
I" THE GENERAL RADIO 

Experimenter 

VOLUME 40 . NUMBER 2 / FEBRUARY 1966 

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



Voluma 40 • No.2 

the ~ Experimenter 

THIS ISSUE 

Poge 

Input Noise 3 

The Type 1398-A Pulse Generator 8 

The Type 1397-A Pulse Amplifier 11 

GENERAL RA 0 I 0 COM P AN Y 
We 8 t Concord Massac h usetts 01781 

• NEW ENGLAND 
:a:a I!I .... ~ "".n ... 
W •• I Coneon::!, M •••• Ch .... II. 01781 

a METROF>OLlTAN NEW YORK 
8~0." .. ".n .... , Lln".n 
RI"O.fl.I". N.w J.r •• " 07.57 

PHILADELPHIA 
"0'" W •• "lnglon 'n" ... ,ri.1 ".r" 
"0'" W •• "'nglon. P.nn."I".nl. 1803" 

.. WASHINGTON .nd BALTIMORE 
".20 Roc""'!!. P,k. 
Rock"", •. M.ryl.nd 20852 

ORLANDO 
"3 ea.' CoIonl.I Orl". 
Orl.ndo. "Iorl". 3280' 

SYRACUSE 
.. ICk.n::! ., .. nd'ng. e •• , McIlC" R". 
• "r.c ..... N.w Ycrk '32" 

CLEVELAND 
a.78 .... n Rca" 
CI . ".I.n", 0"10."'2. 

R.".'r •• O'Ylc ••• ra .".Uabl •• t I" • •• o#flc •• 

• CHICAGO 
880S W •• , No.,n A"an ... 
0 ... P.rk . IIUnol. 80302 

DALLAS 
2800 al.mmon .......... ". S .. lt. 210 
0.1t ••• T •••• 7a207 

• LOS ANGELES 
1000 Norl" S.w.n::! 5Ir •• t 
La. Ang.la .. , C.lllornia 80038 

SAN F R A N CISCO 
628 San Anionio Roa .. 
Mounlaln VI .... . Calt lornla "4040 

a TORO NTO 
"" " 'lO ra , Parlow." 
Teronlo 18 . Onl.rlo, Can .... 

MON TREAL 
121515 Lain::! Beul.".r" 
Town 0' MI . Roy.t. Ou.bac. Canada 

GENERAL RADIO COMPANY .(OVERSEAS), SODS ~urlc". 5wtturl.nd 

GENERAL RADIO COMPANY (U.K.) LIMITED, "eu.na I!nd , BuCklng" .-m.-"t r,. . enll'.nd 

R!!PRESeNTATIVe. IN PRtNCI .. AL OVERS!!AS COUNTRieS 

• 

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



INPUT NOISE 
ITS INFLUENCE ON 

COUNTER AND PULSE-GENERATOR PERFORMANCE 

AND ITS M EASUREMENT 

The significance of inp ut noise in 
counters, pulse generators, and 
other broadband switching circuils 
and a method for its meosurement 
are the subjects of the finl of three 
shorl articles featured this month. 
The second and third articles de
scribe a new pulse generator and 
amplifier, both designed fo r gen
eral-purpose laboratory applica
tions. 

,.... In nn {'xwrllfilly driven pu lse gCllera-
tor, noi!l{' introdu('ed in the input. circuit 
dctcrminrs the amount of jitter in the 
output pulse; ill a frequency counter, 
the input-drcuit noise affects the nccu
racy of the instrument, particulnrly in 
low-frequency period measurements. 
Clearly, a knowledge of the inputrnoisc 
characteristics of such instruments i.s 
essentiul to an understanding of thcir 
accuracy spccifications. 

Techniques for measuring input noise 
werc dcvised at Genera l Radio during 
the development of the '1'"".; 1151 
Digita l Time and Frequency ~ I cterl, 

the only counter, 0.8 far as we know, 
that carries a direct input-noise specifi
cation. The same measurement teeh
niques were applied to our pulse gen
erators; Figure 1 is the result of such 
a measurement of our popular TYPE 

'H. w. Franlr .. '·l .. ro W 300 Ire with .·iv.m,it Aceu· 
'ac)'," a ... ....,J ,...., •• E..,.....;_ ... JuDe IfitI.3. 

1217-C L-nit I'ul"f' n('n('mtor. Inas
mueh liS \\-f' will ~I)('{'ify input noiS<', 
where :Jppropriate, for futurr in!'>lru
m('nt;l. we will ('Xpl:l iu in thi.~ !-lhort 
:util'ie how \\'r make thc ml':l"urt'mf'nt<;. 

The Signifitan(e of Input Noise 

T he opt'ratioll of 0. typi(,ll. l input. 
!\\\ itt-hing cir('tlit is t-ihown in Figure 2. 
This is the (·haraderilitic of 0. 8i mple 
Schmitt t riggl'r circu it, with til(' trig
gering !llld r(' 'Wtting point!; defining thr 
hystere~is voltage N"gion. Figure 3 
magnifies the triggrring point to show 
the area of uncertainty and to indicate 
how this :lrea is inOu(,llrcd by Iloise 011 

the triggrring thrr'lhoJd and 011 the 
signal. It is nppar('nt that the frror in 
the time of triggering deJ}<'Ilds 011 the 
slope of tlw s ignal voltngr and the 
mngnitude of the noise. If a signal of 

~--!-t-

------- .... 
f ig ... . 1. Nol .. . 1 .. Ty" . l l 17_C U .. il!' .. I •• G. " H-
.. , ... d.I" . .. by 0 l.OS·V ' '''''1' w ith .. 204.USS-
", Im .. <o"d p .. lod . Th . 10.1 Ih r •• d ig its ... . . . -
... rd . d . 0 .. . ", .. jo , di " id "n ' ''''.'pond. I .. 100 " v , 

p . o k_ lo _p . .. k, "DI ••• 
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TJIIGGEIIING 
~tY(L 

Fill .... 2. Op • • a llon of a t y picol input cl rc .. iI . 

precisely known pcriod and very low 
noise is applied to a noisy threshold , 
the error in 11 period mcnsuremenl wi ll 
be as shown in Figure 4. 

If the signal a pplied in Figllrc 4 were 
u sine wave, thcll the slope of the signal 
voltage would be the lime derivative 
of the !lignal as it passes the triggering 
area. Th is leads to the familiar figures 
fo r period-measurement error due to 
signal-to-noise ratio. At zero crossmgs: 

IV 
A7' = ±-- " , v. 

1£ triggering occun; not at the zoro 
crossing but at un allgle e in the inpu t.
voltage cycle, then: 

:::.7' = ±~.G _ 1_ 
1r 1'.eose _. 

I T~ 

L ... , UIOC£II1_" 

Fill .... 3. Th • ..tf.ch of unnrla inly In ,llInal o . 
I. IIIII..-Inll 1 .... 1. 

I.n both the above equation s, 1" .. / 1·, is 
the lloL<re-to-sigrml ratio. If this figure 
and the crossing angle /I re known, then 
the error in u period meall uremellt can 
be determined. This is the basis for 
the acc uracy specifil:utiolls of most 
cou nters, lI'il!r "//0 (fljsl/lllpliollS Illude 

about 1J:lwrc the. 11O£se If .. COIII(>S from. 
T o make a vulid meU!lurcm('nt, the 
user must conl'ern himsel f with two 
flua ntitiCi:l: Fi rst, he must knoll' the 
signal-to-noise ratio of the signal he is 
measu ring; second , he mus t kilO\\' t.he 
equi va lent input, rloi"c of the measuring 
instrument. 

". 

_ T--LL 

fill .... 4 . A. p. rladlc , Ignal 01 ' lop . S "oll'/'. cond 
and p .. lod T 1'0". ' ' ' ' Ih . hy.' .... I. "1I;an with 
a . up .. h"posecl nol ... lgM,,1 01 peak "01 .. . V •. 
By I"'ptel lo .. il can b ...... Ihal Ih . ma.lmum 
11",._; .. ,,,,,01 lI .. d .. al;o .. , .lT, wi ll b . ± 2 v . / 5 

A!l a n example of the practica l im
plications of these factors, consider a 
single-period measuremen t of a lO-volt 
s ignal with all SO-dB signa l-to-noise 
ratio. If the counter introduces more 
Lhan I milljvolt of noise (and most 
coun ters do), tha t noise, n"l.ther than the 
noise on the signa l, will I:ontrol the !tc
('uraey of mCfiSllremenl. 

Measuring Input Noise 

The syste m used at Gell(lI"a l Radio 
for qun nt ila tive measurement of the 
pc rfOrmalH'C of switching circuits is 
shown in Figure :;. The task that this 
system must perform CIl Il be deduced 
from Figu re -I. I t must produce a 
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Flltll'o 5. Tho ptul.lon , om ... ncl Ih ' "Yltom 10, "no,,, lin, it . Tho .. uo,I. _c"otol oumoto, OUIput i. 
dlyldod by 20,4&0 '0 p'odun 0 proci.o tim. In t .. ".I. Th. c',st,,111 nt I .... In fr'" .. 'nCJ' by ob" .. t 15 HI 
I ... ,oduu finol period ., 104 .1555 milli •• und •• D._.oupl.d OUIpUI h ." 10 "0.,1, 2.0$ v. p , .. k-to_ 

... . ~, 10 th e ,t"poll n,o,Iy 20 v/_ 'n both cll, .. tlono. 

completely clean signul of exactly 
known period, feed th is signal into 
the inpu t circuit to be evaluated, fllld 
mensure the ftUl·tuflliollS in period or 
the trigg(>t!! produced. If \'ery high 
signal-to-noise ra tios urc to ~ attained , 
frcqllclH'Y stability m\lst be exccll(>l1t; 
therefore thc system uscs a crysta l 
oscilla tor. The refer('nce s ignal is trian· 
gular; if it were sinlisoidlll, eith('r a 
separate me8surcmrnt would be lIercs-
sary to dctermine thut the input circuit 
was t.ruly switl'hillg at zero (·ros. ... ing or 
corrc~ tions to thc signal-to-noise figu re 
for ~igllal slope at dilTerent lriggeriIlg 
IC\'f~ls would have to be made. 

In the test sct.up shown, the ramp is 
highly linear, SO thut no corrections for 
phase urc necessary. The ramp slope 
is symmetrica l, 80 that the lloi8C for 
both ncgntive-goil1g find posit ive-going 
threshold detectors ('fin be evaluated. 

The rtlmp hns a period of 20-1.8:355 
millL~nds (the l:iJ.:.t digits choson t.o 
place Il plot at midscale on n strip 
cha rt ) und un amplit.ude of 2.0:, volts, 
or positive lind negative slopes of 20 
volts/second . 

This ramp is fed to the input circuit 

under test., and thl! period of the output 
triggers from the triggering circuit is 
meilSured on lilly 100~ll1 z period
measuring <'oullter. In the complete 
Ilbsencc of 1l0illC, the counter wOlild 
indicate 2O·L85:15 millisecollds. The 
left-hund d igit co rresponds to volts, 
the SCI'ond to tl!l1ths of 1\ volt, etc. 
Thus the finnl digits (555) eorre~polld 

to hundreds, te llS, nnd uniU! of miero-
volts of noise. The ± 1 co~nt error of 
the counter thcrerore corresponds to 1111 

ultimate system resolution of ± I ~V. 
The counter reading is fed through u 
D/ A converter t-o a s trip-churL rc· 
corder. 

The big qucstion , of counse, is 
how good is the ramp? For what we 
uctuully measure nre time-interva l fluc
tun Lions due to noise in the combination 
of the ramp and the input circuit under 
test. 

A IiIJ('ar aml)lifier call be inserted 
betwccn the rump generator llnd the 
input circuit under test to in crclU!C the 
rllmp slope. If the slope is increased 
by a factor of 10 (corresponding to 20 
dB of inscrtcd gain), the ramp-amplifier 
noise will quickly predominate over 
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00,. I 

; 
2· IIOLT ow.oP , - \01TRAMP 

...." 
FIg"'. 6. N .. I .. m eullre d (re" ) .... ilh , .. , rom p 
.. ppli e d di"dly '0 .. Type 1217-C and [,i~hll .... ith 
lo .... -n .. lse amplitl .. ' nser'e d b e ' ...... n romp lI.n-

.... 'or .. nd a Type 1217_C. 

thut of the input cirf'uit alone. The 
ra mp noicc cnn then be measured , us 
long us the umplifier noise is negligi
ble. 

Figure G compMes the input. uoise 
measurement of Figure 1 with a. si milar 
measurement made with a 2O-dB low
noise ampl ifier inserted between rump 
generator and input circuit. The sharp 
red uction in noise as the slope is in
creased by an order of magnitude is 
convincing proof that most. of the 
noise is ill the inpu t circu it, not in the 
ramp-amplifier combination. 

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

'" ." + -

Fill"" 7. P .. formance of lo .... _noll . compo.o'or 
wi'h p •• cillon . amp. Sy l l e m no l •• opp . .... I .. b • 

.. b .. u, 6 "'V, p . ak -Io - p .ok. 

ramp . One would conclude from Figure 
7 that the ramp-comparator combina
t ion has a peak-to-penk noise no worse 
thall iO J.lV (3 J.lV, rms). The true rrns 
value for any of these measurements 
cun be either computed from the suc
cessive counter readings or mensu red 
with a low-frequency rms meter. 

Again the question must occur: Is 
the primary contributor to t.h is over-aU 
noise the rump or the comparator? With 
such It low-noise comparator, it is not. 
possible to insert an amplifier \Vith 
ally assura nce that its input noi5C is 
lower than that or the comparator. 

• R. W. Fronk. "If" .. to Kill Time _ A""urolely J" 
G.~~n>1 Radio l!Z'po..;_NI .. , ~mbe, 19M. p 8. 

-----, __ ---------------------,----,---_ +20~ 

$100. 5100. 

f lll ll .. I. Schemo'ic diog,om 0' 
I .. w_ nol .. comparalo • . 8alanc.d 
Inplll d .elli' II ... TI 2N312! N _ 
chonn.' field·.ffe .. Iron.illo .. . 
Hy,' . r .. b I. 0.3 V 01 . 1th .. g ale. 
C .. mpa.a ' .. r ma'n'aln. c .. n ll .. n' 

hy.' . . .. JI '0 0"" SOO kH2 . 
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In Figure 9, t he slope or the rump itself 
iR \'nripd by chnngps ill the "n ille of 
t he intcgrntiug capacitor. The lower 
va luc of integra t ing t'lqmcitor incrC!!lSt"s 
tht' ramp slope to :~O volts/ second . i n 
spitC' of the sliglHly higher effecti ve 
impedance of the ramp genera tor, t he 
over-all noise decreases. We must con· 
elude that the pred ominant noisc con· 
td bu tion is fro m the comparator. 

! ! , , 
, 

I -", .-

, • 
Figur. t . Pe rfo r ... ance of FU' compar .. lo .... , ..... p 

"'Op. h .ha .. , . d fro ... 1$ 'a 30 vI •. 

III Figure 10, the t race begins show
ing the 8yst~m noi$C of less than 10 /lV. 

A I-kH z signa l of an /l V, rms, amplitude 
is then injected in to the comparator; 
finu lly, ;{Q /l V of noise at 2O-kH z li nd 
500-k Hz band widths is applied for 
8e\'cra l minutes. ;\ot.e that ;30 ~V of 
noise in the 2O-k ll z band does acca-

F" '''. 10. P .. lo . ... a .... of th e .o ... p _ 
co mpa,o'o, .'1'1 . . ....... I.h " a ,t .1I1 nal .. 
I' ,nor. appli ed , Tra • • • Iorl ..... lIh 30 
... ondl w'Ih na no, ,,"I,no l. Then 30 ~V , 
' m l , 01 lkH. II oppll . d fa. ab .... ' 45 
... ondl , Ihowln, 11101 Ih • • amp lIop. 
I. oba .. 1 .orr . .. and 11101 on. di " llion 
. q llol.I OO ~V, p. ok _lo _puk. Til ... a Typ. 
1390- 8 .andam_Nol .. Gl n .. olo. pro_ 
" Id .. 30 ~V, .... . , 01 rondo ... no l .. in 
2O.kHz a nd 500-kHz bo nd l . Willi 'li e 
500.kH. band wld' " , on. w ou,d ha ". 10 
w a ll fa. a .... y lon, II ... . lor a 1 .. 11 d . .. lo _ 
lion • • ra • • hlato Ih l 1, ... lIorUy af '". no l • • 
,.norolor trae. 10 Ihal I IIaw l .. , .'1'" . . ... 
p .. f .... mon ... , on a rd or al magnltlld . 

'ower In 1 .... 1. I .. f ig .... 7 . 

,. 

asa ( ~ 

,·ugin(,l! r. und ~illc<' 1951 
hI' has been h<'aU uf the' 
F'requcney lind Time 
GrOllp. 

sionally attain 100 J.lV, peak-to-pea k, 
ampli tude but doeslI't loo k like 30 J.lV 
rms. With the 500-k Hz band wid t.h, the 
rms va lue of the noise looks even 
smaller. This proves that. the co mpara
tor functions as a time-do main filte r . 

From such measurements we con
clude t hat the input. noise of a TYN~ 

121 7-C Pulse Cf'nerator is nbout 20 
/lV, that of the TYPE 13!J8-A about 50 
J.l V. Sin ce most cou nters have noise 
fig ures probably in t he l- to-lO-milli volt 
region. th is means that the accuracy 
of a single-tx>riod mcasure~en t ca n be 
improved by more t.han all ord er of 
magni tude if it TYI' fJ 121i-C or 1398-A 
P ulse Gcncrator is used to trigger a. 
counter. 

- H. \V . FItANK 
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THE TYPE 1398-A PULSE GENERATOR 

. \ n i ll~lrmnf'lIl, 110 matt('r how ill
~(,l1inu" lr d{':;i)!lH'd and "flidt'utly madl', 
j,: n('wr ,.() good 'hut it {'(lII't be illl

pn)\·NI. Th31 j" III{' story of (;W~ 
gt'nf'r:tl-purpo~{' pul!'(' gf'lIf' ralor. whi("h 
our f'lIgiu{'('rs dr",iglh'd ovc'r 10 .vf'[l ~ 

n~o :l1Id h :1\'(' not 1}l'l'1l :(1)1<' to l!'a v(' 
al(JIII' !<ine{'. Eadl S\W4'(, ,,,,,in' modt'l 
r<'pn:";f'llfNI uIll'(j1laJJl'd "alII£' for Ihi" 
(-Ill!'''; of ill~lrllnlt'lIt, nnd I"u:<tomcr 

T(''']}()IL''f' hn!" alwnYR i)(,{,11 f'x(·dl(' l l l. H ut 

tllf' campnign ('onlilHwd to H ttlf>t';':(' 

jll"t a frw morl' Ollll1'hl of p, 'rformalH'(, 
flut of the de:<igll, whil!' holding t tw (,O~L 
in l itH'. 

Flit .... 2 . A po .lIi ... oulp'" pull . $hown at 10 
nl/ em .... iti .. g 'p .. d . Tho fall lima ;1 "b"u' 3 n •. 

Thr lalf'st of thf'''(, puts(' g<'111'r1l10!1'., 

th" TY/'E l;mS·,\ , iii mo:-t ('USn," d E'
~'ril><,<1 in tNm:< of til{' populnr T\ I'E 

I:! 17-e. I 'fh r urII' grllNIl tor has tl s hortrr 
ri;:(' ti me llnd mOrl' output powrr tlllln 
til{' T\"I'.: 1217-C a lld ("onta ins its own 
I'l'guln ted pOWN s llpplirs, Fo r Iho . ..r 
who don ' t need til{' faster !lube nnd 
Ihr {'xtrtl pOWN and who haw ,llt'ir 
uwn 1>O\\'cr ~upply , till' T YN; 1:? 1i'-C' 
rl'mnins ll ,·nilu hll'. 

To f('\·j rw Ill(' gcneral ;op{'(' ific'!ltiolli'C 
of the TyPES 12 17-(' lind tilt' l:m8-.\ : 
[II hoI h, prf range is :!.:) II z to 1.2 ?II Hz 
(llld dumliOll i,; 100 nUllo$<('('oncis to 
I ~{'Ond. III the '1'\1'.: l:mS-.\ , trnl1J"i- J 
t i()11 limps hu ve 1)('('11 droPP('d from 
10 to .'} nn l1oi«'t'Olld:; (~{' Figun' 2) , and 
()utput ('u m'llt haS I)('('n boosted from 
40 to fiO rn. \ , ~ that the opell-<"irc'uit 
ou tput is GO ,'oil s behind I k il()hm, 

Circuit 

Figllr<' :~ i-: a hlOf·k diagram. In Ihl' 
liming nnd outPllt drl'lI its. ,'al'Ullm 
tul)I>.'I3rl' \I ..... 'd for , hr ir high input im
Iwdatll'c nnd rllgg('dnc;os : til(' Pll1.o;('
{'Illltrol rirc'lI it s IU{' transistoriz('cI for 
maximum .'$w itdliug "PI'NI. In til{' TH E 

I 
\ 

• 
I 
I 
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F.b ...... a ... y 1966 

1 ____ ~C{l.vt.D 

r s·..e 

~N_ 

..J"L"I)I",.t WfI'Ul 

L....I~t(,j' .. ( 1"0'""" 

Fr,u •• :I . Block dloll.am 0' Ih . pul .. 11 . .. ... 010 •• 

l ~m8-A. new s.ilicoll npn tmnJO:istoN\ and 
double-frume-grid power output. tubes 
furt lwr f'xtcnd thf' (':lpabi lities of t he 
h .... brid arnwgcmcnl. 

'I'll(' input (· in.·uit.s. llhoWIl in Figure 4. 
I'rqui ... c only tlm~l' Ilet ive devices. whi!'h 
Un' !\witebed into operation us eilll('r 
n prf mwilla tor or il ll n periodi!' t riggl'r 
rir('uil. dep<'lld ing on wlwthN in ternal 
or f'xtcrnul drh'C is dc;;;ired. Equiwtir ll t 
input noi",c (as mClIsured by 11j(' t('('h· 
niquf's describffi in t hc prec('di ng nrti
rll' ) is about.j() jlV , rms (sCt' Figurt' .") , 
whir ll is mm·h 1011'(' 1' than t httt of mally 
IriggN-tyP(' ill put sy,;;tcms. This low 
input noiSt, lcads to vcry low prf jittcr 
with extcrnlll dr·i vc. 

FIgur. 4. Sch. mall< d rog ... m of I" · 
pul cl .. "il • • S .... h<h . d as . ha ...... , 
fa ••• " ..... r 'P"' "'''' Ih . S<hmlll 
clrc .. lIl. d' I .... .. by rh . i .. pul d< am . 
plln .. a .. d h .. f .. . 1 2 . MHz· lO . dc 
1.lgg, ' cl.c .. lt. Wh . .. Ih . PRf <.n· 
I" t I. UI lor !h.I .. I" .. ,,1 m"d. , Ih • 
• 0 ... . < .... p ... . .. " ..... wilch.d 
1 .. 10 a . I.b l . . .. 111010' Ihal can b . 
i .. loclla n .• yneh .... i .. d ,,, ... Ih • 
• • ' .. nal.d. I .... I .. ... ! .... I • • Th. inpul 
I .. b . b.e .... .. 0 <u ..... 1 IOU.CO 10 
lron.lol. Ih . , , 'I · hond p'a" swing 
I. con i .. ... Ih . Seh ... 1tt cite .. il. Th . 
c'. e .. II . Hlllol .. within II. h y. I .... 
,I. '.gi'n. ( • • lIa blhh.s I,.· 
qw .n~y " .. ,., II, .... " c'nlin u . " f 

".q"."~y odl .. " ... · n! . 

The push-pull output ('ir('uit ( Figurt's 
n nlld 7) oITcrs mllny tld VUlltilgt'S: It 
prc:sents Il ('onstant load to tht, power 
l< upply; it deliv('tS both po~itj\·c-goil1g 

lind Ilrglltiv('·going pulses fl imuitll
I}('ously; the pentodes used nrf' linenr 
c' urrenl SQurc{'S, which produce the 
snme source impedan cc fo r e ither po
lnrity ; the output is short-cireuilllblC', 
und there nrc no duty-mHo res trictions ; 
nnd filHllly , :;illl'c the output. terminals 
arc direct-coupled to th(' output foliage 
plates, there is 11('\'('r Ilny rnmpofT. 

Another ('harllc leristic or this ci rcui t 
is that it r{'tainS Il de l'oml)Ollcnt negll
tive with respect to chassis ground. A 
fl"atmc of the IlCW gCllcrator is provision 
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the!;lExpe rilnenter 

Flgu.. s. (A ...... ) 
Plol ,ho"""1 II.f,. 
I.".,ol.d I" I"put 

circuli. 

• • " • 
1 

n~ 

, for easy control of the de romponent, 
over about a ± I:i-volt ra nge, by usc of 
al1 external low·yoltage power supply. 
C<lnncetion of such a supply will permit 
bias levels to be fLecurately estnblished 
fo r devices to be driven by the genera
tor. In addition, signal-sensing circuits 
and a socket are included for connection 

Fllu •• 6. (B. low ) $clo.m .. Uo d lol,,'m of oulpul .. "d 
tl m'"1 cir.., I ... alaI .. "d 0102 compt l .. .. ,,"on_ 
.fdo • • ,11 .. 1>1 . "'CII II. alaI I, IIO.molly off .. "d 
vIas .. "d VIOl "o.m .. lly 0" . C .. "ducll .. " .f 
VIOlA k .. p VI04A .If, .nd IIm'"1 p.I. "li.m. I •• 
R12S II t.bU,hu '"ll f .. ' .... II.I • • " IImi"l capocl_ 
I •• C. Th . .. . " .... puis . ',,",v.1 f' Ini" .... d by 0 
,Io.t pull., ... h f.1o ,,, .... alai . " .nd 0102 .If. 
VI Ol ."d VIO$ I • • ff, Vl06 .". C ch •• g •• 
110 •• 11110 R I. 'h. 1"llorlnl p. 'nl of $chm lll C.m_ 
p ..... , •• VI04. Up. n 1"11.,'''1, 110. $.hm'II cir."rl 
.... 11 110 . IIIp -fl.p, lorm lnollnl 110 . p"f • •• 

..n... ~_.a 

., 

to a to-bc-nnnounced dc-component 
control unit, which .... ;11 attach direetly 

to t he righ t-hand side of the generator. 
This un it. will automatically control 
the nverab'C vfLlue or eit,her penk value 

of the positive or negative Jlulse over 

a ± 15-"0It range. 

-

ABRIDGED SPECIFICATIONS 

10 

'R" 2.5 HI to 1.2 MHz;, internlll ; d e to 2.4 
M HI, external. 
hi .. 011 ... 110'" 100 oe to I IS. 
RI .. _lid Fon Tim" , S 011 into SO o r 100 n. 
011,,.,1 : 60 mA, tx-itive and negative. 

• 

....... , ROq"f .... , 105 to 125, 105 to 235, or 
210 to 250 vo [tlI, 50 to 60 Hz, 00 W. 
'o".f O'm.nl l.nl: 12 X 5yt inchea (305 X la5 ..... 
mm). 
N •• W.lghl , 14 ).i Ib ( 7 kg ). 
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Fil .... 7 . II. do ... look al Ih . o .. lp'" ~1 .... II. Th •• .,..Iom rn<llIdu 0 po i. ol.wltch,d ~ .... ' "I ..... e • • , VI 
( .. o.moll.,. 0") o .. d V] ("0' moll.,. oH). Wh. " 'h . o el i .... p .. I • • ' "I ..... ol.wi!ehu VI oH, Ih . olllpwl ... ollo" 
al Ih . po.lti .... ,III .. ' ..... 1" 01 IOU "0 ... - lit ,A 0, whll, Ih .... ollog. 01 Ih . .. . Iall .... I .. mi"al go .. 
"0",010 - lit. O"'p .. 1 I ... p ,dan~. II odj ... I.d 10 <0", .. 1 op. " .d .... 11 oulp'" "'0110, . o"d I ..... ofl . U. d .. .,. 
.wll<hl", d .... II • • Th . dc . ca"'po", nl 1"".110" , •• ",1"01. ' ' 'mil .. .. a, an ' .'''"01 low .... olla' . pow • • 

... ppl.,. 10 lran.lolO Iho .. , ... " " fram 0 ",all . to Iho o., .. "ol'lIp,l.,. ",oltoIO. 

1398·9701 
0110·9632 

DCfmplt01l -1 ---- ----- ------
T.,.p . 139'· 11. P .. I.o G. n .. olo, 
t.,.p. 410· '312 ltock . Ado,lo, Sal 

Pn'u 
'" USA 
sns.oo 

6.50 

U.8.l'fll"'n~ No. 2.641.4h7. 

For complet. speclficotions, 5H Ihe current Generol Radio cotolog or wrile 
to yo.Jf neoresf GR roles office. 

THE TYPE 1397-A 

A new pulse am l>lifier, the TyJ'}: 
139i-A, has been designed as a COID

panion not only for the T n'f; 139S-A 
Pul&' Generator described in this issue 
but for the T n'}; 1217-C I;niL Pulse 
GCllcrator and the Tn'~: 139!)..t\ !\Iodu
Jar Pulse Generator' BS well. The new 
amplifier ill('f('1UlCS thc relatively low 
outpu t power available from these 
instruments to a healthy 50 watts pc.o.k. 

Why have pulse generator and pulse 
amplifier in separate packages, any
way? The &'paration, a long-standing 

'Gordoa R. Parv.d«"," 1"u1leo 100 Order:' Ou .... ! R4d .. 
B",.."OW7II ... M.,. 1!HI5. 

PULSE AMPLIFIER 

G R practice, makes excellent sense. 
Why, for inst.a.nt'C, sadd le Cl pulse gen· 
ern tor with a COS lly and compl icated 
high-power amplifier if the gcnerator 
is most often used to drive the base of 
II transistor? The cost of such overkill 
is measured in performance as well 
as dollars. A I-ampere generator not 
on ly will generally cost more than 
t.wice as much as, stly, a Tn'}; 1217-C 
\Ot'ith power supply but. aJso will have a 
duration limit of about 10 milliseconds 
compared with the I-second maximum 
of t.he lower-eost pulse sou rce. More
over, since few generators producing an 

II 
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the[;jExperi m e nter 

Fill " ' . 1. Ty p.1397.A PIl i .. Ampllfl ... 

ampere can produce it continuollsly 
(another problem in economics), there 
must be dllty· rnlio restrictions, over· 
load protection, etc. 

Tbe separation of generator lind 

amplifier olTers so me important design 
advantages, too. The new pu lse um
plifier is 1Illi{]lle, for example, as a very 
nearly linear a mpli fie r capable of ampli
fy ing complex waveforms. This useful 

r- ---- -- - - -'T--- --- - ------- ---, 
I G: • 

: . . : 1· .8 , e , . ,. , 
0"-__ -, __ , 

~ 

O<PON(Nl , .... 
8 UNtM 

w. _ _ • 
\w;,~"",J;,~, .. .J::--r\ l~·~,lr~l1 

-"' N(1WOf11<S 

5ti~ 

r-------lr-'"'"-~'--_,,----------- G>l~V 
~-I----,-"'--_:::J-""'-_r-_ ..... ___ _ 
,., '------~"..+' , 

• 
~., 

, 
:-. _____________________ J 

I------,r':-,--i----"---, 
,~ov 

L-J-~----~--~-. 

Fllure 2. Eleme nla ry circ u it dla lram a f th e pul •• ampli fi e r. 

, 
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chnmeteristic would hardly be appro
; print.<' in the U8ual I-ampere pul~ 

gellemtor, whC'rc the output stage is 
j\l!\t a big, fast. >!witch. 

Having cstablilShed the case for scpa
mte> units, let us turn to the amplifirr 
at ham!. It n('('ds only a 2-volt nega
tive pulse at the input. to produce a 
I-ampere positive or negative output. 
pulse. Rise and fall times arc t.ypicu lly 
40 nunoseconds (Figure 3), assuming 
the driver can get under 20 nano
seconds. Another llSC'ful feature is a 
vnriable-transition-time mode>, whidl 
olTers the user CQntinuous adjustment 
of rise and fall ti mes fro m 0.1 to 100 
microseconds. 

The output pu lse can be either ter
minated ill intcnml loads or l"Oupled, 
without internal IOAA, to an external 
load . A single switch is used to sele>ct 
output. polarity and loud configura.-

- tion. 
Since the ampli fier is substantially 

linear (Figure 9), it is a simple matter 

to rontroi output. rise time by cOlltrol
ling the input puiS(' ( Figures II, 11). 
An input control doe8 this , 8\\'itchillg in 
a 100-0hm or 1000kiiohm resistor, for 
minimum risc lime> (Ilormal mode), or 11 

set of simple ne>tworks to shape the 
input pulse into e>ither 1111 expon('nlialJy 
or linearly ri!!ing function over II range 
from about. 0.1 to 100 mir rosecontls. 

The maximum duty rutio for the 
amplifier is 1/ 10. If this is cxccedt'<i, 
internal voltages are uutomatieally 
switched 01T und a flashing lamp 011 the 
front panel culls for a manllal reset. 

Circuit 

The straightforward circu it is showll 
in Figure 2. The input shaping networks 
are followed by a voltage Itmplifier, 
a cathode follower , and tbe output 
stage, consisting of three parnllel-colI
Ilectoo pentodes. These are cOllllected 
as cathode followers for posit ive output. 
pulses, as amplifier4 iuvertf'rs for nega
tive output pu lses. The changl's in guin 

, l.u" 3. Il,ff) A 0.01.,.. ' np ul pul .. h om ° Typ. 1217_C I. 
ompUll . d I .. 1.2 .. mp .... In • .sO_ .. h"\ 'y.""" A mpllfl .. d l._ 
piaYI . b. and 1 .. 11,1", .. .. I o b ..... t 0.04 1" and .. b ..... ' .s% 0""'-
. h .... ' .. n t ... llInl lton.l lI .. n . O.-IU .. u .. p, I. T. kl ... nl. 661 - '" 

'IIV" .s . l.lioM Th. 
0 .6 .1" p ... f .. Ir .. m tho 
Ty,. 1217-C I. paUld 
by 'h , ""'plln. . u t 
lor n ' I .. II " . .. utput . 
N .. " mlnlm .. 1 "nllin • 
.. nd d'on Iton " "onl. 

.. , 0.11'./0", . 

Fl ...... 4 . U,ff) Th. p .. . I1I", p ... l .. d ... r .. llon ,. 'n . ...... d '0 0.6 
P l . .. nd th . d ,I,, 'nl pvl .. .. mplltud , I. d uroo lld In 'hr" ",p" 
I •• m full 1.2 .. mp .... '0 .. bout IO%. ' 0% . .. nd 20% .. f 'nil iol 
I,,,.f. N .. " I lIlhl ch .. nl" ' n "onl',n' ... pon ... 5m .. 11 und ,.· 
. h .... t ot p ... I1I" , p, ok nall , n.'o Imoll 0 " ... hool .. t20% " ",1. 
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the [;JExperimenter 

FIIIU' . 6 . (L./II fff. cll of dilly rolio on oU'pul pllll,. 'IF il 
10 kH~ ond durolion of Ihortar pili .. I. 1 ~,. Whan Ih , Typ. 
1217-C II . wilch . d la praduc. 0 10_~1 pili .. , Ih . 10% dilly 
rollo low . .. Ihe pil i .. amplillld . 'a aballl 92% of Ih . initial 

1''''11. No •• 'hol pu l ... 11111 ,.'aln . ... . n.n/lhop • • 

Flgu" 1 . (RigM) Stili 
long. , pul.... Wllh 
du.ollon Incr,olld '0 
100 ,..1, no def. d. 
ohow In e ither pali."" 
a. negoll"l 1',,1 ... 0._ 
cillo.cop. II now a 
Tektronl,. S51. Th. 
Typ. 1211-C il 11111 
drl"inilih . omplln .. ln 
Ihl' double "'p .. Ut •• 

Fill"" I. (l .ft) AI Ih l Ilowesl w.illng '01., 1 ml/cm, a proc
IIcoUy flol.lopp ed negall ", p"l .. I ••• en lUll Ilorting 10 '011 
down 01" mo. II .... iII fall mo .. rapidly f'om h .... on . Th . 1'011_ 

II" , pull ' fall l IIneo.ly , II down by 30% 01 5 mI. 

Fig" " 9. (RigM) Th. olory on IIn ' o,lIy. W.· .. Ind l bted 10 Ihe 
Ty p' 13U_'3 Pul •• Shop., for Ihe b ' olllllully IIn . or ra ... p on 
lop. Thi.l , thelnpullo Ihe Typ. 1391_A . The lower Ira • • 10 Ih , 
olllp"t, 01 fu ll 1.2·A power. (Th, a ... plifi .. i ••• , /0 in",rt Ih . 
n 'goli"e Input PIlJo •• ) lronlle, fllndion .howl low" 1I0ln at 
""Y low and " .. y hlllh pow .. I .... e l 01 pul ••• Iorll lro ... culoH 

and ,I". InlO grld-currenl"lIlon. of outplll .Ialle. 

Flgu .. 10. (L,ft) Mo .. IInoorily. Th e Type 1395_A Modulor 
Pul .. G, narolor pro " Ida. a distinel;,, ' pili " 10 amplify (lop), 
and tha Typ. 1391.A gl" .. a r,o,ono ble fonl ... ll e 01 a 

Flgu .. 11. (Righi) Pall. 
II"e and negoll ... e 10-
,... 0"11'"1 pull" with 
rl .. _llm e conl,oll se t 
fa. '''ponentiolly .10_ 

inll p"lle. 

I-omp .. e le ... , I. 

Flgllr , 12. (Lell) POliti" , and n , goll", 10. ,... 1'"1.81 with con_ 
trol . se l for lin , orly ri.lng pilI" Ihow 2'~1 rh e Ii ...... They 
again di . ploy Ih . Ironller funclion of FIIIII .. 9, Iho" ld b, 
un fulln d,i ... ing magn. li. 11.1le111." a i llower Iro n .ltlon rol , •. 

.' 
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du(' to til\' difT('r('nt output t'onfigura
tiOIl1i lin' ('omp{'nsutf'd for by plat{'
load ~wit (' hillg lit th€' input umplifier. 

So that till' ha.'«' of ('it her l>OlSitivc 
or Iwgalin' output puIsI' (':lll hc 
groun<if'd while the pulses retuin their 
de ('omponC'llt, th{' power supply for 
tlw rlltin' output SY8t(,1ll i8 s\\"it('h('d 
along with output Jlolarity. Th(' powcr 
suppl)' for th(' input-nmplifit'r 8tngC is 
not switrhrd, ~ thnt the grid-<:1l1hodc 

Febru.ry 1966 

signal voltage i~ always dcn~loped 

\\ ilh rt'specl to ground. 

Performance 

O:=dllo!<('opie compllrl.-;Qn of input 
and Olltput signllls is til{' most objeclive 
('vidclIl'c of 11.11 nmplificr's <'tl.pabilities. 
The unrl'touched m<eillogrollls of 
Figures 3 through 12 .':lhow what til(' 
Type 139i-A call do un<irr a variet.y of 
operating conclitiom!. 

ABRIDGED SPECIFICA nONS 

Irlp rlt I)"", Hut (11111 

Mrxlt l",ptdllrlu Ntqrllr«1 "'(lil 7'imu 

NORMAL 100 11 0< 100 kn ohun red by - 2 V, p·IO·p, <$0 n, (rypl,olly 30 n.) witt. input 
opp ro~ SO pF, ,wi" ... elect.d minimum rll. ond foil tlm., of < 20 n. 

YARIAtlE - 30 Y, p·lo·p, 0.1 to 100 "', oppro~,lIn.or, ,Oft-
lineor 30 k{l, oppro~ oppro_, min; ........ (o..t;....ou.ly odju.toble 

Upon •• II;ol loon - 2 to - . Y, p-to-p, 0.1 '0 100 1'1, oppro., .. ponen';'''' 
oppro~ 

R" ... p.'h Appro. 20% witll $ ..... pul .. durotion. 

Ampti!r,.d., 1.2 A, p-to-p, "'0. (60 Y ,nto SO Ill. I A, 
p.to.p, will! 10% dUly ro tio. Automorl, o •• <lood 
prot.ctor with ma .... ol re.et. 

A ... p ll l"d. y ... I .. tl .. n , ±IO% 10 ' duly-ra lio cho"g •• 
' rom mini ........ 10 10%. W ilh ±IO% I;n.-vollog. 
,hang •• , po.III ••• ar;o lion il ±IO%, n.got; •• outp"t 
J. ±$%. 

co..'inuou"y odluotabl. 

l .. t .... ,,1 Sh"nl , 'O.OIi ... output, SO fI « ope" ,ircuit; 
negat; •• OUIput, .so n, 100 11,« op ... d'c"il. 

GENERAl 

M ... O"ty R"tl .. , 1Or';. 
hw. < Rtq"l<ed, lOS '0 125, 1!l5 to 2..1S. or 
210 to 250 V, 50 to 00 Ih, 100 \\'. 
' ..... 1 Ol ... . n.lon., 11 X 5}¥ inches (355 X 150 
mill). 
N. t Weight : 181b (8.5 kg). 

Daaiption 
Prict 

in VS.! 

1397-9701 
0480.963 A 

Typ. 1397. A ,,,t •• A"' pl;" •• 
Typ. 410_ '314 t ack. Ad .. p'" S.t 

S49.S.00 
'.00 

For complele speci licollOM, see 'he current General Radio catalog or write 
to your neoresf GR sales office. 

Among the fint shipmenh of instruments during tne war was a number of 
precilion air capacitors. One of these found its way 10 an Army taborotory 
in France, where lieutenant E. H. Armstrong was e){perimenling on a new 
circuit to impfOve the performance of radio rl!<eivers. He appropriated 
the capocitor, his new circuit was a sensolionol success, and thus one of tI"te 
Company's eartiest pfOduch was incorporated in the fint superheterodyne 
recei .... r in 1917. 

((rom" /I ialQry ()f tlu! Gell.eral Radio Company) 
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the [;jExpe t' i lTlenle t' 

INDEXES, BINDERS, HISTORIES OffERED 

INDEX 

T he l00;j Experim(,1I1er index is now 
availablc and will bc mailed free of 
charge to those fC(lucsting it. The index 
lists all a rticles published durin g the 
year and iii arranged by subject, author, 
and instrument LYI>C number. 

A small quantity of indrxes for other 
y('ars is also available. H you would 
like to rou nd out n collection, pcrhaps 
we can help you. 

BINDERS 

You can also obtain a binder for your 
Hxperimrnfers simply for the ask ing. 

Each binder will hold about two )'eurs' 
Hxpf'r i 11/(' I/I('rs. 

HISTORY 

Thc r:crtl!r(ll Radio Comp<wy 191" 
19G.j is the titlc of!l :tl-pngc monogmph 
written by Dr. Donald B. Sinclair, G It 
presidellt, and a\'ailable (while the 8t11>
pi)' lasts) to Expenllll'lllcT r('nuers Oil 

request. Thc short history, prcscllted at 
u meeting of The ::\'ew('omeu Society, 
tells of the people and philo:sophies thal 
helped make C H, and, in a S('1lS(', the 
elcctronics industry, grow. 

DO WE HAVE YOUR CORRECT NAME AND ADDRESS-nome, company 
or orgonil.otion, deportment, street or P.O, box, ci ty, slole, and zip code~ 
If not, pleose clip the address la bel on this issue 000 return it to us with 

corrections, or if you prefer, write us; 0 poslcard will do. 

. Expe l'ilne nle r 

GEN ERAL RADIO COMPANY ...... " ... a.". ..~ ... c: .. " ... .. .. •• 

Hru~ UOUfSJlO 

... :, .... 
" .. 
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