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3 FEB RUA R Y, 1959 

AN IMPROVED PULSE GENERATOR 
WITH 15-MILLIMICROSECOND RISE TIME 

The TYPE 139 1-B Pulse, Sweep, and 

'l'i me-Delay enerator is a g n ral-pur­

po e laboratory tool for the synthe is of 
pulse waveform and for controlling the 

oc urrence of t h ose waveforms in t ime. 

The TYPE 139 1 -A model, originally de-

crib d in 1 953, wa the result of an 
effort to extend t h  signal g n rator con­

<:ept to the field of pul e mea urement . 
Before thi t ime, pulse generators had 

u ually been either cranky "bread­

board " or highly pecialized (and still 
e ranky ) commercial devices. This new 

model reflects both field experience and 
n n advance i n  t echnology which brings 

it nearer to th tatus of the standard-

ignal generator as an accurate, stable, 

and dependable laboratory tool. 
An outstanding feature of the new 

o-en rator is i ts improved pulse gener­
ating circuit with faster rise time, better 

pulse hape, and improved rel iabi l ity. 

Other outstanding chara ·tcri tic· of the 

predecessor, TYPE 1391-A, arc re­

tained1· 
2

• In particular, the fol lowing 

retained features have been im­
proved: 

1. 'Ihe in trument p roduces an output 

signal of 0. 1 5  ampere i nto any impedance 

level up to 600 ohm , thus permitti no- a 
wide choi ·e of gen rator ource imp d­
ance and pul ampli tudc. 

2. It produce t his output ignal di­

rect coupled, so that pulses of any dura­
tion at any impedance level do not 
exhibit ramp-off effects. 

3. It has no duty-ratio re tri ·tions. 

4. It permits the user to i nj ect his 

own de component. 

!Proceedings of the National Electronics Conference. 1933. 
2R. W. [<'rank, "A ersatile G nprator for Time-Domain 
l\Ieasurements," General Ru.dio Experimenter, Vol. 30, No. 
12, fay, 1956, pp. l-13. 

Figure 1. Panel view of the Pulse, Sweep, and Time-Delay Generator. 
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Improvements 

A completely new principle \Vas u ed 

in the design of th de coupled tages of 
the pulse generator and output sy em 
to increase their bandwidths with a con­
sequen reduc ion in rise time. The im­

proved rise tim inake thi pul e 
generator ompatible ,,; h the fastest 

standard oscilloscopes. 
A future articl is planned in which 

the h oretical increase in b andwidth 

for these de-coupled pulse circuits will 
be derived. 'I'he decrease in rise time is 
better than two-to-on . In his in. tru­
men t we hose not to pre s for the full 

theoreti al incr ase in bandwidth , but 

instead to design circuit of increased 
stability and reliabili y. Negative-feed­

ba ·k principles and reduced plate dissi­
pation (mo t of the pul -amplifier tubes 
run at le s than half their maximum plate 

dissipation ) make the characteristics of 
the pul e e entially independent of tube 
aging and line-voltage v ariations. 

In ad<li tlon to the exten i ve modi­

fication of the pulse generating and out­
pu y tern, impor tant changes h ave 

be n mad in the inpu cir ·uit and im­
provements h ave been made in the 

witching s rs tern for starting and stop­

ping the main pul e. 
The changes in he input cir uit now 

permit (1) either ac or de conn ction 

from th external y tem to the trigger 

circuit an l (2) an adju ment of he 
triggering threshold voltage. This in-

y 
r------�.!:::�_Y_Cj'!f��- -----, 
I I � MAIN �l-*.L-<l o�;:�ED 1------r-' -j DEL Al' I 
[._ ______________ ___ J 

../'L POS. SWEEP SWEEP TRIG C>1REC,.. NEG. SWEEP 
SWEEP 

CIRCUITS JL 
POS. GATE DELAYED LJ NEG. GATE 

START 
},__ 

' ' ' 
PULSE POS. PULSE _A PULSE. 

TIMING SOURCE 
NEG PULSE CIRCUITS CIRCUfTS , , STOP J...._ 

F igure 2. View of generator and power supply. 

crea e the adaptability of the instru­
ment in laboratory sy terns, ince the 

sensitivity for brief pulses can be opti­

mized, the input cir uit can be gated , 

and some range of pha ing for slowly 
varying waveforms can be had. The 
possibilities are xplored further under 
Input Circuits, b low. 

A change in the switch which route 
the " t ar " and " top" triggering pulse 
determining the duration of the main 

pulse bas been made. With this n war­

rangement it is po ible to mix inter­
nally produced pul. es with pul es g n­
erated by outside s:vstems or with pulses 

produced by the input and delay circuits 

of the TYPE 1391 it elf. With the pulse 
im d by both th normal sy tern and 

the delay circuits the u er can produce 

an accurately timed double pulse. If ex­

ternally gen rated pul es are mixed with 
those produced int ernally , multipl 
pulses or even pulses having different 

repetition rate will be produced by the 

pul e-generating circuits . 

Figure 3A. System block diogrom showing mojor 
circuit groups and their interconnections. 
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The ne,vly designed pul e-generating 

cir uits p rmit om implifica ion of 

the pm-Yer- upply circuitr . Along with 

the changes nece ary for h new ir­

cui try, the elenium rectifier� u ed in the 

po\ver supply have been replaced with 

silicon types, resulting in a redu ·tion of 
volume r quired for om1 on nt. nd 

permitting a reduction in the height of 
the power supply panel. 

System 

The TYPE 1391-B Pul e, Sweep, and 

Time-Delay Generator (Figures 1 and 

2) a its lengthy name implies, i a com­

bination of three in rument in one. It 

con i t (Fio-ure 3) of a prcci ion delay 

generator, a saw- ooth ' e p g n rat r 
and a puls g nera or. A ersatilc input 
circuit i in luded, "·hich i. capable of 
driving the three corr ponding gen rat­

ing · ircuit at any i· curr nc rat from 

zero to th ir m a>. rimum capabibtie · .  T'h" 

timing waveform to set the PRF can b 
ine waves, quar wav r pul c. , and 

it can be pro ided ither by a periodic 

signal source uch a th G n ral Radio 

TYPE 1210-C nit 0 ·illator or by 
a on -shot, or random , change in' oltage. 

Alternatively, an output signal from th 

Figure 3 B .  Timing diagram 
for the complete system. 

AMPLITUDE 

I-

I 
6�1�E 

::> DIRECT � TRIGGER 

DIRECT 
SYNCH. 
MAIN DELAY CIRCUIT 
DELAY RESET � TRIGGER 
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COINC. GATE 
DELAYED 
TRIGGER 
DELAYED 

SYNCH. 
�1SWEEP2 
� SWEEP 
en GATE 

�� TRIGGER 
l START 

...J-:::>� STOP 
a..1-- TRIGGER "'! POS. LLJ!::: PULSE Cl)::> Ju i?!; NEG. 

u PULSE 

FE B R U A RY, 1959 

generator ·an be fed back into the input 

terminal to pro ide a timing eriod et 

by the internal circuits them lv . U d 

in thi · wa , the in trument i a self­

con tain d timing g n rator of good ac­

curacy and tability. 

T'o pro\· ide for the utmost in applica­

bility, many input and output rmj nals 

nd switch s p rmi in t rconn ction of 

the maj or units among themselve. and 

to and from external circuitry. These 

conn ctions and witching are hown in 

Figure 3 and will be di cu ed in conn c­

tion wi h the individual circuit groups 

below . 

Input Circuits 
lh input cir ·uits (Figure 4) provide 

a triggering pulse to initiate the a' ion 
of the variou cir ui tern ompn ing 

he gen rator. They also provide a mas­

ter n hronizing pul to nchronize 

oth r equipm nt with the generator. 

'I'he 'e triggering sicrnals are nearly in­
variant in lop and dura ion, irr p c­

tive of the lope and ampl itud of th 

drivino· ignal. 

Th n \ input wi ch and qc threshold 
control mak it p ibl to 1 t ith r 
po ·itivc-aoinrr or negative-going portions 

0.4 JJ SEc.-l 

DE LAY --i-NT ERVAL =-::J\. 
�----

__ ..., 
--- 1 
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INPUT 
AMPLIFIER 

SCHMITT 
CIRCUIT 

___ --=cD.:..:. I R::..::E:..=C:_:_T__:.T_;,,; Rc.:...IG::...;G:..=E::..:.R'----- D��AY 
DIRECT 

SYNC 
AMP. B C.F. 

CIRCUIT 

LIMITER LI NEGATIVE 
GOING 

0 _lDEL A Y  
SYNC 

OUT 

� 
figure 4. Block diagram of the i n put circuits. 

of the in put ignal to rjgger the syn­
chronizing ·ircuits. The wi ch couples 

the input signal ci her directly r apaci­
tiv 1 to th trigger circuits, and the 

thre hold control , clc ·t , over a l i 1nited 
range, the a tual voltage at which the 

trigger ·ircu i t  \ i l l  fire. This control en­

ables the user to op timize the sen itivity 
to input pul of either polarity and to 

initiate the trigger at voltages corre-

ponding pre ·i ly to the zero crossing 
of any waveform. 

The cover photograph illustrates a 

uniqu and irnportan - feature of the new 

input ircuit . Th input circuits them­
selves rve as a ry fficien "and " 

gating circuit, which an, for in tance, 

be u d to produ e puls bursts. Another 

TYPE ] 391 Gen rator (or an. other d e  

coupled ource of pul es, for hat matter) 

is conn ·t d to the input t rminal in 

addit ion to the normal driving signal. 

The pcd tal hu add d ·an, depending 

upon it polarity, either enable or disabl 

the input circuit. This operation perm its 

the con truction of very ·omplex tim ing 

equencc like part of th hown on 

DEL. RA NGE 
MICROSECONDS 

OEL.CONT'ROL 

DIRECT 
TRIGGER Y- DELAY 
FROM CONTROL 

DELAY 
SWEEP 

GENERATOR 
AMPLITUDE ._*-_ __, 

COMPA RATOR INPUT STP.RT BISTABLE 
SYNC L--=.G A�T�E'"-.-' 

-=­
SWEEP TRIGGER -= 

SWITCH L------<l. 
DIRECT DELAYED 

DELAYED 
TRIGGER 

L------ TO SWEEP 
CIRCUIT 

the over, in ,..,·hich , for example, a 

''ver ical blanking pcde tal will au to­

ma t ically inhibi t the formation of "hori­

zontal" ynchronizing pul es. 

Delay Circuits 

The dire ·t trigger initiate the opera­

tion of the delay cir ·ui (Figure 5), 

whi h normally produce the d layed 
synchron izing pul e a an accurately 

controlled irn after the dire t sync 

pulse . Thi time interval can be varied 

.+-------+----------'---- TU•E 

COINC.GATE 

�:::ic:=!,���-·o-'-T•_-_-_-_-_-_ -_ -�""'·�T •°'.._,t� --------"--"-
-l...----------__:_--------� 11111111! 

RESET =¥="°" 
TRIGGER 

AMPLIFIER 

(left) Figure S A .  Block 
diagram of the delay 

circuits. 

CIRCUITS :5TOP DELAY RESET TRIGGER (Above) Figure S B. De­
lay-circuit timing. (Top) 
Coincidence circuit set 
for normal operation. 
{Center) Multiple-pulse 
timing. {Bottom) Delay 
circuit used as a prf 

COINCIDENCE 
GATE DURATION 

COINCIDENCE 
SENSITIVITY �-�D�EL�A�Y�E�O�T�R�l�GG�E�R_,___�TOSWEEP 

r 
�-......._-...., 

'--� 3-1000 I' SEC. ..J=t- COINCIOE NCE l----t ����� ._Y-_ __, ���: !y�� F. MONOSTABL AMPLIAER t. GENERATOR © l���:VED JLC GP.TE L---�-- J'-
COINC. ©J -POS�.----------... j..._ 
DRIVE 

COINC. 
PULSE 

INVERTER 

i 
PANEL 

L ___ _1--� INDICATOR 

divider. 
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from 1 microsecond to 1 second by the 
10-turn delay control and the 6-decade 
range switch, with an absolute accuracy 
of delay relative to the direct sync pulse 
of better than ±3% over the entire 
range. The usefulnes of the 1-µ ec-to-1-
second delay circuit is in rea d by the 
3- to 1000-µsec coincidence gate sy tern 
(Figure 5B). Through the u e of thi 
circuit, multiple puls , pre ·i ion delays , 

and accurate delay-cir uit calibration 

can be accompli h d. The similar circuits 

f PRF OSC. 
TYPE 12IO·C 
OR EOUIV 
20 ...... - 250 kc 

CARRIER OSC 
TYPE 1330 

OR EOUIV. 
IOOko: lo 5Mc 

� 
I � SYNC 

I 1 to 
�-- DRIVE v 

-"OD TRIGGER =----�ELECTRONIC 
GENERATOR ro EXTENO KEYER 
TO LOWER FREOUENCI ES 

l lN�R 
TEKTRONlk 

541 
OR EQUIV. 

F igure 7. Bloc k diagram of system for generating tone 
bursts. 

of the 1392-A Time-Delay G enerator 
were di cus ed both in theory and in 
application in the December, 1958 Ex­

p rimenter. The system, shown in Figure 
5, breaks down the various function of 
gating, sweep generation , amplitude 
comparison , and reset of the gating cir­
cuits in such a way that accura y, sta­
bility, and resolution are all a ured. 

One example of the ver atibty of the 
delay ystem is hown in Figure 6 and 

7. The output pul e i made coh rent 

,,·ith a high fr quency to produce tone 
bur t .  

Sweep Circuits 

The primary function of the w ep 
generator is to time the pul e both in 

Figure 6 .  Coherent 
tone bursts. 

(a) 200-kc signal 
1 0- k c  b u r st 
rate. 

(b) 1 -M c s i g n al 
10-kc rate. 

(c) 5-M c  sig n al: 
note increase d 
c r o s s t a l k  i n  
k e y e r; n o t e  
also absence 
of s w it c h i n g  

transients. 

F E B R U A R Y , 1959 

duration and delay relative to the direct 
synchronizing puls or the delayed syn­
chronizing pul e, either of which can be 
u ed to start the weep circuits. The 
sweep-generating circuits as shown in 
Figur 8 consi t of a bis able gate, "boot-

trap," lin ar S\\eep circuit, amplitude 
comparator, and re etting circuit . The 

pu h-pull, lin ar, saw too th produced by 
thi group of circuit fed at 135-volt 

amplitude through i. elating ·athod fol­

lowers to output terminals for u. e with 

external s stems. Po i iv and negative 
gate pul e ·orre ponding in time to the 

tart and th t p times of the SWC'Cp are 

al o provid d at outpu terminal . The 
duration of the we p is nominally 3 6, 
or 12 µ c with a five-decade multiplier 

so that the longe t , we p i 0. 12 second. 

Pulse Timing 

Th sweep circuit drive the pulse­

timing cir uit which ompri a pair of 

amplitude comparator u d to tart and 
to stop the output pul o. Thc- I rinciples 
of pulse timing are ho' n in Figure 9. 

GATE 
AMP.-C.F. f----�-----+Dl ;;��E 

SI.. � 

Figure 8. Block diogram 
of sweep c ircuits. 

FROM 
SWEEP 

TRIGGER 
SWITCH 

SWEEP 

-y- BISTABLE 
GATE 

START STOP 

SWEEP 
C.F. 

POSITIVE _/1_ POS. ,___...,OUTPUT f--------<:<JJ SWEEP 
C.F. 

.../l SWEEP 

POS. SWEEP MONITOR 
TO PULSE 
TIMING CIRCUITS 
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PfJl.5E 
COHrlfOL 

lllSrAllLC 
AMJl"t.IFIE'A 

.. MP<.IFl£1f 

The pulse-timing amplitude-compari­

son circuits are followed by trigger-£ orm­

ing circuits which produce high- pe d 

puls to tart and top the pul e genera­
tor. Be ween the amplitude-comparison 

circuits and the trigger-forming circuits 

switching i in ert d to provide : 

(J) Normal operation, in "\Yhi h the 

amplitude comparator delay the pulse 

and time its dUI·ation r lative to the 

we p a de crib d aboY . In t his po i­
tion the tr igger pulse , which correspond 

to " tart" and "stop time, are fed to 

front-panel binding po ts lab led "s tart" 

and "stop, " re pectivcly . 
(2) Means to start and stop the pul e 

generator u ing externally gen rated and 

tirn d signals. 

(3) For the addition of both internally 
produced and externally generat d tim­

ing ignal to tart and top the pul e. 
These three po sible methods of driv­

ing the pul e generat ing circuits contrib­
ute to the versatility of th in trument. 

In norn1al operat ion the tart-and-stop 

triggering pulses available at the trigger­

pulse output terminalR an be u d for 
ma.k i ng tim rneasur rncnt in external 
sy tern�, for he ·king fhp-flop re olut ion 

etc. In (2) above the application of an 

external ignal wDl p rmit th pu l  e gen­

erator to b op rat cl at rate far in 
execs of the 250-kc maximu m repetition 
rate ·et by the 3-µs · ·w ep in the elf­
contained timing ystem. U ing a G n­
eral Radio TYPE 1 330- :\_ Bri dge Oscilla­
tor (10 volts at 3 Mc) and TYPE 314-886 

Delay Line, 3 for exam pl , it is po ible 

to produ e pul c at rep tition rates up 

to about 3 Mc (Figure 10). 

With the pulse triggering switch set 

OlflVE"A POWER 
AMPL1Ff£1f 

Jf'Of/llCR 
AMPLIFIER 

Figure 9. Bl o ck d iagram 
o f  pulse timing and o ut­

put circu its. 

as in (3) above, any number of start-and­

stop pulses can be up rimpo eel upon 

tho e gen rated internally. A a part icu­

lar exampl of this appli ation the gen­

erator become a useful tool for generat­
ing pulse pairs. 3 By ad di ion of th di­
rect and delayed synchronizing pul es t 
the internall y  produced timing pul e 
with the network shown in Figur 11, a 

double pul e having the following char­

acteri tics can be produced : 

1. Fir t pul e duration, 1 µ ec to 1 

second. 

2. Delay between first and second 
pulse, 0.25 µ ec to 0.1 econd. 

3. Duration of econd pul e, 0.025 

µsec to 0.1 s cond. 

Pairs of pulses produced by this method 

arc shown in Figure 12. 

Pulse Generating and Output Circuits 

A simpli fied sch ma tic diagram of the 
newly cl igned pul generat ing and out­

put circuit is hown in Figure 13. The 

ircuits comprise a bistable multivibra-

3F. D. Lewis, R. ::'I.I. Frazier, ''.-\ r w Type f ariablc 
Delay I.inc," General Radio Experimenter, Vol. 31, No. 5, 
Oc-tobc-r, 1956, pp. 1-

Figure 10. Pulses 
at high repetition 
rates; external tim­
ing. 

(a) 0 . 0 3 µ s e c 
pulse. 3 .3-M c 
timing signal. 

(b) 0.4 µsec pu lse. 
1- M c  t i m ing 
signal. 

(c) Pulses ti med 
by 500-kc sig­
nal. Direct and 
delayed si n e  
w a v e s  a t  
ST A R T  a nd 
ST OP t e rmi­
nals. 
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Figure 11 . A d d­
i n g  n e t w o r k  
for pro ducing 

pulses. 

DIRECT 20111,f SYNC ,..,-••------ti i.------START 

tor, started and stopped by timing 
pulses, a pair of pulse amplifiers, and an 
output stage. The output stage consists 
of a pair of pu h-pull 6550 beam tubes 
driven by a pair of 6AV5's. The cir uits 
from the bistable multivibrator onward 

are push-pull and direct-coupled by a 
unique method in which the loss in gain 

haracteristic of the conventional de 

coupling methods is eliminated. This 
new coupling system uses high-µ. triodes 

a current sources, and makes practical 

an increase in bandwidth of about 3 :1  in 

a cir uit like that in Figure 13. This cir­

cuit can be viewed as a video amplifier 

flat from de to about 25 Mc. 
All stage , including the output tubes , 

work well below their maximum cathode-

Fig u r e  1 2. D o ubl e 
pulses. 

(a) F i r s t  pu l s e, 30 
µsec; 30-µsec delay; 
second pulse, 5 µsec. 
Generator self-timed 
at 10 kc. 

(b) First pulse, 1 µsec; 
1-µsec delay; second 
pu lse, S µsec. 

current and plate-dissipation ratings, 

and all stages in th "on" state operate 
well into the negative grid region, under 

Relf-biased conditions, permitting the 
Rtabilization of plate current during the 
life of the tube. The 6550 output tubes 
supply about 150 ma to th variable 

Rource resistors across which the pulse is 
produced . The common transmission­

line impedan ces of 50, 72, 94, 150, and 

Figure 13. Simplified schemaric of the pulse generat­
ing circuits. 

FE B R U A R Y ,  1 959 

600 ohms are provided internally, and 
any impedance lower than 60'1 ohms can 
be obtained by the connection of an ap­

propriate resistor in parallel with the in­

ternal resistors . Examination of Figure 

13 shows that the pulse of voltage de­

veloped across these resistors contains a 

de component which is negative with 

respect to ground at the output termi­

nals . Only by preservation of the de 
component can pulses of long durations 

at low-impedance levels be delivered to 

the out ide world without deterioration 
of waveform. The de component can be 
changed over about a ± 50-volt range 
by the addi tion at the de-insertion bind­

ing post of either a resistor for n gative 

translation or a de voltage for positive 

translation . 

Pulse amplitude can be changed over a 
decad range by u e of the built-in step­
arnplitud control switch. This wi ch 
reduces pulse amplitude in ten steps. 
Pulse amplitude is stabilized against va­
riations or tran ient in lin voltage. A 
20% chang in lin voltage will produce 
no visible transien in either pulse shape 
or duration , and only a very small long-

-400 -400 @(TUBE NORMALLY "oN") 
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term variation in pulse amplitude, which 

is due entir ly to cathode temperature 

variation with heater-supply voltage. 

Figure 14 consists of unretouched 

photographs of ou tpu pulses under vari­

ou condition . Careful examination of 

these picture for the characteristics of 

ri e time, over hoot, and flatness will 

convey a better feeling for the over-all 

quality of the pul cs produced by this 

g n ra or than can the words used to 

describe them or their specifications. 

T'he reader should note particularly Fig­

ure 14 ( and D) which show the pulse 

appli d dire tly on the d fleeting plate 

of a Tektronix 541 Oscilloscope and the 

'am pul c pa ed through the 53/54-C 

plug-in unit and oscilloscope amplifiers. 

With the 53/54-C plug-in unit this o -

cilloscope ha a rated rise time of 14 mµ 

seconds. 

Summary and Applications 

Since the 'I'YPE 1391-B is such a gen­
eral-purpo e d vice, it is very difficult to 
make a complete li ting of applications. 
To the reader he applications to his 

work will probably be obvious. 

The following 

specialized appli­

cation will help 

to emphasize the 

versatility of this 

new generator: 

Figure 1 4. Pulse wave­
forms; connections di­
rectly to deflection 
plates of Tektronix 
541 Oscilloscope. 
(a) 50-µsec pulse; 
scale 1 0  µsec /cm. 
(b) 0.5-µsec pulse; 0. 1 
µsec/cm. 
(c) Minimum pulse; 
0.1 µsec/cm. 
(d) 0. 1 2-µsec pulse, 
94 0 termination, 0. 02 
µsec/cm. 
(e) Same pulse as in 
(d), passed through 
vertical amplifier of 
oscilloscope. 

1. Use of the input circuits as an 

"and" gate, in which one generator can 

produce bursts of pul es from another. 

This possibility is amply shown on the 

front cover. 
2. The delay and coincidence circuit 

can produce pul e capable of timing 

bursts of high fr quency coherent with 

any frequency within the generator' 

specified range of PRF's. 

3. The linear weep produced at th0 
sweep output terminals can be used to 

produce a multiplicity of pulse , all of 

individually variable duration and delay. 

Use of the amplitude comparator de­
scribed in the January, 1959, Experi­

menter is recommended. 

4. Since the pulse output circuit con­
sists of a current ource and load resistor 

the currents from several 1391-B' an 
be added to produce a very complex 

waveform without the usual adding cir­
cuit; again, note the front cover illu tra­

tion 'vhere the complex waveform do­

veloped by four instruments appear 
across the load resistor of one instru­

ment. 
5. Only the resolution of the bistable 

circuit in the pul e-generator assembly 

establishes an upper limit on th rep ti­
tion rate of this unit. By the us of 

externally timed tart and stop pul es 

or when the pul e is tin1.ed by any other 

external device, the output pulse gen­

erating circuit can be driven at repeti­

tion rates abov 3 Mc. 

6. For the t sting of high-speed com­

puter devices such as flip-flop , eYen 

where the clock rate is in the megacycl 

range, it is usually the pulse-pair re olu­
tion which i of interest. The brief start­

stop pulses used to time the main pul e 

can be continuou ly varied from coinci­

dence to 0.1 second apart and form a u  cful 

pair of signals for such resolution testing. 

-R. w. FRANK 

-
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1 1 F E B R U A R Y ,  1 959 

S PECI F I CATIONS 
Input Synchronizing Signal :  S ign a ls of almost any 
"hap<' w i l l  t rigger t he input t im ing c ircuit . 

Typ ica l input ign a l m in i mum ampl i ud 

( 1 ) ine wave 0. 1 volt , rm . 
(2) Square waves 0.3 volt, peak-to-peak . 
(3) Brief positive pul 1 .0 volt , p ak-to-

peak. 
(4) Brief n egat iv pul c 1 . 0 volt, p ak-t -

peak . 
• witch for a-c or d-c input and triggering 

t hn,�hold ontrols are provi ded . 
Direct Synchronizing Pulse 

Pol n.rity-posi t iv ampl i t ude : 75 vol ts. 
Durat ion : C Y2  a.mpl i t ud ) 1 µ ·ec . 
Out p ut l mp<'d anC'c : 600 ohm. · .  
Rc'pt>t it.ion Rat : Amplitude c·on tant to 3 0 k 
down 20 at 500 kc.  

Time-De lay Circuit 
Rm1gc> : 1 .0 µ.gee to 1 . 1 ec in six ranges. 
DPlny Dial Cal ibration : 1 .00 to 1 1 .00 in 1 000 
d ivi:-;i n . 
Delay Dial Resolution : 1 part i n  00. 
AC'cura<'y : Ab l ute, ± 2 90 of ful l cal , r 
± 3 ;; of scale reading + 0 . 05 µsee, whichever 
is  1 :  rgcr ; i n<'remen tal delay, ± ( 1  /. + .05 µ ec) .  
Maximum PRF : 400 k c .  
Dut y Ratio Effect. · : l..<' · s  than 
dcby for duty ratio up o 60 
end of each rangP, and up to 90 
end of each rang ' ·  

2 0 error in 
, at the 1 w 

a the h igh 

Delayed Synchronizing Pulse Chara eristic : 
Po. · it i v  , 60 v, 1 .0-µsec half-·1mpli ude duration, 
600-ohm athod -fol lower output. 
Stabil ity : 

T i me' J i  ter 
1 0  /c Linc Chang 
Rudden 1 0  Lin 

Tnm.·ient 

Low End 
of Dial 

1 : 1 0,000 
2 : 1 000 

3 : 1 000 
Concidence Circuits 

Gate Duration : 3 to 1 000 ,usec. 

High End 
of Dial 

1 :50,000 
2 : 1 0 ,000 

3 : 1 0 ,000 

Gate Acc uracy :  ± 1 5  or ± 1 µ. , whi h v r 
is l nrg<'r. 

Coincid<'nce driving circuit will  a cept either 
posit ive or negat ive inpu pul ·e · .  ur im­
pcdan e !"hould be low, have rise t i me l ess than 
0 . 2  µSec .  Ampl it ud . between 5 and 20 volt 
a rc a .ceptahle for negat i ve pul. <'." an d betwc n 
1 0  and 1 00 for positiv pul e . 

Sweep Circuit 
, weep Durat ion : 3, 6, 1 2  ,us c with 5-decadc 
m ul t i pl i C'r. 

WC'<'p Linearity : D ,krmined by the accuracy 
of pul e t im ing . On l onger range , wh re im . 
ci<' l ay C'ffcct arc absent,  t he l inearit y  i. better 
t han 1 c -
8wcC'p Ampl itude : Pu. h-pull e a  h phase, 1 35 
Yol t . , nominal . 

at hod<'-Follower output , 1 -µf blocki ng capaci­
t or�. 

,.,. ep Gate Am pl itude :  Pu. h-pull ,  each pha c 
40 v It .� nominal. 
Poi-;it ive ·we p gate i. cathode-follower output 
c i rcuit with a 1 -µf oupling capacitor. Negati ve 

gate i · amplifier output with l-uf blocking 
capacitor. 
Dut Ratio and Repetition Rate Effects : 
Max i m um r petition rat , 3-,uoiec weep, 250 kc. 

Range 

Sweep Time 
x 1 
x 1 0  
x 1 02 
x 1 03 
x 1 04 

M axirnwn Frequency for 
5 o/c  Error i n  weep lope 

3 µ.·cc 6 µ · c 1 2 µsec 
1 50 kc 1 00  kc 60 k · 

1 6  ke 1 2  k c  7 kc 
1 . 6 k c  1 . 2 k 700 c 

1 60 c 1 20 c 70 c 
1 6  ' 1 2 c 7 c 

Pulse Generating Circuit 
Pul ·e Duration : (Tim •d hy Rwe p) 0.025 to 
2.5, 0.05 to 5.0, and 0.05 to 1 0.0 between half 
ampli ud poi nt.', with dC'cadE> m ul tipl iers to a 
max imum of 1 00,000 .u · ·. Pul.·e an be cx­
tcnd<'d to 1 . 1 . eond.  if pul. e i ;� timed by d �l ay 
circuit. 
Pulse Duration Accuracy : Aft<'r .·weep al ibra­
t ion, ± 1 o/c of d ial reading r ± 0.02 0 µsec 
whichever i � t h  larg r. 
Pul c P ition A ·curacy : 0.5 .u c ± 1 % of 
d ial r<'ad ing. 
Pul. ·e Ru e Tim : Wher t he load RLCs is 
n <'gl igibl with r pect to 1 5  x l 0-9 sec the 
rise t ime w i l l  be faster t han 1 5  mµsec. Higher 
l oad impedances or h igher . hunt Cs will  re ult 
in in re d ri tim . 
Ty pi al ri tim . in mµ. ec ar a. · fol low 

Posili1>e Negative 
Load I rnpedance Pulse Pulse 

-------- RiM DPcay R1'-•e Decay 
50 n terminated 
600 n wi h 8 µµf 
oscil loscope probe 

1 5  1 2  1 3  1 5  
40 40 3 38 

over hoots 
approx . 33 

Pul Shap : Over. hoot, and other defect ar 
1 than 3 of pulse ampli ude when the pul 
generator is correctly terminated . Pul e ramp­
off do€ . n t xi , owi ng to dir et oupl ing of 
output i rcuit · .  

Pulse Duty Ratio : Pmih-pull circuit with unity 
duty ratio possible. 
Output Imped an ce : 50, 72, 94, 1 50, 600 o hm , 
al l ± 1 0 . 
Out pu Pul e Ampl i t ud<' : 1 50-ma urr nt 

ource ; vol tag from ach pha e of push-pull 
chann el , 0. 1 5  Zo ±20 . 

Typical nom in al ampl i t udPR, 50 ohm. , 7.5 v ; 
72 ohm. , 1 0  v ;  94 ohm , 1 4  v ;  1 50 ohms, 22 v ; 
600 ohmR 90 v .  

D-C Component I n sertio n :  Bi nd ing po t provided 
fo r t h i  purpose. DC can he moved ±25 volts 
for al l output im ped n c  ex<·<'pt 600 ohms. 
Accessories Supplie d :  I n tC'rconnccting 
T Y PE CAP-35 P wer Cord , 2 TYPE 
Cab l e  C nne t or , par fu e . 

cabl es , 
74-C5 

Other Accessories Ava ila ble: TYPE 1 2 1 9-A Uni 
Pul se mplifier f r high<'r power output . 

Accessories Required: T rigger o ur e ;  practically 
any lab ratory os i l lator of the appropriate 
frequ ncy rang i ud quat ; th TYPE 1 2 1 0-C 
Unit R-C Oscillator is recommended. 
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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 2  

Tube Com plen,ent; G 'nc>rn.tor :  
1 -5963 4-6A "'\.5GA 
l -6 BQ7A. 2- 1 2 B H 7  
3-6U8 5-5965 

-64 5/6AH6W A 2-56 7 
3-6AN5 1 - A2 
6- 1 2AX7 2-6550 

l-6A 8 

Pow e r  Supply 
l -OC3 
1 -fiAK5 
1 -6A. 7 

Power Supply I n put.: ] 05 t o  1 25 (o l' 2 1 0  to 250) 
volts, 50 to 60 cycle-.· 3 5 watt�. 

Type 

Power input r ceptacle will ac ept either 
2-\virc (TYPE CAP-35) or 3-wire (TYPE CAP-
1 5) pnw<'l" f •ord. T w  -wire cord i:; ::;Uppli d .  

Dimensions: Gc'lW n tto r ,  1 9  (width)  x 1 4  ( h  igh t )  
x 1 2 }.1 in  ·hl' · (d('pth) ov0r-all ; Pow r uppl y ,  
1 9  ( \Yidth) x 8% (hC'ight ) x 1 2 },1  ( d  pth ) o ver­
; t l l .  
Net Weig ht: Gt>nPr: tto r ,  30 pound · ;  power upply,  
62 pounds. 

Code Word Price 

1 391 -BM * 
1 391-BR* 

Cabi net Model  ( i nd. Power Supply) . . . . . . . . . .  . E D I F Y  
EBONY 

$ 1 975.00 
1 975.00 Rela y-R ack Model ( incl .  Power Supply) . . . . .  · � .  

*U. 8.  Patent . o. 2 . 54 .4.> . 

A NEW AND IMPROVED VERSION 
BRIDGE OF THE VACUUM-TUBE 

The 'l'YPE 5() 1 Yac u u m-'rube Bridge 

h a  for many y ars been th indu tr 
tandard for d tcrmining to a h igh de­

gree of accuracy th low-fr qu n y co­
effi ien t of vac u u m  tub . I t  me t the 

requirements of th e I RE Standards on 

Ele · ron Tub 1 and ha also proved 
u eful for transistor 1neasurem nts . 

2 H i'>  
ruggedness is  more than adequate fo1 ·  

many produ tion-t s ing application . 

The basic c i rcuitr , devi ed by Dr . 

W. K .  Tuttle,3 repla es the usual resi. -

t ive ratio arm of 

a br idge by low­

i m  p ed a n c e  v o l t ­

age ource from 

transf onner c e -
ond a r i e  . W h i l e' 

ph ase and ampl i­

t ude specificat ion :;.; 

l Standards on Electron 
Tube. : Iethods o f  To>st­
ing,  19 -o.  
2 • G. Bousquet , ' ' Tran­
si-tor l\Iea. urement with 
t h e  Y a c u u 1n - T u b <> 
BridgP," General Radio 
Experim nter , Vol . 2 7 .  
No . 1 0, March , 1 953. 
3W.  N .  Tuttle, " Dynamic 
J\'.Ceasurernent of EleC"tro1 Tub · o fficicnt , " Proc . 
IR E ,  No. 2 1 ,  pp.  44-, .>7 ,  
June, 1933 . 

Pan e l  view of the new 
Type 1 66 1 -A Vac u u m­

Tube Bridge. 
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requ ire c lose manufa t uri ng tol ran 

the novel circuit u fu l l  m t re­

quir men p u l i ar t u b  and ran-

i t or mea ir men Th comm n 

1 trode of the d vi under t t and 

the power suppl ies can all be connected 

to a common grou nd and t h e vol t ag 

drop du e to ele · t rode currents is negl i­

g ible. The br idg i ndi cat d irectly the 

real o mpon n of the coeffici  n t  a 

plate resistance , trans onductance or 

amplificat ion fa tor. Th ou -of-pha e 

component du to int  r le rod apa i-

ance is balanced out wi t ho u t  affecting 

the real com ponen t value.  

Th e basic design has not ch anged in 

uccessi ve model bu t h e m thod of 

·onnec in the d vi und r t t ha oc­

casionally b en mod i fied to adapt to h 

growing l i  of tu b -ba type and to 

tran istor . 

A new and impro ved vcr ion h TYPE 

1 661-A Vacuu m-Tube Bridge in ·orpo­

rate many mall but ign i fican t feat ur 

Th general pan I layout and the 

lopi n g-front ·abin h av be n r tain d .  

The cabine dep t h  ha b n r du ed 

om wh at , bu o her d i men ion are lef 

u n  han ged to perm i t the n e w  bridge o 

be m ounted i n  the ·on ole tha man 

users h ave fou n d  ·on veni n t  for l abora­

tory u e and for prod u · t i  on t t i n  · w i th 

previou model 

Twin Triodes 

Perh ap the ino w lcome new featur 

is a swi tch i ng arrangemen t h a t  permit 

measurement equ n t i a l ly of both sec­

t ions of twin triode , twin pen ode . , 
without th ne d for r nnec i n of t h  

patch cords. T h i  f a ur w i l l  b e  mo 

apprec iated in production t t ing wh r 

formerly t wo-se�t ion t u b  s had t o  b run 

t h rough test t wice becau . e h patch­

cord connection sy t ern wa adequ ate 
only for one ube se t ion at a t ime. 

F E B R U A R Y ,  1 9 5 9  � 

Self-Bias 

Te t \Yi t h  s lf-b i a ing cath ode re i -
tor in th c ircu i ar nO\\' requ i r d for 

e eral tube t p and connection · for 

uch t ts hav h r tofore be n qui t  

difficu l t  to t up. I n  t h  new d 
th pan 1 ,.,,- i tch ha le ·t t h  
sect ion al on ncct 

to a system of three pair of bi nd ing; 

po ts that pcnn i t  the conn cti n of 

self-bias i ng r i. t or. to th eparate 

a hod or to the two cathodes i n  

paral l 1 .  

Tube and Transistor Base Adaptors 

I n  p i t  of h mu ltipli ity f tub and 

transi tor ba e. th bridge ha b n 

kep up to d ate relati vely sjmply be-

·au e an ad aptor pl ate is prov ided f r 

each k ind of ba. ·e .  With the adaptor 

pl ugg in to t he pan 1 ,  th tube elec­

trode can b · nn · t  d to th appropri­

a power- upply and brjdge t rn1 inal 

b mean. of t h  mn doubl hi ld d 
coaxi a l  cables . Fou r  ground d -·onn · t or. 

ha e be n added t i m pl ify th grou nd­

i n  of any t ub erm i n al . The e con­

nectors and two un l'Ou nded onnector. 

pro v i de convenien t  an h r point. to h o ld 

the unused patch ord ecurely ou t of 

t h e  way . The pa t h ord. hav b I 
lengthen d t o in u re that th y w i l l  n o  

i n t  rf r e  w i t h  t h e  envelope o f  a l arg 

ube. 

adaptor plat arrie t hre 

r ran i tor. . One i for 

-30 ba d tran isto r  · a ond 

i for 3- or 4-in-lin J ong-lead tran i or 

(or t ube ) · the th ird is for 3- or 4- i n­

clu t er long-lead t ran i s tor . Ther ar 

now a t otal of thi rt n adaptor plate 

inc lud ing th "uni r al " p late to ' hi h 
an unu u a l  o k t or u b  can b ol­

d red . Th ada ptor plate and oth r 

acces ones are uppli d i n  a onven i n t  

accessory box . 
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Voltage a nd Cu rrent Limits 

The 1 500-Yol t l i m it ha · b en re ained 
a the maximum allowabl "plat " volt­

ag but because of t he growing l ist of rel­

ati v ly high-current tube , th "plate" 

current limit has been rai ed from 1 50 to 

400-m i l l iamperes d . Because som tran­
s istors show a frequency cffec even at 

1 000 cycle the rede!":ign ha extend ed 

t h  op rat i ng frequency to incl u de the 

270 to 400-cycle range i n  add i t ion to t he 

1 000-cycle poi nt .  

Other Changes 

Operation at lov.- r frequ ncie and at 

h igher curr nt ha ne · itated a rede­

ign of the transformer . l\1agneti c 
hielding has been improved by mount­

ing t h e  t ran formers i n  µ-metal shi ld . 
The inp u t  tran former ha been elim­

i nated and the input i mpedance has been 
reduced (550-2 1 00 ohms) . 

A ne"\: osc i l lator and a new filter have 

be n de igned (see below) to provide 

both bridge power and detector selec­

ti vi ty at 270 and 1 000 ·ycle . 

For the resi tanc and tran condu -

tancemea urem nt th r i tan · tand­

ard ha been 1 00,000 ohm . A pan 1 
. wi tch now permit a ·hoi b tween a 
1 0, 000-oh m  and a 1 00,000-ohm tand­

ard. The use of the lower re i tance 

View of storage box, opened to s how accessory 
adaptors and cables. 

standard improve th sensitivity of bal­

ance and the ignal-to-noi e ratio by a 

factor approach ing 1 0  when low "plate 

resi tance" or high " tran onduc tance ' '  

devices are mea ur d. B y  the ame 

token , for a given signal-to-nois ratio 
the range of resi tanc or tran conduc­
tance measurements is extended . 

Many of the new fea ure are the 

direct result of uggest ions from the 

u r of the bridge who, after all ,  are in 

a much better position than is the in-

trument designer to evaluate the vir­

tues and the foibles of the equ i pmen . 
- A . G .  Bo SQUET 

S P EC I F I CATIONS 

Range: Amplification faC"tor (µ) , 0.00 1  to 1 0,000. 
Dynami c i n tcnrnl plat r i ance (rp) , 50 

ohms to 20 megohm . 
Transconductance ( gm) , 0.02 to 50,000 mi­

cromhos. 
Under proper conditions, t h0 above ra1 1g 

C"an h<' Px eeed0d . ThC' vari wi parameter can 
ubo h nwa:-ur d w ith l'C'speC't to vnriou · clc­
rn<'nts, such as 8CJ'C<' l1  grids, Ptr · .  NC'gat i vP as 
we'l l  as posi t i ve val ues C 'an }w mci sured. 

Accuracy: Within ± 2 <'{;,  fo r rcsistanc . (rv 
Rwiteh po i t io 1 1 )  fr m 1 000 to 1 ,000,000 ohms. 
At low r n.nd h igher val ue'. t hC' error i n crC'asei;: . 

The <'X prc"sion µ = rpgm will  c heck to ± 2 %  
\•;hen the quant i t ies arc all mca ur<'d b y  t he 
bridge, and wh 'n rv is bC'twcen 1 000 and 
1 ,000,000 ohms. 

Tube and Transistor Mounting: Adaptors are pro­
vided for 3- and 4-lcad transistors ( including 
.J ETEC 30 ) and for tubes of 4-pin,  5-pi n ,  6-pin,  
.· mall 7-pin,  l arge 7-pin ,  o tal,  l o  tal , miniature 
button 7-pin,  miniature button 9-pin (noval),  
acorn (5- and 7-p in ) ,  flat-press sub-m i n i ature 
up to 7 ·wire� , and 8-wire ··ub-minar. In addi­
t ion , a uni versal adaptor,  with n ine soldering 
lugs, is provided so that unb ased t ransistors, 
unmounted tubei;:, or tube with non- tandard 
bases C"an be mea�ured onv n ientl y .  For hort-
1 ad ·uh-m iniat ure t ube and for tran isto r · ,  
sock t s  are supplied w h i c h  can b mounted on 
the univer al  adaptor. Thu al l tandard com­
mercial re eiving t ubes and transistors can b 
measured . The panel j ack plate and the adap­
t o rs are made of low-lo s (natural ) phenolic, 
r<'ducing to a m i nimum th shunting effect of 
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dielectric losses on the dynam ic re"'i tanc being 
mea ur d. 
C urrent and Vo ltage Ratings:  Maximum allowabl 
plate cunent, 400 ma;  maximum plate voltage, 
1 500 volts. 
Electrode Voltage S u pply: Batteric or oth r suit­
able power upplies are n cssary for pro iding 
th various voltag s required by t he devi e 
und r te t. 
Bridge Source: TYPE 1 2 1 4-E 0 cillator i r com­
rnendcd. 
N u l l  Detector: The TYPE 1 2 1 2-A Unit Null De­
tector '�·ith the T PE 1 95 1 -E Filter is recom­
mend d.  

Type 

F E B R U A R Y ,  1 9 5 9  

Accessories Supplied: Adaptor� as listed above, 
all nee s ary plug-in l ad , and hield d patc-h 
cord for connecting gen rator and d t ctor. 

Mounting:  Th<' ins rum nt i moun d in a hard­
wood cabin t. A wooden torag case is pro­
vided for th adaptor. and 1 ads. Rtorage sp�tee 
i provided for a pare Univer al adaptor, on 
which any type of socket can h pC'rmancntly 
moun ed . 
Dimensions:  (L ng h) 1 Y2 x (width) 1 5 %  
x (height) 1 1  inch »s. 

Net Weig ht: TYPJ.:; 1 66 1 -A weigh.., 40 pounds. 
The acce !:>Ori . uppl icd and h ac es ory box 
weigh 14 pound . 

Code Word Price 
1 66 1 -A Vac u u m-Tube Bridge . . . • . • . . . • • . • • • • • . • • . • . •  B E I GE $975.00 

TYPE 1 21 4-E U N I T OSCI LLATOR 
The TYPE 12 1 4- E  Cni t  0 i l lator was 

designed to m et th bridge-sourc re­
quir m n t  of the TYPE 1 66 1 -A \ a · u  i m­

T u be Bridge describ d above. I t  i mal l ,  

elf-contain d ,  ufficien t ly wel l h ielded, 

adequate i n  power ou pu , an of appro­

priat i mp dan 1 vel . u tput is ava i l­
abl a t  1 000 cycle and a t  the low-audio 

frequency of 2 70 cyc l s, whi ·h i de i r­

able for t t on om t ransi tor . 
Like the other TYPE 1 2 1 4  o" i l lators, 

t h is i nstrum nt in lude a tran former-

1 s power supply, and isolat ion from 
t h e  po\ver l ine is obtained b. indu ct i v  1 .  

coupling t he output c ircu i t  to t he o i lla­

tor tank. 

The i m pedance 1 vel presented by he 
TYPE 1 66 1-A Bridge i in th range of 

550 to 2 1 00 ohm and th po"·er d -

l ivered by a t pical TYPE 1 2 1 4-E over 

t h i s  range i at l east 300 m i l l i watts. 

S P E C I F I CAT I O N S  

Frequency: 270 and 1 000 cycles per s cond. 
A c c uracy: ± 2 % .  
Output: 300 milliwat into 00 ohms. 
O utput I m pedance: Approximately 200 ohm at 
270 ycl s ;  approximately 500 ohms at 1 000 
f'ycles ; both at maximum s tting of output 
control. 
Harm o n i c  Distort i o n :  3 % with 800-ohm load . 

Type 

Power Supply:  1 05 to 1 25 volt. , 50 to 60 cycles. 

Power I n put: 1 wa t. at 1 1 5 volt . 

Accessories S u pplied: par fu cs. 

T u be Com pleme nt: One 1 1 7N7-GT. 

D i m e n s i o n s :  Panel , (width) 4% x (h ight) 5 U  
inche ; dcp h behind panel ,  5 )1 i n  hes. 
Net Weig ht: 4 Yz  pound . 

Code Word Price 
1 2 1 4-E Unit  Oscillator . . . . . . . . . • • . • . . . . • . • • . . . . . . . . .  A • •  AY $75.00 
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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  

TYPE 1 951 - E  FI LTER 
'fh n 1 1  d L r r · m me id d f r 

t he T Y P B  1 · 1 - V a  · 1 1 u m-· 'u�  

is t h e  TYPE 1 2 1 :....-,_ - n i t  � n i l  
[ t i; 

p r 

h ·1. · prov l adeq ua t . . ' i ncl' pr Y i.·ion 

ha.·  h n 1 acl f >r '.... ... 0-eyd ... ratl< n 
of I h ·a ·uwn- t u h  f ri l g< , u 1 w fi l 1· 

ha :--. h l 1  d ,'l rn J t< i nc l t t  IC' t l H  w 
fr J U  ncy. T p 1 ;  l l .j 1 - E  F i l  < r has 

a pan l .,Y i t  • h  
ei ther ".....70 o r  1 
1 . .- L -�\ m i l 
·0 1 1 1 1  < ' t ion · 

mat · h i ng ov 
k i lol m , 5-. 
an l ;) 

p rm p r, ti n , t 
y . . Lik th TY P E  

i n p u t  

J u n e  
of -5 

Th w i t l  a 
apa · i i ve '-·ol  t aO' vi l h  

i m 1 m, t ·hino-. The ind uct >r iH  a 
roi I wi h permal loy shi lding.  .As · 1  

·on.  1 u  n ·e , x t crnal couphnJ:?; i 
hg] l ] an l t h  f i ll.  r · :_  1 h ·om l t o  
t h  jnl  u t  f :o. n u.m p l i fi  "r of mi To \·o l t  

l i t. i v i y wi ! h  u t  i n t r  > u i n  l l ' l  m .  

p i  · k u p .  

S P E C I  F I C A  T O NS 
Freq u e n c y :  2- � l l ld 1 c ul> I < •  Plug, T \  Pl: 74-� K . hi ld 1 Flu� 

TYT•JO: 7 1- 6 da )tor.  
S e c oo d  Harm onic Reiecti o n :  A t  l<·a. i 30 dh. 
A ccessori e s  S u p pllied: t H '  t':t1 ·h  ' �· �: 274-:\1 TI  

D i mens.i o n s :  3 1 2 x 3 :i 4'  x .i �: i n  •h ' , ov r-al l .  
Net We i g ht: 1 3 1  pnunJ • .  

Corle l Vord Pricf' 
I !F l it r • • . • • • • • . • . . . . • • • . . • . . . . . . . . . • . . • • . • . •  r l t R Y  $80.00 

See t h e se a nd m a ny other New Ge n era I R a d i o  stru ments  

a t  

h e  a d i o  E n g i n eeri n g  S how 

B O OT H' S  3302 - 331 2 

N E W  YO R K  C O L I S E U M M A R C H  2 3 - 26 

G ral a clio mp n y  
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