
T H E G E N E RA L  

VOLUME 35 N o. 10 

RA D I 0 

0 CT O B  E .R,. 1961 

www.americanradiohistory.com

www.americanradiohistory.com


The General Radio EX
PERIMENTER is mailed 

without charge each 
month to, e ngineers, 
scientists, technicians, 
and others interested in 
electronic techniques in 
me,asur ement. Whe n  
sending requests for 
subscript;ons and od
d ress- ch a nge notices, 
please supply the fol-
1 owing inform ation: 
n ame, c ompany a d
dress, type of business 
company is engaged 
in, and title or position 
of individual. 

T H E GE E R A L RAD I 0 
'l 

fXPfRIMf Tf R �· 
©1961-GENEJ:tA L RAD 0 COMPANY, WEST CONCORD, .MASS., U.S.A. 

Published Monthly by the General Radio Company 
VOLUME 35 • NUMBER 10 OCTOBER, 1961 

CONTENTS Pag e 

New and Improved Coaxial Connectors ...... . 
N ew Tools for Type 87 4 Locking Connectors .. . 
Analog Output from the Digital Counter .. . 
A N ew, Narrow-Range Delay Line ...... . 
New Distr" ct Offices . . . . . 
Errata . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

GE ERAL 
West Con cord, Massachusetts 

Telephone: ( Concord ) EMerson 9-4400; (Boston) Mission 6-7400 

3 
10 
11 

7 
18 
19 

y 

NEW YO R K: B r o a d  A ven u e  at lind en ,  R idg efiel d , New Jersey 
Telephone - N. Y., WOrlh 4-2722 

S Y R A CU S E: 

N. J., WHitney 3-3140 

Pickard B u i ld i n g , Ea st M ·ol l oy R oa d, S yra cus e 11, 
N. Y. 

Telephone - Glenview 4-9323 

C HICA GO: 660 5 W est Nor f h  A ve1n u e , O a k P ar k , I llinois 
Telephone - Vlfloge 8-9400 

P HI LA DELP HIA: 1 1 5 0  Yor k  Roa d , A b i n g to ri, P enrns y l va n i a  
Tel ephone - Phito., HAncock 4-7419 

Abington, TUrn er 7 -8486 

W A S HI NG T O N : 8055 13th S r., Si ver S pri n g, Mar y1la n ,d 
Telephone - JUniper 5· 1088 

Fl'ORI DA: 113 Ea s t  C o lo n i a l Dri ve, Or la nd o , !Florida 
Telephone - GArden 5-4671 

LOS A NG ELES : 1000 No rth S ew ard S r., L os A n g e l es 38, C a l if. 
Telephone - HOiiywood 9-6201 

SA N F RA N C IS C O :  118 6 L os A lt os A ve., L o s A lto s ,  Ca lif .  

C A N A D A : 

E A S T  C OA S T : 

NEW YO R K: 

M I D W E S T: 

WEST C O A S T : 

CAN A D A :  

Telephone - WHitecliff 8-8233 

99 F l or ,al Par kw,ay, T o r o nt o 1 5 ,  O n tar io 
Jtelephone - CHerry 6-2 171 

R EP A I R  S E RVJC E S  

Gen er al Rad i o  C o., Ser vi c e D ept., 22 B ak er Aven u e, 
W ·es l C o n c ord , M a s s . 

Telephone - Concord, fMerson 9-4400 
Boston, Mission 6-7 400 

Gen eral  Rad i o  C o . ,  Ser vic e D ep t., Broa d Ave. at 
li n d en , R i d g efielld , New J er sey 

Telephone - N. Y., WOrth 4-2722 

N. J., WHitn ey 3-3140 

Gen era l Ra di o C o. ,  Servic e D ep t., 6605 W e51 ·North 
A ve. , O ak Park, I U i n o i s  

Telephone - V/liage 8-9400 

Gen era l R a di o C o., Service Dep'I., 1000 N orth 
S e1word S tr eet, Lo s A n g e ·l es 38, Cali'f. 

Telephone - HOiiywood 9-620 1 
Bayly En gin eer ing, l td., Fir s t  St., A i  a x. Onta rio 
Telephone - foronfo EMpire 2-37 41 

www.americanradiohistory.com

www.americanradiohistory.com


NEVV AND IMPROVED COAXIAL CONNECTORS 
LOWER VSWR- NEW LOCKING TYPES - LOWER LEAKAGE 

The TYPE 7-! Coaxial C01 n tor* 

has f nnd increa. ino·ly wi e acceptan -

each J car . in e it. intr du tion in 

19.J: . It i. a unique deYi ce, d .ign d 

prirn.ari ly for u. e in m a. ur ment y -
tern.s and om.p· tible , thr ugh a corn.

preh nsive li 1e of low-refte tior adap
tor.· with aJl o h r ornrnonly u. ed 

coaxial con nee tor . . 

Its h nnaphr liti · feature - all con

nector. ar ideutical and any on plugs 

dir ctly into anv other - and it. X
C Jl nt \- \VR haY m.ad it the ba. is f 

an ext n._iv line of rn a�nring inRtru

mcnts and ace' s. orie. f r u.�e a fr -

q ucnci . up to abou 5000 =.\1c. Because 

the original d ·ign of the connector 

c nt m.plated it. manifold applicati n. 

the8e instnunent. have pro,Tided out

. tanding p rforn1ance and ver�atili ty 

both in the clectror i industry and in 

educatio t al institutions. 

'lo the instnm1 nt n1anufac t urer, th 

problem. of \Yhat type of oaxial con
nector to . uppl r on hi. prod 1 t ha b n 
a difficult one for cliff r nt custom r 

want differ nt t p . of onn ·tor . . The 

TYPE 7-! with it. a. sociated lin f 

adaptor., ha provided the . olution for 

.._ growing Ii. of instrum. n n1·innfa,c
t urer. . � -ew c nn ct or and adapt r 

dc,·ign., lescribed in thi._ articl 1T1· ke 
1 his solution n1uch more attra ti Ye and 

n or .. ati factory than ,·er before. 

The us of .. e,·eral m.illion. of the:-:ie 

c· nne ton;;; iu a wid Y::t.riety of applica
i ion. at freque11 C'i . rano-ino- from. de to 

s ,·eral thou. and m.egaC'.\ C'l s p r . C'ond 

*l ... H. Patent ::'\o. 2 . .?-V, ;)7. 

fi g u re 1. (Left) T y p e  874 C o a x i a l  C o n n ec t o r. (R i g ht ) 
Cro ss secti o n  o f  t w o  c o n n e ctors pl ug g e d  t o g et h er.  

ha ... ·l arlv demon. ·tr · t d the vcrsatilitv . � 

and sotmdne. ·s of the basic con�ept a11d 

d . ign. � -ot :·mrpri:-;ino·ly how v r, :-<U<:h 

"·id ;-;pr c.ld usag ha. <. L�o indi ·at d 

where irnpro\· d J crforrn.ance would 

further nhun · th util ity of the c n
ncctor ·in has g n nit d r que. ·t.� for 

ad litional f ature:-;. The impro\T ment.� 

rno:st frC'q nen 1 l_v r<'q u . ·t e he. ve · 11 t r d 

in four ar a.-.. 

1. The dc:-;ir for c.t pcrn.1.anent on
n C' t ion i. ol ,·iously in coufii \Yith th 
d :-;ire for qui ·k- onn ct 'di. connect f a-

ure of the TYPE 7-!. K 'erthel ss, 
n1.any us r� haxc xpress d a d �ire for 

a p rmancnt lo ·king f ature·\\'hil still 

r tainincr all the ot her d sir·:i.bl C'hnrue
tcristics of th ·onneetor. 

2 . ..  :-\.lthough rf lcakc.to·e i. of the . urnc 
order c.t. that found in oth r "·id ly u:-;ed 

conneC'tor.-;, the usefulne.-. of th-� c n-

11 «tor� in ce1·tai11 critical appJ ientions 

\\'ould be in r a. d if the leal·ag wer 

reduced. 

3 . ...-\lthmwh ,-, \YR for the�e connP<'

tors has hccn lmn�r than that of most 
oth r lx1Rie con1teC'tor.· up to fr qucnC'ies 

of th or lcr of -!000 or 5000 1\'Ic a redu ·

tion in the Y�\VR and an ven "·icler 

frcqu n y 1"111g would naturall 1 e 
w lc01ned . Th \rS\VR shou l d also l 
lo. I reproclnf'ibl . r g· rdl . . · of how 
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G E N E R A L  R A D IO E X P E R I M E N T E R  4 

many times a pair of connector i 
plugged toge ther and unplugged . 

-!. In the riginal design . om lom;;en

i ng f the conne tor a.·�em ly c uld occur 
\\·ith prol no· d us a a result of · old 

flow of the in. ulating support ben,d . A 
<l 'irrn in which th "ecurene::>.� of the 
com ector a. serr1bly doe;; not dep nd 
upon the ben,d compre .. ::->ion "·ould pro

,·ide Ill.ore rigid and perman nt mc
<'hani al a. s rnblie .. 

An actiYe and continuou.� deYelop-

1ncut program. in d . ·ign, manufacturing 

t echnique and quality control has been 
c·arried on for eYerul year� with par
ticular en1pha.·i, on the area m n t ioned 
ahov . The r •sult. · of thi program to 
date are detai led bel w, wherein the 

new 1 kino- v n;::ion f the conne ·tor is 

<le�· ribed, a well a. the impro\' d per

forr 1ance and reliabilit y  of l o t h  the 

]oc·king and the non-locking versions. 

Jn ·1uded in t he expanded line are also 

loeking adapt on:> t o  other typ "" of co11-
1wei or ... 

GENERAL IMPROVEMENTS 

:;\1inor rm·i�ions in dim.en:sion ·, clo�er 

tolerances, irn.pro,·ed tooling, and a 
particularly rigorou� pr oTan of :-itati�
tieal quality c ntrol have cxicnr1 d th 

range of f'n.ti. ·factory operation to about 
7000 �I·, improved reliability redu ed 

V ''YR Yariation from. unit to unit and 

impro,· d the rnechanical feel and ea 
of use of the connecto r. The nw-· - ·ig

nifican t design change, hm,·ever, pro
vid fi a �e ·ure rn.e al- o-n:ietal joint in 

th ut r condu tor a. mbly, eli1ninat

ing dependence on conl.pression of the 
polystyrene bead which now serve. only 

to. up1 ort the inner condu tor. Alt hough 
the bend i;:; . ·till put und r ompre ·sion 

\Vhen t h  ·onn ct r i c.. embled, thi. i 

merely to ensure that the bead tay.· in 
place. Figure 2 . hows this conf>trnction. 

1\eedle.�. to sa) on of th impor an 
criteria for any de ·ign change wa. that 

the impro\·ed connector be con1patible 
electricall.v aud 1nechanically with con

nector� alrea dy in u e. Any TYPE 87 4 
connector, regardle ·. of vin tage, will 

connect ;.;;atl.-.;factorily to any o t her 
'I'YPE 87-± connector.* 

THE N EW LO CKING C O N NECTOR 

The ne"· locking ,. r ·ion of the ,.rYPE 
7-± cmnpl n1ent.- the non-locking quick-

*'I'he only exceprion i, that a new lock.in,g conn ctor will 

not ma e �·ith a TYPE 7-!-P Pan I onncctor becau�c 0£ 
i ls long laroud. Thi,, tyyic of connector is now r placed 

by the TYPE �7-i,-PB and -PT, Panel Conne tor·. 

SPRING CONTACT S OF CONNECTOR 

INNER AND OUT ER C O N DUCTORS 

CONNECTOR OUTER CONDUC TOR KEYED 

TO INSULATOR BEAD AND LINE 
F i g u re 2. S ec ti o n a l  v i ew o f  im 
pro v ed n o n - l oc kin g  c o n n ector . 
The bac k edg e  o f  t h e c o n n ector 
o u t er c o nd uctor i s  d ra w n  u p  
a g a i n st t h e reta in i n g  r in g  w h en 
t h e c ou p l i n g  n ut i s  f u l l y  t i g ht 
en ed. Th e b ev el ed i n sid e sur 
fac e  of th e c o u pl i n g  n ut fo rc es 

t h e spl i t  r eta i n i n g  r i n g  .sol id l y 
a g a i n st t h e botto m of t h e 
g r o o v e i n  ·th e o u t er c o n d u ct o r  
o f  th e l i n e, a n d  th u s  a so l i d  
meta l -to - m etal jo int i s  o b 
ta in ed b et w een t h e o u t er c o n 
d ucto rs o f  t h e c o n n ecto r a n d  
l i n e. T h e i n su l a ti n g  b ea d  is 
h eld secur el y  i n  p l a c e b y  f o u r 
sma l l t a b s  w hi c h  si n k  int o  t h e 

in sul a tor a s  th e c o u p lin g n ut is 

CONNECTOR INNER CONDUC TOR 

KEYED TO INSULATOR BEA D 

FOUR TABS RETAINING 

THE I NSULATOR BEAD 

METAi: TO- METAL JOI NT OF 

CONNECTOR TO LINE 

THROUGH ONE R ETAINING RING 

PLACED IN FRONT GROOVE 

INNER CONDUCTOR OF LINE 

OUTER CONDUCTOR OF LINE tig h ten ed. 
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BUTT CONTACT OF COUPLING NUTS SPRING CONTACTS OF CONNECTOR 

INNER ANO OUTER CONDUCT O RS 

F i g u r e  3. S e cti o n a l  v i e w  o f  t h e  
n e w  l a c kin g c o n n ector . T he 
s ol id m eta l -to -m eta l jo i nt b e 
t w e e n  t he c on n ector a n d  t h e  
l i n e  o n  w hi c h  it i s  m o u nted i s  
o bta i n e d  b y  c l a m pi n g  a p a i r  of 
reta i n i n g  ri n g s  a g ai n st a r i d g e  
bet w e e n  t w o  g roo v e s i n  t he 
outer c o n d u ctor o f  t h e  l i n e . A s  

t he c ou p l i n g  n ut i s  t ig hte n e d , 
t h e  t w o  r i n g s a re f or c e d  a g a i n st 
t he r i d g e  b y  t he b a c k e d g e  of 
t he c o n n ect or o uter c o n d u ct or 
a n d  a sho ul d er i n s i d e  t h e  

CONNECTOR INNER CONDUCTOR 

KEYED TO INSULATOR BE AD 

CONNECTOR OUTER CONDUCTOR KEYED 

TO INSULATOR BE AD ANO LINE 

LOCKING NUT METAL-TO- ME.TAL JOINT OF 

CONNE CTOR TO LINE 

THROUGH TWO RETAIN ING 

RING S IN A DOUBLE GROOVE 

UNUSED LO CKING NUT 

c ou p l i n g  n ut. 

FOUR TABS RETAINING 

THE I NSULA T O R  B E AD 

INNER CONDUCTOR OF LINE 

OUTER CONDUCTOR OF LINE 

01111 ct di:-; ·01111 "'CL typ bY pl'<>Yi ! ino- cl 
rigid conncc;tion for . ·emi-1 rma11 nt in
.

·tallntions . These ar n \Yin prodnc-tion , 
and 1 he ' off r the follmYing fcntnre:-;: 

L Pro\·i. ·ion for ri gid meehani •al 

·onpling (at th us r s option . <·01m ct or:-; 

wi l l  mat without lo king). 
2. Eal"\ of use. 

3. R e tellt ion of the hermn1 hroditic 

f atur .·o that any t\Yo onnect or :-> will 

inat and lock ( og th r. 

-1. C'on1patibility wi1 h " j:--;ting no11-

lochn O' T'YPE 7-:1: <'Onn <'1 r;-:;. 

5. Rctenti n f the qniek-c ·on n ct / 
di.·conn ct f al nr \d1C'n th locking 

f a ture is not wan tcd. 

rl he Ia::-t hYO itPnl.' nr partinilarly 

:-;ignifinmt. The al ilit r to c·onn<>ci to

o·ethcr a non-lo kinO' and a locking t:vp 

(and to use 1 he lock or nc t t n:-:e it a;-; 011 

('hOo:->ci-:i) 1·c>snlt. in u, coaxial c·onn ctor 

, ystcm of extraordiuary A xibili t and 

v rs· tili ty. 

Figur0 3 . ·ho\YR in dctn i I h "- th 

al ov r sults huxP he 11 a"hie\·e l. 'T'he 

coupl i ng nut. which fa. ·tpn:--;, the out r 
con n ct r to the coaxial Jin . has I een 

rnodifi d and a locl-ing nut added. \Vhen 

hYo lo('kin g TYPE 7-:1: s are plugg cl to
gether the lockinO' nut of ith r ('an be 

;-;crc\YC<l onto l he eonpli11g nut of th' 

other to lo ·k th conn ction. Th lo 'king 

nut on the s co11d eo1111 ector i.' ba ·k <l 
off to a . '1 r·1°·c po. ·it ion. \Vh n the tw 
conn ctor:-:; ar m.at d and lockc l the 

coupling nut.· � r bul te<l t g ther and 
pro,-id a stop , lin in·:ttin o- the poRsi
bilit,v of damng t the inner or ut r 
cond ud or thrmwh O\'crtight ning. 

'1h .·olid n1ct·1l-to-nwial j oi nt m. n
tionc<l pr '\'iouf'l. is nn i 11tegn.1l and, in 

fa ·t, sscn t ial part of the d <>sign of th 

loeki11{)" <'onnect or . 
The new loekinff c·on11c'cto1::" ar ·1,·nil

al I for u::-;e on air lines, c·abl R a nJ 

panels . Loc·king c·able connector. ar 

an1 i lablc in five size.· io acc0111111odate 

Yarions popuh11· c-oa_·ial eableH. Locki llg 

panel c ·onncctors are' Ll.\"lilahl i1 ho1 h 

rcce. :-; l and nmJrcc· 'SS <l " r:->ion,·, eaC'h 

haxiug four cal l :-:.iz � and one \Yir0-le·td 

t pc. 

E LECTRICAL PER F ORMA N CE 

Standing-W ave Ratio 

T� \VR C'haraet ri.·tic,· of 1.ypical TYPrn 
7-1-BL L kinO' onncctors and TYPJ.} 
7-1-B Connector. t nk n fron1 a currcn t. 

production run ar :-;hown in Fio·tir -!. 

'I h . liO'ht differcne<' h h ·e n the 
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���IJ_J _ _ ±M.#-¥14 l.OO 1.0 2.Q 3.0 •LO 5.0 6.0 7.0 6.0 
FREQUENCY-Ge 

F i g ure 4 .  T y p ica l VSW R  of Ty pe 874 - B  an d - BL 
C on n ect or s. Ea c h  c u rve sh ows t he VSWR t hat a 

pair of c on n ect or s  intr oduce s i nt o  a l i ne.  

Y \YR of the lo kinu and non-lo ·kino· 

,- r. ion is the re ult of a design feature 

"·her by he conne ·tor:-; are normally 

di ·engaged very lightly when th lock

ing nu i. fully tightened , thereby pre

\·enting forced bottoming, which might 

cau. e distortion of the connector con
tact . T'h YS°'I� R charaC't ri. tic plot ted 

·orr . por d._ to the stati.·ti ·ally maximum 

di.· ngagement of th connector . 

In addition to the imprO Y  d n1 chan

icn.l features of the locking connector, the 

rf l akage ha. been °Teatly rednc d 

>wing to th additional . hi ldi1 o· pro
,-id d y th coupli n o- ::.u d lo kino- nut . .  

The leal-age front typi al :-:;ets of the 

TYPE 87-1:-BL Locking onnector.· is 

f'hown as a function of frequency in 
Figure 5. The leakage ·haract ri:-:ti ·s 
of the non-loc-ki1 u 'I'YPE 7-+ onnector 

LEGEND: I I 10 

�:> o-o-o GR874-BL (LOCI': ING) 

+-+-+ BNCINEW TYPE) 
30 )(-)(-)( N I 

·--·--· GR 874- BINONLOCKING) 

----- APPROXIMATE MEASUREMENT w 
40 z 

and Type B.:\ and � conn ctors are 

. ·how1 for c mpari . on. n i 1npro ment 

f approxin1ately 50 db over th non
locking ver · ion i. hown . 

For the.,e mea ur rnent., -h on-

nector te t cl -were in ·erted in a coaxial 
line, "·hich \Ya terminated in 50 ohm .. 
Thi line wa in turn mad the center 

conductor of a larO' r terminat d, 50-

ohm oaxial line and the po"· r leaking 

into the larger line ,,-a mea.·ured. Th 

db valuef:l indicat cl in ig ll'e 5 are th 

ratios of the pO\Yer input to the internal 
coaxial line to the leakage power b

sorbed in the t rmination of the h rger 

lin . 

N EW AND IMPROVED ADAPTORS 

Obviously, the Tx-PE 87 4 Adapt rs 

were de ·igned to adapt TYPE 874 Con

nector to oth r coaxial connector.· bu 

equ lly impor ant i th ir ability to 

int r •onn ct diff r nt typ of military 

cor 1 ectors without introducing major 
reflections ( ee F igure 6). 'I he more 

types of connector involved , the more 

attractiv are th TYPE 874 daptors. 

As an illustration, ·uppo. e th t the 

-- --- - ---SENSITIVITY (1"3l0dl> ) I ------- ---- + 
...J 
� 50 

a:: w � 0 60 
0.. 
� 70 

--
+ I 

I + 

0 ...J w (Il 80 "' 'O 
I 90 w <:> <( "' 100 <t 

w ...J 
110 

120 

130 

140 
2..0 

I ,,,,,. 
GR 8r74-8 y _,, 

BNC 

,,,"' I • +-
--- ---t +-

I 
LEAKAGE CHARACTERISTICS 

OF 

COAXIAL CONNECmRS 

GR874-BL 

�- f � 

"3.0 4.0 

FREOUENCY-GC 

5.0 

N\ 
-

6.0 

----� 

--x--;? 
0/ -

7.0 

Fig ure 5. Leaka g e  
c h o r a c t e r ist i c s of 
se v e ra l  t y p e s of 

c oaxi a l con nec tors. 
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F i g ure 6. Type 874-Q CP a nd -Q N J A  A d a pt ors 
p l u g g ed t ogether . T h i s a s se m b l y  w i l l  c on n ect a 

Type C jac k  t o  a T y p e  N p lu g . 

equipment in a laboratory c nt· iu d the 
T pc� BK I-IX LT � , and ( HF 
plug:-; and jackf'. The nun: b r f dir t 

adaptor.· need d to ir t r(·onnect any 

conn ·tor with any ot her yp i. 0 
\Yfol only 12 'T'�'"I'E 74 Al ptor.· will 

do th ,_ · n1e joh ( nd pe rrnit comie tion 
t 'T'YPE 7--1 onnector. a.· "- 11). N t 

onl.\T i� there an econ my in adaptors 
but , :-;i1 n1any of the needed 60 dire t 
adaptor ' do not exist, a pair of int r
niediate 'I'YPE 74 Adaptors often com

pri. e. the moRt direet mean. availabl . 

'"l he performanc of . t .. ndard non

locking adaptor:-; ha. been i1nprovcd by 
r d . ·io·n t hnt incorporat · the ba i(' 

connector in pro\·en1ent... already di -

cu. :ed. In addit ion rn.o t adaptor. have 

b en short ened , a.i d ct the !'\fun tim 

the perf rmane of th " rn .i litar. " end 

of th connect or ha. been impro,·ecl. Iu 

Q: 

O C T O B E R , 1961 

mo t a ·e. , the \ WR of ar adaptor 

with its two c nne r · i · a low a ·, or 
lo\\·er than that of the corr ·ponding 

andard 1nilitary con1 ·tor (see Fig. 7). 

A new, ·h rt n d adaptor i · identified 
by a final A in th typ n imber. Eight 

uch adaptor· are pr ntly availabl to 

conn t TYPE 7-± Conn ·tor:· to Type · 
BN i H� and L plugl-' ·1nd jacks, and 
Typ .· and N'" plugs. 

I onger life and n1 r r liable per

f orn1anc will b ol t in d fron1 all n "
TYPE 74 Adaptors than fr m the 

tandard rn.ilitar onn ctorr-5 to which 
th y 1nate l ·an;-; hardened b ryllium .. 
copp r ( r, in . ·01n yp s pho ·phor 
bronz ) is u d in th plug ontact 

in.·tead of ra "·-

N EW LOCKING ADAPTORS 

To the long list of a'Tailabl 'I YPE 7-! 
Adaptors have been added.· v ral popu

lar t pes incorporatinO' th n '" locking 
connec tor .. Th locking featur is no\\· 

availal I in ix of th n1or popular 
adaptor. Each of th R adaptor on
tain.· lo ·king TYPE 874 onne ·tor and a 

T'yp BK , C �, 'I'::\ or �I-IF 

1.16 ..---,---,---.----.----.-----,.-------, 
674- 0LJA / 671 - 0Lf'll 

1.14 t----1---1---1---t----t--�=-t-----I 
1.12 f-----f-----f-----l!-----1---1-+----l----I 

ii;. 1.08 r-----lf---,......-jf-----l'--��r--'r---.1;'-----1-�<;:--f 
> 

F ig ure 7. T y p ic a l VSW R  1.04 

i ntr od uc e d  i n  l i n e  b y  pa irs of 
T y p e  874 A d a pt or s  p l u g g ed t og e t h er. 

FREOUE NCY-GC 

3 4 
FREQUENCY- GC 

6 7 

1.16.---�-�--�-�--�-�-� 

1.14 r-----t---

1.12 

1.10 

� 1.08 

1.06 

1.04 

2 3 4 
FREOUENCY-GC 

I 
' 

4·0TNJ/874•0TNP 

5 6 7 
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G E N E R A L R A D IO E X P E R IM E N T E R  8 

Typ e 87 4 - P R L Typ e 87 4-0N JL T y p e 8 7 4-Q TNJL 

Figure 8. A r ecessed p a n el c on n ecto r, Typ e 87 4-P R L ( sho w n  at l eft ), is con v ert ed t o  ot h er c on n ect or typ es 
b y  t h e additi on of a d a ptor s, a s  sho w n  i n  t h e p hotogr a p hs a b ov e  a n d  i n  t ho se at t h e f oot of t h e page. 

ja<·k. Thu:-; a11 i11strnment quipp d with 

'l YJ>l·� 74- L0<:king Pan 1 onne ·tor.· can 
he> q11i,·kl. c·o11v 'rtcd to any of these 

military c·011nu·tor .·y�t ms by meanK of 

riµ;id scrni-penna.11 '11t. adaptor.· a· ·h wn 
i11 l• ig;11re 8. 

The• q11iC'k-c·o11vc1-.·ion capability off r. 
fo 1hc· i11st1·1mwnt ma11nfact.urer a basic 
pa11Pl <·011tH'dor that ·an b quickly 

a<lapte<l to rn 'l indi,·idual cu:-;tom r 

'])C'c·ific .. 1t ion.· for various coaxial co11-
11<'c·t ors. Fnrt hennorc 1 he its r >f an 

i11.-11·1rnw1i1, c•q1tiP1wd with the loC'kin°· 

pa11Pl c·o111H•clor ean readily chano· from 

Ol H' t ypc of c·0111 H'<'1 or to anoth r. If th 

inst nrnw11t i.· cquipp d \Yith t e new 
r<'<·es.-c'd I oe king panel c·onnector:s, the 

('Oi l \' 'rsio11 is '.·p eially neat for th 

lrn·ki11g; a<l<tpt ors extend only about an 
i1H'h i11 fron1 of th' l an l. 

Lm·kinµ; c·orrn<'C"tot'.' <11' pr ;-;entl b ing 

11.-<·d 011 t lie· panel.· of ;-;c\' r·:d new } R 
ill.·trnm nt.' so that c·onvcr;-;i n to 'I'ypc 
_ - , (' B X  1, , ' \ T. T ' . or CIIF eon-
11edor. · crn1 he mad<' n1 rely by lo kino· 
th<> clcsire<l. adapto r· firmly in plac . Th 

it. ·p of lrn·king panel cont ·ton:i ,\·ill 
a;rad11ally he ext nd I o.'t in.·tru-

m nt. · in the G R  line. -:.\1ost con1-

ponent. · (te . line., attenuator. , pa 1. 
cte.) ha vc been: or will be modifi 1 t 

penu.i t the Lt. e of either locking or n Jll.
locki no- onne ·tor .. 

'The ld r 'I YPE 7-1 onn etc r;-; on 

th s lutt r rnponent. · anuot be 

dir ctly replaced with the locking typ 
since an additional groove i reqtm· 

and the groo,·e positi n i cliff r nt. 
mnponent with non-lo king con-

n ctor. ha\ ing th new cori.· ru ·tion 
C"lll he identified by an unused grom·c 

in the out r cond l ·tor which appear. 
direct Ly b hind the coupling nut. 

Increased acccptanc of the 'I YPE 7-1 
Conn C'tor ha · lr ady r . ult d frorn th 

i11('rea.· d Yeratility and the impro\· -
mcnt in p rf rn1an . Thi.· c nn ·tor is 

,,. ll on the way to the ._·an1e unin:-r;-;al 

a ·c ptauce t ha ha. been accorde l the 
banana plug, fir. ·t iu1 roduc d in the 

rnited. 'tatc:::; by Cen ral Radio in 192-t. 

Th d \' ] pn1ent prooTam. whi h pro
dn cd th se d , ign ·ha11ges i.' ntin uing 
,,·ith emphasi. on improvem nt of the 
cabl connector. and on further r duc;

tion:-; of \ SvVR. 

Typ e 87 4-0UJL Typ e 87 4-0BJL T y p e 87 4-0C JL 
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9 

Ty/I( 
Ba. fr 874-B 

( '01111Pr1 or..; 874-Bl 

874-C 

874-C8 

874-C9 {'ahle 
( '111 11u•etur. 

874-C58 

874-C62 

874-CL 

874-CL8 

( ':ahk 874-Cl9 

( '01111 c·tors 874-CL58 

I .UI' k i Ill!: 
874-CL62 

874-PB 

874-PBS 

J>;JtJp) . 
l•lllJ ·c·tor .... 874-PBSS 

f I a 11 •t>d 
874-PB62 

874-PL 

874-IPLB 

J>:1 n ·I . 874-PLSB 
1111n1• ·tor 

- T.1 ·kin" 
874-Pl62 

874-PLT 

874-PRL 

874-PRLB 

J>:11t1·l 
l un1 1t·1•tor:-- 874-PRL58 

-J ,o<·king:, 
H··•·t·�. < d 874-PRl62 

874-PRLT 

•!"1 I qllllllfitic. of I tu !lq· JfflC't' 

TYPE 87 4-PB 
FRO T OF PANEL 

CONNECTORS 

Pit. 

hm l{j�id _\ir Lin • 
50-ohn Hi id .\ir Lint• (lrn·kin!!." 

. ('a Ji)p.., 
'a lilt•:-

(':1hh·"' 
':1hll' 

l" ' 

� ... _ _ 

I L- ' r 
( 1101)(' n:--t:111 

\ "ire T.Pad 

for lar '!'r •pl 111 1 iit·..; on rt•qur-... t. 

TYPE 874-PB 
BACK OF PANEL 

OCTOBER , 1961 

'odl lrord 

("0<\XHHJD(;E 

(I • - y l'I! IT 

( ll \."('ABl.l;H 

< 't I \. ' ( '<IRDEH 
( ll\."('.\'l\IEH 

C'll.\X( \ Ll.l·:H 

('f )..\_ \XI Oil. 

I I .·\ H< nr 
I II "PAHRllT 

Y.I l ;s'( 'II 

·11 \XYI"' ll'L: 

('I I ."\:-, ·11·1 

C'1 >.\." \l'l'LEH 

'<J.\XO \Tli .H 

C"I I. .·AR.\ l!H 

( llA.'B\HKl·!H 

( 41.\ .• , l"I Tll 

( ( l . · \' nu:o 

I'll.\." l'BH!'...;11 

!'ti \X'l'<H C' \.'.' 
I llA." I I.Li'. I 

( 11\."\(.00"'J<: 

! CJ \."('11:\I llB 

('t).\X: '!"RI.I·�\\ 

874-PL 
I I 1i 10. 

,,, .,.,, ,.. 

$ 1.60 . r,·,, . 
2.50 

• ' ( 

2.30 

2.30 

2.30 

2.30 

2.30 

3.50 

3.50 

3.:50 

3.50 

3.50 

3.20 

3.20 

3.20 

J.20 

3.75 

3.75 

3.75 

3.75 

3.75 

4.00 

4.00 

4.00 

4.00 

4.00 

TYPE 874-PRL 

Figure 9. Mounting dimensions for Type 874 Panel Connectors. 

I 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

Type* 
J O  TY P E  8 7 4 - Q B J A  

BNC 874 - Q B J L!.  

874 - Q B P A  

T O  T Y P E  8 7 4 - Q C J A  

c 8 7 4 - Q C J L  

874 - Q C P  

T O  T Y P E  8 7 4 - Q H J A  

HN 87 4 - Q H P A  

T O  T Y P E  8 7 4 - 0 l JA 

L C  874 - Q L P A  

T O  T Y P E  8 7 4 - Q L T J  

l T 8 7 4 - iQ L  T P  

T O  T Y P E  874 - Q N J A 

8 7 4 - QN J L  

874 - 0 N P  

8 7 4 - 0 S CJ 
T O  T Y P E  87 4 - 0 S C J L  

S C  
874 - 0 S C P  

8 74 - 0J N J  
T O  T Y P E  

874 - QT N J IL  

T C 
.8 7 4 - 0TN P 

T O  T Y P E  a14 - 0 U J  

U H F  874 - 0 U J L  

8 74 - 0 U P  

T O  T Y P IE  874 - 02 

274 874 - 0 9  

874 - 0 N 6  

A DA P T O R S  

lo . 

Pl u r 
Pl uf!: ( lol'k i n tr  ,_ -1- )  
J ;._  C 'k 

C Plug 
('  1 ' 1 1 111;  ( I  d�iug -._i) 

' Jael-

< )  1( ;  " Jct  
c1 1,\ Xl" :\ :-- H E \\" 

l'OAX B I  X N ER 

] I -:.'\  J 111 < n L TL\ 'Y. ER 
J I �  .J a<· k t « L\ X I L·\ N" G .r.: n.  

L C  Plu.i.i; 
LC ' . Jack 
LT Ph w 
LT J :  f' k 
� l ' l  t tg  
,'; Pl u� ( lo<' k i n g  --t )  >:" .foe-k 
._'( '  P l  1 1 g ( 'am l i a )  
, ' (' Pl u g  ( · �rnd in)  

Or  c k i 1 1g . -.. n 
. 'C . ! ;wk ( 'mul i a )  

' I I F  P l l l �  
lf l I F  I 1ng  l lrn · k i n� 7 
l � H F J ad.: 
214 Pl t tµ; r .h\I+ 
\ 13 Biu l i ng- Po · t �  
2 7-1-. · o  J a l c - h  C 'o n l  

co.\..�,· caa:: n 
C '( l .\ •• \\" .\ I.. "'r 
C'(l .\ XX l"TTER 

( '( l A ." C ' O !-'  F;R 

'< > -'- .\ !.\f () N D  
<'• l.\ xe.\ -.:.1u:;n 

l ' ( l \ _  Y l l  ' 7. f: L  
('C l \  XTI :- K  1.;; n. 

l'« lAX'l'I I 'P�H 
< 'D.l X l'C  >"Te ll: 
< 'r >  \ Xt ' l l l  t--E H  

874 - 0 U  • A  %-i u .  ,) i1 l 1 1  F l { ifo!:id Li ne. 

Pric • 

$4 . 7 5  

5 . 7 5  

5 . 2 5  

5 . 5 0  

6 . 5 0  

6 . 2 5  

6 . 0 0  

7 . 50 

1 2. 00 

20.00 

2 0 . 00 

2 5 . 00 

5 . 0 0  

6 . 00 

5 . 0 0  

9 . 0 0  

1 0. 0 0  

9.00 

6.50 

7 . 5 0  

6 . 5 0  

5·. 5 0  

6 . 00 

3 . 7 5  

T O  

U H F  
R i - 1 -5 l'  ( l·: l .\ T l{- 1 34 )  ('O \ X Y l l '.\I D B H  3 5 .010 

8 7 4 - 0 U 2 1 1 -'>...-:: in .  ;o u l � T T H igid Line 
R I G 1D 
L I N E  

R ;_ i .- 3  r �  { l •: L . \ T H - 1 3-f) 1 · 0 .  � Y :4 1 I E R  a o . o o  

87 4 - 0 U 3A :3 Y$i i1n . .""0 �2 U I J f  H i J.(id Li H t', 
l .U- t .--� F { ET .\-1 H 1 3-I-) r • 1 1 \ X Y 1 · 1 .TH .\ 1 3 5 . 0 0  

1 0  

* J n  rls.ptor r y p<' nn 111h rR ,  1:1. .I in l i t-::tk· tl1at 1 l 1r 11da1itor 1 ·cml11in.� a j11 k nnd T · p t;  '7-l nned or ; a, P i rn l i
eat("s l hat the- l-tdaptor ro11lirirH< a J)l 11 1ot"  nnrl  a T \-Pt. 'i-l C'o11 nPt' ' or . or x a 1 1 1 ple,  a T - , . 1-.;  7 1- l " P  .\ dn 1 1 .r 
1·ont a in. , \ T i f F  1 1 1 1  ml :i TY1·�  ..,7-1 "omw<· or. nml wil l  t l wrr·f 1IT' ad pl a T Y r-f: S74 tu u, ' H F  jaek . 

EW TOO LS F O R  
Y P IE 8 7 4 LO CK I N G  C10 N N E CT O RS 

Tl rC'e to l� lv ' 1w 1 
TYPE '"""-1-TO I T  Tool I�i t  

aclcJ 
h el 

1 t o  t h  
rn t h  

i i  ..t a l l ·  t ior f l oC'k ing ·onn et r� o n  a i r  
J j ne.· and ot hPr ('oni - 01 1 >n t �. n . ·u eh 
i n .  ·t a l lat ion.  it ma;\� not be po!'sihl 

:-: l i d <  bn C' k  t h  c· npl i n (J"  m 1  
: i n  pr chwr a rt i  "l ) en 

h r t u i n i n g-ring 

chan .-. in  IL rn t r of 

(sc igur 
h to xpo:"e 
b . a u.. f 

i l  r ·onduc-
tor or \"tl l"i us 0 her ohst ruc· i o n . · ; s<' l 1 i n g  
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1 1  

F i g u re 1 .  Type 874 - T O K  T o o l  Kit  c o n s i s t i n g  o f  
( l eft) a n  o uter - c o n du ctor w r e n c h  a n d  a n  i n n er 
c o n d u ctor w r e n c h, ( ri g ht, t o p) a c o u p l i n g - n ut 
w re n c h, a n d  (r ig ht, b otto m )  ri n g  i n sta l l at i o n  t o o l s  .. 

th r i u g. i n t o  t he g rooY , can t h  n be 

d i fficu l t ,  eRpe c i a l ly i n asm.u ·h a. t h  rea r 
ri r w  n 1 u s  pa. O \-er t he fron t g roo,·c on 
i he way t o  i t .  po · i t i o n .  'I'hc t h ree ne\\· 

t oo l :4  n1ak i rn;.;t a J l at i on of t he ret a i n i n ff 

r i n o-:-; a s i m pl e  m.a t t r \Yh ct her oTo o \· . · 

Typ 

O C T O B E R ,  9 6 1 

a rc exp osed or n o t . The ri 1 1 g  i �  fi rs 
plac d J l  Oi l ' of t \\·o C '  r f o 1 c l ri c ·a l l e  a< lcr. ·  
d pc1 1 d i n g  011  w h i d 1  g roo ,·c i is d "·t i n cd 

for. Th , l oa d c• r  i s  1 h 'u p h tc:c d o vc ' r  t h • 

o u t  r e o u d u C ' ( or ·uHl t h ' t h i rd 1 oo l ,  a 
cy l i u <l ri c ·a l p u sh e r  i. · pla · ' l o n'r t h e 

load r a n d  u sC'd t o  p u sh t h  r i n g  o ff t b ' 
l oc.td r a n d  i 1 1  I o  p l ae ' i n  t h e ff l"OO \' . 

Th ot h e r  t c  o l . ·  i n  t h ' TYPE 7 - l--TO K 
Tool 1\ j 1 des< " r i hc•<l i 1 1  t h  :\ l a y ,  H H iO 
Exp ri1 1 1 <• 1 1 lr'r ,  a rc a n  i 1 1 1 1 C'r- ( '0 1 1 < l u < " t o r  

wren · h  t o  h o  l < l  a n d  i n s t  a J l  1 h e  i n . · u  l a t  i 1 1 g 
bead c. 1 1 < l  t h e i 1 1 1 1 c r  c ·o1 1 1 1 c'd o r:->,  a 1 1 d a n  
o u 1 er-< "01 1 d u d o r \\TC' l l C ' h  a u <l a · ou p l i u g;
l l nt \\Tc 1 1 c ·h t o  i n . · t a l l  l h  ' o u t  ' r  ·ou u c · c · l o r 
and t o  t i o·h kn t h ' ·ou p l i 1 w  n u t. .  

874 - T O K  T o o l  K it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . < ' < > .\ X I'- T T'l' I� :\' $20.00 

ANALOG OUTPUT 
FROM T HE D I G ITAL COUNTER 

Dio- i t a l  c o u n ters o ff er h i gh p rec ision 
and aec u racy con1bi l lc<l w i t h  a c l  g rec of 
opcn11 i n g  ·ouYe n i  n for v i s u a l  r a<l o u t  

t hi:.\t i s  not. as1 l y  obta i n  <l b o1 h e r  
r n  a n s.  In 1 n a 1 1 y  a p p l i ca t i on . · ,  ho"· c ,· r 
i t  i . · d . · i rabl t o ha,-e pcrma n n t  record . .  
D i g i t a l  p ri n t er · a rc u :-:  fu l for l h i . ·  

p u rpo.'C w h e n  i n <l i Y i <l u<..t l  poi n t -by-poi n t  
1 1 1  a . · t u· n: n h:; a r  m a d  1 b u t , w h  n t h e 

c fo . t a nuy ·o n t i n u o u . · l y  t he p ri u t e< l  rn
forina t i o n  in u.· · be c n1 l ua t ed l i n e  by 

J i n  . l ' 1 i l c;-;s a u t o mn t i e  eq u i p m e n t < :� u 1  

b u.·cd t h i s  p rnc ·css i H  t c.� l i o t i . ·  a 1 1 d  s l mL 
For i 1 1 st � 1 1 H · ', i f  t h e frcq u e t H·y o f  n ,  

q u a r  z-c r. ':-<1 a l  osc· i l b tl o r  as a f1 1 1 1 c · 1  i o 1 1  o [  
t e r n p c ra t u re i .  · t o  be d ct c n n i n c  d � 
d i re · t  a n a l og 1 l o t  o f  fr ' C J u ' 1  i c ·y \ ' C ' l 'KU. · 

t n 1 p  ra t u n ·  i .  · usua l !  ' \\'c t l l  1 c •d . }i" i µ;u r '  
2 shO\n; 1 h i :-;  i 1 1 form a l i o 1 1  i n  b o t h form ::; ; 
t h  a n u l o1r  c · 1 1 n· a 1 1 d 1 h p 1 · i 1 1  l c • <l  d a 1  a .  
'rh c  c u n· , l a k "' o n l y  secot a l i-; 1 o  ( 'Yal
uat "·h i l ' l i t U ' ·a n be <le<l 1 1 l ·  '<l fn 1 1 1  

F i g ure 1 .  P o n e l  v i e w  o f  t h e  Type 1 1 34 - A  D i gita l - to - A n a l o g  C o n verter. 
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G E N E R A L R A D IO E X P E R I M E N T E R  1 2  

1 
t he p r in ted figure. · without man ua l plot -
t j n g. I n  add i t ion , i h e teinper t ur v· l n e  · 
· n-re. pon d i n g  t o  i n d i v i d  m l  p r i n  ed l in e  

a re asi ly ava i la b l e  in ana l og form 

( from a t h er mocou p l e )  w h i le conYers i ou 
i n t o  d i gi t a l  form ( t o  pri n t  a long \Yi t h  t h e  

ot h er data) i · bot h c unber o n1 e  a n d  

<.;O�tl) . 
A lthou o·h no analog o u t p u t  can be 

ac·C' urate to G o r  inore p lac s ,  t he analoo· 
ac - (' u ra y i .  q u i t ' adequat e for i n  Te
m e n t a l  n1ea. ' 1 n·e n1e1 1 ts.  Op rat i n g  from a 
d i g i t a l  cou n t er ,  t he analog sy t e rn can 
a h\ . .  ly.  l e u "  d t o  i n t erpol a t e .  I f  t h  

c o n n t er diHp lay. 8 f igu res, t h  analoo· 
o n t p u  can he n1adc t o  represe n t  any 

t wo or t h ree of t he 8. 
'I h c  c ry.'t al osci l lat or freq u u cy i u  

F i  o·u r  2 varies on ly b y  a fe\\· part ._·  per 
m i l l io n  over t he t em pera t u re range. T'hc 
fnl ! -:-;cale · n.si t i v i t  i s  20 p p m  a n d  \\·it h 

0. 1 / in ·remen ta l acc u racy, 2 x 1 0-

cn n b observed .  Note t h a. t  t h  d i gi t a l 

r · o rd does n o t  p ro v i d  h i ffhE>r acc u racy 
o r  r �el u t ion ; t h e fi r. · t  fi v  ti gu 1· 

.
· re-

m a i n  con.'tan t a n d  car b t a ke n  a. · ' a 
pl' iori  ' k no\\· l edge. Thcr ren l ly 1 n o  
1 d t re ·ord t h  m m r - t han n ee,  

\Yhi  ·h ·an b don m a n ua l l y .  ·ua l l  , 
t he i n  ren1 - n t .  are t h - n l y  i i  forrn.at i n 
of in t r t .  

Wher t h  i n fo r m  t io n  varie. rapi d l y ,  

m chan i  · a l  p r i n ten; a r  n ot able t o  fol-
10\,. t h e c h m 1 g  ::;. l\ 1 o. t ar l i m i t ed to le. '. 

t ha11  1 0  l i n  ,. per . ·eco n d .  Th co · t  of 
h igh r . p ed pri n t er::> i .  p ro h i bi i v  for 

1no t app l i ca b on . The analog recorder, 
o n  t he o t h er hand ca n p l ot u r  . w i t h 
rn.uch h i gher peed . Digi t a l -t o-ana log 
con v e r. · ion can be v r.  fa t and re
cord r. · \Yi t h  bet t  r t ha n  1 - k c  ban dwi l t h 
n,re ava i l a b l e .  T h u ::; ,  i n f  rmat ion c a n  he 
re · rd d n1 u c h  fa ' t er t han w i t h a m -
c ha n i ca l  pri n t er. t ypical  exa n1 p l c  i .  
t he rnea. u r  m n t  o f  . · h o r  -t rrn t abi l i t y  
o f  o 'C i l la t o rs. am.pl es a s  hor a. · . 0 1 

a n d  . 0  1 se · o n d  are of i n t er a n d  t he 
i nformat i on i .  o l l e  · ed at a rat - a p
proa(· h in g  1 00 or ] 000 a rn ples per ecoud .  

Fio·u rc 3 ·ho,,-,. t he .:hort-t rm · t a b i l i t y  

4.:: !--t e � 7 

F i g ure 2. Freq u e n c y - v s -tem perature  c h aracter ist ic  of 5 - M c  crysta l .  
Fu l l  s c a l e  for  analog c u rve w a s  1 00 c p s ,  e a c h  m i n o r  d i vis i o n  1 c p s .  
O n l y  t h e  s ig n i fi c a nt part o f  t h e  a n a l og record ( fro m 4998420.0 to  
4998460.0) i s  reprod uced here. Gate t i m e  w a s  1 0  s e c o n d s. T h e  
d i g it a l  record s h o w n  c orre s p o n d s  to  t h e  m arked secti o n  of  t h e  c urve 

.,4 9 9' 8 4 2 9 5 
4 9 9 8 " 4 2 9 3  
4 9 9 8 4 2: 9 1 
4 9 9 & 4 3 8- 8  
4 9 9 6 4 2 6 <>  

. "1 9 -9 6 4 0: 6 4  
4 9 9 6 4 <! 6 .i!  
4 9 9 6 4 <? 7 9  
4 9 ? 6 4 ?,, 7 7  
4 9 9 $ 4 2, 7 $ 
4 9 9  a 4 2;7'$ 4 9 9 6 "4 Z 7 <:  
4 9 9 8 41· 2." 7 0  
4 9 9 5 4 ::! () 7  
4 9 9 !} 4 ? 6 6  
4 9 . 6 4 2 6 '3 
4 9 9 tl A 8 4 �  

bet w e e n  43.3 °C a n d  56. 5 °C .  

:f 4996450. 01-----'+"'---'--4-_____ .....,._.... __ --"--+---......-.ii-r-----;---,-�........,.. 
v 

I 
>-0 
� 499e440.o�----+------+-��""'-::!-----+...L..a..,....--t-----=-:-:;----11;---:--:--+=-::--:il,_... ::;, 
g 
0:: ..... 

4 9 98 420.00 10 �o ao 
TEMPERATURE 

4 9 9 8 4 2 6 0' 
4 9 9 &- A Z:: S S  4 9·9 8 4 2 '& 7 
4 9 9 (l 4 JHi 6  
4 9 9 !l 4 a 5 4  
4 <l 9 1"t 4' 2 $ 3  
4 cq  9 8§4 :2 5 2. 
4 9 t 'e 4 2. S C>  
4 9 9 8 4 2 4 9 

'4c 9 9  �lJ4· z  4 a 
4 9 9 e 4, z  4 1  
4 9 q; a 4 e 11 .s 
4l 9' "Q a' 4 2. + 4  

" 4.9 � 4 '2  4 4 
4 9 9 6 4 2 4 ;;5:  ; 4 .'> 9 e tt z 4 z 

,m 4- <?  9 II 4.'Z -A ?,, 
4 9 9 8 4 il: <! l 
4 9 9 11  a a .11 .. 1 
4 9 9 6 4 2 4 �  
4 9 9· $ 4. 2 3 9  
4 9 9 a 4 a 3 9 
4 9 * S A Z 3 9  
' ? 'il 8  4 2 3' 8  
4 9 9 8  4· .z 0 8  
4 9, 9 a + a  � 6  
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1 3  O C T O B E R ,  1 9 6 1  

F i g ure 3.  H i g h - speed record o f  t h e  s h ort -term sta b i l i ty o f  t w o  G R  T y p e  1 1 1 3 - A  Sta n dard - Fr e q u e n c y  
O s c i l l ators- T h e  5 - M c  o ut p uts  a r e  m u l t i p l i e d  to  1 G e  e a c h ,  a n d  t h e  f r e q u e n c y  i s  a d j u sted f o r  a 1 05 - c yc l e  
beat, w h o s e  peri o d  i s  r e c o rd e d .  Sa m pl i n g  rate i s  a b o ut 1 00 s a m p l e s  per s e c o n d  w i t h  a n  a vera g i n g  t i m e  

o f  a b o ut 0.0 1 s e c o n d .  O ver - a l l  b a n d w i dth of  t h e  m e a s u r i n g  s yste m w a s  o ver  1 20 c p s .  

for .0 1 -. e ond samp l es of a pa i r  of G R  
'I Y P E 1 1 1 3-.. A. 0. ·e i l b t ors. 'T'he i n fo rrn ·1-
t io n  i. · o l l  c t  d <.t t t he rat e of 1 00 

m p le . per . coud far he. ond th sp d 

of m chan icnJ pri n ter.� . 

n t i l  re ·en t l a d i rr j t a l  p ri n t er \\ . .  
n . .  ary for 1n ehan i " 1 1  c · n ,- i\· i o n  of 

igital  i n p u t  to a n a l og ou t put but t he 

i n t r  d u ct i o n  of d i gi t a l cou n t er. w i t h  
. ·t oragc fac i l i t i e.1 har:; made pos. · i b l e  t he 

us of el  t ro n i  c·on Yen:; ion . Th i . ·  h a. 

red u ced t he co. · t  of n a l oo· r ·ord i n g  

'Yel l below t ha t  o f  digi t a l  pri n t i n g .  

I n  con v  n t ion a l  co u n t er. t h  r Rl l l  

o f  t he n1casnr men t i s  d i . ·p layed i n t  r

n1 i t t  n tl y .  \Vh i l  t he co u n t r i .  a · u 

m u la t i n rr i n format ion , t h P  dPC·ade s t a t  . 

Ve. ry con t i n  tOlL ly a n d  i n format i on t o  

l pri n t ed o r  p l ot t C'd i .  a \¥a i labl  o n l y  

du r i n g  each d i s p l ay t i n1c .  ( ,  o m e  s ·heme 
r n i o·ht b u. ed t o  d isco n n  ct th rer r d  r 

d u ri n o· cou n t i n g  t i 1ne,  b u t  t h  n t he re
c rd r '"'·o u l d  ret u rn t o  zero ca h t i me. ) 

� i gu re -! . how. t he a n a l orr o u t pn ob

t a i ned from n v  n t i 01 a l  decad . . A 
freqn n <'y of ahout 3-15 cp. i ,  co u n t ed for 
1 0 secon d. a n d  d i .  ·play d for 5 . cond. · .  

T h  n n. log o u t p u t  i. deriv d frorn t h e  

1 H .  \\". Frank a nd JJ.  T .  ::\lcA leer, " .  Frequency ounter 
w i t h  a ::\ I emory and wi t h Bu ilt-In R liabil ity," 0 neral 
Radio E.r perimPnfer, 33,  .3 , :\lay,  1 96 1 .  

l a, t t h re d igit  f t h  count er.  The zero 

on t h  r c rcl cr  corrc:-;p nd t o  300 cp. · 
t he fu l l  ·cal e  t o  -lOO ·p:-;.  Xot t ha t  t h  

a n a l oO' u t pu t  d u ri n g  t h  c uu t i n o· t irne 

Yari s fron1 z ro to fu l l  sca le . · e ,- ra l 

t i rn.cs. rsa b J c  i n fo r m ·  t i o n  lS p l  t t  d 

d u ri n g  d isp l ay t i m 01 l · . 

� t o rn.a- cou n t er. · o n  t h  o t h  1· h a n d  

hu ,- c ·  in p l  t el v  :· pa rat d . · t  rag dee

ad . . _\. t h  end of cu. · h  ·ou n t i n o· 

i n t  1Ta l  t he cl<.Lt· a.r t ru u :-;f l ' l' cl fr m. 

F i g ure 4. A n a l og o utput fro m  3 c o n ve n t i o n a l  
d e c a d e s .  U s a bl e  i nf o r m ati o n  i s  a v a i l a bl e  d u r i n g  
d i s p l a y  ti m e  o n l y. G ate ti m e  w a s  1 0  s e c o n d s .  

"\ 
.-�- 400 cps  

+ 

I 
300cps.-'---'--.....__.___, __ ___.__,__....,._--t... _ _,_-.L...1..- 300 cps 

---·--- --.�--...---.---....,------r---1 
....------!,___�--� ,....,..... _____ __,_ � 

OISPL,AY COUNT COUNT DISPLAY 
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� G E N E R A L  R A D I O E X P E R I M E N T E R  1 4  

F i g ure 5. A n a l o g  output  from 3 storage dec aciles. 
The o utput i s  the res ul t  of the prev i o u s  c o u nt. 

t l H'  c·ou 1 1 l i 1 1 g cleC'� H l (':-: i n t o .<.: l o ragc. 'I h e  

c ·o u 1 1 1  i 1 1 g dceadeR i m rnc d int PI  re. n m  
c ·rn 1 1 1 l i l l g ,  a u  l n 1  1 l w c 1 1 d  of t h next 

c ·o1 1 1 1 1 i 1 1 g i n t erva l 1 h e 1 1 0w d<lt a are 

t n t 1 1 :-;frrrc  d agai n .  Th<' i u format ion i n  

1 l w s l o t'<lgC' dpc·a d('s cha n gc's o n ly a t  th 

.ra 1 1:-;fr r 1 i mc (at he e n  I of c"wh eon n t i n g 

i n l < ' rva l ) a 1 1 c l  on ly i f  t l w l 'C 'K l l l t  of t h laHt 

C'O l l l l 1  i s  <l i ffer0 1 1 t frmn t l H' p n  c ·ed i n g 0 1 1  . 
A u n. l og o u t p u t obt a i n ed fro m  t lw . · t o r· rre 
c l ( 'CadPs ·wi l l  a hntys l'C'JW<'Kl ' l l t t he r Ru l t  

of' t l w p re v i  on. · c o n  1 1  t : u  1 d  ·ary on ly 

whc'n  1 h c i n ]  n t  t o  t h < · c ·01 1 1 l 1 C ' r  < 'han o·e . . 

' l  h is n'. · 1 1 l t .  · i n  a fai l  h fu l  rcpro< l n  hon 

o f  I l l f '  i 1 1 p u 1  d a t  :.t .  If 1 hP :-;a m c  nwa. nr -
mc u t  a:-: i n  Fio- u r<'  -1- i i-:  m n < l P  1 virw a 

1-d or, gP c · o1 1 1 1 t er,  t h e n n a l og 0 1 1 t p n t  iFJ  

. tTa i o-h t l l 1 w a:-; l on g nr: t lw i n p n t . t ay. 

e o 1 1 st a J 1 t .  In � ig u rc 5 t h <'  i n pu t fre

q ne 1 1 < ·y 1 i-;  \'ari etl . T'he an a l og output 

f c  1 1  w . ' t h  varia t i 01 1 . ·  of i n p u t  dat a .  I n  

F i gure. · ...J .. n d  5 t he sn.mp1 i n �  rat e i .  

n bou1 1 sa1nplc c\·<'ry 1 0  . ·  cond .. .  Thi. 

l ow sn.n pl e rnJ c i ·c:- m l t s i 1 1  t h  st p.': 
l"hown i n  t h e graphs.  A . · n 1oot h curv 

·wo u l d  rc. · u l t  i f  <'i t h  r i h  sa m pl i n g rat 

wer made h i gh r or h p p r l °'Yed 

dO\'Dl . 

The e advantage · have been r a l i zed 

in t he ' R  I YPE 1 1 30-A Di · i  al  Tim 

and Freq uency l\II t r a n d  t h  TYPE 
1 1 3±- \ igi t a l-t o-An alog 

been de. ·igned a a com pa n i o n  i n st ru 

ment . 'I h i s  con vert er can b e  us d \Yi t h  

other d i o-i t a l  q ui prnen i f  pr per i n pu t  

l ogi · vol i" ag l e v  l .  · a n d  ·weio11t i n g  a re 

a\·ai lahl  ( . ·ee . ·p c i fi c  hon ) . Th i m
port an t feat u re, of t h i · i n  t r u rn  n t  are 

i s ace n n1(·y and t a b i l i t y  of 0 . 1 ai l 
i t s  hi o·h conv r. · ion pe d of over 1 kc. 

It can b ll.  · d t o  fu l l  d van tag i t h r 

w i t h prec ision r cord r or J. plot t r 
of 0 . 1 ac<'ur·  cy or 'v i t h h igh-. ·peed 

r ·ord t beyon d  1 k . 

CIRCUIT DESCRI PTION 

The i n p u t  .. i o-n a l  ar obtain d from. 

t h e  four , torage d ade · of t h  c o u n t er.  

\. d i gi t -. el  c t or , wit h pern i t .  . el  c t i n 

of t h  fi r. ·t t hree , or the l a  ·t t h r  or t h e  

l a s t  t wo d i gi t t o  b re orded . I f  t h ree 

d i o-i t s  ·11· - r c rd d t he out. put i n  r -
n1 n t .  · ·::i. r  0. 1 ch . For t w  d i g i  . , t h  

in • r  n1 1 1 t  are 1 0 a h .  T h  out put i 

ei t her 1 ma for gal vanomet er recorders, 

or 1 00 m for pot en t iometer record r . 

P ri n c i p l e s  of Operation 

Figu r 6 1 a i 1np l i fi d · heinat i 

d i agra1 1. of t h  on vert er.  Tn-eh inpu 

l ine� (-! for each decade) onn ec t t h  
l · t ron i . w i t  h e  1- 12 t o  t h  fl i p-flop. 

in t h  coun t r torag de ade . Th 

n onri n a l  i n p u t  ' ol tage re + 65 v f r a 
bi n a ry l and + 1 85 v for a bi narv 0.  
For a d ad m ta (d i mal ) a l l  

fo u r  fl ip-fl p .  a r  i n  bi nar tat e 1 

( + o5 )  i n d for de in1al 0 al l flip-flop r 

i n  b i n ary , t a t  0 ( + 1 5) . Each of th 
el ect ron i <' wi t ·h 81- 12 ,  conn c tR t h  

as. oc i at - d out pu t  re i t r ('Y igh t i n g re-
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1 5  

si tor) t o  0 for a + 1 35_,. i u p u t  ( b i na ry 0 )  

and t o  'l. Y ry ... t a b l  Yo l tage , E for 
+ G5-\· i n put (binary 1 ) . 

AH. ·mne t hat t he recorder h a  zero 

i mpedanc and a 1 -ma ful l-. · ·ale n .  i

t iv i t y  and t hat th vol t e:  gc E i s  - 30 

\V h u 81-812 are i n  t he "on p si t i on t h  

o ut p u t is n1ade u p  o f  t he fol l o\\· i n g  

c u rrent 
1 1 00 µa 
2 200 µa 

400 µa 

200 µ[1 

1 0  µa 

20 µa 

40 µa 

20 µa 

1 µa 

.... 1 0  2 µa 
4 µa 

2 µfl 

l OO's  deca de 
Tot a l  - 900 µa 

l O 'fi decade 

'I o t a l  - 90 µa 

l ' � d  cade 

'I'ota l - 9 µa 

The su rn of al l brm. ch urr n t .  i 999 µa . 

I f  t h  i mped a n  of the reco rder i .  not 

f;ma l l  corn.pared \Yi th t h e  i n1p dc:m · e  of 

t hjs  r :-;i,'b Ye u e twor k t h en t he Yo l t ag 

E ·an he in  ·rea. · d beyon d  - 30 v to 

-29 T O  - 3 5 •  E 

�-- � 300k 
FULL· SCALE CALIBRATION 

�-TO 100'5 DECADE 
� � 7 5 k  .,.,. 

DIGITAL STATE 1 - 1 - 1 - 1  • 9 

�- � 1 5 0 k  

7 300k 

T O  I O 'S D E C A D E  �-DIGITAL STATE 1-0·1-0 • 5 

�-- � 300k 
�- w 1 5 0 k  

I 'S 3.3M TO DECADE 
�- � 7 5 k  

DIGITAL S T  .. T E  1 - 1 - 1 -0 • 7 
+ 185 01 512 �--- T" 150 k 

ELECTRON IC 
SW I TCHES 

F igure  6. Si m pl ified sc h e m atic  d i agra m of t h e  
C o n verter. 

O C T O B E R ,  1 9 6 1  

a l l  ". f r t he vol t u.gP c l  rop ru' ro. ·s t h  

recorder. For a 1 000-oh rn l'Pc ·m· l C 'r E 
would b - 3 1  ,. 1 o  p rn d 1 1< 'P t he propp r 

ful l-seal  read i u g .  Ri l l < ' ' 1 h e  c -ou n t Pr <«l l l  
b , et  to 990, c l il ru t io n i s  s i m . p l c  a n d  

the recorder i mpcda .n C'e n ' d  n ot be 
known.  

'I o opera t a 1 00-rn i l J i ,·olt  pok 1 1 t iom

eter recorder, an i n t cl ' l 1 .  1 1 00-oh m n'

i t or i . .  · \\· i t ch d a c ross t he ou i p u t t c r
n1i n a l .  

Stand a rdi zers (Electronic Switches) 

Figur 7 is a dct a,j ] pd sc ·h crnnt fr of  0 1 1 c  

o f  t h  le  t r  n i  · , ' w i t c · l ws .  For + 1 85_ ,. 

i n p u t (b i n ary 0) Qi i . · t u rn 1 off Q'.! i . ·  0 1 i .  
Th ·urre n t  t h rough Q2 \YO u l d  c'-wsc 
poi u t  \ t o l p s i t i ,·e,  b u t  i h ' e lu rnpi 1 1 g 

d jode R 2  eou d uc t � a . 1 1 d  h ol l s  po i n t A 
at a few i en i hs of a vo l j  posi t i ,· w i t h  

r sp ct t o  0,  say + 0 . 5 , . .  I• m· + G5-v j n 
p u t  (b i na r  r 1 )  Q1  i .  · 01 1 Q'.! i s  o ff ,  a n d  

poi n t  A i� · la mped t o  Y <  1 1  n .g;  E h C'R l .  
Aga i n  t he forward d rop n c· ross H 1 
cau,·e. abo u t  0 . 5-v offsC ' 1  from E .  A ss um 

t h a t  E i ,  - 29 Y .  Then w i l l bc e i i her 

+0.5 Y r - 29 . 5  \ ' .  ' I 'h i:-;  30-v sw i l l � i:-;  

req u i red for fu l l  ou t pu t  i n t o  z ' l 'O l oa ]  
.. 

Figure 7 .  Det a i l e d  s c h e m a t i c  d i a g r a m of o n e  of 
the e le ctro n i c  s w i t c h e s .  

I N  

-55 

+ I B 

R 7  

+ 1 2 0 

E 

� ----�@ 

• 

-r1i + OUT PUT 

-0-( N_O_T_G_R-O U_N_D-E D-l---<�----! 
Z E R O  "F 

R 7  
OUT 

F i g ure 8. Offset vol tage i s  c o n n ected i n  ser ies  
w i t h  t h e  output ter m i n a l s .  
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G E N E R A L  R A D I O E X P E R I M E N T E R  1 6  

"""'" 

--+----+------·�--t--��--t-'-----r 

--l 
b l TIM e, !�- �...,...;t---'=---i---+-+=---��...,_____-+----

- 55 ° C  70°C 

F i g ur e  9. C a paci ta n c e - vs -te m perature of a c a pacito r  w i t h  h i g h  d i e l ectri c c o n st a n t. T h e  d ata 
were o bt a i n e d  b y  m e a s u r i n g  t h e  p e r i o d  of a n  R C  o s c i l l ator. 

i n1 pedi1 1 wc.  'I b b l  t o  o-rm m d  on e  

. · i d  c f  t h  rN· order a n d  t o  p reven t c · u r

rc>n t from fl O\Y i  n ,. t h ro n gh i t  w i t h i h e  

+ 0 . 5 ,. nt .\ a n  offs t vol t agP i . ·  C 'O l l 
n · t  d i n �"'rie. · w i t h  t h  Ol l t pu t  t e rm i n a l .· 

(:-- c F i g u re '- ) . The cor nrnon or low-po

t en i i a l  . · i d c  of t he c i rc u i t  (0)  i .-;  n o  
grou n d cl t o  t h  cha. · . · i . · ,  b u t  i ;-;  a t  abou t 

- 0 . 5 \" . Be<«1 u:-; h ' fo rwa rd d rop of t he 

di d R ,.al ' i  R abo u t  2 1n v per 0 m-

pera t u r con t rol waR n . 'ary . 1 1  
cri 1 i <'al l en-i n t s  a re ho 1 ved i n  a on

. -tan t t. 11 1 1  c rn J 1 u ·p o \·c 1 1 .  

Power Su p p l y  

� h ere a r  fou r r gula t ed \'O l t a cres of 

- 55 Y ,  + 1 ,. ,  + 1 2  v a n d  a n  adj u .  t ab l  

suppl o f  - 29 t o  - 35 ' . Th l a t t  r ( fo r  

t h  . 'bln <ltnd i z  r damp \·o l t ao-c E) d i 

r · t l affed ;-; t h e . · t u bi l i i y a n d  a c  · u racy 

o f  t h  i n st r u men t an d hence c ri t i c · a l  

co m p< n 1 1 t s  a re' t c>m pe rn J u rc c ·o n t. ro t l c>d .  

Th . · ta l  i l i t y  o f  t h i . ·  · u p p l ,  i. ·  bet 1 r 
t h e. 1 1  o.o.-r17<: for J i n  , l oa d ,  a n d  t n1 p ra

t u re c · h a n ges. T 1 n p  rat u r  co m 1  en.�a

t i on red u c . ·  t he we- rn:i-u p  d r i ft t o  l . " 

t ha n  0 . 5  fiO t ha t  i n  rnu 1 1y · 1pp l ica t i o 1 v  

1 1 0 \\'l l lT 11- l l p  i n t  rval i .  r q u i r  d .  r l  he fu l l  
. 1 7o st ab i l i t  is o b h .1 i n e< l  aft e r  a ho l l  t 3 

ini  n u  t c;-,. 

A p p l i c ations 

F i <Y l l l'e. · 2. 3.  and 9 i l l t l.' t ra t c a few 

f t he n1 a n  t i .·c>,· of t he d i gi t a 1 -t o-a 1 1 · 1 l c w  

· rn n'c rt c r. I u  a l l o f  t h  s i t  i .  · a n  i m 

port t w t  a d Ya 1 1  t ag t o  h a  Ye t he d t t t <l i n  
t h  form o f  a eon t i n u m v  • t nY ' ,  r<.1 t h  r 
t han a pri n t d d igi t al r c >rd t ha t  m u:t 

1 a n a l ,  z l i n  detai l h fo re i t  c - ·1 1 1  h 

i 1 1 t e1-p r ' t ed .  ' 1  h e  t t d d i t i o n · 1 ,l  t d nu 1 t ao· 

of h i gh -�pe I p l  t t i n o- i :  u ,n i m port a n t  

0 1 1  for n1a 1 1  a pp l i  ·at io n .  · .  

- I -I .  P .  ' 'l' H .\ T E l\ I E Y E R  

S P E C I FJCAT I O N S  

D ata I n p ut: B ' D ,  weigh t ed 1 -2--t-2 o r  1 -2-2--J..  
Bi na ry ' 1 '  +no v m. x .  Bi n a ry 'O" + l. 50 v 
m i n . · , ou r·c · i 1np d u n e  .500 lc i l o h n1� , 1nax .  
I n p u t  i m p  da nce I :\ I Q. Can b e  dri ven from 
n neral H n d i ) TYPE ] 1 30-.� D i gi t a l  T i m e  n n  l 
Freq uency .:\ [ et er or TYPE 1 1 3 1 - P-! t ra ge 
l -n i t .- . Di g i t  !-\Pl e t o r  . ,,· i t c h  . 1 c t .  Ul1 :'1' acl
ja  · •n t 3, o r  t lw 1 11 .  t 2 o f  -1-dcc:-t d . i n p u t . 

O utput:  1 m.a \\'i t h  30- k i l o h m  sou r<'e i n q wd a n c ·  
or J OO rnv n< · r  s . '  1 00 oh m .' . I o  · i t i \· . · i  I '  
gro u n d e d .  

Load:  2000 o h ms max i m u m  for l nrn . 2 0  0 
oh nv m i u i m 1 m1, for 1 00 m v .  

L i near i ty :  ± . O?) C ; of fu l l  . ea l C' . 
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1 7  

Sto b i l i ty :  ± .02 /O for ± l  5 c( li ne .  ± .03 P for 
umhi<.' l l t  f rom 0-50C' .  

Worm - U p  Drift: Les · than . - c ( o f  fn 1 1  S<' : t le .  
T lwrmn l •q i ulibrium nfter 30 m i n u t e,· . 

P o w er:  1 00 to 1 30 (or 200 1 o  2(i0 ) ,·o l t s .  50 t o  
-WO < · ps 30 watt maximum. 

A c c e ss ories S u pp l i ed :  Po"· r cord ,  , par ' fu:::cs, 

T11 pe ---

O C T O B E R , 1 9 6 1  

cable t o  conned to T Y P E  1 1 30-.-\. Digi t a l Ti m '  
and .Freq ueH c-y l\ l ct r. 
Tro n s i stor  Co m pl e m e nt :  One 2 :\ 137..J. , t wo eac h 
2 :\" 1 l 4, 2 .:\ 1 377, fou r t e  n 2 .:\ 520.\,  a n d  
t\\·cl vc 2� 1 373. 

D i m e n s i o n s :  \:\'idt h 1 9, height 3 J '2, depth 1 3 1 �  
i n ches (485 by 5 y 3-15 mm),  o v  r-a l l .  
N et Wei g ht :  1 (i 1 i po 10 ls (7. -1 kg) . 

Code Word Price 
1 1 34 - A M  
l 1 34 - A R  

D i g itol - T o - A n al o g  C o n verter ( Bench M o d el) . .  . i\I TT< l 
i\U N O R  

$595.00 
595.00 Di gito l - T o - A n a l o g  C o n verter ( Rock Mount) . . . .  . 

A N EW, N A R ROW- RAN G E  D E LAY L I N E  

:,' � (' ' �·. ' ;;�%'.:� ... 
F i g u r e  1 .  V i e w  of t h e  

D e l a y  l i n e .  

I HOLE f ..QJl!. 
2 HOLE S '°25 

-f-��__,--t-ffi- (J49") DRI LL 

Figure  2. M o u n t i n g  
D i m e n si o n s .  

Th ' l 'C h a  arii-;en r · n l y  an i m.port a n t  

gronp of app l i cat ion for Yariable delay 

L i ne':-: ,,· i t h . ·hort  delay ra n g  · .  'I he� a re 

used a ;-;  radi o-fr qu ency phai;;e · h j ft r. · ,  
u :-; t ia l ly a s  t ri 1n m  r.  · for pha a dj ust

men t .  Th y hav appl i ·at ion. · in radar 

i u  C 'Ompnt rs ,  and i n  other p u L  ·e-opera t cl 
cq n i pmcn t .  

The TYPE 30 1 -, ' 1 0-t a ri a b l e  Del a y  

Linc,  . ·hown i n  Fio·ure 1 ha. be n d -

si gn l for t h  . .: a 1 p li c a t ion:-;. I t  i. a .  m a l l 

d i s t ri l rn t ed-wi n d i 1 w  u n i t  w i t h  a s l i d i n g  

t a p  fo r  t he adj u s t men t of t h  dela . 'l b 
"· i n  l i n o- i s  on a Bt an dard pot n t ior n e t c r  

ha:-:C', \\·h o;-; d i mension.  arc giy n j n  

F i gu re 2 .  Pr ciou::; 111 tal w i re is used i n  

i h e  w i n  cl i n g  to en.  · u re rel i a b l e  ·on t a c t .  
Ca p�u· i i  i Y  coup l i n g  b t \Ye n t h  t ermi

nal;-; ] ;-;  1n i n i mi zcd by .. h iclcl i ng.  

The pul.  e re.  pon.. f t h is dela) l i n e  

i P- . ·hown in t he o,·ci l l ogra m  (Figure 3 )  

\Yh i < -h is  t a ken from t h  . e r  n o f  a 
L u nrn t ron 1 1 2 . · ( ' i l l o. cope>. ' I'h e R\YCep 

speed is 5 n ano ec nc.l .  · per cen t i m e t er .  

1 h photograph ·ho\\'s t ,,-o :-;w ps,  t he 

fi rf"t \\' i t h  t he delay l i n  . t for m i n i n1 u n1 

del ay a n d  t h  , e ond w i t h  t h  l i n  · t 
for max i m u m  delay .  D lay, ris t i rne 

base l i n e  rippl  , and p n be d ist o rt i o n  can 

b n1 a. ·ured fron1 t he phot graph.  At

t e n uat ion i.· low be a L:"i f th f;ho rt 

deln,y rang and inay cl i ff r .J igh H.v 
b t we n u n i t  . .  

A P P L ICATIONS 

D lay l ine. of t hi t yp a re Yery us fu l 

i n  t h e  various correlat ion t ch n i  1 u  · fo r 

i n1prov i n g  , ' igna l- 0-1 ois r t io� i n  rada r 

a n d  . · p · -prob corn m.u n ic a t i o n  l i n k.' . 

t hcr app l il'at ions i n e l u d  i ha. e t ri m

n1 i n g  for m uJ t ip l  - u n i t  1-it' Ce ra b l  -n rruy 
CVI l - . ) a n t e n nas i n t he i-f ·hai n L · and 

i rn i h r  a. 1  t nna I has t ri m mi n(T i n  t h e 

i-f <. n1p l i fi r , y, t rn.s of rn.onopu l s  

radarR. 

F i g u re 3. P u l s e  res p o n s e  o f  D e l a y  l i n e .  
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 8  

T h e re arc ma n y  pu l :-;e applicat ions for 

t I H .';-;c n a 1Tm\·-rai we d lay l i n e. · . A com
mon 011 is 1 h u:-:c a;-; a pa t d  -cable delay 

eq ua l i ze r i 1 1  a digi t a l  cmnput r rn.; i ng 

:-; h o rt , fa:-;1 -r i:-;c p u l se. ' .  0t h r. i ndud 

1 lw adj u:-;t  m c 1 1 t  of <l l ay in ·oi n e idcn cc 
c · i rl ' t 1 i t  :-; of n u cl ea r C'ou n t r. · a n d  t he 

t r i m m i 1 1 p; of p u J sp C'o i n C' i d  n e i n  •om.

p u t  er < " i rc · u i t .· .  T h t > n '  a n' a p p l i c:a t iom; i n  

pul.  e-form i n g  net work.. · nd a. · . · ul -

� · t i tu te.� for coc.lx ia l ca b l  i11 ,,.ar i o t 1  � 

f';hort -ri.� -t i m e  delay network.· .  One 
ad van tage of t he wir -wound type f 

delay net\Y ork as compared t coaxia l 

·abl s i .  t h  t one can adj u t t he dcluy 

th way. from a m dian sett i n g , a 
p ro :-:,;, · t hat i� obv iou :;:; l y q u i t e  d i ffic u l t  

w i t h cables.  
- F. . LEWI 

SPEC I F I CATIONS 

Delay R a nge: 0 (u pprox)  t o  2.) na no. C' onds 
( ± 1 O ';�) . 
R es o l ut i o n :  O.OH 1 11-i( '( ' .  

C h a ra cteri sti c I m pe d a n c e: 200 o h rns ±20'1J. 
P u l s e  R i se T i m e: 2.  � 1 1 a 1 J OSC<'Ol l c li-i (appro x )  nt  
1 1 1a x i m 1 1 m  < kla:v.  

D C  R esista n ce:  ;'j _ ;} ohms ( ±20 ' ( ) . 

Type 

Voltage R ati n g :  t:'OO vo l t  , p �tk ,  winc J i n ,. t o  
ground.  
Di m e n s i o n s :  ( Body dian1ct er) 1 %  by 2 by 
(t hir k n  . " f'xcl u. i e of .'haft ) 1 5/ 16 i 1 w h e� 
(45 b 5 1  by 2-1: m.m ; . haft d iameter 1 -;(  i n( 'h 
(6A mm ) ;  .·haft ext  n ion 1 c:vond hod.'', 
% in h ( 1 9  mm ) .  

Net Weig ht: 1 ! 2  z (-1:5 grams ) .  

Code Word 
3 0 1 - 5 1 04 Vari able D e l a y  L i n e  . . . . . . . . . . . . . . . . . . . . . . .  . $48.00 

N EW D I STRI CT O FF I C ES 
I 1 1  :--;l 'pl l ' m he r ,  t he G en era l ad i o 

( 'om p: u 1 y opened t \\·o 1 1  w sal es office · 

:-::.y r:t( ' l ls , ='\ c w  Yor k ,  a n d Orla n do , 

F l o r i da , fo r 1 h < · rn n· n icu · e f u r  m.any 

c · t 1s 1  o rn r. · i 1 1  ( h cs ' a r a. , . 
The , ' .  r ra C ' U S< '  O ffi <'c i .  · m · rn ug d by 

Leo . J . ( 1ha 1 1 1 l w r l a i 1 1  formerly of o u r  

-:\ p"· Y o r k  J ) i1-; I  r i < " t  Office . T h  Ryru c nse 

a dd ress : 

( � c 1 1 c r<d H .a d i n  Com pt n 

Pic · k n rd Bu i l d i n g  
l 1:a s t  :\ [oJ l o:-r H oad 
Syracuse 1 1 , New York 

TPlC'p h o 1 1 c :  C :  Lc• 1 1 \· i C'w -�-9323 

I 1 1  F l o rida,  t lw n u rn a ffcr i. .Jo h n  

l l cl d .  fo rmerly o f  1 h  'Vc. shingt on Di. 

t r id Offi C '  . Th ' Orl a n do address : 
( ; e 1 1 c•ra l H ad i o  Com pa n y 

1 1  :3 J1:n s t  Co l on i a l D ri \· 
Orla ndo, F lorida 

T<'l <'p h o t H ' :  ( : . \ rdC'l l ;)--H i 71  

ot h men h I d  e n g i n ru w d gree ' 

a n <l  haYe :-;e\·era l y n. r. · '  xperien e \Y i t h  

G eneral Radio i n . ·t ru m  n ts bot h a t  t he 
factor a n d  i n  t he fi el d .  They a n d  t h  • i r 

._tu.ff a re p r  pa r d t o  ffi \· p ro m p t  t eC 'h

n ic a l  an d ·ommer ·ia l . · rvice t o  o u r  

custom er.� i n  t he bu . ·y i n du t ri a l  n r  .:v 
of upp r X ew Y ork ' tate and F l ori da. 

P lca.'e feel free to m a ke tve of t he. · new 

fal ' i l i t i  ;-;; if  rou a re l ocated in ei t he r  of 

t he� a r  a , . 

J. C. Held l .  J. C h a mberl a i n  
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1 9  O C T O B E R , 1 9 6 1  

K. A d a m s  J.  E. Snoo k C. W. A lsen J. P. Eadie J. L. L a n p h e a r  

Other Personnel Changes 
in  Our Sa les Offices 

J{ipling Adams, formerly manager of 

our Philadelphia area office in Abington , 

Pa. ,  has r turned to our main office as 

Assi tant to ale Manager to aid in the 
admini tration of our growing number of 

di trict ales offices. H i  many years of 

ale experience in our di trict offices is  

a valuable a et  in hi  new activity. 
John E. Snook, who for several year 

ha been a ale engineer i n  our Philad 1-
phia Office, is now the manager. He is  
as isted by Carl W .  Al en who was 

recently t ransferred to thi offic from 

our main office. Our Philadelphia office 
i re pon ible for ales in the important 

indu trial states of Penn ylvania and 
sou hern New Jer ey. 

J. Peter Eadie ha been tran ferr d 

to our New York District Office from 

our main offic at Concord, Ma . I-le is  

re ponsible for sale cov rage i n  the 

Long Island area. 

James L. Lanphear has recently been 

transferred from our main office to our 

Wa hington, D. C. , area office located in 
Silver Spring, Maryland. 

ERRATA 

Several errors of onn 10n and com

mi ion in pa t i sues have recently 

come to our a ten tion. 

J u l y -Aug u st, 1960 
Page 5 (Tunnel-Diode JJI[ easure·ment ) 

Equation ( 1 ) ,  la t term in denomi

nator of expre . ion for Ge hould be 

(�)2 (l - Ric)z 

November -December, 1960 
Page 1 1 ,  Fi:gure 2. (Crystal Discriminator) 

A ground ' a omitted from hi.  dia

gram. Correc ed diagram i hown here. 

DIFFERENTIAL BALANCING CAPACITOR 
E F JOHNSON 19MAI I 

IQ.Mc 
,,,,,- CRYSTAL 

/ 
RESISTANCE 

8ALANCE 
I 

OUT 

CE�- �Ot-1�....._f _________ � 
FREQUENCY I 0 p I T ADJUSTMENT V 

Apri l ,  196 1 
Pag 1 4 ( Type 1 1 20 Fr q uency Standard ) 

Net weight given are too low . Oer
rected val ues are TYPE 1 1 20-A, 275 
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G E N E R A L  R A D I O  EX P E R  M E N T E R  2 0  

p u nd. ( 1 25 k ) ; T1TE 
pound · ( 1--l kg) . 

1 20-AH, 325 }nst rumcn s e 1 iti  ri y i 
T ll up t 3 J\ic, ri ·ing to 

a 1 1 · .  

m iH i
.25 ,. lts 

May, 196 1 
1 age 1 4, F1'gure 12. ( Type 1 1 30- 1 Digital 
Tim and P"nqu ncy .ill ler) 

h tin1 j n CT diacrnu for th m t i n CT  

a n d  ntg <lPct d i · n t I o  ar • n 

conluin d 'Om rror.· .  Th <lit gru.m_ 

·h wn h rcwit h ·h u ld t l.'  

CO.,N '""' -------- ....... h C.Aff CJ:...OKO ---

[ Ot:l.A't 

>00 I 

l ""[ �-------'· SO" 

In t h  fir.· · lumn n t h i  · pn.cr hi 

tim � qu n i d �c·ri ed . I t c1n 
sh uld read : AH r n. 2 - 0-µ._ · d luy, the 

tora g unit .  u r  . . .  

Page 1 9  � n. it ivity p cificalion 

Th n i t iYit y a.· giv i l .25 volt 
rm_ · .  Thi is th w rst a and t h  

Pag 2 Pr£ce Table 
The fir- w it m " In-

ludi 1 g T -p i� 1 130- P l  

. . . ' (Pl u .  note U a t h  

i:- not mi l t t im_ -ba um 

b f <l fr 1 au e. -t rnal ·ill· t r .)  
.tu •y, 1 961 

ag 9 ( R ir uit ) 
Tl tunin ' l l'Cll l u� 

in the 'I Tun d m li i r 
a l  K l l l  t · t or and it · d u  1 i · in-
c rr . I . ·h r u d :  

w - 1 

( 1  + 2 K )  a ( 1 - a) 

Pag 1 0  ( Tran.:Jer T oltag Ratio) 

I n  h 

r al  Z12) . . . " 

a real z21) • • • ' 

nt n e, ' . . .  (or 
r a. ' . . .  (or 

K. L. NYMAN 

,..url LaUl·i i .,.  ·man f th fi rn1 - . L. -:'\yn1 n f H l.·inki di d n Au<ru. t 
2 - t h .  ir.  -yrna t has l' pr .:Pn t  d h , r 11 rat R< dio 'ompauy i n  ii land 

f r 11101T t lv1 n tw n t r y ar::>. H i:- lo�. · will be k l 1 r f, >l l h i �  many fri 1 l ' 
i n  Fur p and i 1  U e � n .ral Rudi r ran i za.ti  n 1 t h  i n  t h  C ni t ed 

and o v  rsea:. 
Th ' K .  T . _ - rman fi n on t i nu 

Fi n l. nd nud r t h  npaul d ir d i  n f :\. fr!". 
h n ·l t <l \ ·i h al l phu · .. ,., of h 

R . x l u:i\·e r·cpr :-:; l tat i \· in 
._ -Yll1il l l  who f r 1nany ' UL · h ·  

fir1 1 · .- p ration.  

G e  e r a  I a d i o  C o  p o n y 
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