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PULSE AND FREQUENCY RESPONSE 
Some Useful Relations 

by J. K. Skilli"" 

H ll. (ast. pulse is applied to a widchand circuit, and the output has n risc time of 
50 nanoseconds and no overshoot, the upper cutofT frequcllcy i~ approximately 
7 :'11Hz. If the same circuit exhibits 25 percent droop in its rc~pOIiSC to a I-second 
pulse, its low-frequency cutoff ill 0.0.; liz. 

I t is often useful to be [lblc to infer the frequency response of n de"ice or circu it 
from nl<.'tlsurcments of pulse response. For onc thing, inRtrUnlcntation for pulse 
work is generally simpler than that for sine-wave meu!'Iurcmcntg. To measure 
directly the two cu toff frequellcies in the 8bo\'e examph.', one would probably 
nred two sine-WilYe signal generators to co\'cr the range from 0.01 li z to 10 :\JHz. 
l\Icasuremcnts nt severnl frcqu('nci('s would have to be taken . A sweeper would 
be more convenient - although it would give no phase information - but would 
enta il an evell larger commitment to instrumentation. On the other hand an 
economical, general-purpose pulse generator and oseillo!;cope ilre the on ly instru­
menlS needed for the rapid pulse t(':Sling of wideband circuit:s IIlld devices. 

And there arc other ad\'n ntllges to the usc of pul:;e techniques. Puli<C excitation 
allows independent control OVN l"i,l!;lIal level and average power in the device 
under test. Also, the use of lin of'ci lloscope to view the output im mediately un­
co\'ers gross distortion, clipping, osc illation, etc that. might. otherwise escape 
notice, 

On the debit side, the prescnt !ltatc of inslrumenlntion docs not allow the 
observation of wa"eforms wilh the accuracy that chatnctNizcs sine-wtn'e testing. 
As a result, pulse tests give less accurate information about frequency response 
than do direct measurements. 

MODELS 

Correlation of pulse and sine-wn\"(~ T"Cf'ponses is grnrrally done, as most ncth'e­
circuit calculations are done, with model:-l. One clllcllla'{'~ both pulse-response 
waveforms a.nd frequcncy-rei<pollsc curn's for a ginll mod"l circuit with gi,'en 
component values, The Ilssumplion is th!ll if the observed wllveform from a rea l 
de\'icc is the samc as:J. wnycform that one hns ('Ill('ulllt('(! for the mode l, then the 
dO\'iec's frequency response will b(> the samc as that. calculated for the model. 
This is born out, nt least to n good approximation, by most common widcband, 
linear devices and circuits thn~ have reasonably smooth roliotTs at both low nnd 
high frequencies. 
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.... o".forml. 

The low-frequency response of the circuit governs the amount of "droop " in 
the output pulse. It is usually adcquate to choose a simple RC high-pass circuit 
as a modcl for low-frequency behavior, as shown in Figure 1. If the amount of 
droop is less than 30 percent, the low-frequency cutoff frequency /1 is given in 
terms of the droop D (percent) and the pulse-duration time 7'4 by the approximate 
formula 

In practice, one might adjust the pulse duration until a d roop of 25 percent is 
observed. ,rhen D = 25%, the low·frequency cutoff can be ca lcu lated with a 
formula that is a little more accurate than the one given abo\'e: 

(d,oop ~ 25%) 

HIGH-FREQUENCY RESPONSE 

The high-frequency behavior of the circu it govcrns the way in which the output 
waveform responds to an inp ut step. A model suitable for high frequencies is 
somewhat more complicated than the low-frequency model we have just dis­
cussed. The one usually chosen is the series-para llel circu it shown in Figure 2.1 
The source is 11 current step whose magnitude I is such that III = 1. The ratio 1Il 

measurcs the amount of peaking or, inversely, the amount of damping. (It is 
equal to the square of the circuit's Q at the resonant frequency of I .. and C.) 

Figure 3 shows calculated output waveforms for various va lucs of m. Kole 
that the time is measured in units of 7 c. Also shown in Figure 3 arc tbe defi ni t ions 
of two parameters having to do with the circuit's step response: the overshoot r 
and rise time t,. 
I Vall~1 and Wallmaa , Vael"'''' r .. !>o A .. plVl"~, M.I.T. Radialio .. Laboratory Be';"". No. 18, n.,.too Tech .. ical 
PubiWIel"ll, I .. c., Luin&to ... M ..... 1116(. 

FIIIU" 2. High- I .. quancy mod ••• Th. 
lou.n II 0 curr ... 1 " ap of mo, .. lIud. I. 
and Ih. circuli . I. m. nl. 0 •• I .. a ... 1 ... 

pa.all.1 co"'IIIU.ollo ... 
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The corresponding frequency·response curves are shown in Figure 4. Here the ,­
frequency is measured in units of lITe and the shape· of the cun"c is ngn in a 
fun ction only of m. 

Let us look at a few simple relations for representa tive values of m. 

111 = 0 

There is no inductance, and the model red uces to the simple ItC low·pass net.work. 

l. = 2.2 Te, 

i,f .. ,. 0.35 (golden rule) 

0 <",<0.25 

Xo\\' there is some inductance present. Al; III increases, thc risc time decreases and 
the high·frequency cutofT increnses. 

m = 0.25 (critica l dam ping) 

This is the condition for the shortest risc time without o\·er.:.:hoot (although one 
can do belter with a more complicated " )>cnking circui t"'). 

I. = 1.53Te, f ._ = 0.225 
TC 

/,/ .. - 0.34-/ 

T he golden rule survives. 

0.25 <111 < 0.50 -
T he rise time continues to decrease and the cutoff frequency continues to incrense, 
but o\"ersboot starts to build up and so does frequency peaking. At m "" 0.50, 

I ,. _ 0.286 
TC 

t. f •• = 0.32 

The golden rule is still barely tarn ished. 

m>O.50 

RiB(' t ime continues to decrease, but overshoot becomes ,"cry large and repro-­
duction of the pulse wnveform is consequently poor. The cutolI frequcncy con."-' 
• s- VAlley aa.d w.u ........ P. Ct.1" II 7fj. 
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Table 1 
Characteristic quantities far the series-parallel 

high-frequency model 

norma.lized 
normalized cutoff rise-time-('utoff - frequency 

rise time overllhoot frequen cy frequency lroduCt \le:J,king 

'" 1./ .-. , I .. ' '-. t. · •• P 

0 2.20 0% 0.159 0.350 o dB 
0.07 2.03 0 0.172 0.349 0 
0.15 1.82 0 0.192 0.349 0 
0.20 1.68 0 0.208 0.349 0 
0.25 1.53 0 0.225 0.344 0 
0.35 1.31 1.0 0.258 0.335 0 
0.50 1.12 6.7 0.286 0.320 0.25 
0.70 1.01 16. 0.294 0.297 1.5 
1.0 0.940 30. 0.289 0.276 3.3 
2.0 0.865 6B. 0.268 0.232 7.8 
5.0 0.825 148. 0.245 0.202 15. 

tinues to increase untilm = O.i, whrre the bandwidth of thC' rir('uiL is maximum. 
The frocluency peaking at maximum handwidth is \"j dUo For largcr values of tn, 

the model becomes a rclnti\'cly high-Q resonant circuit wilh fr<'qu('ncy peaking 
that is exce&;ive for 3. wide-bnnd dev ice. 

The relations d iscussed nho\'c nrc tabulated 3.S a function of III in Tab le 1. 

AN ALTERNATIVE HIGH-FREQUENCY MODEL 

We can gain some confidence in thC' model-building ml'tiHxl if we compare thl' 
above results with those for n diffl'rellt high-frcqul'll cy rnodl'l, the S('ries circuit 
shown in Figure .5. The behavior of the series model is :,ho\\'11 in Figures 6 and 7 
nod Table 2. 

Thc resI>onse is similar to that of the series-parallrl lIlodrl The impro\'cment 
in rise time and cu toff fre<'ltlCncy with increasing 11/ is not liS mtlrkcd the 
improvement is 10 percent less at III = 0.25, for example. Thr cutoff frequcncy 
maximizes I\t n lower va luc of In than with the series-parallel modl'l, But the most 

Fig ... , S. Anolh , r h lgh _I •• q .. , n.y mod. l. Th , 10 ..... In 
Ihl •• I .... il II ° "ollog. " ' p of un il magnllud, and Ih. 

cI .... 1I .I.m. n" 0 .. in .. rI ... 
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Table 2 
Cha racte ris tic q ua ntities fo r the series 

high-frequency model 

normalized 
normalized eutoff ri!e-time-eutoff- frequency 

rillC time oveMlhoot frequency frequcllcy product peaking 
m t.I T< , I .. . r . t • • I •• p 

0 2.20 0% 0.159 0.350 o dB 
0.07 2.04 0 0.171 0.3.49 0 
0. 15 1.87 0 0. 186 0.3 .48 0 
0.20 1.77 0 0. 196 0.3 .47 0 
0.25 1.68 0 0.205 0 .3.44 0 
0.35 1.57 0.6 0.2 18 0.3 .42 0 
0.50 1.52 <.3 0.225 0.3 42 0 
0 .70 1.55 9.6 0.2 19 0.339 0.74 
1.0 1.64 16.3 0. 202 0.33 1 2.49 
2.0 1.97 30.5 0 .1 59 0.313 7.1 8 
5.0 2.75 48.6 0.107 0.293 14.42 

important thi ng to notice is that this circuit, too, obeys the golden rule: the 
ri~ti mc-bnlldwidth product. is ,-cry close to 0.35 for small PII. 

CASCADED STAGES 

Cascaded SL'lges with no overshoot IHlve a combined rise time tha~ is approxi­
mately the root-sunt-square of the ind i"idual rise times: 

This usefu l relat ion also a llows olle to calculate the elTect. of the measuring 
system 011 the rise timc. For example, if a pu lse g<'ncrntor and oscilloscope by 
themselves show a rise time of 20 llano!olCconds. alld if when lhey arc used to 
measure the risc time of a de vice lhe result is 80 nanoseconds, the above relalion 
gives a rise lime of 77 .5 nanosceonds for the dey ice itself. 

ncar in mind that the formula given above appl ies only in cascs of no overshoot. 
Valley and Wallman' gi ve the following rules for cascaded stages with overshoot: 
./ For stages ha\'ing very small o\'Crshoot ( I or 2~) the overshoot grows extremely 
slowly or not at. all as the number of stag<'S increascf' .... For stages ha \·ing 
overshoots of about 5to 10% the o\·ershoot. increases approx imnl.<'ly as the squa re 
root of the number of stages, and the rise time increascs substlln tillll.y less rapidly 
than as the square root." 
• 0". ell .. p 78. 

, 
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CONCLUSIONS 

The low-frequency cutoff can be determined from the measured amount of 
droop in the response to a long pulse. The pred iction of high-frequency perfor­
mance is a little morc complicated hecause two cases have to be distinguished. In 
the overdamped zero-overshoot case (0 ::; m $.0.25) it is difficult to det-ermine m 

from an observed pulse waveform. But it is surprising to nole that the cutoff­
frequellcy-ri~time product changes by less than 2 percent over the runge In = 0 
to III = 0.2.1. If the modeling procedure is reasonable, the prediction of cutoff 
frequency from rise t ime or vice versa anywhere in the overdamped region is 
accurate enough for engineering purposes. 

In the undcrdamped case (m >0.25), the cutoff-freq uency-rise--time product 
depends upon m. But in this case the amount of overshoot, which one can measure 
with fair accuracy, gives a good estimate of III. 

Comput.a.tion or the dat.a. cont.a.ined in the figUre!lo.nd ta.blCil Wll.!! programmed by Bruce J. Jo.y. 
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THE 1340 PULSER 

Versa tility and price make this the "best buy" of the 

general-purpose p ulse generators. 

When 11 new instrument impro\·es 011 
the performance .)f products nlrt'udy on 
the ma rket, it rcprcSt'nts progrt''' .. ; when 
it. offers cOIl\·enicllces t h1l t t he olhers 
don 't, it. is ntlracti \·e; when nL the 
S,'l.Ill(' lime its price meets or bC'ats the 
compe tit ion, it. makC's news. So the G R 
1;J·1O Pulse Generator i.'i Il CW il. II is :t 

genera l-usc pu lsc generator that otTe rs 
n total combination of I>crfo rmance and 
featu res that. is not surpassed even by 
high-priced genera tors. 

0.2 Hz. to 20 MHz 

Repetit ion I>criods frOIll :,0 na no­
seconds to;) seconds will interest users 

ill fiC'[ds fWIII high-sp('('d c ircuit testin g 
10 S('i,..rnoio!!;i('a l I'('''<'llr(' h. r\ single pulse 
for OI1(' .... "hol 1(',..1.. ('an 1)(' t riggerf'd 
mnn u~lI ly fmlll n froul-pan('1 push­
hutton. 

The \:3-10 :l1:;() otTers C' igh t decadcs 
of pulse-d urat ion li mC's, from 2.) nano­
S('conds to 2.:, .'.c('ond s. The max imum 
d llty rat io l h:H C!Ul hp a tta inpd nui('s 

from i O to oV\'r !l.i pNCen\, depend ing 
on til(' C'omhin!\tiOIl of rt'1>c\it ion-r:He 
r~l.Ug(· and dur:uion-timc range that. 
is in liS('. In caS(> of an innd \"('ftf'nt set­
ting tha l l':\I·C'('{I" t il{' a llowab le du t.y 
rat io, a pa n<-I lam p flas hes to a lcrt. t he 
o]X'rntor that t il{' output wl\\"eform 
may not 1)(' tru"lworthy. In a ny e\·ent 
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ther(' is no ri!lk of a circuit. overload if 
the duty·rntio limit is excC'Cdt'd. 

Thc rCIX'lilion and duration controls 
eltch combin(' runge swi tching and con· 
tinllou~ ndju~tlllcllt ill singlc NI.Sy·to-­

read d ials. The repetition dinl rends 
both prf and pcriod, along with th£' 
correct ullit~. 

.\ conwni{'nw f{'lllUf(~ of the I:HO 
is the "S<lullreWll\'c" po.",ition of the 
pul!;(,-·durntion ('ontrol. In this setting 
the output cou;:ists of .}()<'1r duty·rntio 
pulse.." regardless of the prf. Square-­
wave testing with the 13·10 is thu!! fast. 
nud simple, since there is no need to ro-­
sct the durntioll when the prf is 
changed. 

I O·Volt Outpul, "" INoit Offset 

Both po~itiw and negative pulses 
are nmilahl{' simultaneously at two 
low·reflection GRSi4S coaxial con net'­
tors. Each output is a high-illlpednll ce 
(about 1 kp.) current. generator with II. 

mnximum source eurr('nt. of 200 mA 
nile! it saturation voltage of betwr than 
10 volt'!. Fifty-ohm resistors a re 
s ..... if.{'hcd tl.cross the outputs whcn re­
fiectionleR'! ~l.Irccs are required. With 
the resistors switched in , the 13W enn 
deJj\,('t 5-\'olt pulses to :t ;J()..ohm load . 

An other 1:l-t0 cOIl\'enienee feature is 
the output offset. Independently ad· 
justahle biases can be applied to the 
two output'! to ofTSl't the pulses up to 
± I volt (or ± 20 rnA). The offset 
feat.ure eliminates the need for nU'\:: iliary 
equipment , for ('xtllnple, to C-IlSUrc posi­
tivc trigbrering in the prescnee of noise 
or small hi:tlSCs. I t is a feature thnt. will 

The 1340's synchronizing trigger is 
a square wavc, rather thun the narrow 
pulse that is available at. most pulse­
generator sync outputs. The square 
wa\'e has three principal advantllges. 
I) Even when the 13 10 is bc-ing uS('d to 
generate long pulses, the sy nc pulse is 
not too short. to provide nn effeeti\'c 
trigger. 2) Thc square W:l.\'e prO\'ides a 
'itable trigger as the prf is changed, 
since its de level dQ('s not vary. 3) By 
changing the scope's trigger le\'el, olle 
cnn synchronize the scope one-ha lf 
period a head of t he pulse. 

PPM, POM, PAM 

The period , duration , negative am pli­
tude, a nd positil'{' amplitude en n e:teh 
independen tly be !inc-arly modulated by 
externa lly applied modulating \·ollages. 
Voll'lges between -O .. i and -5 volts 
SW(!CP the period nnd duration over the 
dC<'ade ranges scleetro Oil the rnnge 
switches. Voltages bet.ween 0 and +5 
volts and 0 Ilnd -.'} voll!>, rcspe(:tiveiy, 
vary the ampli tudes of the posi ti ve­
and negatke-going pulses o\'er the 
entire IO-volt mnge. 

The 1340 has other modes of elec­
t ronic control. A gnting input. permits 
an external switch closure or positi\'e­
going pulse to inhibit the 13-10's period 
generator. Gating the oscillator means 
that a pulsc that is already underwny 
is not chopped by the gating signal. 
Whether one w lks about modulation , 
sweeping, or remote programming, the 
13-t0's elect ronic-control features mean 
greater usefulness. 

A description of some of the 1340's 
bf' of particular interest to those eon- novel circuitry follows the spocifica­
ccrned with integrated-circuit testi ng. tions. 

12 

= 

I 

1 

-
IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



I 

Nov.mb .... C . c.mb . .. 1968 

SPECIFICATIONS 

r ULSIE rEtIOO ("II F) 
Inl • • n .. llr O . n . ... '-.I ' 50 ns to 5 s (20 Mlb to 
0.2 Ih) in 8 decndc rnngt'jl, Hinglc-.pullMl push 
button on pancl. 
b lo,n .. nr (:onl.oll-.l , 1 liz to 20 :\l l1z; triggCt9 
Oil IUI~' waveform of >3 V pk-pk, Input. reo 
siatarl(\' approx 100 kll. Output pu\.,c is starled 
by ncgatlve-going tmlU!ition. I~eriod control 
aeLl lUI input trigger-level tontrol in externnl 
mode. 

O UT"UT. "UlSE CHAITACTUIST ICS 

Ou,o . lo n, 25 ns to 2.5 s in 8 decnde rang('fl, or 
square wllve. 
IIln ond h U lim'" 5 na *2 lUI Ill. 5 V, 50-0 
1000, and 5O-n IIOUree resistance. 
A"'pillud" Poaitive lind negative ground-baaed 
I)ulseti available simultaneously ,.dth indeJlen­
dent. lunplitude find offBCt control. Source 
current ronti ll lloully IIdju8L"ble to at lelUlt 0 .2 
A (i.e., ncrOll8 5O-lllond , 10 V from high BOUrte 
resIStance or 5 V r rom 50..fllO\lTce). 
Ofh,,, (:Qlltinuou~ly adjustable IIOlIrrc current 
frolll - 20 tlI +20 rn A. 

So,, '~o 1 .. 1" .. n~" 50 D, or high (appro:.: 1 kll ) 
for so·n loada. 
01.1, ,110" , Preeboot, ovct9hoot, ringing, ctc, 
<0.5 V (5% of mn.1C output). 
O .. I ~ 1 .. 11,, : Duty rati08 of ovcr i 0 70 can be 
}btainoo on all rangos excer t dccrefl8ing to 
"1)Prox 50% at 5O'IUI IlCri()( in 5O-t<h'}()().nt 
range. 

SYNCHIONIZING "UlSE 

W.I/o'.,m, Squ&re " '''VI'. Negative tmnsition 
pret«les stMt of output pullle by approx 35 ns; 
poaitive Itan~ition can be Il.M!d for hair-period 
prelriggering. 

Amplitude : 2.5-V pk-pk positive !IQ1UIre wave 
hehind 5GO-illlOurce illlpedtlnce. 

MOD ULATION AND G ATING 

M odulo ' i" .. , Period and duration are linearly 
controll:tble hl' an e'l:ternai voltage bet"-ecn 
- 0.5 and -5.0 \'. Amplitude of the pOIitive­
pul8e Otllput ill linearly controllable hy an 
e.xtern!l.l voltage of 0 tlI + 5 V, the negative­
IJulile output b.v 0 to - [i V. Period Ilnd dUr:\tion 
nrc modulattlule over !he dC!(!ado range IMlt b\' 
rrlllge awitehes ; nrnplitude e:m be m()(iulnted 
over iLl full r!l.nge, Ampli tude m()(iulation can 
be used for nOllooherent gating of outllUt l)ui1te. 

Go li no ' An imlJedance of .5.600 I} to ground 
inhibits Otltput; + I tlI +8 V allo .... 8 normal 
output; 13-IO'~ eall be lIBed tlI gate 13"0·~. 

G EHERAI 

h ..... it _q ui .. " , 100 t(I 125 or 200 to 250 V, 50 
to 100 Hz, 30 W, 

A ..... o,i .. Su pplied , Spnre ful!C!l, ))O"'cr cord , 

A •• o .. o'; .. Al/olI"b'" GRBi4 coaxial com-
ponents, attenlllltol1l , terminations, lee!I, etc. 

M."n' inv , Convertible-Bench Cabinet. 

D lmon"Dn~ ( ... Id' h X hol l hl X dop,h): Uench 
8 Y:i X 5~ X 13 in. (220 X 145 X 3.10 111111 ); rnek, 
19 X 5 1i X 1114 in. ( 185 X 135 X 200 mill ). 

W. ilhl , Net, Ill:!' II> ( 1.2 kg ); ahipping, 13 Ib 
(0.0 kg). 

C""",, 
,Vl/. l1Wtr 

13.0 P" I • • G. n ..... I., 
13. 0,9700 Bondi MOV<\ . 
1340.9701 lock MOIIn l 

U9$,OO 
.".00 

NOVEL VOlTAGE-VARIABLE SCHMITT CIRCUIT 

The 1340 '8 period ~cncrator makes 
usc of the volt.ngc.variab le Schmitt 
circuit, shown in Figure 1. 

QI and Q2 arc regcnerati\'e!y con­
nected to form a Schmitlrtype mu lti· 
vibrator. T he common emitter current 
supplied by RB flows entirely in either 
Q1 or Qi! when the circuit is in one of 
'ts two stubJe states. Consider the cuse 
Nherc Qi! is cond ucting (on) and QI 
and QS are ofT. Under these conditions 

the volt~'lge divider NI, Nt, and NS 
sets ! l voltllgC, Hu, at the hnse of Q2. 
In order to kccp Q1 and Q3 ofT, their 
bnse \'olt.'lgcs must. bc more ncgative 
than Bu. 

T ransfer of conduction to QI occurs 
whl'll thc input voltage Em 011 the base 
of QI is rn ised to n \'u lue close to gu, 
at wh ich point Ql comes 0 11 enough to 
st:ut the turn-ofT of Q2. Regcncrati\'c 
transfer of conduction to QI results, 
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and, with Ql on, the hflS(' of Q2 is 
drin:on mort' negati,'c than the baS(' 
ofQ3. 

In ord('r 10 tr:lIl~fN the ('ondu('tion 
back to Q2, E"y i ~ IIOW lowcrro to :l 

valul' TWllr h'I .. . \t this point, Qa hegins 
to dr:\\\' eurf'('nt. find this rrouccs the 
current in QI, cau'<ing Q2 to hegin to 
tUnl on. The f'('gcncmt i"c interconn(>('­
tion of 01 and Q2 again CI\USC.'! the 
emilter currcnt to ",hift . thi;j time back 
toQ!. 

ConciuC'tion i~ thN('forc ~h iftro back 
~lIld forth hctw{'('11 Ql tlnd Q2 by cycling 
C:'N fil1'.t up to an upper trigger lcvel 
b'r; and th('n dowu to a lower trigger 
c\'el near I';L. Th(' ~ignific8 n t ad nm-

" 
0,211 

1 ;ZV£u 
'. , 

<--lHI----f[ 

FI,u •• I , Sim plifi ed .. h.m .. lic dl .. . 
, ... m .f Ih . .. .. fl .. ' ...... 'i .. bf. 
Schml" d.cu il, p .. , 1 .. I Ih. IHO', 

peri.d ' . ...... 1 ... . 

tllge of thii! circuit O\'cr other multi­
vibmtors i ~ t h:lL thc IOWN trigger le\'el 
i.~ controlled in fI \'cry !5impie Jnuuucr 
by a ll exwnw.lly su pplied \'ollage I :·L. 
The lower trigger Ic\'cl i.;, in fad, a l mo~t, 

exactly equal to HI .. 
Two more tmllsi~tor8. Q_~ and Q.;, 

tum ihc voltagc- \':lriahit· ~chmitt cir­
cuit into th(' compi('t(, voltag('-vtlriah l 
pe riod gCt)Nlltor. Figure 2. Q5 i!; a 
const.'l.llt-currellt sourcc, su pply ing II 
cu rrent I to thc timing capac itor C. 
Q~ I;; 1\ switched consta nircurrellt, 
source, Hlpplying no current when ofT 
:lIld 21 wh{'11 011. 

Whcn QJ is 011, hoth Q2 !l lld Q ~ [l1'C 

ofT and the eu rI'Cn t into C is - J; tbe 

,~. 

FI,u, . 2. Slmpllli.d .. h.m .. tlt of 
Ih. comple ,e ped .. d g . .. ... .. I ••. 
V.U .. ,e canlr .. ' .f Ih . p • • lod Is 
.. chlev.d by vo,yi n , £1. whlth 

' .... 'nl Ih . t .. p .. tll .... v .. fl • 
.. , • ..... Ing . 
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.. 
voltage :U'ro.'''' (' d rops linea rly with 
time. When thi" ,'oltnge reaches /:'"1. , the 
voltage-variah le !:jchmilt. shifts to the 
QJ -off, Q2-01l stllte, and Q.~ comes 011 . 
The nl't capacitor cu rren t is now + I, 
and the ca pacitor \·olt.'lg(' increftS('s 
linea rly. When the capacitor \'oltllgf' 

nches Eu, th{' Schm itt. shifts states 
o3ek to QI-on, Q2-01T. in this fasbion 
th(' ca pacitor alterna tely chorges and 
discharges 80 that the ca paritor voltage 
is n triangular W11\'(', li nd n square 
wn,'c is dC\'eloped at the collector of 
Q2. 

Voh.<'\gc control of the period is 
effected by nl..ry ing EL, wh ich con trol.o; 
t he pcn k-t.o-pcnk a mplitude of the ('11-

pncitor voltage. Since th(' charging 
currents are ('olls ta nt , the period of the 
square W!l"C is d irect ly proportional 

<, 

INPU T 

1J 

Jl OUTPU T 

.~ . 

N ovember. O eeem b er 1968 

FI, u .. 3 . Th, puJo , _durol;on "n_ 
, roI O' , ,;'npUn, d . Th, <onl. ,1 
,,011011' El d .... "'ln" how lon , 

Ih , ci.uil l lo YI In lit 
unl l .. bl •• 101 •• 

to th{' pellk-to-pe>ak ;;wing of the ca paci­
tor vol tagC'. 

The> d urat ion g{'nC'rntor u:-;es th{' 
voltagc-nuiahl{' :-ichmitt circuit in the 
monostab l{' con figurlltion 1-hoWIl in 
Figure> 3. In thi. .. c-ir('lIit QS i'i nga in n 
constn nt-ClI rr('nt gener:l1or. I II t he s La­

hie .st:lte, 02 i .. 011; 02 hold .. Q" Oil, 

:unl th{' capacitor \'oltagt' i'i clamped 
to ground . I It mono~tllble> opPrll Lion, 
the bllSC of Q2 i~ ~I ightly ahO\'(' ground 
when it is on ; t hu;; the (':lp:lCitor \'01· 
tllge, which cannol go posit iw': docs 
not turn Q2 olT .. \ Ilegatiw' t rigge r, 

nppl ied to til{' C'oll{'ctor of QI. tums ofT 
Q2. alld Q't turns olT with Q2. T he 
constllnt-cUri'('rlt .source now ch:l rgcs C, 
a nd t he capacitor voltnge J'lta rts n 

negative cl imh. When it roac hes ELI the 

FI,u .. 4 . SI"'pUfI, d dl o , .o", of Ih l 
p, .. itl" , _pul .. oulpul ';.<ull . Th l Iw o 
Ilall l1 fo U .. ",lnll 0 1 0" non l olu.ol­
Inll , $ 0 Ihol E, . ,nl. ol l Ih , omplllud, 

'f Ih, ,ulp ul pul . , . 
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circuit reverts to the stab le QI-ofT, 
Q2-on s tate. The duration of the output 
pulse is determined by the amplitude 
of thl' \'oltag<, chang{' on the timing CD.­

pacitor and therefor(' i ... linearly pro­
portional to ihe control voltage /!,L. 

The output circuit for the positiv!' 
puiS(' is shown in Figure·1. 

The first transistor QJ is normally 
slltul"at('d and is turned ofT hy the input 
pulse. The amplitude of the pulse at 
the collector of QJ j, ... changed by ad­
justing the' suppl.y voltage Eo of this 
stnge. Q2 i'l a Ilons..'l.turnting amplifier 
that provides current gain to drive the 
output stage. The cascade (groundcd-

em itter driving grounded-baF.C) outPll~ 
stage i'l also nons.'l.tur:lting and has :"t 

\"ery fa!:>1. rise t ime. In order to handle 
the high output currcnt and yet main-
w. in high switching spC'<'d, Q.j and Q4 
are eac h a pa ir of parallel t ransistorll. 
All the amplifier st.'1ges following QI nrC' 
Ilonsaturating so thaL the output ampl i­
tude is proportional to the control 
\'oltage Re. This allows voltage control 
of the pulse amplitude. 

The negat ive-pulse amplifier circu it 
i~ thc samc as the positive amplifie r 
except that negati ve supply \'oltages 
and complementary tra nsistor lypes urc 
uscd. - J. K. Skilling 

IMPROVED DECADE RESISTORS 

16 

• • • , 

Th. OR 11 .. 1 of p. lcili on dlcadl '111,10" hOI a n.,., look, b. " • • p • • fo.manc . Yund • • Ih . hood," 
ond on . .... Iy p. numb • •. 

Gelleral Radio decade l"('si .. tors have 
been ('oll~ltlnl ly improved since they 
were lir.~t introtilicNI in In17. Often 
th("", change" occurred u.~ ne\\' tceh­
niqu('s permitted. unheralded hy out­
w:lrd appearance changes or lIew type­
numhCl" designation'!. A rc\'if'w of puh­
lished ~pecifications, howc"cr, wOHld 

reveal the steady improvements that 

htn"c taken placc. :\ Iost recently, both 
appearanc(' and performance have gol-

ten better, in rccognition of which til(' 

prf'ci!:;:ion 14:l2 line has been rcnamed........--, 
the 1433. Improvements I"cpreselltc<.. 

by this new Humber include: 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



• 

• 

rn-Iine digital readout ; reading errors 
nrc far less likely. 

t\ lodeis with from four to seven dials 
give required resolution. 

All moods rack mountahle . 
Ikttcr accuracy. ±O.0270 two-year 

accuracy for high "n luc~. 
"Over-nU " as we ll as " incrcml'nln i " 

ueclIrac,Y spctifi clltions now gi"{,II . 
BeUer llC l>crformRllcc at high rc­

sist:mces, owing to rOOuccd stray capIle i­
t.'ln('c. 

Rcnr-panel terminals for system ill­
s tallation. 

"Over-oU" accuracy versus 
"incremento I" accuracy 

ITistoricnlly , CR hns specified the 
accurncy of each separate resistor ill 
n deeude box ruther thnn that of the 
tol:l l resi:stam:c. Th is praclice hIlS re­
flected tbe fnct lhn t ench rcsi:->tor iii 
individually adju sted. We called this 
Sl)ccificntion "uccuracy of rcsistan ec 
increment" becnuse the difTell'ucc in 
value l>elween any two positions of 
the same switch has the s.'lllle accuracy 
as a resistor 011 that switch. Knowledge 
of the inct'('mental accuracy is IH!('(I {'(I 

in many uscs, lind wc nrc not aba ndon· 
iug it ; but Illor(' often the ahsolute 
accuracy of finy givcn setting of the 
box - the "O\'C'Nlll " accuracy - isdc­
hired. 

If all the resistors in 11. box had 
the same accuracy specifica.tion, 11Ily 
comhillation of thcm would ha ve this 
same specification. Lower· va lue rc-­
sistors, hO\\'{!\'e r, cannot he adjusted 
as eaFily alld generally arc not as 
s lab le as higher·vn lue ll'sislors. So ou r 
over·all specifica I ion hns two k rill:!: 
± (0.02% + 2 m!}). 

A single oveNtll specification is in · 
tended to apply to uny and a ll poSiiible 

settings of the decade box, but there 
nrc obv ioulSly just too many to permit 
testing evcry one. In stead, w(, adjust 
the lower·vaille units to much t ighter 
tolcrances than the published ± 2 mn, 
and test the al'i-iCmbled boxes at care­
fully selcctNi values with limits sub· 
sta nt ially closer than the catnlog spe-­
cification~. To 8uhst.antiate the va lidi ty 
of this method , 300 boxes were " made" 
on a computer under the assumption of 
a vcry poor tolcf".lllce di:;tribulion. 
These were first computer " tested" 
aga inst ou r lnboratory sJ>edfications 
and then computer " measured" at 
every setting . j\" 0 box that passed the 
simulated laboratory test was in error 
by more thall H, 10 of the eaulog 
specification at /Illy S('ttillg . 

Such test ing, whether real or simu· 
lat('(l , check:; only the ;,~;t;(ll tolera nce 
of the dN'ad(' box. Confidence in the 
two-yea r aecur:\('y of Gil 1133's is 
assured by stahility records of the rc­
sistor8 and by the use of exceptionally 
good switebe~. 

Switches 

Decad(,'-bo'l: accllf".lcy depcnds on the 
resistors an d on thc switches. In the 
over--all specification. switch rc~istance 
piays tl particularly important part. 
Commercial rotary switches with solid· 
silver contacts, such 3.8 we usc in mallY 
instruml'll l ~, ('all \'ary I milliohm or 
mol'(,' in contact rc;-;ilSt:lIIce. Obviously, 
a fivc--decadc box can d isplay II vari­
ation of ,) milliohms or IlIOrc, which 
would havc to 1)(' accounted for in 
the f"pt'cificil tiOIl . TIl(' G n·dc8igned and 
manufacturoci I'\witches ill our Type 
1-1 33 decade boxes have a low and very 
rcpentahle contact resistant'e. Critical 
contacts (on 10wN decadcs and zero 
settings) usc multiple-leaf wipers 
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the [;jExpe rinlcnte r 

Th. III . of ,",,111. 1. 0' wl por l 0 .. IU ....... ov ... lold 
""dl ."\If .. . ~O .. I • • I • • • 111 ..... thol VOlI .. loy 

I ... Iho " 100 ," lcroh,"l. 

against sil ver-overlaid studs (sec photo). 
As 11 result., cont.act. resistance changes 
by no morc than 100 microhms and 
hence has but slight effect upon the 
specificat ion. Our Icl'lS expensivc line, 
the 1431, U3('S commercial swilchel'l with 
double contac~ to give a ± O.O,j% ± 5 
IllD over-all specification. 

Resisfors 

For added dimensional stability, the 
I-ohm through IO-kilohm units nre 
now wOlllld Oil ceramic mther than 
fiber-gltl . ..:;s or miea cards as before. 
While the lOO-kilohm units arc Ull­

changed, the I-Illegohm units are now 
wound on bobhins. 

For yC'urs, we'vC' held that flat, 
single-layer card resistors arc far su­
perior to multi· layer bohbin type!', as 
the latter have much highcr inductnnce 
and shunt capacitnnco lhat degrade 
their performance in ae operation. In­
deed, we !itill feci this is true, but only 
for single resistors. When I-megohm 
curds arc wired together in a decade 

box, the capacitnnccs between ca rds 
and from the cards to the box become 
t he main cause of reduced ac perfor­
mancc. These capacitances are lower 
when bobbins arc used, and the ac 
performance is better in spite of the 
higher ind ividual shunt capacitance. 
We have IlOW swnllowc<1 our pride and 
learned to wind precision bobbin re­
sist-ors, for, besides being better for 
decade boxes, they're a lot less costly 
to make nnd actually permit lower 
prices on some decades. 

Separate Decodes 

The improved accuracy of the 1433's 
is availab lc in tbe individual Type 510 
D<lca.des, which are sold scparntcly. 
These uu its are idea l for assembly into 
prod uction-test instrumcnts, bridges, 
and othcr experimenlal or pe rmancnt 
Cfluipmcnt where only onc or two,-.. 
decades arc nccded. The 51O's nrc com­
pletely shielded, both mechrm icfl lly and 
elect rically, by an aluminum housing, 
find a knob nnd dial plate are supplied 
with each unit. 

Decade resistors nrc difficult to 
specify ndcquatcly, but it is Ollr in­
tention to describe the 1433's perfor­
mance in the specificat ions below as 
completely and tru thfully as po&.iblc. 
A discussion of some of the terms we 
use and why we uoo them is given in 
the October, 1005 E'xpcrimclltcr, and 
fu rthcr informa tion on ac pcrformance 
is given in the instruction sheet. 

- ll . P. HALL 

A brief biography of Mr. lIallllppellred in 
the J une, HlOO E£perimenter. 

A~"nowl.dl.", . .. t 

Mr. Wo.hcr J . Ba.IIULnier i, re!pon~ible for ~ 
improvements in the re!!iBlOU lh9.t ho.ve made 
pouible t.he new, tighter apeeificlltiollil. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



Novembe,..· Oecember 1966 

SPECIFICATIONS 

long -T ..... "'(u".c,. , Our t"'o-ycar wRrrn:nty 
ap!?l;etI to the tolerances gh'en below unl(1M the 
N.':IIlltOr is damngt'd h~' cxCC8llive current. These 
tolcfllllt('S apply for lo"·-(':urrcnt. mt:'lUIllrcrnent. 
at. de or low-freq\lenc~' ae (Il00 below ). 

O". r-.. U Acou, ... ,. , The resis tll1lee difference 
bet.ween that at. nny setting and at tho lero 
setting i8(."<IIIRI to the indicalcd value ±(0.02% 
+ Z mU). 

In ....... "'I .. 1 A •• ur .. . ,. , See t1l.ble. This i8 the AC­
curacy of the chRnge in resistonce bet .... een any 
t.1I·0 Betting!! on the 8ame dial. 

Max Curr. nl , The max current for roch <Iocalie 
i! given in tho toble below and alao nppcaT1 on 
the ]lIlnel of CArh docade box and 011 tho dial 
Illate of cach deemle resigL.'Uloo unit. 

f . . .. u. n(,. Cko .... , • • IUI., T he aecornpan~'illg plot. 
!howl the II1nx ]X'rlX'lI\..:lgc change in eRective 
fM'riCII rCllistn.nC{', lUI a func tion of frt"quency for 
the individual dccade unil1l. For low-reei9tnn~e 
docndCII the error ia due almOl!t cntir"ly to skin 
effect nnd is indep.eudent of switch setting, 
while for the hi~h-tc!Ii9t.1.nce uniu the error 
ill due IIlmOl!t entll't"ly to the shunt capncitoncc 
and ita I~ and is "pprot proportional lo the 
IIqUIU''C of the N.':IIistance &Cltlng. 

The high-~tance decadetl (510.E, .F, -G 
_ and -II) are vcry oommonlr II.!JCd lUI Illlrallel 
~ .... reai!t.n.nce elernenl1l in resonant. drcuiUl, in 

which the ahunt. capacitance of the decade!! be­
oomee ptlrt of the tuning ca]laciLRnce, The 
p1!.r4l1el l'CfIilJl./lnce changes by onl~' n frtlClion 
(bet.ween a tenth and n hundredthl of the 
IICric.rcsi9l.nnce chsnjl;e, del}Cndin~ on fre­
quency and the insulating rnnlenal in the 
switch. 

ChartICtAl-rilJt.iC1l of lhe I I:t:l's nre airnilnr to 
those of the individual 510's modified U\' the 
incrcMCd IICriCII indurtancc, 1'0, and thllnt. 
capacitan~, r, due to the wiring and the 
pNlIICnee of more than one decade in the II.&­
IICmbly, At. total N.':IIi!!t4nce settinltll of spprol: 
1000 ohm! or 1_, the frequency characteristics 

,~ -

I 

of Ilny of these dl'Cllde retistol'll are sub!l.:tn­
lially the same U 1h08(' shown for the 510'1. 
At higher scttin~. Ihunt tll.llacilancc become!! 
llie controlling facwr, nnd the e'fcctive vnlue 
of this Clipacit.1\1CC depend! 1I110n the &Cuings 
rof the individual dt'CudCII, 

T~p l ... 1 V .. lue ... , If., Lo, .. nd C , .. , ' h . D • • ad. 
R • • I""n , 

Equl" .. I. n l d .oull .. , ..... h l .. nu d.cad., .h .. wlng 
I"<a';"n .. nd n .. tu .... , .uldu .. 1 Imp. dan . ... 

Ztr .. R .. h , .. " .. (1 ,1, 0.001 !l ]let dial at dc; 
0.0 III per di,l.! at. I "I II ; IITOllOrtional to !quare 
root of freqllcnr,\' III nil freqllCllciCil above 100 
kill:. 

Z .. " IndUel .. n •• Il. ): 0.1 "II per dial + 0,2 
Jill. 

Elf.., ,, ,,. Skun ' C .. pad ' .. n~. (C), This v(!.lue i, 
dcterminl.,(\ larKCh' IIv the highC!!t dCCllde in 
U!IC. Wilh the 10" \t'rrninal ronllCi!ted to the 
shield, a vnlue of 15 to 10 pF per decade rna~' 
IJc I\.S'Ilimed, eOlillti ll1l: del','II!CII dO"'1\ from the 
highest. ThuB, if Ihe third decndo from \.he top 
is the highest resistnnC{' decade in circuit (i.e., 
not. set at. zero ), lh(' Bhunling l('rrninal ca.pnci­
tance ill 15 to :w pF. If the highest dl'('a.de in 
the rl.!l!lCmbly ill in U~, the effective ca.pacitance 
i& 15 to 10 pF, rcga.rtIl{'S!J of the !!Ctting! of the 
10wcr-tC!IilIt.:Lnce decades 

.•. 
Ma.lmum p • • unIOIi ' ch .. ng. In ... 1 ... ul.l .. no . ..... fundi .. " 0 ' ,.,. . .. u." C ~ fo. Typ. 510 

D, o .. d. _R • • l1 t .. n .. Unl .. . 
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t h e[;l E xpe r irnenter 

S PECifiCATIONS {c .. ntlnu.'" 

te ... p . .... u •• eo. Hld.n' .. f R.,a, ' .. n • • : '-- thnn 
±10 ppm per degree C for VIUUe!I above 100 
nand < ±20 ppm per Oegrff (' for 100 11 and 
below, at room temlK'ratureJ. For the 1~3.1'8 
the bo'( wirinl( will mCft'1\Ie the over-all tem­
perature coefficient. of the 0.1- and 0.01-0 
decade.. 
Sw itch • ., Quadnlple-Ieaf brushes bear on lubri­
cated contact studs of ~in. diAmeter in such 
a manner as to Ilvoid cutting but yet give a 

good wipinl( ac tion. t\ baJl-on-eam detent il 
provided. T here are cleven contact lIoint.ll (0 
to 10 incluaive ). The awilA::h resistance il [eM 
than 0.0005 Il. The effeetive capacitance is of 
the oroer of 5 p,,', wilh n dissipation fnctor of 
0 .00 at 1 kill for the atandnrd t'elluloee-filled 
molded phenolic s"itch form and 0.01 on thll 
mica-filled phenolic form uaed in the 510-G nnd 
510-11 unit.ll. 
M ... V .. lt .. g . to C .... , 2000 V Ilk. 

Type 1433 Decade Resis tors 

CatoJog Number 011". .. Priu in CS:t 

Total Oh"... /''' No. 0/ TIIPl 610 ~CtJIk .. 
RtfU'h Hark 7'1IPl Sltp Oiau UKJ R~fU'1I Hark 

1~33·9700 1433_9701 1433· U 111.1 0.0 1 • "-A, A, B, C $1 2.0 _00 S12.1 .00 
1 ~33_9702 1" 33·9703 1431_1< 1111 0.1 • A. B, e, 0 12.2..00 130.00 
'''33.970'' '''33·9703 I.U_J 11,11 0 I • B, e , 0, E 115.00 132 .00 
1"33·9706 1433·9707 1433_l 111,100 10 • e, 0 , E. F 120.00 121.00 
1"33-970' 1"33-9709 1"33- Q 1,111,000 100 • 0, E, F, G 15".00 162.00 

"'33.9710 1433.9711 1 .. 13_T 1111.1 0.1 , 1.1., 1., 8, e,D "'6 .50 15" .30 
"'33-9712 "'33-9713 l.n_N 11,111 0.1 , A, B, e, 0, f 14".00 152.00 
lA33-97'" "'33-971S 14n_ M 111,110 I , B,C, O.f, f 141.50 ISS .50 
... 33-9716 "'33-9717 103_ " 1,111,100 10 , C,O,E, f ,G 112.50 190.50 
"'33-9718 "'33·9719 10J- Y 11,111,000 100 , O, E, F, G, H 247.50 2 55~ 

1"33·9720 "'33·9721 1"31- W 11,111.1 0.01 • AA, A, B, e, 0, E 168.50 176.:... 
.. 33·9722 1"33·9723 14'3-X 111,111 0.1 • A, ' ,e, O, E, F 166.50 174 .50 
1"3'-972' 1""-9723 '''33-8 1,111,110 I • B,e,O,f,f,G 210.00 2".00 
1"33-9726 "'33-9728 1"ll_Z 11,111,100 10 • C, O, f , F, G, H 276.00 2.1" .00 

1'33.9729 1 A33.9730 1.13_ f 111,111.1 0.01 7 AI.. A, B, e. 0 , E, f 19 1.00 199.00 
lA33-9731 1'33·9732 1"3J_G 1,111,111 0.1 7 A, B. C, 0, E, F, G 229.00 231.00 
1" 33-9733 "'33-973A 1433- N 11,111,110 I 7 B, C, O, E, f, G, H 303.50 3 11 .50 

Type SIO Decade-Resistance Units 

T",'" lk,i'U:JI'IC~ Icturot:lI 0/ .\lac POI«:' 
CaJQWg /U'U/(Jnrt Pr, Sttp &.iMaI'lC~ Ct.lTTtlll Pu Sle ,f. C .. f" Prier 
.Vu"Wtr T,p< 0._ (.Hl)OIIma fnr~"'tllU IG-C RI 11"1111. ,II p" ,II In (,S. I 

0510.9806 51 0_ 1.1. 0.1 0.01 ±'% • A 0. 16 0.01 7.7·U o.on $'23.00 
0310_9701 510_ 1. I 0.1 :i:O.A% 1.6 A 0.23 0.01 " 7.7_U 0.023 17.50 
0310-9702 510- B 10 I :i:O.l% .00 .... 0.' 0.056 7.7.A.S 0.023 26.00 
0310-9703 310_C 100 10 ±O.O~ '50 mA 0.' 0.11 7.7.A.S 0.')23 27.00 
0310-970" 5 10_ 0 1000 100 ±'" 80 .... 0.' 0.29 7.7-" .3 0.023 25 .00 
0510·9703 5 10_ E 10,000 1000 :i:o.o2% 23 .... 0.' I) 7.7_ ' .3 o.on 20.50 
0310.9706 510_ f 100,000 10,000 :i:O.02% 7 oM OJ 70 7.7_" .3 0.023 21.00 
0310.9707 SI 0_G 1,000,000 100,000 *0.02% 2.3 mA 0.' 7.7 . ... 3 0.023 61 .00 
0310.970B SlO- H 10,000,000 1,000,000 *0.02% 0.7· ...... 0.' 7.!l. A.3 0.013 92.00 
0510.960A 51 0_ .... Swil Ch ..... 1)' (&loc~ "".I1oO';C r . om. j 11.00 
0510.9$11 Sl O- .... t SwilCh ..... ty (Low- l on " h.l1oO.ic From.) 12.00 

• Or. !aU .. r <1-000 V. pk . '"'"' •• The t.rr' capacit.ou>ee ~u ... ~ the hicb_t ..,tti.,. of 1J>, decode. The ... Iu_ .h·", are for UD[U .. i!.hoot the ohield c. .... 
place. Wit the oIl1etd ee. .... in f':";. the ebUllt ... .,..,lt.ou>e.e ,. fro"" 0 10 20 pP ._tf,. t.b ... indie.1oC!d bere. depent!;DC on wbetber 
the oil;,!.! i. tied. t .. the ... I.e .. r l<I tbe aero e .. d <>f the d~e. 
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No .... mb.r-O. c:.mb.r 1~68 

Th. 12l1.IV l.d" ... I. mlcr .... o .... o l clll"tor. 

POPULAR UHF OSCILLATOR NOW LOCKABLE 
900 to 2000 MHz 

The Gn 1218 Oscillator ha~ long 
been valued ill many laboratories for 
its high output power and its 8pectral 
purity. :\ow, the 1218-BV lockable 
model means that frequency stab ility 
too can be achie"cd by usc of 11 feedback 
control loop and rcfercnce--frc<juency 
source. 

T he oscilllltor can be phase locked 
to a stable refcrence of the same fre­
quency or to a harmonic of the refcr­
cnce signal. Absolute stability of the 
121B-BV may be le!!.1 important than 
the stability of a d ifference frcfluency. 
In heterody ne systems the 1218- n V, 
used as the local osc illator, can track 

~1l11 chllOges in the test frequency. 
.I thiS way the intermediate frequency 

is held withiu the detector passbaud. 

A dc control voltage of ±2.j \"oU.s will 
result in a frequency ('hange typica lly 
greater thun ~:l :\1 liz. Stcp-rc,;ponsc 
time is typiclilly under I nllcr(MCcond. 
As in the 1218·.\, output power into 
50 ohms is at lel1:;t I(jO m W up to 1.5 
G l iz, dropping linearly to nt least 
110 mW at 2 GHz, and, in all other 
respe·ets ns well, performance of the 
12 18-8\' is til(' stune as its predecessor. 

The 1218- 13 \' can he used with nny 
of three Gn. power supplies: 1264-B 
;\ Ioduluting Power Supply, 12(hl-C Am­
plitlldc-It!,gulating POWN Supply, or 
1207· 13 Regulatro Power Supply. The 
oscillator i!i a\'ailablc separately or in 
comhination with all.Y of the above 
power supplies for bench or relay-rack 
mounting. 
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the[;J Experirneoter 

" .... v K 
"-

Gl.lAR.O.NT~ 

0., 1.0 ,. 
" .... 

nll.IV pOW'" 0,,11',,1 1,,10 50 oh", • • 

SPECIFICATIONS 

F •• q". "cy Jlo",. , fIOO to 2000 ~ lI h. 

F'.q"''''y Colib.ollon Ac.uro ey , ± I r}. 
Wo .... u, "'qu. ",y O.lfl : 0.1 {~ tO lal dri r~, typi­
cal. 
''','''''''1 Co"I,ol: A I-in. dinl ('"lihrawd in 
~1I ~ over 2'J()" (101:rin. scalo IClljlth l; "lao 
SOO-divisiun logging scale. :;10 .... motiun drive 
of about. 8 turnll. 
.IF Conlro l (lnl • • no l), > ±2 :\lIh by 1, turn 

of tront-panel knob. 
1'0w .... l .... 1 I'uiling (by .IF control): < ±O.S 
dll for '* 2-Ml-Ia .IF. 

.If Conl.ol (JI.",o" ), Ry dc vollllgc applied l\t 
IronL or rear jncks. 
F"qu. ncy , > I :\[lh wtal rango fur 50-V 
clmnge. 
VoIIOIL" Typic!!1 useful mnge ± 25 V; .IF 
conlrol IWlII ('Cnter vllille froUl +10 W - 20 
V. P08ilivc'1WinK vollllgo ctlU8C8 fre<luency 
dccrt'lIIJe. Applied voltage ±50 V max. 
In l ... fo .. Cho,od .. I.Ilc: Equivalcnt I.<.l 10 kn, 
150 I,F, and -1.3 rnA cUrrt'nt. IOUret'! in 
Ilaral cI acrol'lll temlinals, 011(' of .... hich is 
jl:round('(1. Ext IIOlltce should hllYe < 1000 II 
lilt impedanct'; may be ac c:oI.lpled. 
SI.p· JIolponl. Ti .... : < I J'fI, typical. 

Oul,ul Pow .. (into 50 fI ); > IGO m\\', 0.9 to 1.5 
a l h; dropalincllfly to > 110 m\\' at 2.0 0 1h. 
Oulp,,1 Conn. CIO ' , l«kinK GH8i l ('011ll0('tor 
at rt'ar Ilanei. Adllpwnt "vnilablo to other 
COllnedor tYJlCs. 
l .... 1 Conl.ol : Full output to at ICMt 2O-dU lit­
tenlilltion lICt by uncwibrat.ed front-panel 
control. 

Modulolion , A)I t " I'UT jnck at front p:1nel 
for e.~terl\II1 audi ()-Fre<luency I)la te modulation: 
II Pprox 30 V rlTUI in to 0 ktl reqllired for 30('~ 
Rmpli tudc nlodululion. U Il 1:3 I I Audio Os­
cillator f'CComnH'n dl'<l ,loB modulator. 
Pow •• Sup,!'I" Choico of throe regulated power 
suppliCII. Oscillator i5 !l.vllilnblo IICparatelf or in 
combination lIith !lily powcr supply for rack or 
bench mounting . 
T he (; 11 l20i -H n elrllalCd Power SUIII)I), is 
suitable for CI'I' operatIOn. 
T he G il 126."C Amplitudo-Hcgu\a,ting PO"'er 
SUPI)ly autolrlllticllllv hold5 the output at ;;;-""\ 
ieve UII to:l ,. hdllna 50 tI, cw or l~k flv!IQUllIll 
I\'",ve modulated. 
The G It 12iH- U :\Ioduillt in)!: Power Supply 
provides full power cw or modulated OIICra twn 
frolll inlCrnlil I-kll z square-wuve or external 
plll&o up to 100 kll? . 
Mounlln!! , L'nit cRhinet CRn be mounted "i th 
a pOII'er BUllply in Binglc bench IIlIIICmbly or 
can be rack mounted alono or with power supply 
by UBe of allprOprilite rock adalltor, 
"cu"o,i .. Suppll •• 11 2- und a-COlltad phone 
plugs fOf modulation l\nd frequcncy-contlol 
mput8. 
A ... llo.l .. "' .. o ll ,bl. , ansil- CO!Lua! clcmcnt8 
and adaptonl. 
Ol .... nllonl (w ldlh X h.I,hl X d.,th ): Bench, 
12 x i S1 x 9 in. (:W5 x 195 x 230 mm); rack 
(with 1:!67 pOIl'Cr 8UJlply), 10 x iU ill. (485 
x ISO x 185 mm), 1263 or 12tH powcr supply 
lIdd~ i in. to rack heighL. 

W.I,hl (IC!llljlo",er IU(lply): :-let, ... lb (6.5 kg ); 
shipping. 25 Ib ( 11 .5 kg). 

Ducription 
P rice 

in US,l 

1 2 111.972~ 

' .... h 
1218·9901 
1218.9903 
12 \8.9905 

Jlo<~ 

12\8·9902 
1218.9904 
12\8-9906 

l~l1"'V lo.kobl . O uillo io. 
Oulliolo./ Pow ... _Su ppl, Co ... blnollonl 

$12.5.00 

hnch 

$1375.00 
1240.00 
1020.00 

Jlo.k 

$1404.00 
1269.00 
1046.00 

UU.I V wilh 1263-C A"" lilud.·R, guloling Pow .. Supply 
UU.I V with I2U· ' Moduloting Pow" Supply 
1218· IV with 1267.' R,g~lot.d Pow •• Supply 
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November-Oec:ember 1968 

WIMU 

WIMUVM 

NEW MEMBERS OF THE VARIAC 1il 

FAMILY OF ADJUSTABLE AUTOTRANSFORMERS 
The \\'8:\IT3 nnd its metcred ('om­

panion, the \\'8:\1'1'3\':\1, pro\'ide the 
mo~t. \,olt.-amjX'rt's per dollnr of nny 

.-... " uriae model. many cOn\'('lIicllcC' f('n­
tUrt'iI, plus the new Gcncrn l Hadio 
• , Iil;ht look." 

Th(' \\'8:\1'1'3 nnd \\'8:\ IT3V:\1 are 
cnscd units that include a power cord 
and plug, nn on-ofT .switch that 8witch('s 
both siucs of t he input line, a dual 
fl'ceptn('lc for connection of :\ multiple 
lond, a man Llal-re.set o\'e rload protl.'Ctor, 
am..! n carrying hnndle. Thc \\'8:\IT:JV.:'ol 
has n O-to--I.;o-\·olt meter that indicntcs 
output \,olt:ll1;(' of the Variac. 

A thrN'-lI'irc power cord tiC's the 
ground (third) prong on the power plug 
to thc KrOl/nd-prong receptacle on lhe 
load oull('l null to the ('n>;('. 

These port:lhle \\,B- type nutotrnns­
formel'S 1\[,(' dl'signcd for usc at a mini­
mum linl' fre<IUCIlCY of 50 Hz for the 
~t<lt.cd l2()..volt input. They can be 
opl'ru trd at up to 400 lIz. 

......-.- 13eCtlllSC of the Durntrak j precious­
metal contact surfnce, these Variac 
autotransformers can tolern tc large 

moment3ry oV('rlond~ without damage 
and h:\\'£' n ('umfurtablc margin-of­
safP1Y in normal operation aL rated 
lrods . 

, ., 
- ,- I.. ....' .... 

~.., '--;:':'·: .. 4 ;©i"l -, •• 

WIMTlVM cI" .. II . Th. WIMTJ I. 'he ... m. bup' 
'ha' I, hal "a m . .... 

SPECIFICATIONS 
INPUT 
V.I ... , ., 120 V. 
f.D'q". "'Y : 50 to GO III. 
OUTPUT 
V .. lla,.: 0 to 110 V. 
R .... d e ........ , 10\ . I'f1!1ivn.lent to HOO W at. 
IlIltx output. vtlll!lRi'. 
Me'.< (in \\,8:-'1'1':1\ \1 "Ill~'): 0 to 150 V. 
N .. _Laad lou , 12 \\' lit 1;0 Ih. 
O,I .. lng Ta'que: 10 to 20 I>IlIu·('-inchetl. 
R. pl"um ... ' a, ... h , Typ.; VU 2. 
Weigh' : .\'et, 10 Ib ( 1.0 kg); ehipping, 20 \b(9.5 
kg). 

Catalog 
Nu~r 

)038.5119 WIMTl V", I... .. .. , ... 

Price 
in L'S .. I 

" .... darm.. $31.00 
3031·5015 WIMTlVM Va, la. 

a .. 'a"" .. da,m., I",elered '1.50 
3200·5900 Val _.pra.eme .. ' Br .. . h 1.00 
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GENERAL RADIO COMPANY 
W EST C O NCORO . M A S S A CI"IU S E TT S 01781 

6 17369· 44 00 

SALES AND SERVICE 

AlbuquerQue 

Atlanta 

' Boston 
Bridgeport 

' Chicago 

Cleveland 
Cocoa Beach 

' Dallas 
Dayton 

Denver 
Detro!t 
Houston 
Huntsville 
Indlanapohs 

' Los Angeles 
Mon treal 
New Haven 

' New York 

Onawa 

505255·0611 
404 633·6 183 

6 17646·0550 
203377·0 165 

312992·0800 
216886·0150 
800 241·5122 
2 14 ME7·2240 
5 13 434·6979 
303 447·9225 

313261·1750 
713622·7007 
800 241·5122 
3 17636·3907 
2 13 469·620 I 
514 737·3673 

203377·0165 
(NY) 212 964·2722 
(NJ) 201943·3140 

6 13233·4237 
Philadelphia 215 646·8030 

San Diego 714 232·2727 
San f ranCISCO 4 15948·8233 
Seattle 206 GL4·7545 
Syracuse 3 15 4 54·9323 

' Toronto 4 16247·2171 
' Washlngton/ Baltlmore 301946· 1600 

-Repaor servIC ••• r. available a1 the.e olllc", 

GE N ERAL RADIO CO MPAN Y (OVII"Sr:A8) 
CI"I 803 " Zurl C: " 3 4 . s .... r .. '. r l."d 

GENERAL RADIO G .... BH 
D8 "'U" c:"'" 80. W .&I German , 

GENERAL RAOIO COMPA N Y ( U .I'( . ) L I "' IT r:O 
Dour", r:" a BuC:kr"II" .. m&" lr • • r: "I1I&"a 

"EP"r:SIIN TATIvr:S I N PRINC I PAL 
OVl!RSIIA8 COU N TRIIl Ii 
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