1  n l  · ndi1  ar • 1  m cn t :-:;r wh .n a 
high u-1 e h a rn " r j · L ion a n d  a 

n: all  uppl i  · ;;i nal l v 1 ::t r  r I u· 

.J u n e -.J u l y 1 9 6 8  

The p nce tab! i n d ·  a 
I n ta I -fr q w. 1 1  • y 

h f uncht­
vi h thr  · 

) :.t�it• a. ·.· • m l  l i . · .  1 1  e .· · r· r g · �  · · 11 b 

x t n d  •c.l hro ugh o ;-;  · iUu t or 
harm< ni  .. r wi t h  l' d u ' d , ' l l Si iv ·  
· n n .. u 1  i · ra n o·c• . T'u r \ r a v r. 
widP fr q u  n c  · r· n l e  n i • h t orcl t 
01H o m pl c  <l t or p l u .· Uw 11 c . ·-
. · r < > .T 1 l lu t r u 1  l fi l t  • 1-. for t h  
adc.J i  t 1  n a l  l"-tn · •• d ...'.i n · d .  

Det a i l e d  s p e c i fi c a t i o n s  o n  t'h e 1 2 4 1  H e l e r o d y n e  Defector app e ar i n  G e n  r a l  R a d i o  C a t a l o g  T. 

ataloy X umber 
1 2 4 1 - 700 
1 2 4 T - 970 1 
1 2 4 1 -9702 
1 2 4 l - 970 3 
1 2 4 1 -970 4 
1 2 4 1 - 9705 

po rro 
by s rue u ral 

F11 nda 111 1 fol 
Fr •t1 11eru·y Rar;g - JI JJz 

4 0 - 5 30 
40-530 

1 90-950 
1 90-950 
870-2030 
870- 2030 

.1/ Olllll i r1g 
B e n c h  

R a c k  
B e n c h  
R a c k  
B e n c h  

R a c k  

$ 1 27 0 . 00 
1 29 5 . 0 0  

1 26 5 .0 0  

1 2 9 5 . 0 0  

1 5 6 5 .00 

1 6 1 0 . 0 0  

I MPROVED 
N BS CAL I B RAT 1I ON ACCU RACY FO,R 

CO,AX IAL I MPE DANCE ( 1 - 8  GHz} 

. . 
l ll 

impro v 1ng 

of c ·ial 
· e n  h at 

mcu ' U r  .nt ' a rc n o  v 
originally i n  rod cl 

t · of lot, d lin s 

ha,. 1 Pn n ' 1  i m iz ,J L H '  of 
p rcci:--ion n1 · <l� 
H. · f i n m r h; i n  
n i q t  <' hav ' h ! lp  

\'\ 1 a n  
. 1  l o  1 

r :>. fl  

coax iuJ  

n 1  < .·u re rn n 

, i n  par , o r 
r ro r  . 

a l o n g  \d h 
h '  IH U '­
( Vol ag 

o � { z  
Ill  l'Ullp;(� of 

I ha� ' of Lhe 
m ·  g n i t  it.I 
tin u u  '<' rt:.nn t ' 

rau<rm g f rom_ to appr xi-

1 na . I r l d gr . T'h U l  (; r ui n ti  .' 
apply fo r ·oax i a l  in p dan · . · tanda r<l · 

q ui p p  l wi h , h 1 · 1 - 1n 1n p r  · i-

8ion cc axial con n c orr w he1· • 

l < V ' V J < 2 , r f rr d t 5 oh ru� . " 
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Left lo rig h t, 900 - l 3  A ir li n e, 
9 00 - L Z J  Reference A i r  Une, 

900-G6 Precis ion .Atre ,n u ,af o r .  

N EW G R'900® ATTEN UATOR,. A� R LI NES 
T h P  useful n e::;.· o f  · ny ·o nector t y p2 

d p n H to a l a rge ex ten l. 0 1 1  th n u m­

ber of d i ffc n�n t t h i ngs i t  c · t w  ·on n ect., t o, 
either d i re · l y  or t h r  ugh ada ptor - .  I n  
t h i .  resp t ,  the ' I  HOO w 
coax i a l  uou ned .. or measure. vr:iL·y 
\V 1 1. Gen i·a.l Rad i o  a l one talog0c' oYer 
fifty G l U JOO com ponc n t.s a n d  th ba i c  
G I  900 connector i .· u •pd on 1nany 
devfrc mad �nd. Hold by o t hc1· m n u­
fac t u re11:s. A I u U  I i  ne f 1 1 R900 adaptort5 
provid ::-; accc · to a l l  h e r  pop ular 
coax ial  con n clor . 

".fhc ) ateMt aud i ti on s  l t h  ft t­
grow i 111 g G R900 l i ne ._, re a prec1 swn­

fixed a tcn uator and two 3-cm air-line 

sc ·tions. 

Attenuator 

The :1 .c u racy of many m 1 c rowa ,� 
measure m e n t  (e.g. l m p  dance, at­
t n uati on , phase , a n d  power mca u re­
men t s) depend. · on t he i m p  danee 

m atch of t he generator and detecLor. 
Atte n u ·  tors and pads are comm n l y  
used for matchi ng purpo e , b u t  the 

,s w n  of the1:$e d1evices is  u:::;ua1 1 y  high 
2 6  

e n  ugh l o  h n1 i t  t h e  a u racy i m prove-
1n0n t  obtai n able. I u  preci i on a.p p l i ca­

. i on , t h "' oa1�  1· c o u  rsc h a  · bee n t he 
u. ·e of matc h i n g  t L  n r-. :in d  .· l o,v , 
poi n -hy-p i n t  tne:i u r  rne n t::;.  The n e w  

I F OO n t.t eu utltor, wi h a n  S \Ot of l est> 
t ha.n 1 .005 + 0.00.3 f0 Hz ,  eh m. i n atcs 
t he n l for · un r · i t mo.· L appl i cations 

a n d  m a kes po.·.· i bl ac ·u ra.t \. ept­

f rc 1 u  u ·y inca.s u rc men ts. 
At t c n uation of he 900- ) l li'vi t h i n  

0 . :.. d B  of its n omi n a l  6-d B val ue t o  5 
� Hz a n d  w " th i u  .3 d B  of n m i n al o 

• .11 G l lz .  i n ce it  i e q u i p pe w i t h  
G R900 on nector 1 i t  c :'l . u  b e  a c c u rate l y  
cal i b ra t ed for u · a a secondary 
s andard of atten uat i on . 

Ai r llines 

Th '900-L:3 A i r  Line a n d  the OO- LZ3 

Ref ren ce ir Li h'  vo b n a t l  d t o  
t he exi ·tin g , � ric� of air l. i n es pri mari l y  
t o  ext n d  t he u ef u l ness o f  the se ries. :i n  

precise ca.paci tance cal i b rati ons.  B oth 
un it. a re 2-p v  t wo---port eleme n ts.  

The chief <l i i n ct i on between the 900-
L air l i n es and the '900-LZ Eeferen ce air 
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:aes 1s one of precision .  The refe enc 

: line cont· i n  no di I c ri · ma erial  

o su ppor he · n n er ·ond u · or •hi · h  

m u  t th refor b e  . ·u pporlcd from t.he 
onn cLor ' to whi · h  h I i n  i s  j oined .  

Thi: n o- i Icctri - u pport d ·ign af­

fords the ul imate i n  a c u racy h u t  

ob vi ou · l y  r q uir , mor i m  · n d  ·ar 

i n  in ·tul lati on . The regular,  � 00- L a i r  

l i n es i n  l ud di 1 · trie u p  or · ,  whi · I 
mak . hem u. i r o u. e bu whi ·h abo 

i n l  rod ucc u ncert,ai1 ti �. ( i 1npl , ab · o­
lu  e calibration of ·apacitan •e p u re ly 

J u n e-J u l y  1 968 

on the basi· of d i men sion i n ot po -
sible, for i n::;Lanc . ) 

�h · ha.ra ·teristi " of t he \\'O t ype 

of a i r  l i n es m be used Lo ·ompl ment. 

one a.n o t h  r .  \V hcro two referenc m r  

l i n es arc t o  b used i n  ·cr1c , ·ome 

m an. · of l:)U pporti r g th 1 n n  r C'On­

d uc-tors m us(, lw in e rted betwc n th 

two J i n  . . Th .·hort !) O-L3 , with i t  
own d i  1 ctric-supported inn 'I' con ­

d u  ·tor wi l l  � r vc id al l. a '  a m i n i mal-

apa i anc c o u p l i n g  hctw n t o refer­

n c a i r  l i n s.  

S P E C I F I CA 1 0  S FOR YPE 900 -G6 

IC � 1 .03.__---+----+���f------''<----+-�-=--t-==��+-��-+��--i�--1 � TYPICAL 
1 .02.__---t----+---=-t'"""'�--t----t---+----t--'"7-"'--+---t 

ID 6.5 � 
I 

z 
0 � 6.0 
� 
z � 
..... 
<[ 5.5 0 

2 

2 

3 4 FREQUENCY -GHz 

TYPIC{"L 
" 

4 5 FREQUENCY-GHz 

6 7 

---......... 

e e.5 
900-(;6. I 

SPECIFI CATION ........ 

6 7 6 8.5 
9QG.(:6.-2 

Freq u ency Range : 0 to .5 H z .  
Allenuation : () .00 ± 0.2 d B ,  0 to 5 G H z ;  
±0.3 dB, 5 to 8.5 G H z .  

De R es istance : 50 .0 H ± 0 .:3'j£ when terminated 
in 50.0 n. 

S W R : < 1 .005 + 0.005 folIZ · 
Ch a racter s t ic  rn pedance : 50 .0 H. 
I nsert ion - Loss Repeata b i l i ty : ±0.0 0 1  d B  to 
30 M H z, ±0 .002 d B  to l G H z, ±0.0025 dB 
to . 5  :.- z per conne tor_ 

M ax Power : 1 .0 W continuous ; peak, 500 \V 
with U -'V avg. 
Tem perature Coeffic ien t :  < 0.000 1 dB /0 � /dB.  
D i m ensio ns : :� :Y4'. X l � X l YJ6 i n .  ( 95 X 45 
X 27 mm ). 
Net Weig h t :  l l oz ( :H o  p; ). 

D et1;1i led S pecifications  o n  t h e  900-L3 and -LZJ A ir L ines oppea:r i n  G e n eral  R a d i o  C a ta l o g  T 

Catalog JV umber 
0900-9850 
0900-9608 
0900-9603 

Description 

900-G6 Precisi o n  fi,xed Atte n u ator (6 dB)  
900 - L J  Preci s i o n  Air  L i n e  
900- 1\.ZJ R efere nce Air  Li n e  

Price i n  USA 
$ 1 75 .00 

6 3.00 
76.00 

27 
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G E  E R A L  R A D I O  C O M  A V 
W E S T  C O N C ORD , M A S S A C H U S ET T S  01 7 8 1  

SALES AN D S ERV I C E  

Aru 
Al b u q u e rq u e 

• Bosto n 

• C h icago 

Cleve l a n d  

B ridgeport 
Da l l a s  

Dayton 

De n v e r  

Detroit 

H o uston 

H u ntsvi l le 

I nd i a n a po l is 

"'Los A n ge l e s  

M o nt re a l  

New H a v e n  

* N ew Y o r k  

Orla d o  

Ottawa 

P h i l ad el p h ia 

Sa n Diego 

Sa n Fra n c i sco 

Seatt l e  

Syrac u se 

Telephone 
50 5 2 5 5 - 06 1 1 

6 1 7  646-0 5 50 

3 1 2  992 -0800 

2 1 6  886-0 1 50 

203 3 7 7 - 0 1 65 

2 1 4 E7-2240 

5 1 3  434- 69 79 

303 447-92 2 5  

3 1 3  2 6 1 - 1 7 50 

7 1 3 6 2 2 - 7 00 7  

2 0 5  883-20 7 7  

3 1 7  636-3907 

2 1 3  4 69-620 1 

5 1 4  7 3 7 - 3 6 7 3  

2 0 3  3 7 7 - 0 1 65 

( Y) 2 1 2  964- 2 7 2 2  

( J) 20 1 943-3 1 40 

3 0 5  42 5-4 6 7 1 

6 1 3  2 3 3 - 4 2 3 7  

2 1 5  646-8030 

7 1 4 2 3 2 - 2 7 2 7  

4 1 5  948-8 2 3 3  

206 G L4 - 7 5 4 5  

3 1 5  4 5 4-9323 

4 1 6  2 4 7 - 2 1 7 1  •Toro n t o  

*Wa s h i n gt o n / Ba l i m o r e  30 1 946- 1 600 

• R e pa i r  services a re a va i l a b l e  a these offices. 

G E N E R A L  R A D I O C O M PA N Y  ( O V E R S E AS )  

C H  0 0 3 4  Z u ri c h  3 4 ,  S w ltze·rl a n d  

G E N E R A L  R A D I O  G M BH 

OS M U n c h e n  B O ,  West G e r m a n y  

G E N E RA L  R A D I O  C O M PA N Y  ( U . K. )  L I M I T E D  
B o u l'"n e  E n d  B u c k i n g  a m  h i re ,  E n g l a n d  

R E P R E S E N TA T I V ES I N  P R I N C I P A L  

O V E R S E A S  C O U N T R I ES 
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