
VOLUME 31 No. 5 OCTOBER, 1956 

A NEW TYPE OF VARIABLE DELAY LINE 
''rith the intro<..luction of the new 

delay line de ·cribed i11 thi:-; article the 

r alization f the c·omplete Line of Gen

eral H adio eompo11P.nts and instnunent::-> 

for pul. · work iH hrought 011 :->tep 

11 ar r. At the pre:-;e11t imc. <'Omplet" 
data ar available on only 011e model. 

h Type 31-1:-880, hut the design of a. 
·omplete :-.. rie · of \·ariablc delay line.· 

with maximum delay« of 100, 200, 500, 
a11d I 000 millimicrrn·lf'<.:ondH and t•har
aeteristic impedances of 100, 200, 600, 
and 1000 ohm:-; i:-; now under \nty. For a 

giYen maximum delay, one or more 
li11es \Yill be offered to fulfill a C'ustom

er·, imp dan ·e or ·i'6c r quirement8. 

'I'hc band\Yidth.- per unit delay of the 
larg r size units in general, will be 

greater than those of the 1:>mall units, 
and aeh d lay line will b de:-.;igned for 

optimum tran ·i nt re 'POil 'e. 

Figu re 1. Pulse and step re
spon ses of T-µsec del ay, 500-
ohm, v ari,abl e  del ay l ines. (a) 
pu l se input, ( b) pu lse out of 

uncompensc�ed l ine, ( c) pu l se 
ou t of skewed- winding l ine, 

(d) step input , ( e) st ep ou t of 
uncom pensat ed l ine, (f ) st ep 
ou t of skewed-winding l i ne. 

S cope photos t ak en on T ek
tronix 54'11, 0.1 µsec/ cm sweep. 

Th s Yariable dcla line' find gen

eral appliC'ation a.· wide-hand pb af-;e

shifti 11 · de\·iee::; and c.;a11 be w·;ed alHo a 

compo11c11 Ls 111 pube and \·id co-fre

q ue1 H'Y S.\'Htt'm::-;, sue h a.· ·om put er:-3, 
radar a1td hea<'Oll 8y::-:t ms, a11d TV 
Pquipmc11t; i11 !-;hort, w lwr<'\'f'l ' it is 
desired t .o delay a wid -ha11d . ·i.g11a] 

without i11Lrodw·i11g pha:::;e diHt.ortion. 

It is prolmble that ,'omc part.in1lar 

impeda,11('(' 1 \·elt-> and delay tim0:-; will 

lw more ntieful than )thens and in

quiries fro.m c·u:::;tom rs arc i.nvitPd <.;On
C'er11i11g t l lPir preferred value.· of c]play, 

impt•da1t<'e n.11d hand "'id th. eYen though 

th(':-::le n-tlues may n ot be listed aLo\'e. 
111 mH.ny applieatio1 s the most. im

porta11t at.t.ri lmte of an lectrmnao·netic 

<lela.\' li11" i:s a ·atisfactory tranHient 

r ::;porn:; . Sin('e a good transient rc
spom;e r "sults from th proper combina-

(a) (d) 

(b) (e) 

(c) (f} 
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tion of a cons ant tim d lay (linear 
pha::;e charact.eri.·ti ·) with an ad ·qua e 
frequency response delay lines xhibit
ing reasonable behavi r with ·tep r 
short-puls exei ta ti on arc usually ". 11 

uited for other delay appliC'ations. 
In the cours" of th dcn"lopmcnt of 

th variablP delay lin s dc.·C'ribed h re, 
a m thod of anal si:-:; was dC\·eloped 
which ·h d · lio·h on . ·cveral propcrti .· 

of distribnted-\\·inditw delay netwo1·ks, 
including ( 1) the variation of tim0 delay 
with fr qu ncy and (2) c11d cffr<'t. · .  

Further inv tlgation along he.·e . ·amc 
lines has al r ady 1 d ·o ·omc int rf>.'ting 
data on losses in distrihutcd d la. n t
work. and, it i. · hop d, may 1 ::i.d to ac-
·urate methods for th calcula i n of 
uch loi::l':lc.·. 

Because of the cxpen 1H' of he 
eneral Radio Compauj in Lhe manu

fa ·ture of wirc-\\·onnd re.·istor.· 11d h 

availability of machin . · and com
p 11 nt, ·, it wa · po·. ·i b le t.o fi. t the de-

ign of th ,-ariahle cklay line' into the 
sam gen ral f rm a.· that Jf a \\·ire
wou nd pot ntiom ter, \Yi h it.· obviou 
advantag . f ( ' l ,, ni nee, sm·dl ize. 
and C'Oll( rn.. . TI JH· Lhe i nduc ance 

coil was dc\'elop d 11 a ·ard- p inan
drel for "·iuding on our . t· ndard ,,�ind

ing maC'hinc.�. 
vVhe11 the fir. 

de la) li n s of 

xpcnmC'n al Yariahl 

this type ''"er ·011-

WINDING FORM 
SHOWING TWO 
SKEWED TURNS 

WIRE RADIUS= p 

I�� 
WIRE DIA 2p-,/ �d TOP VIEW 

truct d 011 pot 11tiom. r form.· with 
copp r \Yire in tead of re i nc \\"lr C 
and with the addition of a h c pper-

f il oTouncl capacita.nc h pul' a11d 
t p re ·pon ·es of these line:- (1" Figure 

l(b) and 1 (e)) were \'ery di. appointing;. 
Aft r much experimental and analyti(·al 
\York, he pre. ·e11t model ,·ariahle delay 
lin ha· been designed wi h .·kewcd 
winding fore n.·tan dela a.· ·1 fundion 
of fr quc11 c·y a11d with tap red rapaci
tan c· s 1·ip.· o r due mismatch c·aui-;c cl 
hy ud ff ( ' s. Th respon. e� .·hmn1 in 
Figure 1 (c) ·:t.nd l(f) 'U:' characteriHtie of 
the performanC' of h . ne\Y <l l· y lines. 

The Delay Equalization Problem 

Th rn.o. t im.po1·ta11 fa ·tor affect.ing 
the tra11si nt l·csp011. · f a delay li Ile' is 
almost C'Crtain ly th d gr to "'·hi ch t.he 
dela�r time remain.· c n ·tan a.· a f ll n ·
ti on of frequ 11 C', . 'I'his i. ano he1· wa. 
of . ·ayi11g hat th pha.· r ·pon.:0 of the 
net"·ork . ·hou ld he a li n ar f uwt.ion f 
frequency . .  \!though n tw rk;· pro,·id
ing constant time delay ar rea:-; nahly 
well known in lumped-cir ·uit thc01-y 
an d praC'ti c 1 • 2 re la ti v � ly h tt le ha, 
b e11 r alizccl 111 the dei':lio·n of delay 

n twork. u. ·1ng distributed paramet.
ers.3· 1 'The principal difficult:"· in t,b 
de,·ign cf dii-;tribut d-\Yinding clcla_v 
lin H arises from th pre.· nee> of high 
po ·1 1v , mutual induc·t ncC' heh,·cen 
th .urn of a coil hat ha. a r as nahle 
Q. r ..,h mu ual indu . anc l twe 11 th 

\VO r pr . · ntati '\' a.· t.h ir ·J.xial 

1 A. II. Turner. " Artifieial l ine for video di tribution arid 
dela ," HCA l?rvir-11•, Yol. '". no. , pp. 477 4 !1; Def' m
ber, 1!149. 
2 F:. L. linzton, \\" Il. Hewlett, .r. IL .Tush 1rg, . r . I). ·oc. 
"Distrib11t •d .-\.mplilkation." Pror·. !RE. YO!. :�6. pp. 
!1.')6-06!1; July. 194 . 
3 H. E. l(allman. '·Equalized delay Lines." f>rof'. I h' E, 
vol. 34 pp. 646-G,')7:. ptf'mber. l94fi. 
•1 J. T'. 0Blew tt and .1. If. Rub 1. "Video delay Uu 
Proc. !RE, ,·ol. :J."). pp. t.) 0 ].) 4; Decemher, 1!147. 

Figure 2. Diagram of t wo tu rns on form of rec
tan gul ar cros s  s ect ion. 

www.americanradiohistory.com

www.americanradiohistory.com


3 

, 00000 I 00000 I 00000 I 
·r I I 

figure 4. Simplified equ i v al ent circui t of a di s 
t.ri bu ted-parameter delay line, in which each turn 

is on e s ecti on of a l t1dder network. 

separation is increased in 
Figure :3a. B eau. of h proo-r :-; ·i ve 

phase ·hift along the coil of a di· rib

ut d delay Lin at a gi\·en fr quenc it 

i po 8ible that two turn.' ha\·ing a fairly 

large mutual ·onplino- ·an an cur

rent which are no of the a1nc pha e. 

The phase shift t hus produce;.;; a redu -

tion in th eff c ive inductance of the 

coil as the frequen y i · i11cr a· d.3•4 
The d er a in ffecti\·e inductance 

results from the reduction of the in

phac com1 onent of he unent in a 

g1Yen urn with re ·pect to a r f r n 

turn. 'T'hu if a di' ributed-pc: ram ter 

delay line is constructed with a ·on

stant-pitch winding ov r di ribu d 

ground capa citance trip . , the time 

delay , Ta = L( , d re se · a the 
fr qu nc i i11crcas d. 'rhiH problem is 

obviously not nc ount red in lump d
paramc r 11 t \vork · . ·inc there is pha e 

hift only be t ween sc tion and mutual 
inductance hetween the 'e :ections can 

be adjusted at wilt. It i in · tru c ti \· to 

on id er th di ·tribu ted -p ra1neter de

lay line a a ladder net,,·ork (see igure 

4) of serie L and shunt element 

each 'bei1w the capaC'ita1tce of th turn 

to ground c: nd ach Lb in ·the eff ctive 

inductanC'e of onl) one turn, taking into 
account n1utnals to all th r tu rn . 

Calculati n of the effec i\·e in duc ta n e 

p r turn for a line mad� with r dangu-

figure 3. Curves s howi ng variati on of mu tual 
indu ctanc e, M, between two rectangul ar turns as 

(a) their axial s ept1rt1tion, {:J, is v aried, t1nd ( b) 
thei r dis pl acem ent, d, is v ari ed. {See Figu re 2). 

O CT O B E R ,  1956 

lar turns in the distributed \vinding ha 
be n accompli h d b on ·idering that 

ea h turn i long compar d with its 

width (i. . i i w und on a hin man

drel) . The calculated effecti v i ndu -

tance versus phase han · p r turn of 
su h a on tan -pi h distribut cl-para
meter delay line for one I ar i ular o-e -
metrical arrang ment i ·hown as the 

curv of a on ,·en ti nal-t pe winding, 

e = 0° in Figur 5. in in he SJID

pl ladd r network of Figure 4, th ime 

delay is approxima ly Td = L-, 
it i appar nt that ·ati factory p rf rm

ance with resp ct t a on ·tant-time 

delay char ·t ri, ic c;an be obtained ,,-j th 

hi,' uncorr cted dcla · Lin nly f r low 

valu . f d lay or pha c , hift per uni. 
om f the pre,·iously propos cl 

modifi ·ati n of thi::; ·imple di::;tributed

param t r delay line ha,·e produ l a 
form of bridg d-rr ne ,,. rk deC"tion by 

th addition of lono·itudinal ·apa ·itance 

bet\\·e n turn '.3• 4• 5 IIowever, there are 

10 
(a) T Y P ICAL CURVE OF M/cm VS @ 

FOR d = I cm, a =  0, (CALCULATED) 

1 
8 

E 
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limitatio11' and ome di advantage to 
th e modification . Patch-tvp corn
p n ation cau ·e a large variation of th 

impedanc , ·which i u ual ly within the 

bandpa � of the line. In addition, 

d quat ·omp n ·ati n by mean � of 

pate he. alon e •an11ot b ap pli l a. ·il 
to ln\-v-i mpe la 11 Jin · .  The ll.'e of 

alumi1mm pain of high di l<3dric con-

tan t j:,; li mit d t ,. n higher-impe-

danc- b11e8 "· i th rolati ,·el�· low delay 

per unit length of coil. A direet �olution 

would produc·e a more nearh· constant 

eff "C'tiv i nduetan ·e. 

Skewed-Winding Delay Equalization 

Th d -la>· equ� lizH,tion mcth d de

vised for the 11e\Y General Haclio delay 

li11 H u · k, 'k ,,.,·cd urn to pro,·id a 
more nearl c0Hsta11t effeC'ti ve ind uc

tan · ,  of t.h" di · trib it d winding . As 

can be ·ee1 fr01n I igur ;) kewino- the 

urn.· of th . winding pr du ce · an ffe -
ive inductance which remain · nearl 

·on tan t up to a critical \·alue of p hase 

ha1w per tur n . In effect k"'"·ino-

offcr.: a n "\ m an f · ontrol ov r th 

mutual i nductan ce between turn of a 

di ·tri hut ·winding delay ljne. ( e 
Figur 3b). �in cc th ' clela,\ Ta = .../LC 
in th ]add r n tw rk of igur -±, t,h 

1.40 

I 
1.30 

I / 
I I / I 
I I 

1.20 

d lay can thus be mad constant with
out resorting to bridged-T circuit mod-

ification·. 'I hi implificati n all w 
c01 tru tion of delay-equalized lines 

wi h di ·tributed windino" to work at 

low hara t ristic imp dan e 'Nithout 

at ndant di ffi.cultie in the 

large briclo-ing apa ·itor at 
uch low impedance· b 

m thod of equalizati n. An th r ad

van taO'e of a skew·ed coi l is that a higher 
Q i · ob ·ained for a gi 'I n ind u etance 

and ma11d rel ·iz . 

veral forms of kewed windin o- have 
been u d exp rimen tal lv for d lay 

equalization, as hown in Figure 6. or 
de lay lines requirin o- th u of skewing 

for equalization of del ay th D- haped 

tun1 on a fiat rn.andrel card app ar to 

be the mo t .·a i ·fac ory, ince i pro

duce. a smoo h \vinding of ·onstant 
charact ri. ti imp clan · which an 
t h n b curved to fi he hou in o- of a 
standard wir -wound potentiomet r. 

Design Features 

Th u 
pro,·ide 

of il v r ' ir i n  the winding 

a re1iabl · contact urface for 

L W . C'arley, "Distributed- on tant delay line with 
drnra('teristic impedances higher than 5 00 ohms," TRE 

onvnllion Rerord, I art 5, Circuit Theory, pp. 646-6:'7; 
ptember, 1946. 

/ \ 
v \ 8• 75° 

::;::./ 

e ·60° I \ I 
l �� \ I 8•50° � I I I O PTIM UM SKEW l'\ I 
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I 

CONVENTIOlAJ TYPJ> r-----. < \ I 
\ '-.,.,_ 

rNTG. r·r 1 1 1 "" ""' 
Lei • EFFECTIVE INDUCTANC

1
E PER TURN � """ f-----

o � Lef AT </> • 0° 

i ""' i 
I ""' 

I !'-. 

1 .0 0 

0.90 

0.80 
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¢-PHASE DIFFERENCE PER TURN- DEGREES---� 

\ ...... 

'\ ' 

100.0 

Figur e 5. Curv es 
showing effect of 
various skew angles 
on the effective in
ductance per furn 
versus phase differ-

ence per turn. 

www.americanradiohistory.com

www.americanradiohistory.com


s 

the moving conta · t , independ nt of 

\vhethe1· the bru h i moved frequently 

or al lowed to tay in on position a it 

''"ill b wh n h lin is u ed a a rew-

driv r-. t unit. 'I l m vmg 1 ta i 
mad of pr cious-metal alloy el cted 

to be compatible \\·ith he ilver-alloy 

\\"lrC. 

::\1anuf a ·tu ring proc sse. · haYe l en 

uffi i ntl r fin d o that th ' base
line ripple, · cau ed by Yariation of 

haract.eri ic impedance along the de

lay Lin . has b en r due d to .- �{ or 

le s of th ignal amp Ii ude. 1 hi fea
ture alon i of 11.·id rabl Yalu in 

omputer and pul ·e-C'oding applica

tions. End reflections have be n mini

rniz db th use of tapered capacitance 

1 ments at th end of h wi11ding, 

keeping th jmpedan · r lativ-1 on

s ant and re.·ulting in a hi ·h de Tee of 
fr edom from unwanted variations or 
r fte t.ion._ at point. n ar th nds. 

:i.\Iaterial:::; u · d for · n ··truction ha e 

been ·elect d o tha r liabl op rati n 
is assured even vvith wide variation of 
t rnr rat.ure or huniidity and epoxy

t p m nt i. u ed to in ure a p rma
nent b nd f all the part 

Methods of Application 

A c mmon m ] od f obtaining vari
able de1a. 1 ] • ·hown in Figur 7 . How

e,·er, thi .. met.hod does not allow match

ing f th in put and outpu a11d i 11 fact, 

h impedanc of th output mu t 

be much gr at r than Zo. Otherwi e, 

large reflections from the slid r are ent 
l ack o the source. 

A r ·ommended circuit is 

Figur 7b ;vhere he urc i 

the lider. The ource ee"' on 

hown in 

fed into 

-half the 

Fi gure 6. Di agrams showi n g  arran gement of 

O CTOBER, 1956 

charact ri. ti imp dan e f he line and 

maximum power transfer is obtained 

\Yh n the our · imp <lane 
. Zo 

d 1,' - an 
:2 

h load imp Ian Zu. For equal 

. t d t . d f' 
Zo, 

rnpu an ou .put 1mpe ances o -
2 

Zo 
of - can b 

2 
nnected in 

s ri . with the load. Thi· method p r

mit .. pow r transf r without th intro

duction of reAections. 

If the Load impedan ·e i · capacitive 

as is the input of a tub , ref! tion can 

b" mini mi z 'd by a half e ti on of low

pa.-. · til r co11 ·)sting of th tube input 

capa ·itanc and an add d inductor a 

·hm' n in Figur 7 c. 
In some ca..:·es there may be un

wanted Yoltage los wi h the meth d 
of Figur 7b. It pre· n however a1 

a rn thod f ob ain ing pow r tran,'f er 
or of ma chino· without producing re

flections. 

SIDE VIEW 

TOP VIEW 

NORMAL TO PLANE 
OF TURN 

(a) SKEWED WINDING 

TOP VIEW 
(bl EQUIVALENT TRAPEZOIDAL -TURN SKEWED WIN ING 

s kewed wi nd.i ngs on f orms of rect an gu l ar cross ,d1-,,,,,C2=-_7-(2=,,,,,,-r-,7-=,� secti on; ( a) rectangul ar turn s, (b) equiv al en t  
, , , 

trapezoidal tu rns, (c) equ iv al ent D-shaped tu rn s. 
SIDE VIEW 

TOP VIEW 
(c) EQUIVALENT D-SHAPED-TURN SKEWED WINDING 
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These \yariable delay lines can also be 
used a::; adjwstahle-leng h shorted trans

mis ion lin s by horti1 g the Lider to 

ground as in Figure 7 d. For xample , if 

a po ·itive pu l�e is fed into the line , a 

negative pul e will be returned delayed 

by wic the delay-time ttino· . 

Variable Delay Line Specification 

JVIo t engineer , who hav u. d delay 
line in one form or another are aware 
of the difficu lty with which the speci

fication of a delay line unit is accur
a ely down. Par of th i diffi ulty 
aril::le::> from th mul iplici of u � · f r 
which delay lines are needed. For ex
ample, in some applications it may 

mak li t.l diff r n e '"h ther there is 

o\·er�ho t or ringing in ·he ou put 

'ignal along with th d �·ir d pu l 
HoweYer, the engineer wi h these m od-

erate requirements can al m o ·t cer

tainly w:>e nu qui valeu high r-qual i ty 

d Lay line whi.ch exhibi · n o  rino·ing or 

o\·erl::lhoot. In any ca. e, he must know 

the impedance le\·el, maximum delay 

time, and attenuatio n or lo in the line 

in order to judge it suitability f r hi 
application. 

'T'he principal difficultie. in the peci
fication of ,·ariable delay l ine.· arise in 

the matters of phase distortion , attenu-

�T 
�o �>------f�z_o __ t: ____ z_ou_T = Zo = Z LOAD 

CIRCUIT 

Figure 8. Oscillogram showing pulse shape and 
pulse amplitude as delay setting is varied .. !ek
tronix 541 Oscilloscope, 53K/54K Pre-Amplifiers; 
sweep, 0.1 µsec/cm; time scale reads from right to 

left. 

ation and bandwidth. The os ·illoscope ' 
photographs of F igure 1 contain much 

of the informa ion necessary to pecify 
the quantitie . The re pon. to hort 
pu l e excitat1on indicates pulse ·tretch

ing or bandwidth , pu lse dissymmetr or 
phase disto rtion , and pulse amplitude 

or atte nuatio n . 
The tep re ponse hmv rise i m e or 

bandwidth, final level or at nuation, 

and wa ve hape indicating pha e di ·tor

tion. All scope photographs mu t haYe 
the time scale specified and the scope 

should have a much fa t r ri. e time 

than the delay lin under t · . 

A type of o cillo cope photograph 

'''hich has been found useful fo r ..,imul

taneous determination of th pu lse r -

pon e, impcdan c unif rmi y, and nd 

effec i shown in JTio·ure . Th e pho
tograph· wer obtained by taking a 

continuous exposure while the slider 
wa. lowly moYed from minimum to 

maximum delay. l igh ly gr at r ex

po ur a any p int re orded the de
layed pul ·eat that point. 

The following information 1Yill be 

supplied for the new General Radio 
Delay Lines. 

1. Imp dan , Z0, and tolerance (at 
lmv and interm diat frequencie ) . 

2. D-C re i tance. 

Figure 7. Methods of connection for a variable 
delay line. 
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Figure 9. Type 314-586 Variable Delay Line. 
Z0 = 200 ohms, maximum time delay, 0.5 µsec 

(500 millimicroseconds). 

3. :iVIaximum delay time and toler

ance. 
4. Departure from con tant time de

lay at everal frequenci 8. 
5. Frequency response of amplitude 

at several frequencies. 

6. Rinse time for ·tep input at maxi
mum d lay etting. 

7. Oscilloscope photographs (not 
drawing8) of wa,·eform ·of 

a. hort pul e r pon e at maximum 

delay. 

Figure 11. Time delay and amplitude versus fre
quency with resistive termination as measured at 
full delay on 0.5-µsec, 200-ohm variable delay 

line with skewed winding (See Figure 9). 

AMPLITUDE ls FREOUENCY 
04t I 

I 

I I"-"' 021--���l--�-+-��-l--l--l-i-+-+-�-=-�+-�� 
.............. � 

o�1���_._�_...�.....__..___,__._�� �o':--������3 0 
��FREQUENCY-Mc---------.-. 

OCTOBER, 1956 

Figure 10. Photograph of skewed-turn delay-line 
w indi ng opened out to show ground capacitance 

strips ,and D-shaped skewed turns. 

b. tep response at maximun1 

c. Envelope of respon to 

pul e over entire delay ·pan. 

delay. 

·ho rt 

Th r may be dditional quantities 
which extend oi· super ·ede the (Juan i

ti.e:::; men ioned above, but un il th 
tim when th pecification of Yariable 

delay line units is further standardized 

the information listed above should 

provide area onabl ba 'i' in hoo::-;i.ng a 
sui able delay line. 

Type 314-S86 Variable Delay Line 

The 'I'ype 31-l-� G � ariable Delay 

Lin ho' n in Figure U is he type on 
whi ·h much of th d \' lo ment work 

for the e new li11e · wa · don . Figur0 10 
is an exploded ,·icw of the winding. 
'I'his delay line has a charaC'teri.'t,i(· im
pedance of 200 ohms and a maximum 

d lay of -oo m.illimicro. · nds. Th 

time d lay and th amplitude rcspon. e 

versu · frequ ncy ar hown in the cu1T 

of Figure 1 L The resultant puL and 
tep responses are hown in the o ·cillo

gram of Figure 12 . 
A primary rea on for th d velop

men t of these new delay lines has been 
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G E N E R A L  R A DI O  E X P E R I M E N T E R  

(a) 

(b) 

8 

Fi gure 1 2. P uls e an d st ep r es pons e  of 0.5-µs ec, 200- ohm v ar iabl e del ay l i ne wi t h  s kewed wi ndi ng; 
( a) pul s e i n put, (b) pul s e out put at 0. 5-µs ec delay, ( c) s t ep in put, ( d) s t ep ou tput at 0. 5-µ s ec del ay. 

S cope ph ot os t ak en on T ekt ron i x 54 1 ,  0.1-µs ec/ cm s weep. 

the req u i rement f q u a l i  y fixed an 
\'aria bl dela L i n e , in ou r n wer type 

puls equi p ment . -:\"" ow that man ufa. · -

d u  'ti o n  th ' Yari a b l  <l ::. lay l i n es c a n  
be off r d a.s a eata log i t  m .  

- F .  D .  LE \\" I S  
u n n g  tec h n i qu eti allo "· qua n t i ty pro- - R o B E R'r 1\II. F P.A Z I J� u  

S P E CI FI CATIONS 
C har act eri s t i c I m pedan ce: 200 u h n1s :±: ] 5 % at 
frequencjes up to 4.5 M · .  

A m plit ude R es pon s e  v s .  Fr eq uency: Down 9 %  
(0. db) a t  de ; dmvn 20 % ( 2  d b )  a t  I �fr ; dow1l  
30 % (3 <lb) nt 6 I I c ·  do\vn 60 % ( < lb) at 1 0  
M c ;  down 90 % ( 1 0  d b )  a t  25 le ;  ee Fig1 1 1·e l L 

D-C R es i s t ance: � ot o ver 20 chms. 
M axim um Del ay: U.5 µ ec· ± 1 0 %  

P u l s e an d St ep R es pon s e: • 'ce Fign re 1 2 . 
Di m en s i ons :  D ia . ,  ;3 ;3- 1' 6 " ;  dept h heliind panel, 
l �' ;  sha.ft dia . ,  � f' .  K n o l l i furn ished . 

The follov. · n g  q1 1a1 1 t it i('S refer to maximum de
lay sett i ng .  

Del ay v s .  Fr eq uen cy ( wit h r es pect t o  del ay at 1 
M c) : :±: 1 %  up to 10 M c ; :±: 2% at 1 5  M c ;  :±: 
-1- %  at 20 M C' ;  e Figure 1 1 .  

N et W eight :  G o u n c es 

Type Price 

3 1 4 -58 6 Var iabl e Del ay Li n e . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . $6 0. 00 

; - .-
S E E  T H E  L A TE S'J: G EN E R A L  R A DI O  I N S T R U M E N T S  ON DI S P L A Y  

,6;T T H E S E  T E C H N I C A L  C O N F E R E N C E S :  

E ast  C oast C onf erenc e  o n  A eronautic al an d N av i gat ional El ect ron ics - B alti m ore, O c t obe r  3 1  and 
N ov em ber 1 ,  at t he Fi ft h R egi m ent A rm ory. 

S y m pos i um on O pti cs and M i crowav es - L i s ner A udit ori um , G eorge W as hi n g t on U n i v ersit y, 
W as h i n gt on D. C ., N ov em b er 1 5, 16, an d 17 . 

G E N E R A L  R A D I O  C O M PA N Y  
27 5 M A S S A C H U S E T T S  A VE N U E  

C A M B R I DG E  39 M A S S A C H U S E T T S  

T E LE P H O N E :  T R o w b ri d g e  6 - 4 4 0 0  

B R A N C H  E N G I N E E R I N G O F F I C E S  
N E W  Y O R K  O F F I C E  

B R O A D  A V E N U E  A T  L I N D E N  

R I D G E F I E L D ,  N E W  J E R S E Y  

T E L . - W O r t h  4 - 2 7 2 2  

C H I C A G O  5 ,  I L L I N O I S  

9 2 0  S O U T H  M I C H I G A N  A V E N U E  

T E L . - W A b a s h  2 - 3 8 2 0  

P H 1 L A D E  L P  H I A 0 F F  I C E  

1 1 5 0  Y O R K  R O A D  

A B I N G T O N  P E N N S Y L V A N I A  

T E L . - H A n c o c k  4 - 7 4 1 9  

S I L V E R  S P R I N G , M A R Y L A N D  

8 0 5 5  1 3 t h  S T R E E T  

T E L . - J U n i p e r  5 - 1 0 8 8  

L O S  A N G E L E S  3 8 ,  C A L I F O R N I A  

1 0 0 0  N O R T H  S E W .A R D  S T R E E T  

T E L - H O i i y w o o d  9 - 6 2 0 1 
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