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PULSES IN A SMALL PACKAGE-

A PULSE GENERATOR FOR THE UNIT LINE 

IN T HI S I SS U E 
f>(lfJ~ 

Till; VAllIAc* AS AS A I)

n · ;jTAbLt;-R .\TIO Ct:u· 
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• THE TYPE 121 7- A UNIT PUlSER 
makes availahle for tl)(' first {inH' a self
contained , unin'rsa] pu lse g('llcrator in 
1\ small, ('collomi<:ai puckagc. Prc\'iOllSiy 
!Wtlilablc pulse b'l'IU'11\tOrii h:wc been 
limited in uSC'fui nc8S by restricted mngcs 
of adjustment for both pulse duration and 
repetition mt('. Tlwsc limitations have 

been Q\'CI'comc in the new Unit. Pulser, which is a truly general • 
purpose in~trumCllt . 

The unit. Pulser, designed as an addition to the versati le Unit
Insl,l'Ument.' line, providc8, for the (irst. time, conti ntlolL ~I'y !\djustablc 
pulse dumtions fro m 0.2 J.l SCC to UO,OOO ptiCC, making I)O:;;:~ib le gcneration 
of "flat. tops" cxtcnding o\·cr 1\ hair cycle of frequencies :\.8 low :\8 

10 cyck'S. A sel f-contained O:;.ci llulor dri\·cs the output. at pulse
repetition rates of 30 and 60 cycles for low-frc<IUCIlCY lrtihs and, in 
n 1-2-5 sequencc, from 100 cycles to 100 kc for other tests. 

fig~re 1. Pone! ~iew of th e Type 1217·A, Unit PIII,e, with the Type 120)·A, Unit Power Supply . 
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GENERAl RA O IO EXPER IM E NTE R , 
GENERA L DESIGN CONSIDERATIONS 

The "pulser" or the IIpul.se generator" 
is the energy souroo for systems which 
operate in the time domain (or in which 
timc-domain techniques are the ana
lytical tools). As such a source, the 
pulser is a unique device, because, unlike 
d-(l or sinusoidal-waveform-producing 
devices, the idealized pulse source gives 
rise to an infinite number of frequencies . 
Just how large a segment of the resulting 
infinite frequency band must be pro
duced depends upon the particular 
application for which the pulser is 
intended. 

An ideal pulse source would produce 
three distinct types of driving wave
forms. These are: (I) The unit impulse, 
a pulse of infinite voltage amplitude 
and infinitesimal duration produced 

0.2 ,.s 
25 volts 
100 ke: 

0.7 jJS 

25 volts 
100 ke: 

5~·25volts 
100ke:. 
(squore wove) 

500J'S·25volts 
10ke: 
(squore wove) 

16,000 IJ5 
25 volts 
:xlc 

once only. (2) The step function, a 
voltage transition of unit amplitude~ 
occurring once only. (3) Repetitive 
pulses of uniCorm amplitude, duration, 
nod period of repetition , in which all 
three of these variables are arbitrarily 
adjustable. 

In the Unit Pulser these three types 
of driving function arc approximated as 
closely as the gain-bandwidth capabili. 
ties of currently available vacuum tu~ 
will permit. The pul~ of shortest 
duration (around 0.2 microsecond) at 
low repetition rates are an adequate 
approximation of the unit impulse for 
many applications. The GO,QOO...micro
second maximum value for pulse dura.
tion, when initiated by a single external 
trigger, makes a reasonable approxima
tion of the step function. The pulse 
duration can be adjusted continuously 
between these two extremes over the 
entire range from 0.2 to 60,000 micro- t""". 
seconds. The internal timing oscillator 
produces twelve basic repetition rates 
from 30 c to 100 kc, and a provision Cor 
external triggering permits continuous 
frequency variation from 100 kc to any 
arbitrarily low frequency. 

The independently adjustable vari· 
abies - repetition rate, pulse duration, 
and amplitude - make design compro
mises necessary in any pulse generator. 
For e.xample, with the TYPE 1217·A Unit 
Pulser, one can always produce a pulse 
duration of a half·period or more at any 
frequency above 8 cycles. Although 
square waves arc useful for testing 
amplifier systems, their generation 
places stringent dcmands on the output 
circuits if high-j>owercd pulses (say, 
I amp. into 50 ohms) are desired. Since 
the choice of the rotio of pulse-time to 
period is unrestricted , the TYPE 1217-A .-.. 

fig!'!,. 2. Osc81ograml 01 typical pul •• way.far .... 
d.lly.r.d by th. Unit Pull.r. 
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• 
is dasigned to limit llie output voltage 
without appreciable pulsc-shape deteri. 
oration when the loud demands 100 

much power. The opcn-circuit output. is 
about 25 volts behind 200 ohms. With 
a 5O-ohm load, this out.put voltage drops 
to a.pproximatciy two volt.s. 

CIRCU ITS 
l~igur(l3 is:l. functional block diagram 

or fhe Unit Pulscr. The circuits arc: 
n blocking oscillator. which can also 
be driven as a trigger circuit; a mono
stable mullivibrator, which controls the 
duration of the pulsc; aD amplitude can· 
trol and limiter system; nnd Ii simple 
output stage capable of deliveri ng either 
or bolh positive and negative pulses. 

The 05CiIIlltor that. seta the repetition 
frequency (number of pulses per second ) 
is an RC-timed blocking oscillator.' 
When the period for tbe pulses is to be 
determined by an externally generated 
signnl (sine wnvc or pulse), the blocking 
oscillator tube is bia.scd beyond cutolI. 
This form of oscillator is used. first, 
because it provides a lot of energy in a 
brief pulse. which increases the mte of 
rise of the leading edge of th", pulse; and, 
second, because it is easily synchronized 
either at its fundllrnentll.l period or at 
multiples and suh-multiples of this 
period. The osu\lntor frequcncy is 

M Alie H . 19'" 

switched in twelve steps, in 11. 1-2-.5 
series, from 100 cps. to 100 kc. The t.wo 
loll'cst. frequencics are locked to the 
power line; they are 30 and GO cps. for 
standard U. S. power systems. An ad
justment is provided to permit the oscil
lator to be locked to 25 and 50 Cp.!.!. for 
5O-cycle power systems. 

Wben the repetition frequency is to 
be determined b:'r' all c.xtcrnal sourr:e, I he 
blocking oscillator is disabled by adding 
a fixed bi~ voltage and is used as a 
trigger circuit to feed tbe pulse-forming 
system. Since the oscillator is completely 
inoperative in the absence of an extcrnal 
trigger pulse, trigger pulses can be used 
to produce periods u.s long as the user 
desires. The upper frequency limit with 
c.xlcrnal triggers depends upon the type 
of trigger waveform, its amplitude, and 
the repetition-rote switch selling. For 
frequencies lying below 10 kc, five-volt. 
sine waves arc adequate for conti nuous 
locking; as t.ho upper limit. of .100 kc i5 
approached, the amplitude of the lock
ing voltage must. be increased to about. 
25 volts. 

The mon06tablc multivibrntor is of 
the conventionol grid-COl~pled type.' A 
potentiometer adjusts :1 reference volt,.. 
age fo r continuous control of pulse 
duration over a 12 : l range. An RC 
network is selected by the decade range 

:---------------------

Figu •• 3. BkKk di"I1'''''' 
"llh" Unit Pub". 
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GUHIAl RAOIO EX":IIIMI HTI!R • 
switch to provide time-constant multi· 
pliers covering durations from 0.5 to 
60,000 Il8CC in five steps. 

The 8nniysis set forth on page 178 of 
rcfel'{'llcc (3) shows that the pulse 
duration is expreSS('d by 

7' _ ROI E+,,, ( I ) p.... og.. E + cN't 

Whem E ie the adjustable reference 
voltage controlled by the time duration 
knob, c,.. is the plate awing of tbe second 
tube, and t ... the cutoff voltage of the 
6rst tube, 

Thus the pulse duration "(lrit'S loga· 
rithmicaJly witb the refcrence vollage. 
A "logarithmic" potentiometer is so 
connected Ulat its vnriation of resistance 
\lith fUlgle tends to compensate for the 
resuhing non.linearity !loud yicld II. 

desirable scale distribution 
Some energy obtained directly from 

the blocking oscillator during the brief 
I>criod of ita conduction is added to that 
produced during tf'3.ll!,ilion of the mono
!;tllhle multi vibrator to produce II. st.ccp 
wlwcfl'ont. Even though the monostll.ble 
s tage is aided by tho oscillator, it still 
must htl.YO !\ll of tbe bnudwidth possible 
to produce the !Steep wavefront dcsired, 
so t.wo pcntode tubes, a GAl,S nnd 
6A 11 6, are used. 

The limiter and amplitude--control 
circwt consists of t 1\'0 germanium-diode 
limiters, which set. the maximum and 
minimum voltage limits of the pulse and 
clip the cxtremes of voltage cOl·respond· 

ing to tbe "top" or "bottom" of the 
pulse. The lower diode voltage is fixed. 
The amplitude-conlrol potentiometer 
provides d-{l grid voltage for a cathodl7 
follower circuit, which applies an adjust,... 
able voltage at. a low impedance to the 
upper-limit diode. The pulse "top" is 
clipped by the conduction of the diode 
bet.ween 1 and 25 volts above the level 
set by !.he lower diode. The amplitude
control voltage, corresponding to the 
"lop" of the pulse, is regulated with 
respect. to ground to make the amplitude 
of the pulse essentially independent of 
pulse duration, tCl>ctitioll rate, and line 
voltage t ransients. 

The output. circuit compriscs both sec· 
t.ions of a 12AT7. This tube is connected 
in such a way that. it can be used as (1) a 
cathode follower for the positiye pulse, 
(2) as a phase l!plitter to pnxlucc equal· 
amplitude positive and negative pulses, 
or (3) as an amplificr to produce a nega,.. 
tive pulse of about 60 volts amplitude at. 
an impedance le"cl of nbout 1200 ohms. 
The necessary wiring changes are made 
by moving a shortinJl: bnr at the ontput. 
terminals. 

At this point it should be noted that 
the connect ions from the monostablc 
multivibmtor through the limiter·ampli· 
tude control a rc all d--c coupled; so tllnt, 
e"cn with a 5()...ohm lond resistor on lbe 
positivc-.output. terminals, Jlul$CS of tbc 
longest durations maintain the fiat tops 
desirable io checking low.frcqucncy re
sponse, Since the negative pulse is pro-

Figura 4. flamenla ry Khemalic Circuli diagram of the Unit Pul .. " . 

7·~-+~~ ____ ~~ __ ~~-L~ 
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, 
duood at. the plate of the output stage, 
IL blocking cnpacitor must. be used, and 
load impedances of the order of 5 
megohms are necessary to preserve pulse 
shape at Ole longest durntiorus. 

With the limiter form of amplitude
cont.rol circuit chosen for this design, 
there is some tendency for a. smalJ 
amount of high-frequency energy to be 
coupled around the limit.er into t.he out.
pill. circuit. Tbese noise components only 
bccom~ noticeable when the amplitude 
control is set nenr its minimum value, 
so all accessory voltage divider is sup-. 
plied with t.he instrument to reduce the 
mnxjmum amplitude to 2.5 volta and to 
reduce the noise proportionately. T he 
output iropodance of this nttcnuator is 
approxima.tely 200 ohlJUt. 

APPLICATIONS 
Once the spccificatioll8 for the Unit 

Pulser have been listed, it seems almost. 
redundant to point. out specific applica
tions to lhe interested reader. It has 
been shown in the first port jon of this 
article UULt the 1'yp~; 1217-A Unit. 
Pu lscr ;s capablc of approrimating all 
three basic pulse-source waveforms: im
pulse, step function, and periodically 
repeated pulse of adjustable duration , 
Whet her or not i he approximation these 

Fillure 5. BIO(~ diogrorn 
of 0 .yd."" 1111"11 twO 

1)"11 I' .. hert 1o provld. 
pubn .... ith odiutlobl. 
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wavefonns proYide is acceptable depends 
llpon the particular applicat.ion. Since 
the Unit Pulsar produces pulses with risc 
and fall times requiring video band
width! equivalent to those obt.aincd in 
all but. the most. expensive oscilloscopes 
currcntJyavaiiable, it is sat.isfactory for 
most applications requiring an oscillo
scope as an indicator, 

In applications in which the pulser is 
inserted in a system to produce a syn
cbronizi ng or gating pulse, it is often 
necessary to move the time position of 
this pulse relative lQ the lime reference 
set by a master trigger. This operation 
requires the insertion of a time delay 
between the master trigger and the ini
t.iation of the synchronizing or gating 
pulse. Figure 5 shows how a TYPE 
1217-A Unit Pulscr can be used, with a 
simply constructed differentiating cir
cuH., to provide a deJayed t.riggcr pulse 
after a time interval equal to its arbi
trarily set pulse duration. The extern III 
triggering circuit of a second Unit. 
Pulser will accept t.his pulse to initiate 
a final output pulse, so the combinat.ion 
of t.wo instruments will provide tl. very 
flexible "phasing" unit a'ud source of 
delayed pulses. Thet.imc diagram accom
panying Figure 5 shows the OVCNU! time 
relationships between the m3.Ster trig-

121101" 
DtLA' UNIT 
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GENERAl RA DIO EXPERIMENTER • 
gcr, delayed trigger, and final output 
pulses. 

A Unit Pulser alone, or with another 
pul.ser as a delay generator, offers the 
engineer, scientist, and teacher a si mple 
and inexpensive energy source for many 
pulse systems. A few of these uses follow: 

1. AudioSystem.s:Asinglepul.se gener
ator can be used to generate a. square 
wave from 10 c to 100 ke. The pulse can 
be used to operate an e.mmal gate to 
switch asinewave to provide tone bursts. 
Square-wave outputs up to three watts 
can be obtained using a TYPE J206-B 
Unit Amplifier following the Unit Pulser. 

2. Computing System.s: As a substitu
tion (block diagram) clement to provide 
a gate over an adjustable period of time 
or a time-delay unit. 

3, Nuclear Systems: The 12l7-A can 
be used 88 a gate or t ime-delay genem
tor, Two Unit Pulscrs with an additional 
unit used as a delay stage can be used to 
check resolution limes for low- or moder
ate-£pccd, coincidence systems. 

4. Television Systems: A single Unit 
Pulser can be locked at the horizontal 
syncbronizing frequency to check over
all transient response of tbe video sys
tem, using tbc kinescope as an indicator. 
The 30- and 6O-cycle intcrnallock, with 
the possibility of using a second unit for 
a delay circuit, makes poss,ible the injec
tion of a timed pulse anywhere during 
the period of a field or frame. 

5. Pulse-Communication or Tcleme
tering Systems: The Unit Pulser can be 
used as a "substitution block" in design, 
for producing a time-delay or monostable 
gate stage for example. With a stable 
source of synchronizing frequency, a 
clean and stable synchronizing pulse of 
adjustable pha.sc can be formed, 

6, Transient Analysis - Electro
Mechanical Analogues, etc.: The TYPE 

1217-A Unit Pulser with an oscilloscope 
can be used fo r numerous experiments 
on linear, passive, networks, Since pulses 
are available over a wide frequency 
range, almost. any sort of oscilloscope 

figu •• 6. TIl. Unll Pull •• u .. cI for produdlon 1 •• 1s or\ ompIlA •• c .... mbll.,. 
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, 
CAn be used and, hence, economical 
laboratory experiments in transient 
effects can be designed for school 
laboratories. 

7. Spectrum Generation : The Unit. 
Pulser, either ( I) alono, (2) with an r-f 
modulator, or (3) wi th a gated oscillator, 
will produce a pulse- or pulse-modulated
signal spectrum. 

In tbe first case the spectrum for a 
train of pulses is produced" This spec
trum has lines with frequency intervals 
determined by the repetition rate, and 
with maxima and minima of amplit.ude 
determined by the pulse duration. If the 
pulse is triggered by a TYPE 1213-A Unit 
Crystal Oscillator, accurate calibration 
freq uencies at harmonics of 100 kc and 
to kc can be generated over a wider 
frequency range than can be generated 
by the Unit. Crystal Oscillator alone, 

M AR C H,195. 

and accurate time markers at 10- and 
lOO-micfC/Se(Jood in tervals can also be 
obtained. 

The spect.rum or t.he pulse-modul!\ted 
r-f carrier of the sccond case is similar 
in line structure to that of the pulse 
train, but is translated to lie centered at. 
the r-f frequency WI symmetrical side
band components.' 

This modulat.ion can be conveniently 
accomplished with the TYPE JOOO-P7 
Balanced Modulator.' 

Finally. the pulser can be used to 
switch an r-f oscillator so t.hat the oscil
lator's out.put voltage is coherent with 
the pulse and many interesting nod usc
ful spectra can be produced.' 

- R. W . FJlANIi 

- Rt/~,"r>CO D<I/<r. I", R4dio 8HII<,, __ . 3rd ed., Fodera! TI:lancl. Alwi ... " M ul tiehan .. e1 Control or u·u.~· o..tlU,,· 
Telepbo .. e .. nd nadio Co.,. .. I . T, T .. 1~1I. p. :ros. to ... ," I'T.J. I. It. II .. Vol. 4\, No. \ , JIUIU&ry, \1J;.3, I'. 7D 

SPEC IF IC ATIONS 

P~\IO _ . p.,lllo" ROI • • : 
30 c, 60 CJ botb ~yUl:bronized to powcr linc. 
100 e, 200 c, 500 OJ 1000 Il, 2000 c, 5000 c, 
10 ke, 20 ke, 50 ke, 100 kc, a U ::1::1 5 % or 20 C, 
whichever i~ greater . 

Pul .. Du,." lo, .. : Continuous coverage in four 
rangel! 0.2 to 60.000 j.IIlOO. Accumcy ± 15% or 
0.2 ,wICC, whichever iy greater. 

P",I .. 5 .... p.: Rise time O.Oill'soo. 
Fall time 0.15 1iI!OO. \lit h output 
t.erminals shunted by 15 I'l'f ,u ld 
1 Mil. 

The ovel1lhoo~ may be set to be l~ than 5% 
of one-half maximum amplitude Ilnd the top of 
~he pulilC ill flat to within 5% of masimuDl 
umplitude at all durlitiOIlll. 

£", .. ",,1 Sy .. ch,o .. lull!oJl; 
With sine wAVes, 5 volta, rms, ill adequate 

for contiuuous looking Ilt frl'(luencic:l up to 1 ke. 
Incre-Millg voltages to 25 vo ta, rnu, are nC()cs· 

?'ype 

sary to lock contmuously to 100 ko. A lU-volt 
pulse wm lock continuously from O.to 25 kc. 
0..'1''''' Im pedonee: A:rproxilnllt.ely 200 ohms for 
po~i tive pnhlel! 3n 1500 ohIll~ for negative 
pulSell. 
Open CI.cull Outpu' Voltago, 20 '10118 for pulSe!! 
of either polll.l'i~y. 
5Ic1bili'y: Xo time jitter is visible when Ii. ful! 
1)Criod is di~playe<i on I\n (lScil108OOpe. 
Tubu: 6AHf3, OAKS. 6/u'15, OA.L.'i, and two 
12.-\T7. 
A ..... o.lu s."ppll.d: Ontl multipoint COnneotor. 
10 : 1 200 n nlt.cnuator. 
Powe, Supply: 300 volts, 55 mil ; 6.3 volls, 2 a. 
TYP.l 1203-1\ lillit Power Supply ill I'l'(.'o tn· 
mended. 
Diml .. e]" ... : (Width) 10& x (heigbt) 5U x 
(del)tJI) GU incbe$. over-lIlJ. not inc1udhlb 
powcr·]jnc l:unIlL'i:tor cord. 
N. t W.lllht, bU pounds. 

Code Word Priu 

1217_A Unit Pul •• , · .•........... .. ............ ••• .. • $195.00 
40.00 1203 · A Unil l'ow. , Supply . .......... .......... ..... . 

' Lit"\'~ under p~(enll of lbe Itlidio Corpo",!io .. 01 AIIl~ri<:a. htellt AIIPli",] For. 
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GfN£RAl RADIO f X PERIMENTfR 

THE VARIAC ® AS AN ADJUSTABLE RATIO 
CURRENT TRANSFORMER 

From Mr. A. Schevtchuk of Ballas
tran Corporation, Fort Wayne, In
diana, comes tbe following suggestion 
for using the Variac® Ilutotransformer: 

"In testing a transformer, we lacked (N~ 

an ammeter with a high enough current ---------
scale to measure the primary current. 
However, we found that we could use a 

• 

Variac as a current t ransformer and were ing another ammeter in the primary 
thereby able to read the current on the circuit and carefully adjusting the posi
ammeter. The circuit used is shown tion of the arm. Although this method 
below. may oot be completely accurate, it was 

<fI n setting up the circuit, the meter found to be sufficiently accurate fo r our 
across the Variac was calibrated by us- purpose." 
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