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p T DIS 

l,TS FLUENCE ON 
COUNTER AND PULSE-GENERATOR PERFORMANCE 

AND ITS MEASUREMENT 

0 
b 

The significance of input noise in 
counters, pulse generators, and 
other broadband switching circuits 
and a method for its measurement 
ore the subjects of the first of three 
short articles feotur.ed this month. 
The second and hird articles de­
scribe a new pulse generator a,nd 
amplifier, both designed for gen­
eral-purpose laboratory applica­
tions. 
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•R. W. Frank, "Zero to 300 kc R'1th Five-Digit cu-
racy," 0 n ral Radio Experimenter, Jun· I 63. 
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Figure 1. N1oise of a• Typ� 1217-C Unit Puls1e Gener­
ator driven by a 2.05-V re>mp with a 204.8555-
millisecond period. The lost thl'"ee digits ore re­
corded. One major divis1ion corres1ponds f·o 100 µV, 

peak-to-peak, noise. 
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Figure 2. Operation of a typical input circuit. 

precisely known period and very low 
noise is applied to a noisy threshold, 
the error in a period measurement will 
be as shown in Figure 4. 

If the signal applied in Figure 4 were 
a sine wave, then the slope of the signal 
voltage would be the time derivative 
of the signal as it passes the triggering 
area. This leads to the familiar figures 
for period-measurement error due to 
signal-to-noise ratio. At zero crossings: 

b.T I Vn 
- ±- ­

'Tr v .. 
If triggering occurs not at the zero 

crossing but at an angle fJ in the input­
voltage cycle, then: 

TRIGGERING 
LEVEL 

UNCERTAINTY 

SIGNAL LEVEL 
UNCERTAINTY 

1 Vn 1 b.T =.± ---­

-rr Vs cos fJ 

SIGNAL 

TRIGGERING 
LEVEL 

L ,,., 
UNCERTAINTY 

figure 3. The effects of uncertainty in signal on 
triggering level. 

In both the above equations, V n/V s is 
the noise-to-signal ratio. If this figure 
and the crossing angle ar known then 
the error in a period measurement can 
be determined. This is the basis for 
the accuracy specification of most 
counters, with no assumptions made 

about u here the noise V n comes from. 

To make a valid measurement, the 
user must concern himself with two 
quantities: First, he mu t know the 
signal-to-noise ratio of the signal he is 
mea urmg; econd he must know the 
equivalent input noi e of the measuring 
instrument. 

C>T=2VN/S 
IPutsc-r I 

Figure 4. A periodic signal of slope S volts/sec ond 
and period T traverses the hysteresis region with 
a superimposed noise signal of peak value V0• 
By inspection it can be seen that the maximum 
time- interval fluctuation, Li T, will be ± 2 Vn/V.:_. 

As an example of the practical im­
plications of the e factors, consider a 
single-period measurement of a 10-volt 
signal with an 80-dB signal-to-noise 
ratio. If the counter introduces more 
than 1 millivolt of noise (and most 
counters do), that noise, rather than the 
noise on the signal, will control the ac­
curacy of measurement. 

Measuring Input Noise 
The system used at General Radio 

for quantitative measurement of the 
performance of switching circuits is 
shown in Figure 5. The task that this 
system must perform can be deduced 
from Figure 4. It mu t produce a 
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RECORDER 

figure 5. The precision ramp and the system for generating it. The quartz-crystal oscillator output is 
divided by 20,480 to produce a precise time interval. The crystal is set low in frequency by about 25 Hz 
to produce final period of 204.8555 milliseconds. De-coupled output is set to exactly 2.05 V, peak-to-

peak, so the slope is nearly 20 V/s in both directions. 

completely clean signal of exactly 
known period, feed this signal into 
the input circuit to be evaluated, and 
measure the fluctuations in period of 
the triggers produced. If very high 
signal-to-noise ratios are to be attained, 
frequency stability must be excellent; 
therefore the system u es a crystal 
oscillator. The reference signal is trian­
gular; if it were sinusoidal, either a 

separate measurement would be neces­
sary to determine that the input circuit 
was truly switching at zero crossing or 
corrections to the signal-to-noise figure 
for signal slope at different triggering 

levels would have to be made. 
In the test setup shown, the ramp is 

highly linear, so that no correction for 
phase are necessary. The ramp slope 
is symmetrical, so that the noise for 
both negative-going and positive-going 
threshold detectors can be evaluated. 

The ramp has a period of 204 .8555 
milliseconds (the last digits chosen to 
place a plot at midscale on a strip 
chart) and an amplitude of 2.05 volts, 
or positive and negative lopes of 20 
volts/second. 

This ramp is fed to the input circuit 

under test, and the period of the output 
triggers from the triggering circuit is 

measured on any 10-MHz period­
measuring counter. In the complete 
absence of nois , the counter would 

indicate 204.8555 milliseconds. The 
left-hand digit corresponds to volts, 
the second to tenths of a volt, etc. 
Thus the final digits (555) correspond 
to hundreds, tens, and units of micro­
volts of noise. The ± 1 covnt error of 
the counter therefore corresponds to an 
ultimate system resolution of ± 1 µ V. 
The counter reading is fed through a 
D /A convert r to a strip-chart re­
corder. 

The big question, of course, is -
how good is the ra:µip? For what we 
actually m asure are time-interval fluc­
tuations due to noise in the combination 
of the ramp and the input circuit under 
test. 

A linear amplifier can be inserted 
between the ramp generator and the 
input circuit under test to increase the 
ramp slope. If the slope is increased 
by a factor of 10 (corresponding to 20 
dB of inserted gain), the ramp-amplifier 
noise will quickly predominate over 
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iii'=2-VOLT _RAM.e-=jii'j-f'4:::::lE-°._::.YOLT RAMPf--=:::lliii 
-,_ -

,_ 
I-

� 
Figure 6. Noise measured {leFt) with test ramp 
applied directly to a Type 1217-C and (right) with 
low-noise amplifier inserted between ramp gen-

erator and a Type 1217-C. 

that of the input circuit alone. The 
ramp noice can then be measured, as 
long as the amplifier noise is negligi­
ble. 

Figure 6 compar s the input n oise 
measurement of Figure 1 with a similar 
measurement made with a 20-dB low­
noise amplifier inserted between ramp 
generator and input circuit. The sharp 
reduction in nois as the lope is in­
creased by an order of magnitude is 
convincing proof that most of the 
noise is in the input circuit, not in the 
ramp-amplifier combination. 

Figure 7 shows how the best balanced 
amplitude comparator2 we have yet 
built (Figure 8) responds to the test 

+10 v 

-

� 
Figure 7. Performance of low-noise comparator 
with precision ramp. System noise appears to be 

about 6 µV, peak-to-peak. 

ramp. One would conclude from Figure 
7 that the ramp-comparator combina­
tion has a peak-to-peak noise no worse 
than 10 µV (3 µV, rms). The true rms 
value for any of these measurements 
can be either computed from the suc­
cessive counter readings or measured 

with a low-frequency rms meter. 
Again the question must occur: Is 

the primary contributor to this over-all 
noise the ramp or the comparator? With 
such a low-noise comparator, it is not 
possible to insert an amplifier with 
any assurance that its input noise is 
lower than that of the comparator. 

2 R. W. Frank, "How to Kill Time - Accurately!" 
Genera.I Radio Experimenter, December 1958, p 8. 

Figure 8. Schematic diagram of 
low-noise comparator. Balanced 
input circuit uses Tl 2N38.21 N­
channel field-effect transistors. 
Hysteresis is 0.3 Vat either gate. 
Comparator maintains constant 

I k.Q 

-! 
REF (GND) OR NOISE 

SIG IN 
hysteresis to over 500 kH :r. 

10 k.n 
�-----2ov 

.. 
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In Figure 9, the slope of the ramp itself 

is varied by changes in the value of 

the integrating capacitor. The lower 
value of integrating capacitor increase 
the ramp slope to 30 volt /second. In 
spite of the lightly higher effective 

imped an e of the ramp genera tor, the 

over-all noise decreases. We mu t con­
clude that the pr dominant noise con­

tribution is from the comparator. 

----= 

:=-�15 Vis 
�- IOµV - 30 Vis-==: 

------= . -· .... 

15 s 

r -

-- -= 
= 

Figure 9. Performance of FET comparator as ramp 
slope is changed from 15 to 30 V / •. 

In Figure 10, the trace begins show­

ing the system noise of less than 10 µ V. 

A 1-kHz signal of 30 µ V, rm , amplitude 

is then injected into the comparator; 
finally, 30 µ V of noise at 20-kHz and 

500-kHz bandwidths is applied for 
several minutes. Note that 30 µ V of 

n01se in the 20-kHz band does occa-

Figure 10. Performance of the ramp­
comparator system with various noise 
signals applied. Trace starts with 30 
seconds with no noise signal. Then 30 µV, 
rms, at lkHz is applied for about 45 
seconds, showing that the ramp slope 
is about correct and that one division 
equals 100 µV, peak-to-peak. Then a Type 
1390-B Random-Noise Generator pro­
vides 30 µV, rms, of random noise in 
20-kHz and 500-kHz bands. With the 
500-kHz bandwidth, one would have to 
wait for a very long time for a full devia­
tion error. Note the similarity of the noise 
generator trace to that showing system 
performance, an order of magnitude 

lower in level, in Figure 7. 

SYSTEM 
NOISE 

Richard W. Fran] , 
Group Leader in the GR 
Engineering Departm nt 
served in the . . avy 
from 1942 to 1945. Aft€ r 
the war he attended the 
Massachu etts Institu e 
of Technology, receiving 
his SB in electrical engi­
neering in 1950 and his 

M in 1951. He joined 
the GR engineering staff 
in 1951 a a devel9pm nt 
engineer, and since 1957 
he has been h ad of he 
Frequency and Time 
Group. 

F ebruary 1966 

sionally attain 100 µ V, peak-to-peak, 
amplitude but doesn't look like 30 µ V 
rms. With the 500-kHz bandwidth, the 
rms value of the noi e look even 
smaller. This proves that the compara­
tor functions as a time-domain filter. 

From such measurements we con­
clude that the input noi of a TYPE 

1217-C Pul e Generator i about 20 

µ V, that of the TYPE 1398-A about 50 
µ V. Since most counters have noise 
figures probably in the 1-to-10-millivolt 
region, thi means that the accuracy 

of a single-period mea urement can be 

improved by more than a� o rder of 
magnitude if a TYPE 1217-C or 1398-A 

Pulse Genera tor is used to trigger a 

counter. 

.30p.V 
I kHz � 
TEST 

-R. w. FRANK 

100 ,_.v 
- 15s 

3�V RANDOM NOISE=� 30,.V RANDOM NOISE: 
IN 20 Hz BAND �IN 500-kHz BAND 
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Figure 1. 

THE TYPE 1398-A PULSE GENERATOR 
An in trumcnt , no matter how in­

gC'niou 1 de igncd and effi ciC'ntly made , 
L never o good that it can 't b im­

pnn-ed. That i� the tory of R's 
gc>ncral-purpo e pulse generator which 
our C'nginccr <l igned O"\·cr 10 years 

ago and ha Ye not b C'n able to 1 av 
alone inc·c. E ch ucces. i\'C model 

represenkd unC'quallc>d ,-alue f r thi 

cla ' of in, trumen t and cu to mer 

rcRponsc has alway. b c>n cxr llent. But 

the campaign continued to , quC'ez 

jw.;;t a few inorc ounce' of pcrformanc 

out of the de ign while holdjng the o t 

in line. 

l R. W. Frank, "Improved Performance from the nit 
Pu! e Generator," General Radio E:rperimenter, December 
196-1. 

.. 

Figure 2. A positive output pulse shown at 10 
ns/cm writing speed. The fall time is about 3 ns. 

The latest of the c pul e g n rator , 

the TY P E  1:308-� , i mo. t ea ily de-

cribed in terms of the popular TYPE: 
1217- .1The n wgcnerator ha a horter 

ri e time and more output power than 
the TYPE 1217-C and contains it \YU 
regu lated po'' er uppli For tho e 
who don't need the faster pul and 

the extra power and who ha v their 

own power upply, the TYPE L217-C 
remain available. 

To review the general sp cifi ations 
of the TYPER 1217- and the 1:rn8-. : 
In both , prf range is 2.;) Hz to 1.2 ..\II-Iz 
and d uration i 100 nano econd to 

1 second. In the T'YPE J :388-A, tran i- } 
tion time have been dropped from 

J 0 to 5 nano econdl::i ( ee Figur 2), and 

output current ha be n boo ted from 

40 to 60 mA, so that th op n-cir uit 

output i 60 volts behind 1 kilohm. 

Circuit 
Figure 3 i a blo k d iagram . ll1. the 

timing and output circuits ,.a uum 

tube ar u ed for their high input im­

p danc and ruggedn s ; the p ulsc­

con trol circuit arc tran i. toriz0d for 

maximum switching speed. In th TYPE 

] 
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INPUT AND PRF l°SCILLATOR CIRC� r OUTPUT PULSE C IRCUIT ---�1 
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EXT 

INT FEEDBACK 
AMPLITUDE 

COMPARATOR 

SCHMITT 

SWEEP DELAYED 
GENERATOR o--------o SYNC 

6 CLAMP 

INPUT 
AMPLI Fi ER "'"""'l\r--.i SCHMITT 

CIRCUIT 

�---�
AMPLITUDE 

POWER l-'INv--0 s-l_POSITIVE OUTPUT 

AMPLIFIER f-".)<l'.,-O-i_rNEGATIVE OUTPUT 

�-SY _N_c_f----a _L 
AMPLIFIER 1----ci y 

POSITIVE SYNC 
NEGATIVE SYNC 

Figure 3. Block diagram of the pulse generator. 

1 398-A, new silicon npn transistor and 
double-fram -grid power output tube 
further extend the capabilities of the 
hybrid arrangement. 

The input circuits, hown in Figure -1-, 
require only three active device , which 
are wit hed into operation as either 
a prf o cillator or an aperiodic trigger 
circuit, depending on wh ther internal 
or external drive i de ired. Equivalent 
input noi e (a mea ured by the t ch­
n1que described in the preceding arti­
cle) i about 50 µ V, rm (see Figure .5) 
which is much lower than that of many 

rigger-type input ystems. Thi low 
input noi e lead to very low prf jitter 
with external drive. 

The pu h-pull output circuit (Figures 
G and 7) offers many advantages: It 
present a constant load to the power 
supply; it deliver both positive-going 
and negative-going pulses imulta­
neously; the pentodes u ed are linear 
current source , which produce th 
same sourc impedance for either po­
larity; the output is short-cir ·uitable, 
and there are no duty-ratio restrictions; 
and finally, inc the output terminal 
are direct-coupled to he output stag 
plate , there is never any rampoff. 

Anoth r haracteri tic o!· thi circuit 
i that it retain a de component nega­
tive with re pect to chassi ground. A 

feature of the new generator is provision 

,- voLTAGE AMPUFIER � r-- SC'-IMITT CIRCUIT � 
I • I 50V 1 1 + I 50V + 150V I Figure 4. Schematic diagram of in­

put circuits. Switched as shown, 
for external operation, the Schmitt 
circuit is driven by the input de am­
plifier and is a fast 2-MHz -to-dc 
trigger circuit.  When the PRF con­
trol is set for the internal mode, the 
same components are switched 
into a stable oscillator that can be 
injection-synchronized from the 
external-drive terminals. The input 
tube becomes a current source to 
translate the left-hand plate swing 
to center on the S chmitt circuit. The 
circuit oscillates within its hystere­
sis region. C 1 establishes fre­
quency range, R 1 gives continuous 

frequency adjustment. 

I PR F] t SYNCTOAMP 4 EXT 
INT 

I : __r_NT :Tei 
I -I -
1 EXT 

TRIGGER 
TO OUTPUT 
PULSE CIRCUIT 
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figure 6. (Below) Schematic diagram of output and 
timing circuits. Q101 and Q102 comprise a tran­
sistor bistable circuit. Q 101 is normally off and 
V105 and V103 normally on. Conduction of 
V103A keep V104A off, and timing potentiometer 
R 125 establishes initial voltage on timing capaci­
tor C. The active pulse interval is initiated by a 
start pulse, which turns Q101 on and Q102 off. 
Vl 03 and Vl 05 go off, Vl 06 on. C charges 
through R to the triggering point of Sch mitt com­
parator Vl 04. Upon triggering, the Schmitt circuit 
resets the flip-flop, terminating the pulse. 

figure 5. (Above) 
Plot showing noise 
generated in input 

AMPLITUDE � r-- SWEEP GENERATOR l iOOMPARATOR SCH�'.TT I I AND CLAMP J 
circuit. 

1 
STOP 

CL 
0 � <I) 

I +150V +150V 

L TRIGGER J I .. "LT1 v1eRATOR I 
AMPLIFIERS L...::.:.: DRIVER � 

AMPLITUDE 

L POWER AMPLIFIERS) 

for easy control of the de component, 
over about a ± 15-volt range, by use of 

an external low-voltage power supply. 

Connection of such a supply will permit 
bias levels to be accurately established 
for devices to be driven by the genera­
tor. In addition, signal-sensing circuits 
and a socket are included for connection 

to a to-be-announced de-component 

control unit, which will attach directly 

to the right-hand side of the generator. 

This unit will automatically control 

the average value or either peak value 

of the positive or negative pulse over 

a ± 15-volt range. 

ABRIDGED SPECIFICATIONS 
PRF: 2.5 Hz to 1.2 MHz, internal; de to 2.4 
MHz, external. 
Pulse Duration: 100 ns to 1 B. 
Rise and Fall Times: 5 ns into 50 or 100 fl. 
Output: 60 mA, positive and negative. 

.. 

Power Required: 105 to 125, 195 to 235; or 
210 to 250 volts, 50 to 60 Hz, 90 W. 
Panel Dimensions: 12 X 5%" inches (305 X 135 
mm). 
Net Weight: 14Y2 lb (7 kg). 
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EN1 
TERMI ALS 

CUT­
OFF - --=t:..=J-- --..:r==b - CUT­

OFF 

I 

F.igure 7. A closer look at the output circuit. The system includes a pair of switc:hed current sources, V1 
(normall'y on) and V2 (riormal1ly off). When the adive pul e interval switches Vl off, the ou put vollag1e 
at the positive puls tel'minal g.oes from. -l R to 0, while the voltage at the negative termint:JI' goes 
from 0 to -IR .. Output impedance ·s adjusted to control open-cfrcuit output voltage and is. unaff ct.ed by 
switc:hing circuits. The de-component insertio·n terminals permit use of an x ternal low-voltage power 

supply to translate th reference from 0 vol s to th e ex ternal supply voltage. 

atalog 
'urnb r 

1398-9701 
0480-9632 

U .. Patent o. 2,54 .457. 

D scripiion 
Type 1398-A PC1lse Generator 
Type 480-P312 Rack-Adaptor Set 

Price 
'l.n 

$535. 00 
6.:SO 

For complete specifications, see the current General Radio catalog or write 
to your nearest GR soles office. 

THE TYPE 1397-A PULSE AMPLIFIER 

amplifi r 

way. b 

amplifi r h 
l 

m 
tt p ak. 

nd pul 

para pa e 
pa a ion, a 1 n - t mg 

1 Gordon R. Partridge," Pulse Lo rd r," General Ro.dio 
Experimenter, 1\-fsy 1965. 
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Figure 1. Type 1397-A Pulse Amplifier. 

ampere can produce it continuously 
(another problem in economics), there 
must be duty-ratio restrictions, over­
load protection, etc. 

The separation of genera tor and 

amplifier offers some important design 
advantages, too. The new pulse am­
plifier is unique, for example, as a very 
nearly linear amplifier capable of ampli­
fying complex waveforms. This useful 

EXPONENTIAL S LINEAR 

SHAPING 
NETWORKS 

, - -- - - --- -"Gi_ 6 _____ -- --- -- - -, 
I 

1 1 
I I : I ------<-+B I N 

A I B 
I N 
, . 
I P 

--N------.--- G 

._______ D 

CRI04 

c 
l---/"'f""V"...,._ _ _ ____,>-+------- G +150V 

·:;�> 1---�------...........-..--.........,.....,.._,,__�--. A 

--:::::J---- -

OUTPUT STAGE 

A 

CRI03 

I 

i r ,, 
I c 
I 

I 

I 

I 
I 
I 
I 
I 
I 
I 

OVER- I POWER RESET LOAO I TRANSFORMER 

8 I--__,....,..,......._ _ __.�,_____,,_+ ______ B I 
RECTIFIERS N I 

-,.------- ---- ---------- _J 

Figure 2. Elementary circuit diagram of the pulse amplifier. 

OUTPUT 

� 
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characteristic would hardly be appro­
priate in the usual I- ampere pul e 
generator, where the output stage is 
just a big, fast switch. 

Having established the case for sepa­
rate units, let us turn to the amplifier 
at hand. It needs only a 2-volt nega­
tive pulse at the input to produce a 
I-ampere positive or negative output 
pulse. Rise and fall times are typically 
40 nanoseconds (Figure 3), assuming 
the driver can get under 20 nano­
seconds. Another useful f ea tu re is a 
variable-transition-time mode, which 
offers the user continuous adjustment 
of rise and fall times from 0. 1 to IOO 
microseconds. 

The output pulse can be either ter­
minated in internal loads or coupled, 

without internal loss, to an external 
load. A single switch is used to select 
output polarity and load configura­
tion. 

Since the amplifier is substantially 
linear (Figure 9), it is a simple matter 

February 1966 

to control output ri e time by control­
ling the input pulse (Figures lI, 12). 
An input control doe this, switching in 
a IOO-ohm or IOO-kilohm resistor, for 

minimum rise time (normal mode), or a 
set of simple networks to shape the 
input pulse into either an exponentially 
or linearly rising function over a range 

from about 0. 1 to 100 microseconds. 
The maximum duty ratio for the 

amplifier is 1/IO. If this is exceeded, 
internal voltages are automatically 
switched off and a flashing lamp on the 
front panel calls for a manual reset. 

Circuit 
The straightforward circuit is shown 

in i igure 2. The input shaping networks 
are followed by a voltage amplifier, 
a cathode follower, and the output 
stage, consisting of three parallel-con­
nected pen to des. These are connected 
as cathode followers for positive output 
pulses, as amplifier-inverters for nega­
tive output pulses. The changes in gain 

Figure 3. ( Left) A 0.08-µs input pulse from a Type 1217-C is 
amplified ta 1.2 amperes in a 50-ohlT\ system. Amplifier dis­
plays rise and fall times of about 0.04 µs and about 5% over­
shoot on trailing transition. Oscilloscope is Tektronix 661-A 

Figure 5. (Right) The 
0.6-,us pulse from the 
Type 1217-C is passed 
by the amplifier set 
for negative output. 
Note minimal ringing 
and clean transitions. 

at 0.1 µs/cm. 

Figure 4. (Left) The positive pulse duration is increased to 0.6 
µs , and the driving pulse amplitude is decreased in three steps 
from full 1.2 amperes to about so3, 50%, and 203 of initial 
level. Note slight changes in transient response. Small under­
shoot at positive peak flattens to small overshoot at 20% level. 
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1 4  

the !�!Experimenter 
Figure 6. (Left) Effects of duty ratio on output pulse. PRF is 
lD kH:z and duration of shorter pulse is 1 µs. When the Type 
1217-C is switched lo produce a lD-µs pulse, the 1D% duty 
ratio lowers the pulse amplitude to about 92% of the initial 

level. Note that pulses still retain excellent shape. 

Figure 7. (Right) Still 
longer pulses. With 
duration increased to 
1 DD µs, no defects 
show in either positive 
or negative pulse. Os­
cilloscope is now a 
Tektronix 551. The 
Type 1217-C is still 
driving the amplifier in 
this double exposure. 

Figure 8. (Left) At the slowest writing rate, 1 ms/cm, a prac­
tically flat-topped negative pulse is seen just starting to roll 
down at 4 ms. It will fall more rapidly from here on. The posi-

tive pulse falls linearly, is down by 30% at 5 ms. 

Figure 9. (Right) The story on linearity. We're indebted to the 
Type 1395-P3 Pulse Shaper for the beautifully linear ramp on 
top. This is the input to the Type 1397-A. The lower trace is the 
output, at full 1.2-A power. (The amplifier is set to invert the 
negative input pulse.) Transfer function shows lower gain at 
very low and very high power level as pulse starts from cutoff 

and rises into grid-current region.s of output stage. 

Figure 10. (Left) More linearity. The Type 1395-A Modular 
Pulse Generator provides a distinctive pulse to amplify (top), 
and the Type 1397-A gives a reasonable facsimile at a 

Figure 11. (Right) Posi­
�ve and nega�ve 10-
µ.s output pulses with 
rise-time controls set 
for ex ponentially ris-

ing pulse. 

1-ampere level. 

Figure 12. (Left) Positive and negative lD-µs pulses with con­
trols set for linearly rising pulse show 2-µs rise times. They 
again display the transfer function of Figure. 9, should b e  
useful in driving magnetic structures a t  slower transition rates. 
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ht<' t b ' <liffcr •n uti u 'Onfi ura­

ti nf' · r c· mpe1 . a  i fo pla 

loud . witc. ing al th input, amplifi r. 
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along '·i h o l put polarity. T'h pow r 

.·upply f r h 1 ut-amplifi r "g l 
n h d, tha h rrid- u.tho<l 

s] n l 
"vith r 

v ltag 

p c1 t 

Perform once 

i lway� 

und. 

·ill scopi com.pari �on 

an 

vid nf' 

Th 

T an u d r 
ing ondit.ion • .  

d v 1 p d 

of 

ABRIDGED SPEC ICATIONS 
Input Drive Ri. · and 

}\[ od I mp darw R quired Fall Tim . 
���--������� 

NORMAL 100 n or 100 kfl shunted by 
approx 50 pf, switch se ected 

- 2 V, p-to-p, < 50 ns (typically 30 ns) with Input 
minimum rise and foll times of < 20 ns 

VARIABLE -30 V, p-to-p, 0.1 to I 00 µs, approx, linear, con-
Lin ar 30 kf2, approx approx,. minimum continuously adjustable 

Exponentia I 100 •• - 2 to - 4 V, p-to-p, 0.1 to l 00 µs, approx, exponential, 

OUTPUT 

approx continuously a djusto ble 

Rampoff: Approx 203 with 5-ms pulse duration. 

Am,plitude: 1.2 A, p-to-p, max (60 V into 50 f2). 1 A, 
p-to-p, with 10% duty ratio. Automotic overload 
protector with manual reset. 

lnte .. nal Shunt: Positive output, SO ! or open circuit; 
negative output, 50 n, 1 00 n. or open circuit. 

GENERAii. 

Max Duty Ratio: lQP�. 
Power Required: 1 5 t 125, 1 q- 2:3 r.::, r 

Amplitude Vt1riatio n: l 0% for duty-ratio changes 
from minimum to 1 03. With ± l 0% I ine-volta ge 
changes, positive variation is ± 103, negative output 
is ±5%. 

21 to 250 , 50 t r Jz 10 \Y. 
iPane D·imensions: 1 X 5Ys in h s (:355 X i -o 
mm). 
Net Wei9ht: l lb ( .5 k ). 

atalo(J 
l\"uml> r D scriplion 

Price 
in ·· it 

1397-970! 
0480-9634 

U . .  Pa.t nt No. 2,54 , 157. 

Ty1pe 1397-A Pulse Amplifier 
Type 480-P314 Rack-Adaptor Ser 

$495.00 
6.100 

For complete spe6fications, see the current General Radio c atalog or write 
to your nearest GR sales office. 

Among the first shipments of instruments during the we r was a number of 

precision air capacitors. One of these found its way to an Army laboratory 

in France, where lieutenant E. H. Armstrong was experimenting on a new 
circuit to improve the performance of radio receivers. He appropriated 

the capacitor, his new circuit was a sensational success, and thus one of the 
Company's earliest products was incorporated in the first superheterodyne 

receiver in 1 9 1  7. 
(fron1 Ll lli tory of th G neral Radio Company) 
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Y u can al ob am a inder f r ·ur 

Exp rimenters imply f r the a 'king. 
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DO WE HAVE YOUR CORRECT NAME AND ADDRESS- name, company 

or organization, department, street or P.O. box, city, state, and zip code? 

Jf not, please clip the address [abe,I on this issue and return it to us with 

corrections, or if you prefer, write us; a postcard will do. 

rim t 
GENERAL ADIO COMPANY 
Wlli9T C.ONCOflD. MA.SflACHU aTT • U•A 

RETURN REQUESTED 
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