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NEW PULSE AMPLIFIER INCREASES UTILITY

OF UNIT PULSER
Designed primarily as a companion

instrument for the TYPE 12lt-A 1 Unit
Pulser, the TYPE 12L9-A l:nit Pulse
Amplifier offers a specific soLution to the
problem of producing pulses with many
different characteristics of duration,
duty ratio, and impedance level at
higher po\ver levels. In combination,
the Unit Pulser and Unit Pulse Ampli
fier constitute a pulse generator ap
proaching the wide range of durations
and repetition rates characteristic of the
unit PuLser, but with the power-output
characteristics usually associated with
morc expensive and specialized pulse
generators designed to fit limited fields
of application. Through the economies
of standardized unit design, this ver
satile combination is lower in price than
many narrow range pulsers designed
for medium power output

\\Thcn it is driven by any available
source of either positive or negative
pulses, the Unit Pulse Amplifier will
produce pulses of current with magni
tudes up to 600 mao This pulse of eur
rent can drive intcl'nalloads to produce

1 Frank, R. W., "Pulses in II Small Packa/o:e", General
Radw E%perimml~, Vol. XXVIII. ~o. to, March 1954.
pp.I-7.

either positive or negative voltage
pulses, or can be used to dri ve a load
external to the instrument... The internal
load resistors are chosen to terminate a
wide variety of transmission lines III

their characteristic impedances.

General Design Considerations

The main objeetivc in the design of
the TYPE 1219-A Unit Pulse Amplifier
was to obtain a maximum value of cur
rent into the load while retaining as
many of the desirable wide ranges of
duration and repetition rates of the
Unit PulseI' as possible. It was obvious
at lhe outset that some maximum duty
ratio limitations had to be imposed if
the amplifier were to produce a usefully
high output powcr at moderate eost. A
current between ~ and] ampere, giv
ing an adequate voltage for direct
defleetion of a eathode-ray tube with
thc lowest normally encountered trans
mission-line terminating impedance,
was desirable. General considerations of
power supply design, economical pack
aging. heat dissipation, and vacuum
tube availability led to the finaL choice

Figure 1. Panel view of the Type 1219·A Unit Pulse Amplifier.
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of peak cllI'rent as 600 ma for very low
duty ratios and 500 ma for duty ratios
in the neighborhood of 0.1. The maxi
mum duty ratio was set at 0.2 by plate
dissipation in the output stage.

'fhe auxiliary considerations of drive,
bandwidth, and output ('ircuit were
chosen to make the unit as universally
applieable as possible. lVlinimum output
impedance was set at 50 ohms, and
convenient. values of output impedanec,
ranging up to 150 ohms for positive out
put pulses and 570 ohms for the nega
tive pulses, were provided by internal
switching. \Vith pulses of long duration
and low values of Olltput impedance~

a eapacilivc output coupling system
would be bulky and "'otlid limit the
output voltages. To overcome this
problem. the output switehing system
was designed to permit hoth negative
and positive output pulses to retain
their d-c component relative to chassis
ground.

For maximum flexibiJity, provision
is made fol' both positive and negative
driving pulses. A panel switch connects
an amplifier-invcrtcr stage into the cir
cuit when positive drive is used. '\Tith
this arrangement, it is possible to drive
the amplifier from almost any pulse
source.

To innease furlhC'1' the flexibility of
the instrument, a switch has been pro
vided which will reduce the output cur
rent by a fador of approximately 2.5,

Figure 2. The Unit Pulser gnd Unit Pulse Amplifier,
as set up ta pulse a Type 1218-A Unit Oscillatgr at

1400 megacycles.
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so that it becomes possible to operate
the instrument safely at duty ratios up
to 0.5 with an output current of 200 rna.
Two desirable features are gained by
this mode of operation; it is possible to
obtain a square-wave output, and the
rise and deray times are improved.

As with any power amplifier where a
maximum duty-ratio restriction is nec
essary to obtain the desired peak-po\\"er
out.put. it is possible, by incorrect choice
of the input time durations and repeti
t.ion rates. to overload the output am
plifier stage and therefore to damagp
it. The ner('ssary protection for the out
put tubes and power supply is afforded
hya lOO-rna fuse mounted on the front
panel. A neon panel lamp does double
duty as pilot lamp and blown fuse indi
cator, since, in the event of a serious
overload which will blow the fuse, the
lamp is extinguished.

Circuits

The basic eireuitry of the Unit Pulse
Amplifier is conventional, as shown by
the elementary s('hematie of Figure 3
and consists of a power stage using two
paralleled 5763 pelVer pentodes (V-3,
V-4), a driver employing a TYPE 12AUi
(V-2), and, for positive input pulses, an
amplifier-inverter stage (V-I). Two in
ternal power supplies of 300 volts and
260 volts for the output tubes and dri\"
CIS, respectively, are provided.

A single 12-position output switch,
8-4, controls the internally available
output impedances and output pulse
polarity. Four positions of this switch
select output pulses that are positive
with respect to chassis ground at im
podanee le\'els of .'iO. 75, 100, and 150
ohms. I n this dass of operation the two
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output tubes arc used as cathode fol
lowers, and their 300-volt power supply
has its negative side 011 chassis ground.
For pulses with negative polarity the
remaining eight switch positions arc
used to provide internal loads with im
pedances ranging from 50 to approxi
mately 570 ohms. The loads in tbis case
are placed in the plate circuit of the
5763's, and the positive side of the
300-volt power supply is grounded to
eha is. 'The output stage for negative
pulses thus approaches a current source.
and the output impedance is linear and
independent of tube characteristics.

For negative pulse input, the input
polarity switch connccts the input ter
minals. directly to the driver stage.
In this usc, the power amplifier is
a two-stage unit ancl provides an out
put pulse of excellent shape (see Fig
ure 4) in which the input pulse dura
Lion is faithfully reproduced. For a
large-amplitude negative pulse, ulti
mate rise and decay times for the
output stage arc .050 and .030 )l.sec
respectively. Pulses as brief as .050
)l.sec at the half-amplitude points have
been faithfully reproduced. When the
duty ratio switch is in the 0.5 position,
the rise and decay times are improved
to .030 and .020 )l.see respectively (see
Figure 7a).

The amplificr-invcrter stage is con
nc('tN! to the input terminals and sup-
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plied with plate voltage when the input
polarity switch is in the Positive Input
position. Tbis stage then provides a neg
ative pulse to turn off the driver upon
the application of a positive driving
pulse. Some care must be exercised to
preserve the good shape characteristics
inherent in the driver-power amplifier
system. An excessive positi"e driving
amplitude will cause the output pulse to
be stretched by up to 0.4 ~sec and will
cause a small hump of the order of 3%
of the pulse amplitude to appear before
the late transition (see Figure 7c).

Since the output system is direct.
coupled. the input signals at the grid of
the driver and "mplifier must be applied
through coupling capacitors. These sig
nals must appear negatiyc or positive
with respect to the cathode potentials
of either the driver or amplifier. If the
input were applicd relative to chassis
ground rather than referenced to the
negative supply, any noise or hum on
this supply would add to the signal.
This would unnecessarily complicate
the design of the drivel'-power supply.
l\ote that, in Figure 4, the input sig
nals are referenced to the driver supply
negative rather than to chassis ground
by virtue of an insulated low input
terminal. Best performance will always
be obtained by f1o"ting the ground of
the input system on this post. This docs
not preclude obtaining synchronizing

O~~,

Figure 3. Elementary schematic circuit diagram of the Unit Pulse Amplifier.
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Figure 4

Negative output pul se

O.lp.sec/em P.R.F. "lake
500 28 volts Tp ~ O.lp.see

O.lp.sec/em P.R.F. ~ IOke
SOO 28 volts Tp ~ O.5.usee

lp.see/em P.R.F. ~lOke

SOO 28 volts Tp ~ 3p.see

Positive output pulse

lp.see/em P.R.F. " lOke
500 JJ volts Tp Z 3p.sec

O.IJ.lsee/em P.R.F. z lake
500 30 volts T

p
~O.5p.s~

O.lJ.lsee/em P.R.F. z lake
5O11 30 volts Tp ~ O. l2p.se(

Negative output pulse

:;nOJ.lsee/em P.R.F. "2OOe
500 25 volts Tp ~ 1000.usec

(Note slope of bottom)

l33p.sec/em P.R.F. z lke
57011 270 volts Tp ~ 200,u sec

lke square wave
500 10 volts

pulses) etc.) from the driving source)
since these signals are generally ob
tained through coupling circuits whose
low· frequency impedance is negligible.

'rhe two internal power supplies are
of the full-wave-doubler variety, whieh
make most efficient usc of the power
transformer copper and to which sele
nium rectifiers lend themselves so well.
Large rectifier de-rating figures have
been used to insure long life. Adequate
filtering is provided by two-section ll-C
units for both driver and output sup
plies. The hum on the output pulse is
less than 1%.

Some Notes on Operating Characteristics

In any specific use, careful considera
tion must be given to two important
effects that arc encountered with (1)
pulses of high duty ratio and (2) pulses
of long time duration. The characteris
ties of the TYPE 1219-A under these
conditions are given in Figures 5 and 6
below.

Figure 5 shows the effect of high duty
ratios on output current. This informa
tion is tabulated on the panel. The
effect is due to power supply regula
tion, and it is an advantageous onp
because it permits a more economical
use of the output tubes for the low
duty ratios most commonly encoun
tered. Without the protection of de
creasing power supply voltage at higher
duty ratios, either the range of duty
ratios or the peak current at the lower
ratios would have to be decreased.

Figure 6 shows the characteristics
of the output pulse with regard to max
imum permissible pulse durations for
negative drive. Herc the criterion se
lected was a droop of 10% in the" tube
on 11 portion of the pulse. 'The ramp-off
may be due to anyone or a combination
of three effects: (1) discharge of the in
ternal power supply, (2) insufficient



13 JULY, 1955

Input Pas. 50v O,05/-1,5&C
Output Pos. 30'1 son 0.4,u.5ec

(Note stretching caused
by overdrive)

Figure 7
Tim& d&loy and overdrive effects

lnput N&g. SOv 0.05/-Llec
Output N&g. 25'1 son 0.05/-Llec

Input NeiJ. 50'1 O.O,SJuec
Output Pas. 20'1 500 O.05}.uec
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Figure 6. Output pulse characteristics
as funclian af maximum permissible

pulse duratian.

"Vith positive input pulses. the driver
stage supplies an adequate voltage to
permit the maximum durations shown
in Figure 6 to be reached.

Figure 7 illustrates two additional
minor charaeteristics of the Pulse Am
plifier which arc of interest when the
unit is lIsed to produce brief pulses.
The effects are time delay and a tend
ency for the input pulse to be stretch""
when the il1\'erter-amplifier stage is
overdriven by a positive input pulse.
Figures 7, a and b, illustrate the time
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DUTY RATIO

fjgure 5. Effect of duty rgtio on output current.

driving amplitude which will cause the
driver tube to come back on prema
turely, or (3) a combination of low driv
ing ,"oltage with an external blocking
capacitor in the driving pulse generator.
Figure 6 8ho"'8 that, with a driving
voltage in excess of 27.5 volts, the first
effect will predominate, and a ramp-off
of 10% will be reached with an output
pulse of 4000 psec. The rate of ramp-off
is very nearly lineal' so a lOOO-,usec
pulse \\·ill have a droop of 2.5% due
to this effect, etc. (dotted curve). In
teraction between the dri,·cr and main
pO\\'el' supplies holds the droop for posi
tive pulse outputs dowll) so that, with
input amplitudes in excess of 55 volts,
positive output pulses up to 10,000
}.Lsee may be obtained. A:s the driving
voltage is lowcred below its maximum
\"alue. the cffeet duc to discharge of the
dri\"er coupling circuit predominates.
and the 10% ramp-off figure is reached
sooner. For example, with only 25 \'olts
available, the output pulse droops by
10% at 3000 psec.
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delay effect for both negalive and posi
tive outputs with a brief negative input
pulse; the time delay through the Pulse
Amplifier is of the order of 0.05 !,sec.
In Figure 7c. a high-amplitude positive

pulse is used to overdrive the pulse In

put stage, and the output pulse is
"stretched" by approximately 0.35
!,scc. The stretching effect is reduced by
reducing input amplitude.

- R. W. FRAXK

SPECIFICAnONS
Output Pulse: The open-circuit OUtl)ut pulse
voltage is between 10 and 250 volts and is
the product of the combination of impedance
and available current listed below.

(l) Impedance:
a. Positive pulse: 50, 75, 100, 150 ohms,

all =*= 10%
b. ~egative pulse: 50, 75, 100, 150, 200,

250, 300 ohms, all =*= 10%; 570
ohms =*=20% designed to permit
maxllnUm output voltage.

(2) Out put Current: This quantity depends
upon the position of the duty-ratio selector
switch and upon the duty ratio.

DUTY
RATIO OUTPUT CURRENT (mo)

duty-rn.tio switf'hes. These characteristics are
summarized in the table below.

(4) Maximum Pulse DUnltion: The maxi
mum dun'ttion of the pulse depends only 011 the
toleranle nunp-off during Lho "on" period. ff
10% is chosen, then the maximum lion ,. period
for positive pulses is 10 m~sec and for negative
pulses 4 m/-lscc; with t.he Type 1217-A, the
maximum fol' negative pulses is I m/-lSCC, for
positive pulses, 10 mt sec.

(5) Pulse Shape: Overshoot. less than 5% of
amplitude on any output swit.ch position.

(6) l\oise: Hum on the output. pulse less
than I% of pulse amplitude.

(7) Input Pulse: The maximum duration of
the output pulse is to some extent determined
by the input pulse voltage, and tolerable droop.

POSITIVE PliLSE ~EGATIVE PULSE

ORSwO.2 DRSwO.5 OHSwO.2 ORSwO.5

0.05 620 "" 10% 350 '" 15%1 575 "'10% 330 =15%
0.1 580 '" 10% 325 ,0, 15% 550 "" 1O~ 300 =15%
0.2 550 ,., 10% 300 ,., 15'~: 475 ,., 10 (1 275 ,., 15%
0.5 - 250 ,0, 15Q o ! 225 ,0,15%

(3) Transition Times: The trallsition times
def,end on the transition times, magnitude, and
po arity of the input pulse, as well as on the
settings of the output impedance, polarity, and

:I'!AXIMUM DURATION
TO ·10% DROOP

Positive !\cgative
fnput Output Output

Negative 30 v 2000 psee 4000 ~sec
Negative 55 v 10,000 4000
Posi ti ve 10 v 10,000 GOOO

The droop is approximately linear, hence the

INPUT PULSE OUTPUT CHARACTERISTIC I
I Rise DUTY RATIO

I
DUTY RATIO

and
Sv,,· 0.2 Sw 0.5

Decay I Rise Decay Ri~ D_'C:lY OUTPUT
Polarity Amplitude Time Time Time Time Time Switch
---
Negative 30 v 2 m~see 50 Il4sec 30 mpSCC 40 m/-lsec 20 m: see l\eg:ltive,50 P-I 50 50 GO 50

I

:\cgative, 50 Q
Negative 30 v 50 m~sec I 100 I()(J :lO 90 Kegative, 570 !

} ~OO
00 GO 70 Positive, 50 P-
liO 110 80 Positive, 150 n

GO 90 40 80 , Negative, 50 Q
Negative 50 v 1217-A 100 120 90 110 Negative, 570 Q

Pulsel
{ fgo

120 70 100 Positive, 50 n
IGO 120 J30 Positive, 150 n

GO 240 40 IGO Neg)~tive, 50 D
Positive 2.5 v 1217-A 110 240 80 100 Negative, 570 n

PulseI' 90 180 00 120 Positive, 50 n
(IVlinimum necessary drive)

r
100 240 J:lO 100 Positive, 150 n
50 80 40 GO :'\egative, 50 !?

Positive 25 v 1217-A
<

90 110 100 100 :\egative. 570 H
Pulser , 90 110 GO 80 Positive, 50 11

(Pulse stretching 0.3 pscc) 180 150 110 110 Positive, ISO n
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maximum durations for 5% droop are ~ the
above figures.
Input Impedance: Approximalely 50 kilohms
shunted by 30 1A1J.f.

Type

JULY. 1955

Power Supply: 105-125 volts, 50-60 cycles.
Input Power: 75 watts, fullloo.d, II5-volt line.
Dimensions: (Width) 1O~ X (height) 5~ X
(depth) 6y,; inches over-all. Net Weight: 87'2 Ibs.

Code Word Price

1219·A 1 Unit Pulse Amplifier························
1

U. S. Patent 2,518,457

ACRID I $175.00

A REGULATED POWER SUPPLY FOR UNIT
INSTRUMENTS

1"0 provide the ultimate in perform
ance from General Radio [nit Instru
ments, a voltage-regulated power unit,
the TYPE 120L-A [nit Regulated Power
Supply, is now available.

Although the TYPE 1203-A Unit
Power Supply is adequate for all normal
uses of Unit [nstl'uments, there are ap
plications where maximum stability of
oscillator output amplitude and fre
quency is required, where amplifier hum
level or pulse jitter must be minimized,
or where local line voltage fluctuates so
badly that regulation is a necessity. For
these and other critical applications, thp
new regulated power unit is well suited.

The TYPB 120l-A Unit Hegulated
Power Supply is identical in size and
external construction to the TYPE

1203-A Unit Power Supply, so that the
t\\'o are completely interchangeable
mechanically for the operation of Unit

Type

Instruments. The regulated unit, how
ever, is capable of furnishing higher out
put current with greatly reduced ripple
and noise.

1"he circuit, shown in Figure 2, is
that of a conventional series regulator,
using a 5651-type voltage reference
tube and a high-gain cascode amplifier.

For critical applications, the use of
the TYPE 120 I-A Unit Hegulated Power
Supply will result ill improved perform
ance from GR Unit Instruments.

SPECIFICATIONS
High-Voltage Output;

:\1agnitude, 300 volts dc, 0= 1%
Regulation, ±: 0.5%
Current, 70 ma, max.
120-Cycle Ripple, 10 millivolts at full load

Heater Output: 6.3 volts, ac; 4 amp., max.;
unregulated.
Input: 105 to 125 volts, 50 to 60 cycles, 100
watts.
Tubes: 1 - l2AX7 1 - 6AV5CT 1 - 5651
Dimensions: (Width) 5 X (height) 5% X
(depth) 6~ inches, over-all, not including
power cord. Net Weight: 5 pounds.

Cod< lITOTd Pri<e

1201-A Unit Regulated Power Supply ASSET $80.00

figure I (right). Panel view of the Unit Regulated
Power Supply. Figure 2 (below). Elementory

schematic.




