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Time-Delay Generator, de­
scribed i1n this issue, brings 
a new degree of precision 
and adaptability to del1;1y 
gene ation and measure­
menl. Here, two of these 
generators are used in an 
experimf:l!ntal ystem for 
p r o d u c i n g  time-coherent 
lone bursts. 
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HOW TO KILL TIME -ACCURATE ,Y! 

A Generator of P'recise Time Delays 
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Figure 1. Panel view of the Time-Delay Generator. 
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2. As a second delay ca aded after 
the fiTst delay in time. 

3. A a coincidence "and" ircuit en­

abling-gate .started by th fir t d lay. 

Since the gate can be reduced in dura­
tion to 0.5 µ ec, timing marks of PRF in 

xces of 1 Mc can be selected. 

We believe that this is the first com­

mercially available coincidence system 

capable of delay steps below 1 µsec in 
an analog y tem. 

Th fact that thi in trumen i an 

analog generator capable of producing 
preci e d lay hould be emphasized, be-

·au only in an analog sy tern can the 

delay be produced from a start command 
pulse without some sort of gating tran­
sient or quantiza ion error. With this new 

delay g nerator, it is also po ible to es-

ablish delays with quartz- rystal-o cil­
lator-controlled precision in any time 

unit, as in range (yard or mil s). The 

advantage of this system hould be im­
mediately obviou to tho e working with 
radar, with ro ks, with water, or with 

bats. 

Another advantage ac ruing to the 

analog delay- ircuit y t m i that the 

d lay can be varied by an external con-

...------0.12 :t 0.01,.,sec 

INPUT TRIGGER T D IRECT SYNC. 
GENERATOR PULSE 

GENERATOR 
DIRECTJ\_ S YNC 
OUT 

4 

trol voltage. Th ampli ud comparator 

developed for this ins rument (and de­

scribed belo ) has a very hio-h input im­

p danc for th r fer nee voltage and 

permits one to injec an external signal 

to control the magnitude of he dela · 

over a d cade. This mak th uni a 

linear tim rnodula or for h production 
of pulse duration modulation pulse po­

sition modulation, or plain jitter of 

known and controlled magnitude over 
modula ino- frequencies rangino· from 3 c 
to 100 kc. 

DELAY LINE 

Figure 2 show th cir uit sy tern r -

duced to it simple t form. The delay 

line is shown connected in one of it four 
possibl po ition in th y tern. ere it 
act as a 0 to 1-µ v rni r on the ele -
tronic portion of the Delay 1 circuit. It 
can also be switched to: 

1. Act a a fir t (O to 1-µsec) range to 
produce a delay be ween the dire t syn 

pulse and he Delay No. 1 ync puls . 

2. Delay by 0 o 1 µ ec the Delay No. 
2 sync pul e (se page 7). 

3. Delay directl any a eform ap­

plied to the PR drive terminals. 

- ---------r- - --- - ---- -r--0 D ELAY LINE FUNCTION / 

}' DELAY 1 1/// DELAY 1 
..._.,_.....04--0 CI RCUITS SYNC 

0-'f'• DELAY LINE 

r,µs-lsec. PULSE GEN. 

'----t--r D �'A�� 1 

OUTPUT 

2 
L------..+---------1�:00) DELAY 

I. DELAY 2 PULSE AFTER DIRECT SYNC 3 2. DELAY 2 PULSE AFTER DELAY 1 SYNC 
3. COINC. PULSE 

DEL A Y  2 
CIRCUITS 

0.5p s - 0. 5 sec. 

DELAY 2 
OR 

CO I NC.GATE 

COIN C. @- COINC. DRIVE 
DR IVE _L------<� AMP.-INV. !-------' 

LINE OUTPUT 

DELAY 2 
OR COINC. 

S YNC PULSE 
GENERATOR 

DELAY 2 
°®..-L OR COINC __L -=re SYNC OUT 

GATE 
i� OUT 

Figure 2. Simplified 
block diagram. 
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(a) 
SYNC 

Delay No. 2 SYNC and 
GA TE; lOµsec/cm; 

GATE Delay No. 1 set for 
25µsec 

(b) 
SYNC Delay No. 1 SYNC ond 

GATE GATE; lOµsec/cm 

{c) 
Direct and Deloy No. 1 SYNC; 
0.5µs deloy; 0. lµsec/cm 

figure 3. Typical waveforms. 

INPUT CIRCUIT 

The input circuits comprise a trigger 

generator, which will accept almost any 
wav form having a peak amplitude of 
about 0.3 volt at frequencies ranging 

from de to over 300 kc. This circui pro­
duces a pretrigger, which .is fed to the 

two independent delay circuits and an 

output sync pulse of standard shape, 

havin()" a ba e duration of approxima ly 
0.1 µsec, an amplitude of 20 to 25 volt , 

positive or negative, and a source im­

p dance of 93 ohms (Figur 3c). The 

sync puls s produced by th Delay No. 1 
and Delay No. 2 circuits are similar. 

DELAY NO. 1 CIRCUIT 

El ctronic circuits which will produce 

accurate, linear, and precisely controlled 

d lay of les than 1 µsec are difficu 1 to 

build and even if realizable are very ex­
p n. i' e and complex. The first range, up 

to 1 µsec, is timed by a TYPE 1477-JlOOO 
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delay line. This line ha an accurate, 

individually calibrated, four-in ·h dial 

graduat d in 0.01-µ c int rval and pro­

duce a delay betwe n the direct sync 

pul e and the Delay No. 1 ync pul e of 

0 to 1 µsec with an ac uracy of ± 0.01 

µsec. 
To produce delay over 1 µsec, the 

electronic circuit are switched in cas­
cade with he line a shown in Figure 2. 

Th e ircuits ar shown in some detail 

in Figure 4. They ompri e a high-speed 
bistable gate, a pr ci e linear sweep g n­

erator, an amplitude comparator, and a 

reset trigger g nerator fol lowed by the 

Delay No. 1 yn -pu l  e g nerating cir­
cuit. When opened by th trigg r from 

the delay line, the bistabl ()"ate starts 

the sweep and causes th as ociated 

buff r to produce an output pulse (posi­

tive 5 volts and negative 0 volts), 
which marks the delay int rval. The 
sweep ircuit, a highly lin ar "boot­
strap," produces a aw tooth who 

slope is determin d by the decad range 
witch. This weep of predetermined 

slope ri es from a minimum of 10 volt 

to a maximum of 110 volts. The ·weep i 

fed to one grid of the amplitud-e com­

parator, while the reference vol age from 

the 10-turn rang potentiometer is fed 

to th oth r. Wh n the w ep and refer­

ence voltages are equal, the omparator 

riggers and produces a res t pulse for 

GA1"E 
AMPLIFIER 

Sv t-------o � POS. GATE 

Figure 4. Functional 
diagram of Delay No. 

1 circuits. 

FROM LINE OR INPUT 

!R EAR) 

BISTABLE 
GAT E t-----'� 

60v L_-:F- NEG. GATE 

SWEEP 
TUBE AND 

CLAMP 

C.F. AND 
RESET 

AUTOMATIC RESET LI N E  

TIME J------o MOD. 
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FROM 

the gating bi table mul ivi brator and at 

th ' am tlm produc the Delay Ko. 1 
svnchroniziug pul. e. Thu he loop con­
si ing of he bi abl o-a , 'Y p gen r­
ator, amplitude compari on ircuit and 

re etting circuits a urnes a monostable 
charn.c teristic. 

Stability 

Both long-term and short-term sta­
bilit of dela ha b en a. ur d b. the 
u e of pr ion r i tance- apaci anc 
components o establish the S\�reep slope; 
by the use of highl regulated and filtered 

de voltag for the compari on ref r nee 
voltage, plate upply, and heater voltage 
in th 'weep o-enerator and amplitude 
comparator; and by car ful circuit d -

ign, \Yhich minimizes the effects of tube 

changes and tube aging on the accuracy 
of he circuit Cl able I). 

Convenience Features 

Both s' p and ref r nee grid of the 
ampll ude ornpara or are a high im­

pedance, and pro\·ision has been made 
to p rmit th up rpo ition of a modu­

lating oltage on he refer n e vol tage . 

A jack on h rear pan 1 of the in tru­

men t provides for he injection of thi 

voltag . Th lo\v-fr quen y cut ff of 

thi ·oupling network is 3 cycles, while 

INPUT I BISTABLE SWEEP TUBE ;':I' •o 
2 o----t-- sr.:.Rr 

FRO 
DEL 1 

COINC. DRIVE 
AMP. AND INV. 

GATE C.F. 

AND 

COINC. STAGE 

f---""i ANO � 
CLAMP 

RESET TRIGGER r 

COINC 

TRIGGER 

2. 

3 

th high-fr q ien y performance will, of 
cour .. e, be determined onl b the slope 
of he weep voltage. 

everal o h r fea ur s have been pro­

vided to in r a th on ven · ence of the 
Delay o. 1 circuit group in applica-

ion. A 5-volt positive-gate waveform, 
corr ponding to th d lay int rval set 
is available at low imp dance from a 
coaxial connector on the front pan 1, so 
that the delay interval can be observed 
on an o illoscope ov r he n tire range 
of delay where the 0.1-µsec sync puls 
may not be visible because of its brief 

dura ion ( igure 3b). Thi waveform, 
'vi h a nega ive polarity and a 60-volt 
magni ude is provided on the rear panel 
to drive aux iliary pulse-genera ting equip­
m nt uch a he General Radio TYP.I<� 
1219-A Pul Amplifi r. In addition to 
thi gate waveform a neon indi ator 
lamp moni ·or the pre ence of the De­
lay o. 1 ync pul e. 

DELAY NO. 2 Cl RCUI TS 

The . - ond group of delay ·ircuit is 
identical in prin ·iple with the first 
(Fio·ure 5). It lacks only the features of 

high ac uracy and re olution. 'I he delay 
referenc voltag i pro id d by a " 

single-turn potentiometer with a resolu-

AM PLITUDE 

COMPARATOR 

RESET AMP 

DELAY 2 
OR 

COi NC.SYNC 
PULSE GEN. 

--o 

REF. 

+ 

5.S 

0.50 

l\._ �SYNC 
7 OUT 

-10) DELAY _:r_ LINE 

- OUTPUT 

Figure 5. Fu n cti o nal 
diagram o f  Delay N o .  

2 circu its. 
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(a) 
lOOµs Timing pulses (to PRF 

drive) 
JOµs Timing pulses {to 

COINC drive) 
(b) 
lOµsec and lOOµsec timing 

pulses 

Deloy No. 1 GA TE, .:::.. 48µsec 

(c) 
Combined time markers 

COINC GATE, showing se­
lected pulse. Deloy No. l, 
45µsec; Deloy No. 2, � JOµ sec 

(d) 
Timing markers with COINC 
pulse at 50µ.sec 

(e) 

Delay No. 2 GATE,� 30µ.sec 
(Note selected pulses showing.) 

( f) 
Deloy No. 2 SYNC pulses at 
50µsec, 60µsec, 70µsec 

Figure 6. Coincidence circuit used for multiple pulses. 

tion of 1 part in 2,000 and -h a curacy 
is 3 0 everywher over th six decade 
range from 0.5 µ c to 0.5 second. 

Th a ·tion of thi cir uit an b m­
itiated either by the dir ync pul e or 
by the sync pulse of the first delay cir­
cuit o hat the d lay i eith r oncur­
rent with the fir t d lay or i initiated 
after th fir t delay interval. It should be 
pointed out her that, ince the delay 
circuit can alway b started concur­
rently, the first, rnor accurat d lay 
can be u ed to calibrate the second. 

Ou put from the s cond delay circuit 
are imilar to those of the first: A 5-volt 
posi ive gate and, marking he end of 
the delay interval, a 20-volt 0.1-µ ec 
pul e at 93-ohm imp dance level. 

When the function switch for the 
econd delay circuit is in "coincidence" 

position, 
1. The delay gating cir uits are 

�tarted after the D lay No. 1 syn pul e. 
2. The Delay Ko. 2 sync-o-enerating 

·ircui t are connc ted to be triggered by 

DECEMBER, 1958 

th action of an "and" ircuit. 
The "and" ·ir ·uit requires th imul­

taneous existence of the Delay Ko. 2 
crate and an xtcrnall applied pulse to 
provid a trigg r for th sync cir u:it . 
Photographs of the gate and output sync 
pul e are in Figure 6. An over-all photo 
of a pr ci ion d la r-generating tern 
involving the TYPE 1 392 Tim - D  lay 
Generator and the Tektronix 180-A 
Tim -Mark Generator as a sourc of 
cry tal-con rolled ime-coher nt syn-
·hronizing pul e ·, is shown in Figure 7. 

ince th shortest duration of the De­
lay No. 2 gate has been set a 0_5 µ c 
it i po ibl to 1 ct a ingle pul e from 
a timing pul e train whose fr quenc:v 
may be a high a 1. 7 1\11 . Pre ise 1-µse 

t ps of d lay ar a ily obtainabl u ing 
the Tektronix 180-A a a cry tal-co11-
trolled time-mark generator. If the gate 
produ ed by he Delay No. 2 circuit i 
made longer than the int rval between 
the timing puls s from the marker g n-

ra or a group of pul e will be produ ed 
at the D la. r No. 2 syn hronizing-pul 
t rminal (Figure 6, (e) and (f)). Th 
maximum rate a which pul e can be 
produced in the burst is o om extent 
d t rmin d by th ampli u e and ri 

im of he trigger pulses provid d by 
he timing source. The pulses produced 

by the Tektronix 180-A, for example, 
will typically produc a 200-kc bur t. 

DELAY LINE CONNECTION 

In addition to he delay-line conn c­
ion d crib d under D lay Ko. 1, h 
·onnect:ion shown in Figure 5 makes it 

possible to delay the No. 2 yn pulse 
produced by coin ·id n . Thus with the 

ombination of a pr cise coincid nee cir-
ui t and the passive line it is possible to 

generate delay up to several hundred 
microseconds, a curat to 0.01 µ c. 
H re, we should inje ·t one word of cau-
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•••••••••• 
<!H$4 .. 

Figure 7. Precision time-generating system, consisting 
of the Type 1392-A Time-Delay Generator and the 

Tektronix 180-A Time-Mark Generator 

tion. Timing generators like the Tek­
tronix 180-A derive th ir 1 wer fre­
quency ou puts by feeding each pulse­

divider ircuit from the next higher 
order divider. in he trigger pulse has 
a finite and somewhat variabl ri e time 
(dep nding upon the bandwidth of the 
divider in olv d), there is an accun1ula­
tion of delay between pul within the 
timing chain. (One possible use for the 
coincidence circuit in the TYPE 1392-A 
Time-Delay Generator i , of c urse, the 
removal of this delay.) In order to make 
the tep of delay prod u ed by the co­
in idence sys em exactly correct, some 
delay mu t be in erted in th path of the 
high-frequency pul e , 4 or the error must 

4The G�ncr�l Radio . TYPE 3_1�- 6 0.5 µ5 c Variable 
J?elay Line 1s us ful in equalizing these re idual delays 
(1nd�pendently of the _Till!e-Delay Generator). F. D. 
Le"WI a�d R. 1\1. Frazier, 'A wand Better Variable 
Delay Lme," General Radio Experimenter 31 7 October 
1956. I ' ' • 
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be measured and subtracted from the 
delay readings . 

Th delay line connection shown in 
Figur 2, in which the 0 to l-µ ec line is 
connected directly from the input t rmi­
nal to the line outpu terminal , i al o 
u ef ul in many way . n this ca e the ' 
line will pass whatever wav form i 
available at the input terminals. Thi 

will, of cour e, make the input imped­
anc of the in trumen t qual to th im­
pedance of th line at about the 250-
ohm l v 1. Although the simplified 
switching of Figure 2 d not o indi­
cate, the electronic portions of the TYPE 

1392 ar still operative. One use for the 
delay lin in thi conn ction is to permit 
a check on the delay generated in he 

input circuits. 'I'his delay is nominally 

about 0. 12 µ c bet\ e-n a fast drivino-t"> 
pulse and a direct sync pul e. 

THE DELAY NO. 1 
AMPLITU DE COMPARATOR 

The amplitude comparator u ed in h 
Delay o. 1 cir uit is new

5 and certainly 
u ful el ewh re, o i will be described 
in ome detail. This cir uit was d igned 
primarily for operation at rep i ion 
rates higher than tho e at which he 
comparator describ d by Hol j z will 

operate and for as great a ynamic 
range. 

In the TYPE 1392-A, the amplitud 
comparator will ope1 ate a rates as high 
as 300 kc and over a range from O to 
120 volt . It has the additional advan­
tage of a very high input imp <lane at 
both signal and reference terminals. The 
compl t cir uit is shown in Figure 8. It 
is convenient o view th ir uit a a 

bi table multivibra or (V-1), in which a 

diff rential amplifi r (V-2) replaces the 
u ual shunt-arm r i tor of the ross­
coupling ne work. Tube V-3 i a current 
source for V-2 and i only ne essary 

spa.tent applied for. 
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when the maximum dynamic range at a 

given supply voltao·e i de ired. 

Th ir uit op rat in h follov ing 

manner: Suppose ini iall. ·ha the ignal 

voltage is mor negativ than the ref r­
enc voltag , th n th curr nt through 
th left-hand ide of V-2 will be les than 

tha in the ri ght, and h grid voltag on 

V-1, left, will b m r p i iv han V-1, 

right. V-J left will b OIL Thi i uation 

will persi t until the referenc and ignal 

volta e ar qual. t that point h 

grid voltag s of V-1 would b qual if it 

w r not for th fact that V- 1 i a bi­

stable using Rc1 -Rc2 and th plat r -
i tanc RP, of V-2 a cro -coupling 

r 1 or . I-Ien a qual -rid volta e 

on Y-...., Y-l will remain table a. in­

itially. N w, a th grid of V-2 i rai d 

abov th referen e voltage V-2, l ft 

condu ts more heavily and, by the differ­

ential onnection of -2 V-2. right con-

duct 1 h a ily . At low frequen ie 
h gain to the bi tabl grid is

6
: 

I(= Re 
rp2 +Re 

and only a sufficient v ltage n d t ap­

p ar on th bi tabl grid to cau the 

bi table circuit to witch. The increase 

in grid voltage on\ -1 right reduces the 

amount by whi h thi ub i b low ut­

off wl il the d r a ing v ltag on the 

1 ft-hand grid of V-1 increases its plate 

vol age by the gain of thi id of th 
flip-flop tub . I i h r for h 1 ft­
hand id of he bistable oin · off which 
primarily contribute o th wit hing 

a tion. 

Th hy teresis which he circuit ex­

hibit at the rrrid of h differential c­
tion is controlled by th magnitude of 

the exce s grid voltag f th off flip-flop 

tube. This quanti y i determined by 

&Valley and Wallman, " a uum- ube mplifiers," 
Radiation Laboratory Series, umb r 1 , McGraw-Hill 
Book Co., 1948. 

DECEMBER, 1958 

th curr nt in he diff rential amplifier 

and, in e hi curr nt i t by -3, a 

well- abilized tage, only v ry mall 

xc volta e n d be tol rat d. Typi­

al value f hy t r i for h ·ir ·uit 
hown in Figure are 10 to 100 mv. 

n additional ad vantage of this cir­

cui over a ingl -end d d ign i ap­

paren at thi poin . The ir uit i bal-

anc d ' ith re pe o ·hange in plat 

urrent cau ed by h a er voltag fiuctua­
ion . Drift of the rigg r voltag with 

line-vol ao·e change is r due d b. about 

an order of magni ud ver mor on­

ven tional ingl -ended de ign . 

The action of the ir uit at hirrh fre-
qu ncies 1s mor mplex than that de-

crib d abov . will not p rmi a 

de ailed analy i re, but th limit on 

performance ar clear. The cro -cou­

pling capacitor will au th 1 ading 

of the diff rential amplifier to incr a e 
until at v r hi ·h frequencie the 

load will th pla 1 ad r i tor RL, 

and the tray capacitanc omparator 

for the megacycl rang must b built 

' i h a diff r ntial amplifi r capabl of 

a taining high gm and will, of our e, 

have lessened n i ivity. 

Figure 8. Functional schematic d iagram of the ampli­
tude comparator. 

v-1 
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For hicrl -fr0qu ncy OJ eration over­
shoot of th o-ri l "·av f rm due t the 
flip-flop witchino- action h uld be 

liminated both by r du · ion of the 
ro - oupling ca pa ·i tor and by the 

appli·ation of po itiv· andn · iv grid 
clamp . In th uni d ign cl for th 
TYPE 139 ..... -A th flip-flop do "'not draw 
grid urrent, so only a n  ga iv clamp i 
u cl and, in· the input waveform 
unidir ional onl on lamp i n 

ary to impro e re ov ry tim . 
Som charact ri tic. of h compara­

tor used in he Time-Delay Generator 
ar hown in T'abl I. Th hyster i of 
thi. uni 1 f the ord r of 0.1 volt. 
Th cliff r ntial amplifi r i hea ed with 
r o-ulat cl d both t minimize drift with 
changing lin voltag and to redu th 
hum-jitt r in the d la eel ignal. The 
pr . n of the d redu e h ff · of 
20 0 of variation in lin voltage to an 
error in <l lay of 1 part in 10,000 and aid 
in a tainin h p ·ifi d jitter figure of 
1 part in 30,000 at h wor t. (Ji ter 
low r than 1 part in 100:000 hav be n 
ob erv d.) On he 1 to 11 msec range, 
the T PE 1392-A ha xhibit d an ab-

olut ac urac of delay of bett r than 
0.1 over p riod in x e of a week in 
continuou operation. 

APPLICATIONS 

The TYPE 1392-A ·an b applied any­
\Yh re tha a· · u rat d la are d ired , 

ith r for th pr 'i m a ur ment of 
delay or for its g neration. Its range of 
available d lay plu the fact hat i can 

be rio-o- red b. almo t any ort of signal 
hould malre it an a cep able range cali­

brator for radar onar and radio navi­
gation systems. Th as with which he 
tim of oc urr nc of the D lay No. 1 
. yn an b modulat d rend rs it an 
id al devic for the imulation of a 
"noisy" target. The longer ranges of 
delay and the pre n e of the econd de­
lay with its a ociated gate signal hould 
mak th TYPE 1392- a very u eful tool 

for phy. iologi al n rve-tran mission 
studie . 

Th u of the oincid nc ircui try 
ha be n de crib cl in detail in connec-

ion with the processing of coherent sig­
nal . rrhi y tern ha another entire 
field of application in processing signal 
whi h are no c h ren . Counting, time­
v rni .r m a ur m nt , and he produc­
ti n of par ial coherence b t' en oth r­
\\·i e incoherent signal are xampl of 
he e applica ion . In the latt r applica­

tion, for xampl oher nt tone bursts 

in the meg cycl rano- have b en timed 

TABLE I 

ERROR AT 

(2) Changing w p o- nerating and 
clamping tul e, two tub 1 cted 
for avcrag, viation among 25 lot. .45%) 

(3) hanging amplitud comp r tor bi-
table tub . verag- deviation in 10 

tubes sel cted at random. .247o (worst tube 0.3 0) 
--

(4) Changing amplitude comparator 
tube. Average cl vi ion among 10 
tubes selected a random. .47% (wor t tube 0.9%) 
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1 1  

by feeding th h igh frequency de i red 

with i n  th bur t to the coincidence dri e 

t rminal and the burst rec urrence rate 

. ignal to t h ·  PR F d r.ive term inals. 

Spe · i fi · u es ar : 

1 .  al i bration and prec 1 10n swe p 

delay for o i l loscopes. 

2. R adar target simu lator. 

3. onar target simu lator. 

4. Loran recei ved p u lse s i m u lator.  

5 .  G ophysica l echo s i m u la tor.  

G .  Pre i i o n  p u lse t i mer - u · d with 

GR T Y P E  1 2 1 9-A Pu lse A m p l ifier.  

7 .  Delay and gate i mu l ator for use 

w i th lectro n i c  ·ornp ubng systems -

u sed with Tektroni x  1 80-A T ime- 1 ark 

D E C E M B E R , 1 9 5 8  

G en erator to produce j i tt r-free pulses 

of crystal-controlled accuracy for any of 

above appl i cation . 
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- R. W. FRANK 
SPECI FICATIONS 

I N PUT SYSTEM 
I n put Signal:  

Sine Wav , 0. 1 vol t  rms. 
Sq uarf' Wav , 0.3 vol t ,  peak-to-peak. 
Pul'e ( n eg� t i vc or po. iti vc) , 1 vol t  p ak. 
Ac or d<',  i n put trigg r th reshold control 

pro vid<�d . 
Freq u e n c y :  d to over 300 kc. 
Time Delay ( I nput to direct sync):  0. 1 2  ± 0.02 µ c .  
Direct Sync Pulse:  

A mp l i t ude, 1 5  volts or mor , posi t i ve or 
nPgat i ve. 

Duratio n ,  0. 1 3  ± . 02 µsec . 
I mpedance, 93 ohm. or l Pss. 

D ELAY NO. 1 
Delay Range: 0-1 . 1  sec in ·even ranges. 

A c cura cy: 1 µsec- 1 . 1  . c range , ± 1  % of d i al 
read ing ; 0- 1  µSf'C range>, ±0.0 1 µS c. 
Sta bl ity: J itt0r, 1 :30,000 at. worst 

Drift, 1 : 1 0,000 w i th 20 0 line varia­
tions 

Resolution: 0- 1 µsec, 0 . 004 µ c 
1 µ , 1 SC 1 :  00 

D uty R atio Effects: LeAs t han dial accuracy to 
60 0 

5 %  at duty rat io of 80 0 
Delay O n e  Sync: 

Duratio u ,  0. 1 ±0.2 µsec 
A mpl itude , 25 volts or more, positiv or 

negative 
I m pf'dance, 93-ohm output i m pedance 
M o nitor Lamp 
Max. PRF, 0- 1 µsec range, 300 kc ; 

1 µ ec- 1 . 1  sec range, 250 kc (at 
I µsec) . 

Type 

DELAY NO. 2 OR C O I N C I D ENCE C I R C U IT 

Range: 0.5 µ. ·cc · to 0.5 �e ( ix decade rangf's ) .  
A c c u racy: ± 3  o f  d i al read ing. 

Sta bil ity: J itter, 1 :  20,000 
Lino D rift, 1 :5000 for 20 % lin 

chang 

Resolution: 1 :2 ,000 

Delay Two Sync: 
0. 1 3  µs ,c ±0.02 µsec 
20 voltf' 0 1· more, po i tive or negative 
93 o h m. 
M o n i  or Lam p 

Duty Ratio Effects: Ful l  scale, le than dial 
accuracy at 60 % d uty ratio ; hotto m  of scale,  
IPAS than d ial accm·t1.cy at 20 % duty ratio. 
M«1.x i m um PRF, 300 kc. 
Coincidence: 

I n put, po itivc or negative pulse, 5 volts or 
o ver 

I n put freq um y, 1 cps to 1 .  7 M (for s ingl 
pul sele ·tion) 

I t  put pub ri�e t i me, . 1  µsec or l s at 5v. 

P ower S u pp l y: 1 05 to 1 25 (or 2 1 0  to 250) volts, 
50-60 c·y le. , 1 0 watts at 1 1 5 vol ts . Power re-
· c >pta d ! '  w i l l  ac pt cithf'r 2-w i r  . (Type C A P-

35 ) or 3-w i rc (Type CAP- 1 5 )  Power Cord . 
Two-wire cord up pl i d. 
D i m e n s i o n s :  9 x 1 9  x 1 2  i nc hes (rack mount).  

Accessories S u pplied: Typ CA P-35 Pow r Co rd ; 
spnr fu cs ; t st lead ; 4 Type 874-C58 Cable 
Connecto rs. 

Net Weight: 35 po u n d  . 
Code Word Price 

1 3 92-AM Bench M odel . . . . • . • . . . . . . . . . . . . . . . . • . . . . . .  E TRY 
EXTOL 

$985.00 
985.00 1 392-A R R elay-Rack M odel • . . . • . • . • • . . . . . . . . . . . . . . . •  ---

u. 8. Patent o. 2 , 548,457.  
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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  I 2 

2-W EEK D E LI V  Y O  A L G E N E R AL R A DllO M O N I T O R S  

F C C  Type A p p 1roved 
1 hu aga1ns 

n e w  i n  t ru­

t} • t ft r 

T w i an 

Thi •h h v m v d 
for at ions 

i· an i ·ipat m i ng 

or m d rni z i ng 

q i ipment.  

o purcl a monitoring 

The· Ty1pe 1 1 84-A Television Stati o n  Mo n itor. 

1 ral Rad.it 

'iYh lly n w on 
sign lha t 
a t ained in n in, tru r 

i vcr_ p. ration 

and 

n v 

i n u i1 a­
in 

ID 

h igh r t u b0. n.n 

1 n  
<l v· lu ' ·  

io 1 1 i  r 1 a r e  <l  ig11  l b yo11;(l 

j C 'k� p r m i  

and Yo l tag 

tn l q ll 
:::;o n ·i v  ha · 
n · n · a n  p rf rm< d w i  h u 

a 

• P p i n  

urr n t  

in the 

rki 

m r 1 g• 1 m i ni m u m  r l l l i r  'mPn t �  f r · w  i 1 v t  rndion book > r  a · i r  u i l  d i agram . 

Type 
1 1 84-A-A liel v i s i o n  Tra n s m i tter Mo n i1tor - Ch.a,n n e l s  2- 1 3  . . . . . . . .  . 

1 1 84- A - A  Tel evi si i o n  Tra n s m i tter M o n itor - C h ·a1 n n e h >  1 4- 8 3  . . . . . . . . • 

1 1 8 1 - B T  T V  Col or-Subcarrier M o n i1tor . . . . . . . • . . . . . . . . . . . . . . . . . . . •  

1 1 8 1 -B A .M  Freq u e n c y  Deviation M o n i to r  . .. . • . . . . . .. . . . . . . . .. . . . . •. 

1 93 1 -B A mp l it u d e- M o d ul a t i o n  .M o n itor . . . . . . . • . . . . . . . . . . . . • . . . .  

CH O J C E  O F  P A N E L  F I N  S H  

Price 
$ 3 200.00 

3450.001 

1 02 5 . 001 

1 ·025.10-0 

TARRY 625.00 

'<'JI ml Hmlio lll!lck rCLcklc is tu11dnr<l. (.)t hl'r �t minrd li n i  h e.  
p l ied. 

nui •h trunsmit  r q u ipm nt ·an al o be up-

G e n e ral 0 p n y  
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