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The output currents from
several Type 1391-B Pulse,
Sweep, ond Time-Delay
Generators can be aodded
to produce very complex
waveforms. This photlo-
graph shows four gener-
ators whose oulputs are
combined to synthesize
across the load resistor of
one generator the wave-
forms shown af the base of
the photograph.
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AN IMPROVED PULSE GENERATOR
WITH 15-MILLIMICROSECOND RISE TIME

The Tyre 1391-B Pulse, Sweep, and
Time-Delay Generator is a general-pur-
pose laboratory tool for the synthesis of
pulse waveforms and for controlling the
oceurrence of those waveforms in time.
The Tyer 1391-A model, originally de-
seribed in 1953, was the result of an
effort to extend the signal generator con-

cept to the field of pulse measurements.

Before this time, pulse generators had
usually either cranky ‘“bread-
boards” or highly specialized (and still
cranky) commercial devices. This new
model refleets both field experience and

|u‘t‘ll

an advance in technology which brings
it nearer to the status of the standard-
signal generator as an accurate, stable,
and dependable laboratory tool.

An outstanding feature of the new
generator is its improved pulse gener-
ating circuit with faster rise time, better

pulse shape, and improved reliability.
Other outstanding characteristics of the
predecessor, Tyer 1301-A,
tained"*. In particular, the following
retained features have been
proved:

1. The instrument produces an output
signal of 0.15 ampere into any impedance
level up to 600 ohms, thus permitting a

are n

im-

wide choice of generator source imped-
ance and pulse amplitude.

2. It produces this output signal di-
rect coupled, so that pulses of any dura-
tion at any impedance level do not
exhibit ramp-off effects.

3. 1t has no duty-ratio restrictions.

4, It permits the user to inject his
own de component.

;JT.,(.-_.E..-.,;, aof the National Electronics Conference. 1553
IR W. Frank, 'A Versatile Generator for Time-Domain

Measurements,” General Rudio Experimenter, Vol. 30, No.
12, May, 1956, pp. 1-13.

Figure 1. Panel view of the Pulse, Sweep, and Time-Delay Generator.
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. GENERAL RADIO EXPERIMENTER 4

Improvements

A completely new principle was used
in the design of the de coupled stages of
the pulse generator and output system
to increase their bandwidths with a con-
sequent reduction in rise time, The im-
proved time makes this pulse
generator compatible with the fastest

rise

standard oscilloscopes.

A future article is planned in which
the theoretieal bandwidth
for these de-coupled pulse circuits will

imerease in

be derived. The decrease in rise time is
better than two-to-one. In this nstru-
ment we chose not to press for the full
theoretical inerease in bandwidth, but
mstead to design circuits of incereased
stability and reliability., Negative-feed-
back principles and reduced plate dissi-
pation (most of the pulse-amplifier tubes
run at less than half their maximum plate
dissipation) make the characteristics of
the pulse essentially independent of tube
aging and line-voltage variations.

In addition to the extensive modi-
fication of the pulse generating and out-
put changes have
been made in the input circuits, and im-
have been made in the
switching system for starting and stop-

system, important
provements

ping the main pulse.

The changes in the input circuit now
permit (1) either ac or de connection
from the external systems to the trigger
cireutt and (2) an adjustment of the
triggering threshold voltage. This in-

= = | soukcE
L = e W S
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.
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Figure 2. View of generotor and power supply.

creases the adaptability of the instru-
ment in laboratory systems, since the
sensitivity for brief pulses can be opti-
mized, the input circuits ean be gated,
and some range of phasing for slowly
varying waveforms can be had. These
possibilities are explored further under
Input Cireuits, below.

A change in the switch which routes
the “start’”” and “stop” triggering pulses
determining the duration of the main
pulse has been made. With this new ar-
rangement it is possible to mix inter-
nally produced pulses with pulses gen-
erated by outside systems or with pulses
produced by the input and delay cirenits
of the Tyer 1391 itself, With the pulse
timed by both the normal system and
the delay circuits, the user ean produce
an acenrately timed double pulse. If ex-
ternally generated pulses are mixed with
those produced internally, multiple
pulses or even pulses having different
repetition rates will be produced by the
pulse-generating circuits.

Figure 3A. System block diogram showing major
circuit groups and their interconnections.
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The newly designed pulse-generating
circuits permit some simplification of
the power-supply eircuitry. Along with
the changes necessary for the new ¢ir-
cuitry, the selenium rectifiers used in the
power supply have been replaced with
silicon types, resulting in a reduction of
volume required for components and
permitting a reduetion in the height of
the power supply panel.

System

The Tyre 1391-B Pulse, Sweep, and
Time-Delay Generator (Figures 1 and
2), as its lengthy name implies, is a com-
bination of three instruments in one. It
consists (Figure 3) of a preeision delay
generator, a saw-tooth sweep generator,
and a pulse generator. A versatile input
cireuit is included, which is capable of
driving the three corresponding genersat-
ing circuits at any recurrence rate from
zero to their maximum eapabilities. The
fiming waveform to set the PRI can be
sine waves, square waves, or pulses, and
it can be provided either by a periodie
signal source such as the General Radio
Tyer 1210-C Unit R-C' Oscillator, or by
a one-shot, or random, change in voltage.
Alternatively, an output signal from the

AMPLITUDE

PRF
DRIVE
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generator can be fed baek into the input
terminal to provide a timing period set
by the internal cirenits themselves. Used
in this way, the instrument is a self-
contained timing generator of good ae-
curacy and stability.

To provide for the utmost in applica-
bility, many input and output terminals
and switehes permit interconnection of
the major units among themselves and
to and from external civenitry. These
conneetions and switching are shown in
Figure 3 and will be discussed in connee-
tion with the individual cireuit groups
helow,

Input Circuits

The input cireuits (Figure 4) provide
a triggering pulse to initiate the action
of the various circuit systems comprising
the generator. They also provide a mas-
ter synchronizing pulse to synchronize
other equipment with the generator.
These triggering signals are nearly in-
variant in slope and duration, irrespee-
tive of the slope and amplitude of the
driving signal.

The new input switeh and de threshold
control make it possible to select either
positive-going or negative-going portions
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Figure 3B. Timing diogram
for the complete system.
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is connected to the input terminals in  weeas[[— P e
addition to the normal driving signal. e jk fele
The pedestal thus added can, depending —
upon its polarity, either enable or disable @il oot iy
. . O e - X R Tl eeT e i i S
the input eireuit. This operation permits e T 'F‘:“—E" o
the const l'lltjill‘nrl of very complex timing e A
sequences like part of those shown on —
MICROSECONDS
DEL.RANGE DEL. CONTROL.
(Left) Figure 5A. Block
URECT DELAY RESET diagram of the del
Lmen Y c%%.‘l‘;,‘_ M_=~| sweep A AMPLITUDE pos TRIGGER Al e cireuits X
INPUT START| BISTABLE GENERATOR COMPARATOR AMPLIFIER i
SYNC GATE
iz i BELAY DETEY TRIDGER (Above) Figure 5B. Da-
COINGIDENCE NCE DEL AYED TRIGGER TO SWEEP lay-cirevit timing. (Top)
@’amzomnm‘@’ SEWYM" Y Coincidence circuil set
for normal operatian.
31000 p8€C [/ = | coivcipEnce] ?5';;;3 T | oewsme (Center) Multiple-pulse
MONOSTABL AMPLIFIER N [eEneRaToR AMP. 8 C.F. DELATED timing. (Bottom) Delay
SAFE I\ circuit used as a prf
A divider,
COINT [ I g
DRIVE @ Pos.
COINC. DEL. SYNC @
@R—ﬁ PULSE MONITOR PANEL
INVERTER INDIC ATOR

&
ﬂ DIRECT TRIGGER L_IP“
DRIVE POS, GDING DELAY CIRCUIT
0.2us
s weur | | seamrr [T w PULSE DIRECT
-@ IAMPLIFIER CIRCUIT =1 FORMING |—1 syNe [—© , DELar
= ey CIRCUIT Y AMP.B CF. M-mc
ouT
9 g UNEGATWE
=, I GOING <
‘ % sweep Tmlssa =
L < DELAYED
Figure 4. Block diagram of the inpul circuits. DIRECT DELAYED TRIGGER
TO SWEEP
CIRCUIT

of the input signal to trigger the syn-
chronizing circuits. The switeh couples
the input signal either direetly or capaci-
tively to the trigger circuits, and the
threshold control selects, over a limited
range, the actual voltage at which the
trigger cireuits will fire. This control en-
ables the user to optimize the sensitivity
to imput pulses of either polarity and to
initiate the trigger at voltages corre-
sponding precisely to the zero erossings
of any waveform.,

The cover photograph illustrates a
unique and important feature of the new
input circuits. The input eireuits them-
selves serve as a very efficient “and”
gating circuit, which can, for instance,
be usged to produce pulse bursts, Another
Tyer 1391 Generator (or any other de
coupled source of pulses, for that matter)

the cover, in which, for example, a
“yertical’ blanking pedestal will auto-
matically inhibit the formation of “hori-
zontal’” synchronizing pulses.

Delay Circuits

The direct trigger initiates the opera-
tion of the delay cireuits (Figure 5),
which normally produce the delayed
synchronizing pulse at an accurately
controlled time after the direct syne
pulse. This time interval can be varied

oinger
g_:}:'stt..\_k_.kll}_lk_ty.l.\hkllikl

g e e T e g

BATE
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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 +39; over the entire
range, The usefulness of the 1-usec-to-1-
second delay cireuit is inereased by the
3= to 1000-usec coincidence gate system
(Figure 5B). Through the use of this
circuit, multiple pulses, precision delays,
and accurate delay-eircuit calibration
can be accomplished. The similar eircuits

Ty
ELECTRONIC
KEYER VEWT ®0

wiR

A el
Figure 7. Block diagram of system for generating tone
bursts.
of the 1392-A Time-Delay Generator
were discussed both in theory and in
application in the Deeember, 1958, Ez-
perimenter, The system, shown in Figure
3, breaks down the various functions of
gating, generation, amplitude
comparison, and reset of the gating cir-

sweep

cuits in such a way that accuracy, sta-
bility, and resolution are all assured.
One example of the versatility of the
delay svstem is shown in Figures 6 and
7. The output pulse is made coherent
with a high frequeney to produce tone

bursts.

Sweep Circuits
The primary function of the sweep
generator 18 to time the pulse both in

FEBRUARY, 1959

Figure 6. Coherent
tone bursts.

(o) 200-ke signal
10-kc burst
rate.

(b} 1-Mc signal
10-kc rate.
(e} 5-Mc signal:
note increased
crosstalk in
keyer; note
alse absence
of swilching
transients.
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duration and delay relative to the direct
synchronizing pulse or the delayed syn-
chronizing pulse, either of which can be
used to start the sweep circuits. The
sweep-generating circuits as shown in
FFigure 8 consist of a histable gate, “boot-
strap,” linear sweep cireuit, amplitude
comparator, and resetting circuits. The
push-pull, linear, saw tooth produced by
this group of circnits is fed at 135-volt
amplitude through isolating cathode fol-
lowers to output terminals for use with
external systems. Positive and negative
gate pulses corresponding in time to the
start and the stop times of the sweep are
also provided at outpuf terminals. The
duration of the sweep is nominally 3, 6,
or 12 psecs with a five-decade multiplier
so that the longest sweep is (.12 second.

Pulse Timing

The sweep circuits drive the pulse-
timing cireuits which comprise a pair of
amplitude comparators used to start and
to stop the output pulse. The principles
of pulse timing are shown in Figure 9.

POS
£ —J—_.G-L ) GATE
b GATE =
- = NEG
sgcp 1|1:<L AMP-C.F =T E:*r
afaya
— . R |
= = A POSITIVE pos
FROM SwEEP T sweer L1 sweze UTPUT L © swiEr
SWEEF —y~ BISTABLE RATOH C.F | CF J‘ =
TRIGGER GATE | J
SWITCH N T | T 3 2
START LN N
. NEGATIVE NEG
Figure 8. Block diagram CLAMP INVERTER ouTPUT 0 sweer
of sweep circvits. ¥

RESET TRIGGER |AMPLIFIER

SWEEF
AP TUDE =19 -/LOS R
COMP, P SWE!
'“" L TO PULSE
TIMING CIRCUITS

@
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The pulse-timing amplitude-compari-
son circuits are followed by trigger-form-
ing circuits which produce high-speed
pulses to start and stop the pulse genera-
tor. Between the amplitude-comparison
circuits and the trigger-forming circuits
switching is inserted to provide:

(1) Normal operation, in whieh the
amplitude comparators delay the pulse
and time its duration relative to the
sweep as described above. In this posi-
tion the trigger pulses, which correspond
to “start” and “stop’ time, are fed to
front-panel binding posts labeled “start”
and “stop,” respectively.

(2) Means to start and stop the pulse
generator using externally generated and
timed signals.

(3) For the addition of both internally
produced and externally generated tim-
ing gignals to start and stop the pulse.

These three possible methods of driv-
ing the pulse generating circuits contrib-
ute to the versatility of the instrument.
In normal operation, the start-and-stop
triggering pulses available at the trigger-
pulse output terminals can be used for
making time measurements in external
svstems, for checking flip-flop resolution,
ete. In (2) above, the application of m
external signal will permit the pulse gen-
erator to be operated rates far in
excess of the 250-ke maximum repetition
rate set by the 3-usec sweep in the self-
contained timing system. Using a Gen-
eral Radio Tyee 1330-A Bridge Oscilla-
tor (10 volts at 3 Me) and Typre 314-5806
Delay Line,” for example, it is possible
to produce pulses at repetition rates up
to about 3 Me (Figure 10).

With the pulse triggering switch set

)
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 :
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Figure 9. Block diagram
of pulse timing and oul-

! put circuils.
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asin (3) above, any number of start-and-
stop pulses can be superimposed upon
those generated internally. As a particu-
lar example of this application, the gen-
erator becomes a useful tool for generat-
ing pulse pairs.” By addition of the di-
rect and delayed synehronizing pulses fo
the internally produced timing pulses
with the network shown in Figure 11, ¢
double pulse having the following char-
acteristies can be produced:
1. First pulse duration,
second.

1 psec to 1

2. Delay between first and second
pulse, 0.25 gsec to 0.1 second.
3. Duration of second pulse, 0.025

psee to 0.1 second.
Pairs of pulses produced by this method
are shown in Figure 12,

Pulse Generating and Output Circuits

A simplified schematic diagram of the
newly designed pulse generating and out-
put eircuit is shown in Figure 13. The
cirenits comprise a bistable multivibra-

D. Lewis, R.
v Tine,"” Ganernl Radio Lxperimenter, ¥
wher, 10481, po. 1-50

M. Frazier, "'A New Type of V |r|'|hl{
Vul. 31, No.

Figure 10. Pulses
at high repetition
rates; external lim=
ing.

(@) 0.03 pusec
pulse. 3.3-Me
timing signal.

(b) 0.4 usec pulse.
1-Mc timing
signal.

(c) Pulses timed
by 500-ke sig-
nal. Direct and
delayed sine
woves al
START and
STOP termi=
nals.
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Figure 11, Add- DIRECT SOt
ing netwerk s".”c__.__ﬁﬂ_.s-mm-
for producing OELAYED
pulses. SYNC mrl" aTop
100ph IN34A

-nl
,.“I

tor, started and stopped by timing
pulses, a pair of pulse amplifiers, and an
output stage. The output stage consists
ol a pair of push-pull 6550 beam tubes
driven by a pair of 6AV3S's, The circuits
from the bistable multivibrator onward
are push-pull and direct-coupled by a
unique method in which the loss in gain
characteristic of the conventional de
coupling methods is eliminated. This
new coupling system uses high-u triodes
as current sources, and makes practical
an inerease in bandwidth of about 3:1 in
a circuit like that in Figure 13, This cir-
cuit can be viewed as a video amplifier
flat from de to about 25 Me.

All stages, ineluding the output tubes,
work well below their maximum cathode-

Figure 12. Double
pulses,

(a) First pulse, 30
usec; 30-usec delay;
second pulse, 5 usec.
Generotor  self-timed
at 10 ke.

(b) First pulse, 1 usec;
1-usec delay; second
pulse, 5 usec.

current and plate-dissipation ratings,
and all stages in the “on’ state operate
well into the negative grid region, under
self-biased conditions, permitting the
stabilization of plate current during the
life of the tube. The 6550 output tubes
supply about 150 ma to the variable
source resistors across which the pulse is
produced, The common transmission-
line impedances of 50, 72, 94, 150, and

Figure 13. Simplified schematic of the pulse general-
ing circuits.

FEBRUARY, 1959 .

600 ohms are provided internally, and
any impedance lower than 600 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 outside world without deterioration
of waveform. The de component can be
changed over about a = 50-volt range
by the addition at the de-insertion bind-
ing post of either a resistor for negative
translation or a de voltage for positive
translation.

Pulse amplitude ean be changed over a
decade range by nse of the buili-in step-
amplitude control switch. This switch
reduces pulse amplitude in ten steps.
Pulse amplitude is stabilized against va-
riations or transients in line voltage. A
209 change in line voltage will produce
no visible transient in either pulse shape
or duration, and only a very small long-

12axT ‘
—W——
-400 L

I€ET
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term variation in pulse amplitude, which
is due entirely to cathode temperature
variation with heater-supply voltage.
Figure 14 unretouched
photographs of output pulses under vari-

consists of

ous conditions. Careful examination of
these pictures for the characteristies of
rise time, overshoot, and flatness will
convey a better feeling for the over-all
gquality of the pulses produced by this
generator than can the words used to
describe them or their specifications.
The reader should note particularly Fig-
ure 14 (C and D) which shows the pulse
applied directly on the deflecting plates
of a Tektronix 541 Oscilloscope and the
same pulse passed through the 53/54-C
plug=in unit and oscilloscope amplifiers,
With the 53/54-C plug-in unit this os-
cilloscope has a rated rise time of 14 my

seconds.

Summary and Applications

Sinee the Typr 1391-B is such a gen-
eral-purpose device, it is very difficult to
make a complete listing of applications.
To the reader the applieations to his
work will probably be obvious.

The following
gpecialized appli-
eations will help
to emphasize the
versatility of this
new generator:

Figure 14. Pulse wave-
forms; conneclions di-
rectly to deflection
plates of Tekironix
541 Oscilloscopa.

(@) 50-usec pulse;
seale 10 psec/cm.
(b} 0.5-usec pulse; 0.1
usec/cm.

(e} Minimum pulse;
0.1 psec/em.

(d) 0.12-usec pulse,
94 (] termination, 0.02
psec/em.

(e) Same pulse @s in
(d), pessed through
vertical amplifier of
oscilloscope.

IET
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1. Use of the input circuits as an
“and’ gate, in which one generator can
produce bursts of pulses from another.
This possibility is amply shown on the
front cover.

2. The delay and coincidence circuits
ean produce pulses capable of timing
bursts of high frequency coherent with
any frequency within the generator’'s
specified range of PRF's.

3. The linear sweep produced at the
sweep output terminals can be used 1o
produce a multiplicity of pulses, all of
individually variable duration and delay.
Use of the amplitude comparator de-
seribed in the January, 1959, Erperi-
menter is recommended.

4. Since the pulse output eircuit con-
sists of a eurrent source and load resistor,
the currents from several 1301-B's can
be added to produce a very complex
waveform without the usual adding eir-
cuit; again, note the front cover illustra-
tion where the complex waveform de-
veloped by four instruments appears
across the load resistor of one instru-
ment.

5. Only the resolution of the bistable
cireuit in the pulse-generator assembly
establighes an upper limit on the repeti-
tion rate of this unit. By the use of
externally timed start and stop pulses,
or when the pulse is timed by any other
external device, the output pulse gen-
erating circuit can be driven at repeti-
tion rates above 3 Me,

6. For the testing of high-speed com:
puter devices, such as flip-flops, even
where the c¢lock rate is in the megacycele
range, it is usually the pulse-pair resolu-
tion which is of interest. The brief start-
stop pulses used to time the main pulse
can be continuously varied from coinei-
denceto0. 1 second apart and formauseful
pair of signals for such resolution testing,

—R. W. Fraxnk

IET LABS, INC inthe GenRad tradition
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SPECIFICATIONS

Input Synchronizing Signal: Signals of almost any
sh%u- will trigger the input timing circuits.
ypical input signal minimum amplitudes
el
(1) Bine wave 0.1 volt, rms,
(2) Square waves 0.3 volt, penk-to-peak.
(3) Briel positive pulse 1.0 volt, peak-to-

seak.
(4) ‘irir-f negative pulse 1.0 volt, peak-to-

peak.
Switeh for a-¢ or d-c input and triggering
threshold controls are provided.

Direct Synchronizing Pulse
Polarity-positive amplitude: 75 volts,
Duration: (15 amplitude) 1 psee,

Output Tmpedanee: 600 ohms.
Repetition Rate: Amplitude constant to 300 ke;
down 207, at 500 ke.

Time-Delay Circuit
Range: 1.0 usee to 1.1 see in six ranges,
Delay Dinl Calibration: 1,00 to 11,00 jn 1000
divisions.
Delay Dinl Resolution: 1 part in 8800.
Accuracy: Absolute, 29 of full seale, or
437 of scale reading 4 0.05 usec, whichever
is lavger; ineremental delay, 017, 4+ 085 psec).
Muximum PRF: 400 ke.
Duty Ratio Effects: Less than 29, error in
delay for duty ratios up to 6077, at the low
end of each range, and up to 90°7 at the high
end of each range.
Delayed Synehronizing Pulse Characteristics:
Positive, 60 v, 1.0-gsec half-nmplitude duration,
G00-0hm eathode-follower output.

Stability:
Low End | High End
of Dial | of Dial
Time Jitter 1:10,000 1:50,000
107 Line Change 2:1000 2:10,000
Sudden 1057, Line
Transient 3:1000 3:10,000

Concidence Circuits
Gate Duration: 3 to 1000 psec.
Cate Acenracy: 215 or £1 psee, whichever
is larger.

Coincidence driving eireuit will aceept either
positive or negative input pulses. Source im-
pedance should be low, Eﬁ\'i‘ rise time less than
0.2 psee. Amplitudes between 5 and 20 volts
are neceptable for negative pulses, and hetween
10 and 100 for positive pulses.

Sweep Circuit
Sweep Duration; 3, 6, 12 gsee with S-decade
multiplier.
Sweep Linearity: Determined by the aceuracy
of pull»-u' timing. On longer ranges, where time
delay effeets are absent, the linearity is hetter
than 19;.
Sweep Amplitude: Push-pull, each phase, 135
volts, nominal.
Cathode-Follower output, 1-xf blocking eapaci-
Lirs,
Sweep Gate Amplitude: Push-pull, each phase
40 volts nominal.
Positive sweep gate is cathode-follower output
circuit with a 1-uf coupling eapacitor. Negative

gate is amplifier output with I-uf blocking

capacitor,
Duty Ratio and Repetition Rate Effects:
Maximum repetition rate, 3-psie sweep, 250 ke.

' Mazimum Frequency o

Range | 3% Errar in Sweep Slope

Sweep Time ‘_ 3 psee | B psec | 12 psec
x1 | 150 ke | 100 ke B0 ke
% 10 16 ke 12 ke 7 ke
% 102 1.6 ke 1.2 ke | 700c
x 103 160 ¢ 120 ¢ 70 ¢
X 10% Cidfss 1 120y ) 7

Pulse Generating Circuit

Pulse Duration: (Timed by sweep) 0.025 to
2.5, 0.05 to 5.0, sand 0.05 to 10.0 between half
amplitude points, with decade multipliers to a
maximum of 100,000 wsee. Pulse ean be ex-
tended to 1.1 seconds if pulse is timed by delay
cirenit,

Pulse Duration Aceuracy: After sweep calibri-
tion, =19 of dial reading or 0029, psee
whichever is the lurgoer,

Pulse Position Accurney: 0.5 psee 19 of
dial reading.

Pulse Rise Time: Where the load RzCgs is
negligible with respeet to 15 x 109 see, the
rise time will be faster than 15 musee. Higher
load impedances or higher shunt Cg will result
in increased rise time.

Typical rise times in musee arc as follows:

Positive  Negative
Load Impedance  Pulse Pulse
—— ___[Rise Decuy | Fire Docay |
50 2 terminated 15 12 13 15 | overshoots
GO0 2 with 8 wuf | 40 40 38 38 [|approx. 39,
oseilloseope probe|

Pulse Shape: Overshoots and other defeets are
less than 357 of pulse amplitude when the pulse
generator is correetly terminated. Pulse ramp-
off does not exist, owing to direct eoupling of
output eircuits.

Pulz¢ Duty Ratio: Push-pull circuit with unity
duty ratio possible.

Output Tmpedance: 50, 72, 04, 150, 600 ohms,
all £10%.

Output Pulse Amplitude: 150-mn  current
source; voltage from each phase of push-pull
channel, 0.15 Zg 4207,

Typieal nominal amplitudes, 50 ohms, 7.5 v;
72 ohms, 10 v: 94 ohins, 14 v; 150 ohms, 22 v;
600 ohms, 90 v,

D-C Component Insertion: Iinding posts provided
for this purpose. DC can be moved =425 volts
for all output impedance exeept 600 ohms,

Accessories  Supplied: [uterconnecting eables,
Tyre CAP-35 Power Cord, 2 Tyer 874-C58
Cable Connectors, spare fuses,

Other Accessories Available: Typre 1210-A TUnit
Pulse Amplifier for higher power output.
Accessories Required: T'rigger source; practically
any laboratory oscillator of the appropriate
frequency range is adequate; the Tyre 1210-C
Unit R-C Oseillator is recommended.
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Tube Complen.ent: Generator:

1-5963 4-6AVSGA 1-6AUS
1-6BQTA 2-12BH7

3618 5-5065 Power Supply
8-6485 GAHGWA W87 1-0C3
3-6ANS I-HAKS

26550

6-12AX7 1-6AS7

Power Supply Input: 105 to 125 (or 210 to 250)
valts, 50 to 60 cyecles, 385 watts.

GENERAL RADIO EXPERIMENTER 12

Power input receptacle will accept either
2-wire (Type CAP-35) or 3-wire (Type CAP-
15) power cord. Two-wire cord is supplied.
Dimensions: Generator, 19 (width) x 14 (height)
x 1214 inches (depth) over-all; Power Supply,
19 (width) x 835 (height) x 1215 (depth) over-
all.

Net Weight: Generator, 30 pounds; power supply,
62 pounds.

Type Code Word Priee
1391-BM* Cabinet Model (incl. Power Supply). . ......... EDIFY £1975.00
1391-BR” Relay-Rack Medel (incl. Power Supply) EBONY 1975.00

*U. 8. Patant No. 2,348 458

A NEW AND IMPROVED VERSION
OF THE VACUUM-TUBE BRIDGE

The Tyep 361 Vacuum-Tube Bridge
has for many years been the industry
standard for determining to a high de-
gree of accaracy the Im\'—frl‘qm'11t'_\‘ co-
efficients of vacuum tubes. It meets the
requirements of the IRE Standards on

IET
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Ilectron Tubes' and has also proved
useful for transistor measurements.” Its
ruggedness is more than adequate for
many production-testing applications.
The basic cireuitry, devised by Dr.
W. N. Tuttle,” replaces the usual resis-
tive ratio arms ol
a bridge by low-
impedance volt-
age sources {rom
transformer
ondaries. While
phase and ampli-
tude specifications

sec-

15tandurds on  Fleotrim
Tubes: Methods of Test-
ing, 1950,

2A. . Bousquet, "*Tran-
sistor Measurements with
the Vacuum - Tuhe
Bridge," General Radio
Erperimenter, Vol. 27
Na, 10, March, 19
3W. N. Tuttle, "' Dyx
Measurement of 1
Tube Cocfficients,” Proe
IRE, No. 21, pp. 844-8
June, 1933.

Panel view of the new
Type 1661-A Vacuum-
Tube Bridge.
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require close manufacfuring tolerances,
the novel cireuit successfully meets re-
quirements peculiar to tube and tran-
sistor measurements. The common
electrode of the deviee under test and
the power supplies can all be connected
to a common ground, and the voltage
drop due to electrode currents is negli-
gible. The bridge indicates directly the
real component of the coefficient as
plate resistance, transconductance, or
amplification factor. The out-of-phase
component due to interelectrode capaci-
tance is balanced out without affecting
the real component value.

The basic design has not changed in
successive models, but the method of
connecting the device under test has oe-
casionally been modified to adapt to the
growing list of tube-base types and to
transistors.

A new and improved version, the Typr
1661-A Vacunm-Tube Bridge, mcorpo-
rates many small but significant features,

The general panel layout and the
sloping-front cabinet have been retained.
The eabinet depth has been reduced
somewhat, but other dimensions are left
unchanged to permit the new hridge to
be mounted in the consoles that many
users have found eonvenient for labora-
tory use and for production testing with
previous models.

Twin Triodes

Perhaps the most welcome new feature
is a switching srrangement that permits
measurement sequentially of both see-
tions of twin triodes, twin pentodes, ete.,
without the need for reconnection of the
patch cords. This feature will be most
appreciated in production testing where
formerly two-seetion tubes had to be run
through test twiece because the patch-
cord connection system was adequate
only for one tube section at a time.

IET
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Self-Bias

Tests with self-hiasing cathode resis-
tors in the circuit are now required for
several tube types, and connections for
such tests have heretofore been quite
difficult to set up. In the new desigu,
the panel switch that selects the tube
section  also  connects  the cathodes
to a system of three pairs of binding
posts that permit the connection of
self-biasing resistors to the separate
cathodes or to the two cathodes in
parallel.

Tube and Transistor Base Adaptors

In spite of the multiplicity of tube and
transistor bases, the bridge has been
kept up to date relatively simply, be-
canse an adaptor plate is provided for
each kind of base. With the adaptor
plugged into the panel, the tube elec-
trodes can be conmected to the appropri-
dte power-supply and bridge terminals
by means of the nine donbly shielded
coaxial cubles, Four grounded connectors
have been added to simplify the ground-
ing of any tube terminals, These con-
nectors and two ungrounded connectors
provide convenient anchor points to hold
the unused pateh cords securely out of
the way. The pateh cords have been
lengthened to insure that they will not
interfere with the envelope of a large
fube.

A new adaptor plate carries three
sockets  for transistors. One is for
JETEC-30 based transistors; a second
is for 3- or 4-in-line long-lead transistors
(or tubes); the third is for 3- or 4-in-
cluster long-lead transistors, There are
now a total of thirteen adaptor plates
including the “universal” plate to which
any unusual socket or tube can be sol-
dered. The adaptor plates and other
accessories are supplied in a convenient
accessory box.

www.ietlabs.com
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Voltage and Current Limits

The 1500-volt limit has been retained
as the maximum allowable “plate” volt-
age but, because of the growing list of rel-
atively high-current tubes, the “plate”
current limit has been raised from 150 to
400-milliamperes de. Because some tran-
sistors show a frequency effeet even at
1000 eyeles, the redesign has extended
the operating frequency to include the
270 to 400-cycle range in addition to the
1000-cycle point.

Other Changes

Operation at lower frequencies and at
higher currents has necessitated a rede-
sign  of the transformers, Magnetic
shielding has been improved by mount-
ing the transformers in g-metal shields.
The input transformer has been elim-
inated and the input impedance has been
reduced (550-2100 ohms).

A new oscillator and a new filter have
been designed (see below) to provide
both bridge power and detector selec-
tivity at 270 and 1000 eyveles,

For the resistance and transconduc-
tance measurements, the resistancestand-
ard has been 100,000 ohms. A panel
switch now permits a choice between a
10,000-0hm and a 100,000-0hm stand-
ard, The use of the lower resistance

View of storage box, opened to show accessory
adapters and cables.

standard improves the sensitivity of bal-
ance and the signal-to-noise ratio by a
factor approaching 10 when low “plate
resistance’” or high “transconductance’
devices are measured, By the same
token, for a given signal-to-noise ratio
the range of resistance or transconduc-
tance measurements is extended.

Many of the new features are the
direct result of suggestions from the
users of the bridge who, after all, are in
a much better position than is the in-
strument designer to evaluate the vir-
tues and the foibles of the equipment.

- A. G. Bousquer

SPECIFICATIONS

Range: Amplification factor (u), 0.001 to 10,000,

Dynamie internal plate resistance (rp), 50
ohms to 20 megohms,

Transconductanee (gmi, 0.02 to 50,000 mi-
cromhos.

U'nder proper conditions, the above ranges
can he ¢xeeeded. The various parameters can
also. be measured with respect to various cle-
ments, such a8 sereen grids, ete. Negative as
well s positive values can be measured.

Accuracy: Within 27 for resistunces (rp
switeh position) from 1000 to 1,000,000 ohms.
At lower and higher values the error increnses,

The expression u = rpgm will check to 229
when the quantities are all measured by the
bridge, :uu‘i when rg is between 1000 and
1,000,000 ahims.

Tube and Transistor Mounting: Adaptors are pro-
vided for 3- and 4-lead transistors (inrluging
JETEC 30) and for tubes of 4-pin, 5-pin, 6-pin,
small 7-pin, large 7-pin, octal, |lm-tn|. miniature
button 7-pin, miniature button 9-pin (noval),
acorn (5 and T-pin), Aut-press sub-miniature
up to 7 wires, and 8-wire sub-minar. In addi-
tion, 4 universal adaptor, with nine soldering
lugs, is provided so that unbased transistors,
unmounted tubes, or tubes with non-standard
bases can be measured conveniently. For short-
lead sub-miniature tubes and for transistors,
sockets are supplied which can be mounted on
the universal adaptor. Thus all standard com-
mereial receiving tubes and transistors can be
measured. The panel jack plate and the adap-
tors are made of low-loss (natural) phenolic,
reducing to & minimum the shunting effect of

IE€T
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diclectric losses on the dynamie resistance being
mensured.

Current ond Voltage Ratings: Muaximum allowable
plate current, 400 ma; maximum plate voltage,
1500 volts.

Electrode Voltage Supply: Batteries or other suit-
able power supplies are necessary for providing
the various voltages required by the deviee
under test,

Bridge Source: T'yre 1214-E Oscillator is recom-
mended.

Null Detector: The Tyre 1212-A Unit Null De-
tector with the Tyee 1951-E Filter is recom-
mended.

Type

FEBRUARY, 1959

Accessories Supplied: Adaptors as listed above,
all necessary plug-in leads, nnd shielded pateh
cords for conneeting generator and detector.

Mounting: The instrument is mounted in a hard-
wood eabinet. A wooden storage case is pro-
vided for the adaptors and leads. Storage space
is provided for a spare Universal adaptor, on
which any type of socket ean be permanently
mounted.

Dimensions: (Length)
x (height) 11 inches.
Net Weight: Tyre 1661-A weighs 40 pounds.
The secessories supplied and the accessory hox
weigh 14 pounds,

1815 x (width) 15%

Corde Word Price

1661-A

| Vacuum-Tube Bridge. . .........co0vnvnnvanas |

PEIGE | $975.00

TYPE 1214-E UNIT OSCILLATOR

The Type 1214-E Unit Oscillator was
designed to meet the bridge-source re-
quirements of the Type 1661-A Vacuum-
Tube Bridge deseribed above, 11 is small,
self-contained, sufficiently well shielded,
adequate in power output, and of appro-
priate impedance level. Output is avail-
able at 1000 eycles and at the low-andio
frequency of 270 eyeles, which is desir-
able for tests on some transistors,

Like the other Type 1214 Oscillators,
this instrument includes a transformer-
less power supply, and isolation from
the power line is obtained by inductively
coupling the output circuit to the oscilla-
tor tank.

The impedance level presented by the
Typr 1661-A Bridge is in the range of
550 to 2100 ohms, and the power de-
livered by a typieal Type 1214-E over
this range is at least 300 milliwatts.

SPECIFICATIONS

Frequency: 270 and 1000 cycles per second.
Acevracy: =27

Qutput: 300 milliwatts into 800 ohms.

Output iImpedance: Approximately 200 ohms at
270 eyeles; approximately 500 ohms at 1000
cyeles; both at maximum setting of output
control.

Hormonic Distortion: 37 with 800-0hm load.

Powar Supply: 105 to 125 volts, 50 to 60 cyeles,
Power Input: 16 watts ot 115 volts.

Accessories Supplied: Spare fuses,

Tube Complement: One 11ITNT-GT,

Dimensions: Pmn'l._ (width) 434 x (height) 514
inches; depth behind panel, 515 inches.

Net Weight: 414 pounds.

Type Code Word Price
T IEAE T T T I e N Ry i PUE | ASSAY | s75.00
@'
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TYPE 1951-E FILTER

The null detector recommended for
the Tyee 1661-A Vacuum-Tube Bridge
is the Tyre 1212-A Unit Null Detector.
It is essentially a three-stage amplifier
with the null indicated on a panel meter.
The response is quasi-logarithmie. For
maximum sensitivity and selectivity, it
is suggested that an impedance-match-
ing filter be placed between the bridge
and the amplifier. For 400- and 1000-
cyele operation, the Type 1951-A Filter
has proved adequate. Since provision
has been made for 270-cyele operation
of the vacuum-tube bridge, a new filter
has been designed to include the new
frequency. The Typr 1951-E Filter has

a panel switch to permit operation at
either 270 or 1000 cyeles. Like the Tyree
1951-A model, it provides four input
connections for optimum impedance
matching over the nominal ranges of 0-5
kilohms, 5-50 kilohms, 50-300 kilohms,
and 500 kilohms and higher.

The filter is a tuned circuit with a
capacitive voltage divider to provide the
impedance matching. The inductor is a
toroid with permalloy shielding. As a
consequence, external coupling is neg-
ligible and the filter can be connected to
the input of an amplifier of microvolt
sensitivity without introducing spurious
pickup.

SPECIFICATIONS

Frequency: 270 and 1000 eyeles,
Sacond Harmenie Rejection: At least 30 dh.
Accessories Supplied: One cach Tyer 274-MB
Type
1951-E |

Double Plug, Tyee 274-NK Shielded Plug

Tyre 874-Q6 Adaptor.

Dimensions: 315 x 39, x 43¢ inches, over-all

Net Weight: 1%, pounds.
Conle Word Price

| FURRY | $80.00

See these and many other New General Radio Instruments

at

The Radio Engineering Show

BOOTHS 3302 — 3312

NEW YORK COLISEUM

MARCH 23-26
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