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A TEST OSCILLATOR FOR S-BAND 
MEASUREMENTS 

With the Tn'];; 1360-.\ ~ 1i('rownH' 

o.,><,illator, the frequency range of 
( :('I I(' f:ll Hadio continlLous1y tunable 
0;;611:1101"'; i~ ('xtC'ndC'tl to --I Ge .. \llhough 
1101 jl,.;{'lf olle of til(' Cnit Inst ruments, 
it >iupplctnellts t his popul:1r line of I('lit 

('qllipn1('lIt that pro\'idcs the u=-er with 
\'t'rS/llility and quality at a fCasonable 
prict'. 

En'ry eITort hlls Ix'ell made to gi\'e 
lhi1' 11('\\ o,willalor, withil1 t h£' d(,l'ign 
limitation ... di('taled hy tub<- ('hoic(' and 
pri('(', maximum u1'('fulllt,,,,, lit! a dril"cr 
for .;:lot tl'd lin(';;, Ill' the local oscillator 
ill II IwtcrodYllc delc('tor, and :1]< :'1. 

~(,II('mJ-pllrpose IxnH'r 1c'Our("(' for meas
urements on compollcnt;; and systems 
lit 1lJi('row:ln~ frt'qucncics. 

TIlt' fn'que!lcy range of the oscillator 
j;1 1.7 to 4.1 Gc. Output power j;; 100 
milliwalt,; or more over most. of t he 
fn'quew'y rauge, Internal l-kc ,,()uare
W:I\'(' modulation is proddl'd, a:; i" a lso 
:1 u:lrrow-bnnd .'!Wf'('P nt both l -k(' ami 
the pO\wr-line fr('quency, :'\ Iooultltion 

from external soun:es can Ix- fill, square
\\In"c, or pulse. 

RF CIRCUIT 

The mitrow:ln- OS{'ilialor in tlw TY I' ~: 

13GO-:\ is a TYI't; 583G Hcilex 1\I,v'"'tron 
ill a rO:lxial cav ily with U lIollrontacl ing 
tuning plunger. The fr£,<luclley r:lng(' iti 
split in orciN 10 oblaill u maximum I'allg(' 

of interf('IT'Ilrt'-fr(>(' OIX'nllion and, at. 
Ihe :,anw tilllf', to pnn'icl(' maximum 
output p()\\"('r. For tlw h iglwr fT"{'q Ut 'H('Y 
range (2.{i-1.1 Ge), the ra\'ity 1cngth i" 
34 w1we!cngth alld the klY!"itroli is 
o!X'rat iug ill its 23 I rt'1X'IIN mod£'. I II Ill(' 
101l"('r fr('quell('Y mnge ( 1.7-2.8 Gc), t hl' 
numlx-nl are I, and 11'1 rC'l<IX'(,tivt'ly. 
T Il(' r:lngc ~wil('hing i~ eontroll('d :11110-
matical1:y hy tlw llluin fl"t'quC'llcy dial 
(renter of palll'l. F igllIT' I ), ami, sill(>(' 
t il(' higher frequency r:lllgt' requires t he 
100Ig('!"it ("a \'iIY, til(' 10\\"('[ f re<]UCIH'y ra " ge 
starts at II\(' lOp (,lid of lIlt' Iliglwr Ullt'. 

Tht' 111'0 1~lI1g(''' lIIT' :'f'par:lI('(1 on the 
dial h:y different {'olored sl'alc~, and a 

F'IIU ' . 1. P"n.' vi ..... " Irh. Miu" .... " v. Ouilla' a •. 
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pilot Inmp indiC'ut<'!; which <;(,3,11' i'l to be 
read. Thr lUlling law of till' n'1X'l1rr is 
mIllelwd to that of the c:l\'ity by a 
sjX'I'ialty ~hllpcd, high-N'-;olution I)()-. 
l('utiolll('\('r, lind the- finnl IldjustTll('lIt 

j;; madt' by t rirnrner rheoilt:H.s. In SC'rirs 
with ,h(' rt'pl'lll'r potcnliomelt'l' i!'; nl'iO:l 
8m.11l rh('o,,!ut for fin(' f",qu('m'Y ndju"l
ml'nl (t::. F knob), with tl. t:)ngc of np ... 
proximatei," I ;\Ie. Il o\\'en'l', "ill('t' 
!uljll .. tn\('111 of lhi" rh('O"tnl mlly spri
ou,.ly h:.\rIll the tracking of 1l'1X'IIl'r 
\'ollap;r !lnd cadlY tUliing ,\I\('n th£' 
o.. .. {·illa\or i'i '''qU:Lr('-w:t\'(' I\lodui:&wd. thl' 
6 F ('Qntl'ol i.~ dis:.lbl('{i ulldN ,hot. 
condition. 

OUTPUT CIRCUIT 

TIl(' Olllpllt control is at the 10w('1' 
ri~ht of l ilt' pant'!. '1'11(' output p()Il"('r i'l 
~L fUII('{ion of f('('f1uency, fI'l l'hown in 
Figu,,' 2, and j .. more th:1Il 100 milli
wllll~ Q\'('r mo . ...,t of thc frt'qU(,IH'Y r:\Ilj:t:"_ 
AL thl' v('ry low-fn'IIUI'Jl('Y {'lid of ttl(' 
r:Ull(l', it may IX' aR low :L'I 20 milliwatt..." 
\\'hl('h ('orl'(',:polld~ to I v into a 5Q-.f)hm 
load, .\ t til(' UPIX'r ('ltd of (,[I.('h fn'qllC'II(,Y 
r:lllp;r, il i .~ po~~iblc to o\'rrlood thl' 
kly"tl'()Il oS('illnlor, and an Olllpnt moui· 
tor i.., pro\"idNi to warn :l~!lin,.:t thi ... 
condition. Thr monitor ellahlC',.; tIll' U:o<'r 
to c,tract thC' m:l.ximum output r)(:)\\cr 
at :lily !«'ttiug of til(' frequrlley di:ll. 
Th£' output power i ... coutmllrd hy :1. 
retr:U'tahl(' pj('k-up loop in t il(' o,,(·il
talor (·:I\·it .... Til(' dial plnu' Oil till' 

.~ 

! 
! ~~ , 

.11 . 
•• :ou.· .. UJOU H ' • .. . 

rOlIkLloC' • ~~u 

flgu,.' . TypIcal "a,lalian In aUlpul wllh 
',aquancy. 

attelluator (pick-up loop) knob is cali
brolted in nrbitrnry ullit!" (maximum 
roupling is 100), but thc di\'i~ions arc 
{'"(lui"a]{,lIt to dN'il}('l.., rx('{'pt in thr non
lill{';lr r:ll1g(' of thr attC'nuator whl.'rc the 
output powrr i,; gn'ah'~L Thr IIr('l\ \\' ]wrc 
()\,cr-{'oupliug is pl)_ .... ~ihl(' at. >lOme frr
qucIIl'i{'.:, cn'u \Iith a 5O-ohm load. is 
imjkatC'd 011 the nll('uu:Hor dial hy Ihc 
]rp;C'ud "\Tell Ot"','PUT )10' !TOil. Th .... 
output monitor i" fNI frolllll directional 
<'Oupl('f in ""nch:1. m:ulIl('r thtll it i" quitl' 
ill"<'nsiti,'c to 1000d thllllV;C';-;. A \·:Irillblt· 
['(',..i.~tor in SC'ric .... wilh th{' nl('t('r sen'('" 
us a sclI.!;iti\"ity (,'01111'01. 

'I'hr Olltput COllllC'('COI' is a 5O-ohm 
']'\'N: Si-l L(X'k inp; ('onl1('{'IOI' whirh Ilill 
lX'rm il :1 "l'mij)f'rm:I.I1('l1t :11 I :l.('hmrlll (If a 
C"olbl{' or :111 lId!II)IM If) -:Ollie other 1.'1'1)(' 
of ('o:l.xialt'Olllll'('lor. 

MODULATION 

Since th(' mo"t-u~ type of operation 
(otil(' r than C\\') for (l. I<,"i' o;;rillntor at 
thC'S(,' fn'quclI('il'" i~ I-ke H1U:lre-wa\'r 
modulation, thi~ iii I)ro\'idl'd inlertmlly. 
To facililalt' Illnlrhillg thC' frequcncy 10 
til(' filter in til{' dC'tl'l'Ior "y.:lell\, a sere\\"
drinr adju<:t T1lC'llt on I hI' fl'()llt p.'l.nC'1 C:lll 
vary lhe modulation fn'(!uC'llcy :l l).
proximntcly ±5('(. In til{' STA~DI" 

po,~ition of thl' ll1()ciulntion Rwitc·h, 1M" 
tW('('1l ill{' ("\\ and I-Ke "<IU!U'C'-W:\"C 
po.:itions, thC' rf C'1I('rp;,y is shut ofT, 

~arro\\"-band, linl'ar ilWl'Cp is pro"idC'd 
at J)owcr-linr fr('qll£'Ill'Y l\IId I kc. This 
Clill I.,.... ufiI"d for ch('rking rN'c1\'cl'S :lnd 
Ol her na rrow-band drd('('s, und is nli'O 
"rr)' u.';{'ful for r('!llign illg t il{' kly:;;tron 
Q,.;{"illator lifter !I change of kly"t ron 
lulX', Whell IhC' klYl<tron is lX'ing !l\\'C'pl 
illt('rnally. o'!('illoo;('()pC' IIYIICilrolliz.'l.lioll 
canlX'obtui!U'd throtl~h 1lC'[I;!lli,-C' trigJ.!:('r 
pul-«'" from tilC' o"rilllllM. 

mlll!ln' w:\,·C' .... for nHKhdalion lit otlwr 
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freq uencies {:all be applied by fin ex· 
lernal BOurec. Rcconuncndf'd i'OUrf'CS arc 
t he '1"1'1'£ 1210-C Ll1it He Ostilbl0rand 
the Tn}; 1217-B Unit Pulse Generator. 
Tht' lal\('1' is al:<o ,'C'comlllcndcd for pulse 
modulation. For f'xtcrnnl frequetlcy 
modulation , til(' moduln1ing :<igllal is 
flppliC'd across :1 );CriCti !'('"istor in the 
I"('pcllcr lead. 

The three block dingmms in Fib'1LrC 3 

J ANUARY . FEBRUARY, 19 62 

i1Iu.~tratc how modulaHon is a CC01ll

pli,;hcd, and it ",hould be noted th:lt 
di tferent methods nrc nscd for pulse 
modulation and i<{IUflI'C-I\"tWC modula· 
tion. For pulse moduhUion (F igur(o :1h) , 
the kly:<tl'Oll heam currcnL is iUlClTuptcd 
by applil'11tioll of n llf'gativc voltage 10 
t he l1orrnnll.Y pol' iti,rc bia!'Cd grid. Dur
ing; the fin'<t couple of huudr('ds of milli
seconds nfter the ClllTf'nt is tUl"lwd 011 

,. CU"''' @) 
(,) l.c '~' '' ' I cw, S ..... '£EP lIND FM C'~' •• , . ..... . . 
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Figu,. 3b. Schematic lo t 
puln mod u lation an el 
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again, the frt'quellcy may ,.hift hy tIS 

Illu{'h us !l nwgaey('[e. For short pulses, 
the fn'quelley shift d()('s not umount to 
very Illueh, llnd, sin('(' the grid is the 
pul,.ing Illember thnt giv('i\ the bc;;t risc 
lime, it is used for pulse modulation. 
For S<juaro II"1l\'CS, hOll'cver, whcre the 
on-Ix-riod muy bst for u longer time, 
till' fff'{juelH'Y sh ift may 1)(' uudesirnhlc, 
and it was found !ldv!mlagrous to r('
lx-UN-modu late the klystron. The tuhe 

is tracked out:;ide and pnrnU('[ to the 
mode patl<'l'n and pul.sed into the IllQ(J(,. 
Admitt('(lly, II fr<>qllciley change dOl.'5 
L<lke plaec at the edges of the pulse, hut 
the time is ,.hort eompnrcd to the lX'riod 
of the most (.'ommollly \i.'I('d square-\\'!1\"C 

modulatioll. If the user SO dcsil'('s, how
ever, short pulf'CS can bc npplicd to the 
re[X'llf'r, or S<:l'lUre Wll\'('S to thf' grid, 
after readjust ments of the symmetry 
control iU8idf' the instrllmCIIL 

Flgu r.4. 
Int. rlo. v; . w. 

r 
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The intcrn:l l lwrro\\ -ha nd sweep !It 

lillc-fr('(llH'llcy o r I-kc I'I~tl'S is pl'ociu ('("d 
by application of 1111 internally gCJl{'I": l ll'd 
~:lwtooth milage to the 1l'p!'lIcf. Owillg 
10 thl' inhefCnt Ch:lNif"t (" l' i:<tics of t he 
klystroll, the sweep is p r.lc tic811y lincar 
in ft"t'qu('llcy. 

Exll'rnal modulu l ion voltngl' for fm 
it; applied to the 1"l' I)('IIf'r 11l1'ough a 
O.Oli-""f cnpucitOl·. The input. impcci:1I1CC 

is ·100 kHohms 8htlntl..~1 wilh 70 pl. 

POWER SUPPLIES 

Both lh(' cathocll' !Inti rrpcllcr of th(' 
klp'lron nrc fed from wcll-Il'gubted 
supplies. The rrpcllt'l' Il('al('1' is f('d from 
II de su pply, \\'hich, likf' the pO\\'(:'r su pply 
for the modulator ri r('uil, i.:llwll'gu latt'd 
hul udrquately filt("T'f'{1. The bias \'olwge 

for lhe klYlltron grid is laken from a 
I'.rll('r diode in ol'dr'r to make Ihe vol!uj:tc 

constant and indl'p!'lldclit of tl1(> grid 
rUl'rclll, which vn ries cOlls idcrably f rom 

tube to tube. 

MECHANICAL FEA l URES 

The 1'yp~: 13()()..A is r)!tekagcd in n 
i-itu:h rclaY-r:lck cabinet and ca n be 

JANUAR Y·~ EaRUARY. 1962 

uhtuin(l(i eithel' wilh end fl':"lmrs for 
I)('llch usc or with :cupport fitt ings for 
ntek mOlLnt. Figu re I s hows the iU :<I1'U
mcnt with the C'll hillet removcd. Almost 
nil the eleclronic com ponents arc 
moumcd on ('t('h,'<I boards which are 
{'lIsily acces::;ible from both :<idcs. Tuhe 
rep\a{'CmC'llts, including the klystron, do 

nol. r<'qllirc :lny lool~, :"md PI'CCntl1ions 
Il1tve IX'CII takl'lI to prr\'cnt S('r" i('U per
SQllnel from aCI'idC'uta lly touching high
vollag('l('rmill:!. I". 

The non('onlacting tUlling plnngN is 
Elupportcd hy n. c:uriage with !ulIg.lifc 
reinforl'<'d Teflon bearing.<;, and 1 hc mck 
!Iud pinion ch'ivcs fOI' the tuning plulIgcr 
find nt.l.t1nllutor requi re a millimum of 
lubrication, 

- PEU A. BERGSTAD 

CREDITS 
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design. 

• - t.:mnlll 

SPECIFICATIONS 

fREOUENCY 

.""It., 1.7 to 4.1 Oil In IW(l rUllgllll , 1.7 to 2.8 (;c 
Imd 2.6 to 4.1 Gil. 
f In. f,."u. ncy Conl •• r 1.0.' " Order of 1 '\k.l,U\ 
1I0t fUnftiolling for !lQUilrc-WIlI'C modl.l:niQII. 
Aceu.acy, ±1%, 
$1 .. biJily ' WllmHlp drift is Ilppro:'(im:oU'iy 
O. 1 5('~ durinl/: tho fil'ilt hour, to\:11 ,lrift 1I1}
pro~iml\ld>" 0.25 (.~. After W:lrlll-Ilp, frpqucrwy 
hI ~I"hle w.thin IIppro~iml\l('lr 5 ppm. 
• • ,Id .. ol FM : .'ppn.xilnoolp ly 0 .5 Ilpm in Ihe 
lower freqllt'n<,), rnn"c :lml 0.2pplll in lile hi,,!.er. 
i.)omillMII r~\Jellfie1l ~,I"(' 00 !Iud 120 Cpll (" ilil 
6Ck:ydc line fre<luency). 

OUTPUT ~OWER 

TYIJif>(llly mo!'C th:.o 100 Ill"' al-tovc 2 
T oln vllriatiOIl in tnll~inl\lm olltp"1 witl. 
qU<'lIf.Y ;s 20 In IlPI)rnxirllutely 3(1) mil'. 
1."." .... 10" Hcl:nive eu 1il!mliOll only. 

INTERNAL MODULATION 

Nor<aw . 8 .. nd $w .. p' I 103 "I' m:uill)um I\.l I 
kc tll.t! pow.·r.linc frcqIlCII(Y, Xe~"'h-(l tri~r 
pull'C IIIIPIlIit.'tI. 
s"uo •• · Wa .. " 1 kll, :ldjll~ll\blc npproximutcly 
±5%. 

I:X TERNAL MODULATION 

FM, Sensitivity lIppro~ill),.lely 0.2 :'ole IlCr I'ull, 
i"pu~ ill1llOO:UlCC, "00 kiioluIIg :u.\ iO pf 
(lie only). 
Sq .... '.·W"v., 50 CPI! to 200 kc, lZ,v (rms) ~ine 
""Iwe ur 2O-v (penk-lO-lll~ .. k) I!IIU:Orc WIII'f': 2tl' ~ 
minimum (lilly t'yf'ir from extern,,1 II')Ur('c. 
Input iUII)(.'Iilll"·C gn:u1('r than 100 kilohllls. 
P"I ,.: Hi".. "nd f'llI lilllf'll IIj1JlTOxim.,\ldv 0.2 
,..~I,,~, lIIiuim'llil 11'""rh nl)J)rn~im"I "Iy 0 .... · /d'1', 
jitter tIl:w loe 0.2 }'~f'I'. In pn l 1111111'\.1:II1I·C 100 
ki1""m~; 'dri vinl:' 1'1I1~e lImplitwle, 20 I' (peak
lQ-llCllk); lII!n.imum duty cycle 20% . 

7 

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



8 

GENERAl RADIO EXPERIMENTER 

SPECiFICATIONS (Co nI.) 
GENERAl 

'-""'nol.: HF 011'1)111, TY PE 871 Locking Con
lM!<'tor. ~IQduI91ion, himlinlt ])(MIIs. 
M ... ntlng: lkonrh or ",lit)' nI('k. 
Po ........ np .. l: 10." to 125 (or 210 10 250) volts, 
50 to 00 "jJ~, 8" ,,"lIUS. In~lnm1l'nt will opomlC 
8111i,.fW'loril,\' [1'-':n'll l r.)r li"e-rr(>'l\~I'rwy S\\,l<ep) 
III ).I01I""r-lill,· ff('(llIl'n,·ie\ up to 100 C. 
Yuh C."'p ........ " T wo each 6 107 nud 12,\1'7, 

1360 . ... M 
1360· ... R I Mlc.owo",. 0 .. 111010., e . nch Mounl 

Mluowo", . O.elUolo" R ... k M .. unl 

0110 eltch 6..\:\'8. 6AV5G,\, lZAXi, 1213117.\, 
5651, .)S3G (HeAl':": Klystron), 5005. 

A« ... o,io. SlIppUod, T¥I'v.. 874-H22 Patth 
(''''rd, T n'f. 87 1-C58 Cable ('onn()C'10 r , T YPE 
CAP-22 Power Coni, lind ~ 1}:lrc ru~. 

Olm.ns;o~", Width 19, hch:ht i 1 1• depth 1;;' 2 
int'h{'lj ( ~ S. .. hy Hl51,\· 3!)5 1I11n ), o ... :o r-ull; p,mcl, 
10 Ill' i inthe!! ( ~85 ',y ISO nUll). 

No' Welghl: as pounds (17.5 kg). 

COOt WUr<i P,iN' 

---------------·-··-,I~·c'cc,,~'" 
... IIA~<l 

SI100.00 
1100.00 

MORE A ND BETTER PULSES 

FROM THE UNIT PULSE GENERATOR 
Thc THE 1217-.\ l ' nit PulS('r' was, 

like it l; eOlllp:ln ioll instrunwlIl:< ill the 

lIlIi! lilll', dpl'ij.!;lwd for mllximum ut ility, 

minimum ('ornplt'xity, alld low ro!<t. The 

thou"-'1l1d:; of thesc eomp:ld, high pcr
formall("(' d('\·j("{';; that al"(' 11011 in u!'(' 

have shown that the de"igll 1,'Ul; indeed 

' II . II. F.-..nk. ·· I 'ul .... in. jOt",.!! I".~h..e- ... l'ul ... 
(..,,,.. ....... 10' Ih~ t "nil Line;' G,~.mJ Had,,, Jo.'Lpn-I' 

~", ... , ~.~. 10. ;\1.«11. II)'"H. 

a ;;ueee~ .... rul blend of t hc&' often 0011-

flieling faetors. Time has madl' :lvailahlt, 
ncw e it'I 'lIit~ and component;;, an d cx
l)(>rienCf' hflS ;;how l1 \\'h(')'(' improvcmCtlt ... 

would Ix> hot h dr,.imblc lind pmetif'a l. 
J n the rC'df':<iKll the go..'l.ls!<Ct wen' simpir: 
to makC' CI'('ry 1>o!'Siblc impro\'cmf'llt 
compaliblC' wilh t he two ('oudition ,.; of 
no itH:rC'u~' in priee and no in('rca sc ill 
poI\'(' r :<upply requit'Cmcllt,.;. 
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TABLE I 

Comparison af Major Cha racteristics of the Types 1217-A a nd 1217· B 

Ch."a"a<IoIie 1117·A 1117· 8 

Pul.e RI.e Time < SO n.ee < 20 n.ee (SO oh .... ) 

Puloe Fe"l nme < ISOn".e < 10 n.ec (SO ohm.) 

Pul .. Du'o lion Con' lnuou. ISO n .. e - 60 msec Con"n .... u. 100 n.ee - I .ec 

PRF (Inle,nol) S' . pc 3Qep. -100 kc Cont,n\lOl,lt 1.S cps to .soo kc 

PRf (ule,nol) Loc:k.d 30 cpo - 1 00 kc Con,in ....... de 10 1 Mc 

Pul •• Amplilude ± 20 y Into I kijohm :t: . 0 y Inlo 1 kilohm 
(l.kilohM output impedonee) 

Inpul S..,oilivily 30 v 011 00 kc 

Accucocy ~ RF gnd Duc-olion :1:: 15% 
Deloyed p..r •• """. 
!-iimibrily bct.\\·(,'C1I the new T nt: 

1217·13 l ' nit P ulse Gcncra to r nnd its 
popular prt'det~;;wr glX's litt l!' fmt hf'r 
than t Il!' four digits of its typ(' Illlm l~'r. 

Signifi(,lInt l'hanges have I)(,'('n 111:\(1(' in 
a ll IX',·forlllaIHlc spccific:ltiolls. T h(' mo:<t 
important parameters nrc listed for 
compari>lOli in Table L It ca n Ix- S('CII 

Ihat, in ('VNY instance, the pc rformnncc 
figlll"(,1'i arc increased by tit le:\.st 2: 1 flild 
oflt'll hy more than 10:1. 

T his performnncc is ach ieved in t.wo 
wnylS: 

( I ) T he 'l'YI'E 12 l i-B uscs I~t ter dcv ic(>s; 
t-x-illg nl'itlll' r wholly "t r:lII;:istori1.ed" Hor 
wholly "vllclHlm tubc-iZ<'d" it take", full 
ud\"!U\lage of the best prol)('rtif'''' of both 
modrrn trtln.sistors und vuctllun \1I1)('s. 

(2) The THE 121i-B ha;: t.'Ompletdy un· 
cOII\·"ntioU:llcirclJi t ry for fl.!l fUIlCljons
('\"ery component. works full lime. In 
fae!. th l·otLj.!;h It .<;(' rics urrangement of 

0.3vallMc 

±'% 
To I,igge, 0 .econd 'ilene'al .... 

timing und OUI put cirl'uit8. ,h(' 55-l11a 
input ClLl·rt'nl from I he power supply is 
u:-;cd t.o provide ·10 mIl of useful 1(J~Ld 

ClI tTcnt. 
T he new design has other Ilew felL I lIres, 

nol clearly ",how" in Tahle I, whil"h can 
be bct.tcr apprc('i:lted afler ~jtne of l he 
new cirCLIit. eilar:.w l f" l·i!'1 i(';>; an' murf' ("om

plclely expl:iin(.'(I. TIIf'$! wiJIlw diS{'u~ 
in the section on application:>. brIo\\", 
af lt~ r 1111' circuits h ll\·C 1)('C1l explained 
ill some df'ta il. 

CIRCUITS, 
Block Dia gram 

Figure 2 i,.; a hlock diagram of the 
drt·nit. In block form things look quitl' 
COI1\·cut iollal. The illp"1 rirt'l lil :- {:onsist. 
of a Schmitt triggl'r cirt·uit dri\"('11 hy un 
amplifier ('()1II1f'CIl'd to th(' input ter
mimll" ~ t hl,t the ]mlse I,!:eneralor wi ll 
be sta rted by a triggNing pulse QlH'C 
pe r cycle of ally input wtLveform at any 

FI'ilU ' . "2 . Block d log. o", of the el,cu ll oyol . ... . 

9 
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fr('QlIl'lH'Y from de to o\'er onc megacycle 
P(:I' !il"i·oncl . C'onw'ntional .VC'~, hilt 
C,"('I',y ll(,t i v(' P:lrt of t hi" ill))lIt-triggcrLng 
ci l·('uit. is eOIl\'crte<1 10 :l "t:lble RC-('Oll
trolled oscillator wh('1l intl'l'Halty pro
duccd pul r-;c repetition frcqu('llcy (prf) is 
drsil'cd. This ()~dllatOl' will p roduc'e rilly 
d('"il'('d l'(' ('U!TC1 U,-e frequency bct\\'cen 
2,5 epi;; II nd .~ kc. 

The t riggl'l' pulse from there input 
cirf'ttitfl; ( I ) operate!'; a Ryn(·-pul.~ 

prQdu('ill~ fl.ta !,!.'c to fonn both posiliyc 
lind nq !;lItivl' pn'-triggcl''', and (2) fl lflrt s 
t he pul&'-,!!{,Iwr:lting: HEld timing ci rcuits, 

A transi:<tOl'-bistllhle ('ireu it, set by 
the triggt'r from the input ('ir('uit. 
sirnll itam'Ou."ly Olx'mlC'S th(' pulse out.
put /'UIp:C :L!ld the ]lulf'f'-timing ein'llit, 
Th(' 0 111 put !i tagt'~ , producing both 
p< ):<it iw nnd llrg:.llive pul~s, arc 1I pair 
of pO\\'('r pentodes a t· ling us .JO-mn 
cU l'I'rn t .o;(l!lr{·ClI, The t imin g ('in'uits 
it rc (,(ll llpt'i!«'d of a switch !1lbC', 1I hi~h
SIX'('d ('Inmp ami II Hchmitt trigger. 
WII (,11 t h{' tran;o.i~tQr histl1blc s\\'it('hcs, 
st:Jrti nj!; the pulse, the timil1!! "wit ch is 
lurlwd off, A preci!' ioll capacitor ill 
f' h tlr~t'd 10 thl" point, \\'hrr(' thl' S('hmin 
tri~< 'r or)('mll'.", pt'oducing a 1'(·.'II ·t lI'i~

gel' for tlw bi"tnbl" t'olltrfl l ('ir('uit, 
therehy termilllltillg till' pulse. 

" 

The 40-mn eurl'f'll t,.~urcc ou t put. 
pent ode!' fi rC' dir(,ctly COntlccte<1 to , he 
outPlLt t('rminals through a I-kilohm 
alllplitude CUlIll'OJ.2 F(ll'Ir-voh pOl;itive 
:lIld llegativ/' ]lul:"C's flrc t hereby pro
dllef'd lit full amplitude. Since t he COIl
nection to the outPllL t('rminals IS 
dire('t , the dc componcnt of t lw puISl'" 
is Pl'(':"('ut. nnd ramp-off ellllnot ot'('ur, 
no mat lN hoI\' grcrrt t he pulse du mtion , 

Inpul Circuits 

Fip::me 3 is [l simpl ified scilPmnti,' 
diagram of tilt, input c:irruits and prf 
oRrillalor, The s\\'it chiHg for the (' ir('llit 
is ~ho\\'n 1]('1'1.' in propel' po"itioll fol' the 
apcriod il'-in p111-cin'ILit ('onl1ettion. 

In this oonll l·(·t ion V, nmplifie,.; lli[' 

input '3i~llal. and Lhe voltage cliYieifol' H, 
and variahlc I'('"istor R: ll Pply i h{' 
:unpl ifi{'d input ~igllal t.o the Sch m itt 
Cit'C'lli! , V ~, f? ~ in th is applicat iOIl permi ts 
all atiju"tnwnt of t he de (,.'Om ponent of 
thl' input .~ip: nnl eithc r to optimizf' Ihe 
triAAcritlg !:,(,1l:<iliviLy or to adju;,:t the 
ph:l:«' of the output PUliiC with rC'RpN·t 
to t he iUPUl ;.;.igH:lI OV('I' II lim ited I·angc. 

\Vhl'll the ['U~' Sf'lec! or switch is t hl'llwn 
to !lily une of il ~ 011)('1' tw{'ivc ]}Q!'itiolls 

'1'10 .. "'>(1"1\ d re',, ' ..... nfill' '''1'' ;nn i. ;,I<:n".,.L h. IhM !>f 
t1,~ ('["""noL U".dio Trp~ l:!p!,n I'""",. 3 ... ""1). "",I Tim ... 
I);'L~,· G""~r"'"", 

--A..--
1---"- TR!GGER 

OUTPUT 
TO START 
PULSE 

• 
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•• 

Figu •• 4. W".m.up I •• qu.n.~ d.lh of prJ d.cult 
0' 10 kc . 

t he input circuit jg COIl\'c rl,('C:1 to 1111 

usf'iIJutor. Th is Q::;rillutor configu ra t iun 
is obta ined when I he swit.ches of I''ig:urc 3 
fire thruwn to the "0" JXlsit ion. Note 
thnt the Scl unitl-ci rcuit s tl"lLChlf'C is not 
dis! u rhcd---cx('('pt t h:l.t the pht.c voltnge 
of the left-ha nd sid c is directly t.:Quplcd 
to th(· Icft-hund grid of V, by VI which 
has I)(.'<.'n cOllvel'tcd by the switch into a. 
current sourcc trangla, illg dC\'i{'c,' Under 
id ~'al colldi lions neudl' the full phue 
swing of I'!A wou ld !lppcnr at the grid . 
!l s, /(, and fl forlll u deh,y ci rcu it so thut 
C1 must charge to n VOltH6'C cqu i,"a lc nt 
to the cirru it hystcre~is before l' M cnn 
switch to its other sta ble state, where
upon C1 must. dischlll'gc by the circuit 
hysteresis before switching ag.'1in takes 
place. Therefore, an osci llatori!! produ ced 
whose n::atuml frequency is determined 
by : the circuit hySlcrc.q i ~, the rc . .,i"lors 
H, and RI, find the capu('i lor Ct. 

The fr(·ql1!' lIc.y stabi li ty of this osd l-
1ut.or is dcpt'nden t only on tim He 
product lWei Up01l t he s t~tbi1it,y of t.he 
hy.stcru!<id of the Schmitt drcuit.. P'"C
e[",ioll ('ollll>Ollell lS nre used to sct. t he 
triggering volt:\gC'1! (H t, R,) ami the 
effects of tube char:l.Clt' l1slie changes 

.It. II. ~''''D~ ... <111. T. J.I~ 'Iw-r. ".\ ~·,...q ... n~· Count .. . 

.,..{th. \1M'or)" _nJ .. ·;tll lIui!!.ln U.II.b,h,y." V, ........ I 
H.uliJ Ks,.,.. .... .., ... » . 6, M_)". 1111\1, P. 10. 

JANUAR Y. FEBRUARY , 1962 ~ 

arc millimizcd by the eurN'1I1 f"cclhnck 
produCt'd by till' large cathode reshstor, 
If •. This form of osriHalor is inherC'ntly 
stable. Figure ., shows the warm-up 
characteri:ilic. After 15 minute-'l, the fn.'
Quellt'y is within 0.1 % of its fi nal vallie 
and will n'mnin wilhin 0 . 1 % for sc\·cr.l.l 
hours, under labon\lory conditions . 

Pulse· Timing CircuilS 

The puls<'- timillg circuit s nrc shown 
in Figure 5. U poll the l"t.'ccipt. of Ii trigger 
from the input circuil 8, QI gocs niT, 
turn ing 1', ofT, starting the outpu t 
positin! pulse. (At the stune time Q~ 

goes 0 11 , t llmillg V, 0 11, st urtillg t he 
negative pu lse.) Q, goillg otT nlso tlll'n5 
Vb oIT llnd Ct lOtn l·ts to charge t.bl"Ollgh 
R I . The resulting I>osili v('-goillg ~x

poncnti:"l.l risc~ from a level set by the 
clamping diode, D" to t he pote ntia l 
at. which the SchroiLt trigger (V.) 
switches. The tra llsition of the trigger 
circuit turns Q, off, QI on, Sloppillg the 
pulses, turning ' -, back on to dischfll"ge 
C!. and t.he prores.'i stops, until a lie\\' 
trigger is received from the input circuit. 

This circuit structure meets prueti
cally nil the oondit iOlls for the production 
of un aceunite and stable time inlerv:tI: 

(I) The timing c1emcnts for m an 
integl'atillg circuit. ( Best for low jitter.) 

(2) The timing is dependent ollly on 
a n RC ci relli t and an cMily controlled 
amplitude com parntor. 

(3) The timing capftcitol" i ~ din·(.'t1y 
di-"charged through the timin g swit ch 
lcuding to a very -"hort meow!"y l irnc
hence, mu..\:imum dumtioll-conlrol aCCti
nll'y even at high dllty-ratios. 

A study of lhe si lllplifie...1 schematic of 
this dUr:ltioIH'f!lI! I'ol eirel/it :;llo\\"$ tlUlt 
t he in itial "oltage f!"Om which C, b('gill~ 
its charge to determine the pu l;S(' d um-

11 
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.,,., 

" 
~/. 

*' DELA'YED 
SYNC .... 

fl gu•e 5, Elemen'a.y Ichematle 
of the pulle_ tlmln ll ond outpul 

cI,euit., 

~~ 
--'-

I " 'l. :J', I.:: Y 

3 0, " f" 

I£! ~,u 
" 

r; " . ~- , 
v LS =,J" ~-

-13~ 

(~" 
\.,::V [ 

"fi7I 
['!::v' X 

-j 
START 

tion is &'t uy (hI' cnthodc current of the 
llmpliludr'-{'oJl1pluatol' :-lchmitt in R" 
Any \'arj:ltinIlS in this f'w'n'nt \rillllfTcct 
bOl h I he initi.ll and lirml \'oltagc \'alucs, 
Again, a s in the input ('ircnit:;, this 
COlllpnnltOI' j~ stahilized by hCllVY cur
l'('llt fl'('dha('k and the triggering voltage 
is df'termincd by precision resistors, 

Output Circuits 

F'igurc 5 also shows the output cir
('uit;;, Ikfol't, a st.art triggN pulse is 
!'!'L'(>ivet! from the input ci r('nits QJ is on 
:lnd Q! ofT, r ~ i:i thNdorc conductiug at. 

(neurly) zNo-l"ias 11nd 1'. is ofT, When [l. 

lrigg!'r pulSf' is rCN.,j\'cd Q~ goes on bring
ing \'4 all, 1'1 lind V. lire a pair of power 
pentodc,.; wilic,h pass 40 ma when on at 
zcrv-hiu>I, The illtcrruption of plate 
currcnt ill \ '3 prod UN'S a -IO-\'olt posit.ive 
pul~ il~ il s load 1'C.'<istor, Simultulleously 
1', t.urning on produces a ' )O-volt nega
tivc plll!;C IU'I'OK':! its load I'('sii'ltor. The 
('xl remc spced of Ql and Q2 in t lI(' trun
:;:i"tor flip-flop ~\\'itclJ('s thf'f;(' plate cut
rcnti' on fllld ofT wry rapidly, A typical 
pt)sili\'c ClIl'n'nt tn\1ll<ilion is of thc 
order of 15 nanosecond", whil{' the 

.fL 

STOP 

-~ 

negative transitions are typically 8 nsec. 
(&-c Figul'C G,) 

Th(' \'cry rapid cUI'I'Cnt Ir':lJIsitions arc 
applied t.o t.he I-kilohm output potcnti
omctCI':>u nd an internll l strl1y-cll ptwit:U1 CC 
of a pproximately 30 pf. With no external 
louding t he rise time of voltagt' is a p
proximutely GO lisee, 8xtenllll capaci
tance will increase this rise time by 

O,I2'/J.eep~l .. ln 1-
n.ee .i •• lime .ampli .. ~ 
.y ... m; 20 " •• c/eRl, 

Pali l iv .. "an.i,ion, 
10 " •• clem 

Negotive !.o".ilion, 
10 n .. e/em 

Floute 6, O .. lIIoo.om Ihowl"l1 'yplcol ou tput 
I'on"lllo"" In a 50-ahm 'y"e m , 
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0.4 v"ll, p"o\c_lo·p.ok, 
,nlo 10 ohm.; 
O.ll'udem 

4 vOItI, peok·lo'~DOk, 
Inlo 100 oh",", 
0.1 I'".clem 

~O yoh l, peak-Io-peak, 
inlO l\e;lol, ... ; 
O.I /o'uc/em 

Fig", . 7. OpDn.el,cul! ,IID'and loll-lim. olcllla· 
g,am,; 'SCapI hal I::l.-pf pr"b •• 

approximately 2 nsec pL With this out
put <·in~uit fvrm, no OVN.'ihoo( will ever 
Iw oll&'r\'l'd, and Ill(' ri;;c und fall of 
output vultuge is purely cxpoliciltiul 
(S('C Figure 7 whcre the output pulse is 
~Illlllil II." pr-csclLted on fI. 'l'cklrouix 5-13 
oscilloscope lI"ith 12-pf probe). 

Whell t he ultimate CIl1·1"C1lt. rise times 
111·0 to tc ulili1A.'d it is llcces...<:ury to 
lermill3te the pilise generator in an 
impl'dulIt"C appropriate to thc coaxial 
('ubiI' (50 or !l3 ohms) to be u:-:ed. Fasl. 
2-\'011 pul,.:{'s in u 5O-ohm system are 
Mown in Figure 8. 

APPLICATIONS 

The ('xlrt'Tncly wide ranges of pul.c;c 
dumtion und p]·f P]-OOII('('d b .... thi:; plli~ 
gCllenllOJ' fit it fUt" ulmost. ally ilpplil·:i~ 
t iOIl in which a puiSI:' is uct'dpd. Thl' rl' 
:H(' t'() muny nppliefilions th:11 il is 
uifti('ult to !;lClect a s:unple group to be 
ilH'ludcu h('l'('. The new model has 
Ol'mow;tmled itsc:'lf to be far morc uS('ful 
thall its Im'cl('('cHSOt bcl'll\IS(': 

( I) 11." durutioll ('01111"01, bcillg more 
M~f'IIl":lt<'I .... {'al ibmwd , enn ht, used for 
quantitati\'f' nWa:<uremelll of maximum 
aud 1I1iuilllum duration;;;, for example. 
ovl'l' \\"hi('h :l flip-flnp will function. T1lf' 

JANUARY-FEBRUARY, 1962 ~ 

, 
2_~o1r. 0.50 ..... e pul •• ; 
SO-oh ... ' ..... lnOlion; 
0.1 I' •• e pet di~l.i"" 

• 
2·~a1r, So p IK pul .. ; 
.5O-ol."'llIfmi"olia .. 

C 
A. In cel. bUI wilh 
open'circui, ,"",i
notl" .. , 4(}.vo!t pull. 

FllIUfI I. 
2- ... 011 puls .. 1 .. 1" 50 ahml , 

pulse duration can be established with
out the 1L(.'(·d to N'tHl lUI oiwillos(.'OI>C. 

(2) ~in(,'(' thi' amplitude coIII]'ol Wirier; 
output impcdallcc, the iUstl"luncnt can 
be set to produoo a C'()rl"('ct driving4point. 
impedance for any passive pulse net
work. 

(~ ) [ts linear currf'nt-sourcc output 
system pruduccs a clean puiS<' of easily 
adjustuble and equal rj~-falJ ! illlt'. 

(-1) Rillcl:' the prf ctlll !oe (:Olltillllousiy 
vnrkxl it is possiblf', foT' eX;imp]e, to 
('s tabli lih the l"(!50luti01I fai lut"C point. of 
a Aip-flop precisely. 

(5) ThealX' t"iodicsynchronizingcil"Cui t 
for n.:tN]1II1 contr'ol of the pl·f m:lkes it. 
pos . .;iblp to dl'jV(' t he instrUlI1cllt frmn fin 

He or bent oscillator O\'N the full range 
of that oscillator with 110 cOlilroi tldjnst ... 
mellt:;; 011 Ihe pul;;c gCllcrulor. Th('f('forc, 
the prf accur:.\cy anJ st.ahilit'y is that of 
l ilt, dri\·illg oscillator. It is also pos.'lible 
to produce pulses with a random fre
quency cli::;1 rihul ion. 

(ti) The stability of the int('rnal prf 
oscillator makf'1l it pos..'\ible to uSt' the 
THE 1217-B in sy;;tems as a pr{'cisc 
fi"C(lueIicy dh'idcr of high ratio (Figure 
9, A ami B). 
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GENERAl RADIO EXPERIMENTER 

, 
9:: 1 dlvio lonol I-Me I~p", 
.1"" wove 1 1L'.';c .. ; 
ptf .. I11.Hc 

• 20:1 dlvlo l"" of I-Me 
Inp'" lin. wove 

C 
C .... pl .. pul •• I, .... 
IWO ge ... ,ollll's 
in p<II'oliel 

(7) The prescllCC of n threshold control 
(or the external synchroni~iHg circuit 
makes it easily possible to produce single 
pulses. A L5-\'oIL cell and ;\Iicro Switch 
can also be u;;ed to produce single pu lses 
from fl hlUld-held t ligger generator. 

(8) TIl(' iin(>nr, de coupled output 

,,' 

YPE 121 ·a 

'B' 

'" 

-r" F'OI'IER SUPPLY 

.n::::' -ree 

Fill"'. 10. Conl,ol of _ 1 .... "llIor .wllell. 

permits paralleling to provide complex 
outpu t pulgcs with no extCl"IllIJ adding 
networks, as shown in Figure 9C. 

Bcyolld t he gencral increases in np
plicubility obtJlined through the d('sign 
improvemcnts listed 1100\'0, experience 
has shown that the TYPE 12 17-13 is tl. 

useful source for ITlCIIsurements 0 11 

transist.or systems. It can ope rate satu
fiLted tmnsistor switchc8, both npl! nnd 
P"P, without coupling networks. Since 
the pul5C gcnerl\tor is direcL-f·ouplf'd, the 
soJid-stl\te switches ca n be operated over 
it s full duration-flIllge. Figlll"C 10 shows 
the connections for dl'ivill g tl pn1) 
t ransistor switch. The low output im
pedance of the Tn'E 121 i-B is normally 
sufficient for hold-back during the pulse 
ofT-lime. Figure 11 shOll'S the direct eon
ncetiotl for switching IIpn trtlnsistors, 

- H.. \Y. F nAI'iK 

--r- NEG POWEll ~UI'PLY 

r
,,.,.,,,,,,.-- ~ 40 IIO..~ 

'" 'B'o , 
,. 

HI'{ '~INI 

'l5' 

,. 
fill"'. II , Con',o' of...,., I,anololo, Iwllell , 

SPECIFICATIONS 

PUlSE REPETITION FREQUENCY 

lnl. ,nolLy G.n.,ol.d, 2.5 l'p!! to 500 kl' with 
CHlibral(:d l.IQillt.., ill a 1-3 scqUIlIll'C f/"tlm 10 cps 
to 300 kc, and 500 kl', nil :±:5f""(. ContiuuOU8 
cow'rage of the rallgc from 2.5 q)l! to 500 kc 
wilh IHI IIlJculibrated controllowerillg t he fre
qUNWY of the cnlihrnled poinU!. 

bl.,nolly Conlrolled , Aperiodic, de to 1 i\lc wilh 
I-v tms input (0.5" Ilt 500 kc lind lower); input 
impc<l"nre, lit 0.5 ... rlll.S, npproximllicly 100 
kilohm!! shunted by 50 pL 

OUTPUT PUUE CHARACTERISTICS 

Durotion: 100 1I1l(.'C to 1 S~ in sevcn declldl; 
rangL'II, :±:51k of T!!llding, or ::1:;20:',0 of filII 8l'llie 
o r ± 25 IHIt.'e, whkhcver is great!!r. 

Ill •• TI ... . , 

ft. luio t!!rlniuntoo 50- or tOO-ohm c:lbl P.l! .. 11 
ITlwsitions will huve ri!l(l timl'll less thlln 2f) 

nUllo~econds (tYIJicallr 12 nsee). 
b, On high-volugc out put. (40 I' at 1 kilollm) 

rise time will be limited by loud cupnciu.nce. 
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JANU A RY _fEB RUARY , 196 2 

SPECIFICATIO NS (ConI.) 

Hille lind fnll limlJ:!! typically 00 usee + 2 
usee 'pf (''(l"rulll IOl!.d cupHcitltnce. 

VoU",., I'o~itivf' ,mil ncg:ltivc 4().tntL ('urrCll t 
1)\lI~1!>l a\'l1iluhle ~imlllt8Iloo\lBly. DC ('(lUpled, 
\\'i1h de t'Olllpon('n t lIe~Fllive witll fCdP(·(:t to 
ground. -10 volta peak Hllo I-kilohm iutcnml 
load impedlHwe for hoth n~lltive nnd positive 
plll~f's. Output t:outrol lIIurkt:d in app!"Qximate 
output impo'(ianr-e. 

0".""0,,1: UV(,ll!iloolti lind noi:se in puWo, lei!!! 
lhflfl 5 (;' of amplitude with corrt'Ct terminlltion. 

ltllmp-off: Ie&! thlm I % everywhere. 

Sy,,<h.onl~I"1I Pul ... , 

Pr.-pul.e, "08il,,-e and neglltive IO-voll 
pulsC!l of \5().I\SC(' d1lrlltiOIl. If pOllitiv6 sync 
{!'r",inai is 3horted, negative pulse ran be ill' 
creullt.'{\ to 50 v. SYII{"1'1I1~e l'OlII'l'O impedance: 

p05ili\'c - Ilppro.~ 300 ohm/l 
negath-e - II.ppros I kilohm 

O. Iay.d Sy .. ~ 1',,1 .. : The delll.vet! syuc pulse 
l!onsi.~tI! or a negaliv(l-jl:oing lr/lusitioll of ap
pro~imfl{('ly 5 voltA Hnd \{)O...UIill.'1: duration 
coincident " 'ith the late I'dll:(' of the m:.ill pul.l'. 
Tlw dortltiull coilirol re;.ds till" time h~ I\\"een 
the pre-plll.<t(' AmI the d('[,~ yed S}'1l1' II1IJ~e. The 
ddl' W'(j ~.rIlt;-IJ\l I~ IIf't1;liti\'c transition i~ im
nlt'dlll1cly follo",-,,-I by a po~itive trurlililion of 
1I]l]lro~imntl'ly 5 \'oltl! Ilrnlltitude and 150-rr!llle 

1-1' .e~ p~lu ,n'o 
50 o~m~ .. lrh 
deloyed .ync pul.e 

- -------
duration to rC!!et the input tireuits of rl foUow
iug pulae gcnerl!tor. (&!e OaCillU);Mlm ,.bOI·e.) 

STABIliTY 

pnF lind pulse-t.lurHtion jitter lire. dependent 
on powct-<'!lIpply ripple and regulr.tioil. 

8. With TnE L20L POW"Cf Supply (rcoorn
mended), inpu~ terminlils short.-drclLIted, 

Pill< Jitter O.OlZ, 
Pullll.'-Durdion .JiUer 0.01 '10 

b. \\,ith THE 12Q3 Power Supply 
I'llr Jitt er 
PuJ\lC-Duration .Jitler 

POWER REOUIRED 

0.05% 
0.05% 

300 I' III 5.'i rna, 1/.3 v III 3 limp. Tyl'r. [203-B 
Unil Power :::;upply or T HE L201-B Unit 
Hcgul:;tcd l'ower ~uj)p ly is reo:ommended. 

DIMENSIONS 

Width !)I ~, hei):ht 5·l~, depth 6J.i inches 
(240 b~' '.')0 by Hlfi mill ), ovcr-rill. 

NET WEIGHT 

4)4 ,)Quwjs (2.1 kK). 

'/'IJpP C()Iie Word Priu 
1117_:'--Ir-'c-, 'C,C,-.C,.-,-.C,-,-,-,-.,C.-,------------------------------,-'-•. -,,-.-~---r-sc,c,c,c.,co---

AUTOMATIC MEASUREMENT OF 

PHONOGRAPH REPRODUCERS 
By B. B. BAUER, Vice Pres;denl 

CBS laboratories, Stamford, Connecticut 

Among the latest of manual procc· 
d\ln'!'i to yield \0 automatioll is the 
nleu,<;UT'f'tlH'nt of phollograph reprodllef'1" 
ehnract() l" lstics. Thjg 15 made pos."ible by 
development of the 11(,\\ ' C BS Labora.
lori~:; Type STR 100 StNeophonic Frc
qlll'lH'y Test Record, \\·hir.h is adapted 
for H~ wilh General Hudio THE 1521-A 
Gmphic Lel'el Recorder. 

A stcrrophonic record contains 1.\\'0 

relat(>(i program channC'ls which fire 
identified \\"ith orlho~onfll modulations 
of lhe waHs of 3. single groove. The left 
chann("1 l'orl'cspond ... to thl' inner groo\'c 
wall. thl' one closest. to till"' center. and 
tht' ril!:ht channl'l 10 thl' olllN groove 
walt (u way from the cellI cr) . The po~it ivc 
diN.'ction.~ of 01('.'>(" modulations UI'C at 
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OfNEIAl IA OIO f X'fIIME NTEI 

+450 and _4.')° to th(> J'{'('()rd !!;urfacc, 
i'f'spt'cth'('ly (Fi~ur(' I), Th{' pickup has fI 
!<il1)!;le !'lylulS fUlling Oil a pair of trans
duel'l"!;, arranged ill 1\11 orlhngolwl fash
ion alld illlf'ndcd to grllcmtc illdpl>cud
cnt \'ohu/l<'<'; whl'n clri\"(~n by t h(' re
El]X'cti\'r ~roow .. wnll modulations (Fig
ure' 2), Tht' vollng/':l. fl, and e. gellcl'!lted 
in thl' t rnnsdu('{'r.; uri\'c 1\"0 (\mplificr,~ 

und 10ud"I)('ak('~ 10 reproducc the re .. 
oord('d in{Ofm!ltil)lI, 

The olily fe:l,~ibl(' wily of tc,"iting thl' 
lX'rformnnl'(' of a phouogru ph pickup is 
by U~ of :1 fN'quellcy-tesl I'l'l'Ortl, 011 

whiuh lOlli'S have hl'£'l1 fCCOlxll'd nt 
vn riOIl !-i fn'qllcllcic!i, Sie l'~'ophon i l' 

fn'qul'Il('y-tr':-;t 1'('{'(llxls ha,'e f.('par:lt(' 
recQrdillg.~ for til(' Jdt and thl' right 
('h!UiIl('ls, The I'f'1iIXln1l!' \'5 fn.'(IIICI1('Y of 
any gin'lI piekup ('I)lulI1('1 pro(hll'f'd hy 
t It{' COl'I'('~Jlondillg n't'ord I'hnll!!('] i:-; 
knowu n ... "f('Spo!l!;t'·frequl'Jl{'Y chara('
IPri"tir" or simply "n'sponl'{''' of th(' 
rhalllle] 011 'hI' pal't it'llIm freoru, TIlt' 
/'('~pon~ frolll til(' l)])po1<il(-' t,hllnlu'l I;; 
kl1owl1 11~ Itt'm;.;."talk.frt:qucllcy rh:lrtll'
t{'ri"ti('" or silllply "cro:'>.~ta,lk," The 
('W'lornal'Y IInit,.. for hoth rhararlNi"ties 
[1I'C dh 1'(' 1 volt rill,", TIlt' difft'I'f'IWt' tit 
tilly onc fn'<tu('II('Y (01' u\'('I'nKP I),'N a 
group of fn-'qu(>lH'il'iI) 1)('lw(,(,1I re"'pol1!;'(' 
and ,'ro"-.lalk i .. known al'l "('hanuel 
!5Cparatitlll," l'xpl'('s, .... d in db, 

"'bdl' 
~ 
~ , 

. " Iw. 
M' 

un qlOO RIOO 

FI, .. r. 1. " Pl." ' . p . ..... lal la" of ... Io'."pl>o " l • 
... o,d port''' VI ", mod"lollo" ...... da lod ..... h I.ft 
cho""ol, ,I,hl cl>a"n,l, o"d combined 1.11 .... d 

,I,hl <h .. "n. I •• 

The STH 100 r('l'ord has a frNllLcllcy 
"\\,('('p hand for clwh dLilllliel, aud ilS 
fl1.'l.!uClwy \'ill'i('s logal'il hllli(,:t!ly \\'il h 
time, !It II taft' of 1 d('C:ldc Cltf'h 2-1 
!«'{'Ond:<, Thi", corJ'(':.'IKHlU" 10 U {,hart 
ilp('c'd 011 thl' GCllf'm] Ibdio '1'\'1'.; 
1521-A Gl'aphic 1..<'\'('1 il('('onlf'r of 
thirty I,,-iudws per mil1u\l'. Till' :<\"('('1' 

imlld stllrtR with n l()()()..{oycle tOI1l' of 
suffi(, iell t. dUr11lioll to permit t ill' I'('

('(lrd,'l' I)('n 10 lx, i'C1 to til(' 40 cps ol'tli· 
IIUI .... lUld tIl(' fCcording IIw .... 1 to \)1' ad
jll":IMI to a t'OII\'cni('nt \,11111(', l'lXlII 

{'(':<."'atioll flf till' IOOO-cyrle IouI' IIII' fN'· 
qU('n('y drop~ imlllcdialf'ly to -10 I'])S Iltld 

1 , 

fl,,,,, 1 . Typical or · 
' On"m , "" of .", . ... 

pho"lc plck"p', 

A, Magnellc 8, Piezoelectric 
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I , 

FlgII" l_ Alllom .. 'i~ony plo". d ... pon .. of Iyplcol hillh -II ... d. m"lInlll~ plck .. p . Upp .. 
cll ' yl I. dl.u ' ... pon • • of on , ~honn. l l lo w .. ~ .. ry ' " c.ol1'oll< f.om o'h .. cho nn.1. 

then l'i),l'S COJIliUlIOtisly to 20,000 eps in 
2~llog (20,000 40) = G4.8 ;;.ceolld.~. :\ext, 
:m iuler\"ul i:-l nllowcd for tho OIX'rtllOr to 
IT'l'C't Ihe remrder chnrt hnck to the 10 
cps ()rdi nate. Then , thc right-{'hallncl 
I-ke tOI\{' is hO[l rd , being followC'd b~' the 
right-f'h:UlI1C'l "\\'!'Cp. If OIiC ch:mllcl of n 
ph-kill) IIH(ler test is cOl)llccl('(1 10 the 
n '('(,rucr ( lhl'OI lgh n suitnbl(, nmplifif'r), 
thf"l till' I'Cl'pol1sc-f,'cf]ucn(·y :ind the 
{'ro:'~tuJk-f r('<lll('lIcy chnrarteristics fo r 
t il(' 1):II'li(>ul:lI· ChUlll1CI will be suCt'Cs
t' i n'l~' 1'('t"()rdf'{1. .\ typical set of ('ur\"cs 
for :) m:lgrlt'lic phonograph pickup is 
sho\\ II in Figure 3. 1'\\"0 "lIeh i'('L~ , 011(' 
for ('adl eh:lllnf'J, are required 10 d(>
snilJ(' Ih(' p(, .. formnl1cc of Ih(' pi(·ku l), 

I'r<' \" iouf:ly IIvllilahlc tcst recurds lI ,'«'d 
spol-fN'qu{'rley tones not lId aplc'd fill" 
automnlic recordil1g. Th(' STU 100 
r{'Cflrd al>;(J has such fix('(l-fr<'qu{'llcy 
tont' ... for I h(' Idt and right charlllt'I!O, but 
{'3ch 1011(' i~ pr'('(."('d('d hy 3 ,·olee nn
IIOllllt'('nlt'nt of frt'qucney, ~ Ihal l iL{'f{' 
is no doubt as Iu which tOil<' il-l hcing 
played , Th(' J't'sults of I h(' .. pot -f n'fjlll'n('Y 
t{'~t;, aIT' ;-;imilar 10 tho,'5e obt:lir1('d with 
Ihe S\\'('("p-fr'('qucllcy bands, but the 

pro('Css is far mol'(' Inhoriouf:, and the 
inform:ltiOIl Iwtll't'('11 I h(' 1<»0' .fl"('fI UCIICY 
tOIl(>S i, .. 1I0t f('\'t':tled .. \ ><y><ltm th:it 111>
I)('urn flal when 1I)(':I<;lIl'('d with ;:;pot
fl'f'(ll1{,llcic~ oft(>11 Im.~ I"£',:ollant 1X':lk~ or 
dip~ in bet\\"('('11 the ~pot fJ"('{llIen('ic~. 

The .. pot-frequency haud" ill tIll' STH 
100 rccof(1 :Ii){)\'e 50U cp .. w{'l"e ellt wilh 
the S l111{' I"f'cordl'r ",'(01111' !l S W(,f(' ,he 
sw('Cp-tUII{' lIallds. Thi ::; IlI' nnilt('d lilt 

nbsolute cnlibmliOl1 of the ·><II'I'f'P-l'")IH~ 
band,; by lll('tl.-'; Urt'II1{'llt f)f Iht, SPQt
fl'('qllCIiCY band.'! with mil'ro><l:opC und by 
diffr.lcl ion-or-light pat lCrrt~. J 

T esl Record Characte ristics 

.\ 8 indi(':ll{'d abo\,{', th" reproducing 
('hamc/{'fil<ti('" of tI ' pit'kllp or i'yfit('m 
IIl1d('[ lest arc rl'fl'l'f{'d to 1 he ch:lr:IC
t{'ri1<lic:< of a pani,'ulllr 1{'.-;1 r(·conl. 
Th{'S(' may IX' dC'fillt"d in tt'rms of d is
placemellt or nJoi'ity of groo"C moUu
la, iOIl. 

For oonstant-di<;pla(,(,IlH' nl recording, 
:1. di"p]acclllcnt-rc><JXlII"i,'c (pi{'Z(H., lec-
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!rie) pickup will produce a constant 
oul l)lIl nt nil frf'quf'llcif's, while n. vctoo
iIYM]'l:'sl>Ollf:i,'c pit'kup (Illugudic, movM 
ing ('oil) will produoo an output. directly 
pruportional to fre'lu(,lIcy. 011 the other 
hand. n (..'01l8Iant-w·lot'ity recording will 
produce 11. oon"tll1ll output with a velot· 
ity·rc;.polI!<ivc pickup, and an output 
in\'cr;;ciy proportiullai lO frc<1l1CllCY wilh 
a di >: placcrHcut-ref'l poIIl'ivc pickup. 

The 8TR 100 r('('ord has fl COI1!;tnnt.
dj~plaC('mcnt. modulrttion up to 500 CI)S 

and constant-velocity modulation nbo,·c 
500 cps. This cxplnins the response of n 
magnetic pkkup in Figure 3, which is a 
risillg Fllrnight.-linc in db vslog fI'CqU(,llCY 
ut. (j db 1)('1' OClilVC helow 500 cps lind 
<'{/I1!<tant above 500 cps. T he dc\'i9.t ioll 
(If r('i;PQnsc from I.wo Slr.light lines de

lIot"s the dcplirturc of the pickup from 
ideal l.lCrfornmllcc, The cros."l~lk cun'c, 
whidl is 20 to 30 db below the principIa! 
chlul1Iel output, iSlypil!al of the channel 
8<'IXII'(\lion that may be expected in 
pre;;(,lIt-<iay high-grade pickups. 

:-iirnilar mefiSUr<'IIH'Jlls call rc:ldily be 
pcrfonned on dil<ph(,("lncnt-rc."pon!'i,·c 
pirku l>s if th(' gl'llertltcd VOhtlge is 
difTl'n'l1ti:lted by (;OI1lI('cl ioll :ICroSS tho 

'. '. '. , 
• , 
" 

/' 

, 
• • a 

IIIlQWICI 1ft ClCUS I'U YCQPjO 

~ - = 

pickup terminals of a rcsi;:.ta nce which is 
sInali compftl't'd to t he Cap:lCil i,'c rc-
1l{'lnJll'c of the pickup. l;slIHlly a 10,000-
ohm !'cs i~lor will su ffi ce. The 1X!f;.!Xm;<c

frequency cham('tcrisl ic of nn idl'al 
piczo-dt'Clric pickup t('I'minnt{'{i in t his 
mallner is ;:.im ihlr to that of a magnetic 
pickup. 

Testing Pickup Preamplifiers 

i\ lodl'rn 3:3 J..:i rpm rcclwds fire I'ccorded 
wilh:l frequency chamctcris tic t lt :11 is a 
composite of scw'ml collstant .. di;;.pla(.'C .. 
ment lIlld colilitant.-vclocit.y segments 
!lS follows: 

Up to 50 cps - constant \'cloeity. 
From 50 10 500 cps - cOllslil U!, dis

p laremellt. 

I,'rom 500 to 2120 cps - {'ollsi!lnt 
velocity. 

Abo,'c 2120 CI>S - constant dii<phro
mcnt. 

The transitions bet.wC('n thc~ seg
mcnts n rc not slnHply dcfilll'd, bu!' ill 
stmd thf'y lirc blclld ('d together, in a 
manner definl'<l by the RI.\ ,\ .t The 
yclocity (db)-"S-fnxlllCIlCY charncter-

'··;ju"U'd R_I;,.~ ".</ Heprorlr.ri>IQ ('/on_,r ... JllV, 
U ....... d 1 ... 1"",,;,. ''''H'I~t''' .. .., Alllen"" [ .. ~ .. I C.,u 
67.h ,.,,,,<!t . ....:.". 2~, ..... y. 

./ 

./ 

o n • , .. 
.";'"'::;;'",,-4 "'" 

1.11011 .11 11 

Figu' • • . 1.1 ...... ,u.,";ng 
.h.rod. ,i"i. and R- C 

1.1 ........ ~wo, .. . 

• 
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,.. i.:;tie which is obltl ined is shown in 
Fj~urc 4. 

Whell the pil'kup i~ II Inll' ,",'Iori ly
l"C!OpolI"i\'(' devie£', it follow:! Ihal the 
pickup pn'umplifkr "hould h:l\'c :UI ill
\'ersc HIAA char:u·U'ti"lie. This dmr
lu·t('ristic of the prcamplifif'r is most 
collvcllif'ntly wrilied by the illSt'rtion 
of nn HIAA gClleratOI' network bct,wC'Cn 
thc oscillator and thc illllplificr unde r 
tcst. Onc !Ouch nelwork is tiho\\'11 ill 
Figure 4. If the m<':l~ul"('{l responsc is 
lIlIiform with fl"t'qIlCIICY, tll('11 the pre
amplifier is PJ"Opcriy designed for repro
dlll'illl; J"<'('ords wit h !l. m:l~II{'tie pick up. 
A '1'\"1'0 1521-A Hecol"dcl" lind T n .,; 
130-1-B Ikat-FI"NJILf'lley Alidio Cellc!"a-
101" CUll be adnwtngeotlsly tlsed in this 
lest. 

Over-all Meosuremenh of Response 
Characteristics 

The STH 100 1'('('Ord IUld the T· ... I·!:": 
1521-A HecordCI' 1'1111 :11.'-'0 he u;;c(1 lo 
mcasure the o\'cl"-ldl l·e"ptJll:<f.,-fn..'<llIl'I1CY 

ehamclcri:-;I ics of :1 pbyback !lystCOl 
rcb'llrdlc~ of the lylX' of pickup or ampli
Ii{'r cmploycd. The idcal rc,;ponre
frcqul'ucy ch:lrartNi"ti<, of a prulX'rly 
adjll~t(·d rcprodudion !!Y!ltcm pl:Jyillg 
an STR 100 l"Coord will be !'imply the 
difTeI"Cn<:c bet.\I'~n thc rc!!ponsc·frc-

Ideal Sy.le", Re.pon •• - RIAA Equallud 

F.equency db Frequency db 

1,().Xl 0 $011 + 0.7 
20,000 - I!).':' fro + 1.8 
18.000 - 18.!l '''''' + 2.0 
j(),OOO - 11.7 ,100 + 1.1) 
14,000 - Ifl.i' 300 + 1.1 
1:l,OOO - 15.3 200 + 0.2 
10,000 13.7 '''' - <1.0 
8,000 lUI 100 ~.!) 
r"QO() - 1I.r. "" - 1.3 
MOO -S.2 r", - 2.3 
'.000 --Q.r. 50 -3.0 
3,000 

I 
- .j.8 " -1.2 

2.000 - 2.6 :10 - 5.8 
I ,;j()() - 1.5 25 - 7.0 
1.0IIII 0 '" KG 

JANU ARY_fEBR U ARY, 1 962 ~ 

qucllCy chnr:JriC'ri!Oti<' (If the I"<'cord nnd 
lhe IUAA (·haraelcri"j it "hown ill Figure 
4. Subtr;\cting these two l"C!!llltti ill the 
set of values in the neoomp..'lllying 
t:able. 

Tone·Arm-Resonance Test 

To test rctiOnall{'C of tono !Inns. 1011d
t'pcakel"S, c fe., the S'J'n. 100 r('curd pro
vides S\\'CCIHollc b:auds, left and ri~ht., 

from 200 to 10 cps. Thcl'(} arc lIyn
chl"OlIizcd also to the TYI'B 1521-A 
Recorder. The recorder mU!lt. be 6('1. to 
operate in reveI"SC, as the S\\'('(' jl lono 
begins at 200 cps nnd titr) frcquency 
decreases during the glidc. 

Automatic-Start Circuit 

The lOOO-ryclc tOIl<'S at the 11£'~inrling 
of each glide !'oCITe not, only rm' h'wl 
aciju!:tmcllt., but nli;(! for kcying an allto
nmtiC'-sl;lrt cirruh for the rcronlN. This 
ci rcuit, den'loped by :'-. Iessrs. A. 
Schwartz a nd .\. (;llst of CBS I.nbora
tories, is Slhowll in Fi~\Lrc 5. 

111C 1000-c)"<,lc k£'ying tOile pr('(·pding 
t.he swt'Cp illilinl('S the cydc. All n:'lays 
nrc inil blly d<'-CnNgiU'd ns shown in the 
Slchemntic diflg .... lJll . I.dt anil right {'lIun
nel iupuls nrc comhin('d in ihc ('alhode 
of r I illsuring thnt tilt:' k('yiug tOIl(' \\ill 
be present for (,itlwr dir('("t 01" cM..;."talk 
measurements. ThC' rnthodt' follower 
output is fed to t he n~ high g:lin !unpli
fiN through a high-Q I,e 1000-ryrlo 
lilt!'r allowing 011\): lOOO cps to f~·('d 
through. Following thi:-; stage is [i cath· 
ode follo\\'('1" I'S empluyed lIfj n I)OII"N 
amplili('r to (l1'i\'c :l ~lIsit ivc !"<,lny f( I 
(Elgin Ach'anoo) af1l'r l"('clilicatiOIl hy 
the two li\""2-1 82 diO<i<'ft. A Z{'IWr dic.t:le 
find clippill~.n\n!!;e c'(JIII r(J1 ]1n.'\·1'1I1 high 
signal lewis from overheating t Ill' ~1I,",i
tive rcby. 

Wit h K 1 ellC'tgiZNi, r(,lay KS if.! en
crgiU'd and locks it50lf acl"OSS the powcr 
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Flg .. t. 5, A .. lo motic co ntt ol cl te .. it lot ,h • •• co.d • • , 

."upply through ('Olllnct L At the C('.'l.'>a

tion of Ihe h·ying 1011(', HI i:< d(,
j'Hl'rp;ized Ilwrl'iJy 11cttUlIing !\ :J, 
\\'hil'h start!'; thl' r('uorcler motor Ilt the 
illl;:taill Ihe !<W('(!p hegills. At the lenni· 
l1a, ion of 1 h(' :;l\I'ft'p ha nd, Ill(' r('8('t 
sllitl'h i" mallually I't't:"lt l!ef:H~T 11l011l('tl
tadl .... to dl~IU'1·gizc /\'2, and the ('irClIit 
is Own 1'('auy fot" the lIext sweep. 

Economics of Aulomot ion 

Th(, ('('orromic value of automat ion III 

tl·t-tin).!; phonograph rcproducer:o: d('

~'fI't'~ part il'III:11' mcn! 1011. T he dl'WIOp
ment of II photlogmph piekup or COIl1-
pll'le player' im'ol"es considemble ('x
perimelltnl work in whi('h th(' d('\'1cC 
under tN'1 is Illodifi('d by ~uc(.'css i\·c rc.. 
armn).!;t'm('llt or modification of COJl1-
1)()11('lltS \lIIIil th(' dC:;ljl'ed pt!I'fol"nwtll'c is 
obh.lillcd. Eadl modifimtion i ,~ followed 

b.v rC:;l I)()ll~ and :o.f'pnr:l1ioll te."ts. Spot
frcqu(' IH"~' I('.st!; requi re 1 ht· better p:lI·l. 
of ,m(' hour. It h:l ~ 1)('('11 1':o;lill\al('(1 thilt. 
oll(,-th ird to ol1('-hatf Ihe mnlll}()W('1" 

uf'.('(i in picku p Hild phollograph d(·\'(,top
ment is f'X 1X'ndr·d ill IlIi~ ~('diol1" \.'Il
d(,l1vor. Dr-tt'g:tlin)!; ,Ill'$(' nl(':l:<llrCnlPllts 
10 an automatir d('d('(' II'lIi('h d()l' ~ Ilot 
tnilld tedilun and make." no ('nor rc-
11':\1'1('", trainl'd m:lI1pO\\'('I" for l1lorf' erl'lI
live lask ~ and ;<':1\'('>' Iholl><:llld:; of dollar" 
nnnually. In 0111' in81ll1l1"l' . (' hnn~ing 

fmm 11l1llHIU1 10 :llllomatic 1"1'('nrding has 
iX'<'n :,-holl'll to ,,:WI' I h{' ('o:::t of a 1"1'('01'(.11'1" 
in H .~ ingl{' month, and Ihe tost of Ihe 
n('\\" l'('cord in a ",ingle \(':<1. 

Use by Audiopnile~ 

\\'hile !he STn 100 I"('('ord hall 1}('t'1l 
dl'siglll'(1 {'.o:j)e('ia 11.\' f( ,I' I he p l·of(':<.~iolla I 
Uiwr, 111(' rf'quil1'1IWIIT .~ of Ill(' a lldiophill'i\ 
ha\'c 111.')0 Ix-cll kept ill mimI. Complete 
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in~trll('tion;;: nrc in(']uded \\it h (':\('h 
I"('('ord for t('sting freqlH'IH'Y rang(' of t he 
reprodu('ing 1<)":<lcm, ch:l.lIlld l«'paration, 
pi('kllp L'Olllpliull<-'(' and traekiug, tOile

:II'm 1'('1'Onnlh'(' and st.\'l u~ wear. 

The STn 100 r<'rord is pricro at SS.50 
and CUll IX' oht:liu('d frolll CBS L.'lbora
toric;;:, Stamford, C'onllccticul, or from 
C'olumbi:l H('('ord~ dist rihlltOl"fi nnd deal
er;;:, 

MORE TALENTS, NEW DRESS, FOR THE 
OUTPUT POWER METER 

t n th(' ll('3rl~' thirty yellrs !'i llt'(' it!! 
fin;t tllllIouU{"('nlent, the CClleral Had io 
THE 583-,\ Output Powcr :'-o leler has 
f!('I"\'cd IU\ a \\"ork-horsc of the audio
fn.'qu('llcy indll"U .... ·. Dllri llg I h i~ time, 
"iV;llifil'!mt 1HI\'31)('(>:-' in mal('rial and 
t(-,('\lIliqu(-''-'i ha\'e made pO!l.<'iblc its n"

pIU('('I1)(,II\ by a new ill"lrumcnt, ba!S«l 
on til(' I;,'Il11e gCllcr.ll thoory, hut illl
pron·d ill ,Ill r('1-'pN:ts, 

Both ill'-'itntJ1l('llls !ire bm;icully mu lt i
laPIX'd lludio-frequf'llcy lmnf"fonll('n; 
th:lt, by tnlll"forrn:l. tion ratio, r('/lceL un 
('~;;,(-'nt in lly fixl'd F(-'('olldn ry load us u 
vnriable primal]' irnped:llH:e. They d iITl'r, 
howevel', in >'I-'\'('ral respects, which 
mnke I)lJs.~ibl(-' I h(~ Il('W iUl"itrumcnt's 
gre!lter frequ(-,Ilc)" imIX'dancc, and power 

rtlugcl"i and its imprOI"{-'(1 actur:wy on 
complex \\"a\"dol"ll1.~, 

The T n'!: 58:-1-.\ u~d:1 nHl-n!(-'tal ('orc 
to securc high iuiliu l pt'ftncabililY 
(neccs...<;''lry for illlpNiarH:C accuracy at 
low po\\'er illpUI), but was limited to :l. 

5-wnll m:lxitnum input by the luw 
Rlturntion It'v('l of mu-metnl. The Tn'.: 
18-10-.\ 5('('urcs hi)!;h initial IX'flneability 
t hrough the u"(' of grnin-ori('ntro sili('on 
sl('('1 ill alamill1Hiolll"ilx'eificnlly d(-'sigued 
to take udvall tllg(-' of gra in-orientation, 
and lhrr(-'by ill(' r(-'flSCS it~ maximum ill
pu t to 20 \\"ntl~ with hut lillIe ilH'reu:>e 
in ('01"0 f"izc, ~i11lx.' gmill .. ()I" iellt~d ~ilieon
stecl is n tnw "I)()\\('r" mat(-' ri.ll. 

The 1'\ "}; 58.1-.\ had 1<-'11 secondary 
taps to yield ten impedance values 

fl,u •• 1. P"n.t ",I.w of ,h. O"lp,,1 Pow .. M.I .... 
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"= s pac'rd , nppro;<imntely , 11 1 v 10 (t~rl th 
root of 10) itltcn' !I I~ nud four-prim:II'Y 
t:l PI' 10 pl'O\' id (> mul! iplic'u \ ion by powers 
of 10 (0 , 1, I, 10, 100), This yidded fo rty 
inlIX'uancr valurs bclw('f'n 2.5 lind 
20.000 ohm". The T YP E 1840-:\ hail six 
S('COIIUUI'Y laps to y ield l>ix imp<'Cl:tllc(' , 
vlIllL(,:', spat'Cd , :'I. p]Jt'oxim:ltl'ly, a t ,,4 
(:-:ixth I'uot of ,I) intervals, Note Ih:l! lhc 
I Wo intf'I' '';lh'l arc corn p:lrahle 
~ (l r.-;;;- G -
v 10 '" ,,4 "" 1.26. 

'I'll\' Tn·t; 18·IO-A, ho\\'cn'I'. has right 
idellti{':11 priUllll'iC!8, mll'h tllPPl'd ll) pro
d dc 11 mu!! ipli ~' r of 250 I, which primfl
f it'>: liN?' :-:\\'itciwd from all p:tral!l'! 10 ull 
flr l' il'':: ill foul' I'onfigu nli ions, (,3ch COIl
figllnllioll iHt rodticing a lllu lliplic'l' of 
" I . The f;i, sec'oudary tap" ami foul' 
prinml'Y cOllu('('tioll>' III'C all conl rollru by 
tI singh' t,\\'('ut.\'-fo(ll· po:<ilioil rlJIllI'Y 
/:iwilch .\·it' ldillg six time:: four, or tWCllty
foUl', discrelr imp<'Cl:lHc(' ":lIH(~" . The 
tap:< 011 Il lll ·ight primaries art' ,<;\\'it chl'd , 
simillilln('olisly, hy thp ohmi'-kilohm f< 
I!wit ('h. '1'1w ohm!' r:l ll ,!.:{' li('" hC ('\'('(' /l O.() 
a llf! 128 uhm". ' ['he kil()hms mnge rnulti
pli!',.; t he~ \'ahlC' f: by 250, 10 .l'if'l d 0.15 to 
32 kilnIIlH":. T lw n{' t t't'f,ult (If all tiwi«' 
Ii helJallll i~;I t1 !'. i,.: mon' I' ffi l' icnt 11.'«' of tlll' 
trflllsfofJm.' ]' wind ings. While, in th(\ 

older inst rumcnl, lip to for ly percent of 
the input po\\'er WliS di s.~ i pa ted ill t h e 

wi lldillg;5, ill thc ne\\' model it is redul'cd 
t.o less than eight pcrcen t. T hi;; fi\'ct'old 
decl'case ill ,,·illd i"g dis:<i pation so I'C

d uces the winding'S conui bu{ion to in
put im l){'(lantc \h:1 1 nil T YPE 1840-A'5 
UOO Ih(\ s,'lIl1(, aCI:Ilr:lt l' resistors ill ('011 -

tl':l$t to the ha uel-tailored resistors I'C

qll ire<l for c: IC,h 'j'YI'E 5S:J-A . 
A fU J' tlwr nd vl lill agc of pri mary 

switching is a ppa J'(\ lI t in the impl'Ol't 'd 
fN'\jIIC n('y rl'.')pum;c. Since a ll pri mal'i p,.: 
!lrc l1 [\\,[\YI' 3cti \'(~, a nd :) 1'(\ in tC'rl(':l\'C'd 
with t ll(' sceondnry wind ings in t Im ].I i\, 
:111 ucta\'{' improvemcnt ill hoth hh!:h lI lid 
low fN'quclI{,Y N'sponsc has 1x.'C1i 
achic \·cd . 

The quai;i-I' ll1s mc tt:1' in Liw TYI' ~: 

18 10-1\ tolcl';lt p:< f;f' ('oll(l and Ihil'u har
monics lip La 20% in t.he ,:; ign:1 1 without 
dcpfl rw rc from fl Lrue rillS illdi clltioll. 
The nel\' GCllem! Hnclio r:lck-helll'h
illstl'Umellt ra hinCI. ]J1'O \< id{'f'; {'0 1! V~'Il

i{'I1CC, acccss aud fi ll adjustable li lt fo!' 
cu~y rt'ad ing. 

A T -Ilc t wOl'k altetlUnlOI' , dcscril)('d hI 
th ~} instnJ(, tion book, pf'r mit ;o ('x tCIl.'<iOIl 
of Ih(' pOW('1' I(' \' r[ to 200 watt,: fo l' any 
plln icul:lr illl lX'd:I Il (;P !;('t t ing , 

- G Il.,IJ E H'I' ~:b Il LE' 

SPECiFICATI ONS 

Pow •• R." .g.: 0 , 1 mill iw:!.1t t tl 20 "" . I\.;t . 
Au'\ ili:H)< r1 h ~I'" I " N'.'1dS ["l In - 15 to + ·13 db 
rt' I mit1i\\',lIt 
Pow • • A«uro cy: .\!:l,; mum ('rNlr in fllll -1"'1l1" 
]lOllo'r illdi rnt ;o)l\ rI(J(~ 1191 {"~('f'<.~\ 0 .. '1 011> rrom 
50 Iv 10,000 "1~~: ,\(OC>< not O"t·~'t.'.1 \..;) , Ib frOlll 
2Q to '20,000 "ps. 
. ... " . do n • • R"ng. : 0 .0 o hm to 32 kilvhm~ i n 11m 
r:u 'gl'.'; .\'iel, linj( -18 imliv idunl imj )(-'t.l:IncC!j 
~p:)(','d ': . 4 upllrl. 
. mpedon.e .... curo cy: .\ [oximmn {"rrot UUCl! no t 
(>)(w.,j ± /jc ;, fn)m 100 \0 10,000 q )ll or ± SO y";, 
f ro ll> 20 to 30,000 q )!l . 

Wo ve'''rm Err" r: ,,\ q\w .• i-rms IIWlo'r is uJ;(!(1 "hi(' h 
lI'ili indkal C lrul' r rns \\'i ~h as m uc h lUI 2flq , 
SN'(" ,,1 al)d third h" rmltPl;c~ . 

Cobin. ' , Hlwk· h(.'lwh i Pl~ ' nmll'!\ 1 (·" h iIWl, 
" Iuminum pHn,.1 ( 'nhi nCI 1,11;: c" 1I',, ~ion t (')(~ 10 

Ix-rmil iUO'lrunwn l to 10(' ""t'<1 in II I iltt.'t[ \JW'i tiou . 
',Iud E'):tt.'n~io n ~ urp [lvuil:lhlc ftlr rc "y·nlf'k 

mo ulPtinf,( . 

Dl me nl''' ns: I'lIl1t'l, widt h 12, h{"i,L!h t 3 11 i ud 1t'!1 
(30rj by 811 mm) ; depth bchinJ IlHnel, G; :.! inches 
( 170mOi). 

Nel W. lg hl , tO~4 Il(jllnds (·L 9 kg), 

1'111"'~_~ ________ _______________ ,:(~·.:'~"~I~r:':n~I ,,,:,I'~':i~~ 
1840.A I 0111,,11' Po w er Mole.", . . , .. " .. , .. IHU,;)\\' $'210.00 
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JANOAIIY . fE6110AIIY . 1962 

- THE MEASUREMENT OF THE BALLISTICS OF 

INDICATING INSTRUMENTS 

Tiu' hu lIist it' eh:)l'a('/rristil'!, of Ino\·ill l.!:~ 

('oil ('i('('t r jl'al ilidiclililig ilISll'U1IWlltS al"(' 
illll>llrtalll in many :Ipplieul ioll"'. for 
I'xH lI1 plc , ill Vl ' n1rlcl'l', !l4:.lll1ld-l('n'l 

1111·1(' .... , nlld modulation Illonito ..... TIll'Y 
(':111 1)(: ulliqm,ly d('fil1('d ill tcrm~ of (1 ) 
J,. rt.'~il<t:IIl{"(" (2) t imc to fi~t ri..;(' If) a 
slX'dfil'd ])oint, wbl' ll cllcrgiU'd from 11 
hi!!:h-iml)('dtlll{'C sou r('c, (3) oW'I·"h()OI, 

:l lId ( I) time t o f:1U from 011(' point to 
!ulI)t li ('l" wit h th(' ill~lrUll1l'llt l~'rlllilmlf; 

>; hMt -1'irl·ll it l'd. 
:-itrol"lOS('opi c ligh t oIT('I"S fI m('alllS of 

dl'h'l'lIlillilll,!; (2), (3), nnd (4 ), wlii lc ( I) 
i" (,tI"lIy ll1('tll'lU1.:d by 3 1'011 \ '(, l lliolllll 

"rid~t, . One method o f 1ll(':t" III"('IlI('1I1 

prt'\' ioll~lr dc~:ril}('(I ' u>«i a t'OlitilluOUS
film ,·anwr..! III ('onjlliletioll Ilitll H 
", I mllQ ... t'II IX! , 

, \ IWI\' tt'(' llIIiquc of lYi{'tl:-<lIl1..'IIl('ltl , 
pCl"Illil I i III( dir('('t 1)1):-<I'l'l'a 1 iltll.1 hns bC(,1I 

mad" jXN:ihlC' by the :-<hol'l, hi{!:h
illtl'lI"ily fla..'-(h of the Gelleral Hndio 

'1\I,t; 15.3 1-A Slrohot!lc® EI('l'lml ,il' 
:-it rnhoS('ope. Figure I is:l block di1lgram 
of III(' t('s t setup. The IIPtcS$lry lim(' 
;;-:-1 -~ u .. u.. \10, .... .., .... '" of \1 ~I~t ",_it." G.~«<>l 
IIq,j", 1:".,. . ... .-../,..,. 10,6. :-O"va,"bo.-r. 1I1J.:;. 
' II . ( :. ~'ulh .. no! II. C, I JIII,,;"hn. " .\ Ih...,d 0 ........ ,·.110 1> 
<of I".I"'"'~''' 1\~IIj,.ti c.:· AIU·: Pal"" :-On. C'f"i12.3'ol. 
p..-nl ... 1 "I II ... A I E~: \\·inl".. G~n~,...1 .\I «<Ihn.:. !\, Y .. 
"i. Y .. Ja n"".y 28- 1--ebn,& •. ' 2, 1062. 

d('IH.\'li a rc ~lIppli, 'd by I.wo TYI'E 12 17-B 
l 'lIit Pul",' ( :"III'I":IIOI"S. 

Thc l'I(,,01 I'i('1I1 illd intl in g in i'itrumcnt 
is {'1It'rgizt'd .~illlldt :HI('()II.~ly with tho 
Iri~('rillg of (111(' ])111:'(' gCII('I"ator. The 
pul"(' gCIlf'ful or firt ·~ tht, Strnhotac :11 :l. 

linlt' laiN t lmll the mitial ('I'l'lIt d('tc-r
millcd hy ti l(' ~'"ill~ of till' ])uISP-dura
lion dial. Thc p(Jilll('J" j", :'('('n bY:l ",illglc, 
mil·rt).-.c{'01II1 fllL"h of light from t he 
!O I l,{tIJO"i(iOI)(' afte r I Iil' poin t f'f lias lIlon'd 

for t !t(· I('ngl h uf lillie tll:t! Ihe !'(rohn'" 
S('t)Jl(' firillg im]Jul:«· I\as ddaYl'll. A 
'-t' I'il'.~ of su('h oiJ:-<(otVlI1iOlI f; at d ilTl'r<'nt 
dl'luy tinU'!'I will provide dlll:l fo r plot s 
1l\l('h al' lhal ill Figtlrl' 2. 'I'll(' t!(' t:lib.,f 
the illiti:ll :lc."('lp l~ltivn. tht, ratt ' of ri,-e 
a nd Ihe On'r"hool Ililb il.'i dce:lyi llg 
o.~('illalion :11"1' \"eadily Ilppan'IIL The 
":llIi"li(.' par.mlf'tcl"l-I of the illslrull1Ctlt. 
11l('('hani.~m ('HII he dl'l";\"{'d by analy:-;is 
of ('111"\'(>:3 plQth,d h,r thi" nll'lhocl. 

I'md ut"lioll qualit.v ('Ontrl) l I:; nn im
IXlrlanl usc of thi~ dl'llIol'-I,!;('tll'mlur
~11"I!1)()RI"'OIX' Icl"illliqllc. [<',)r our own in
"trUJI\(,llt SIX· .. ifk:ltiot", wc haw' dt'fincd 
l"iSP I inl{' a~ " t II(' t inl(' , in -«,('Ol ld ". for the 
pnilllf'f fir"l 10 fI 'at'h 0 .9, ± !l. ~1X'('ifi('d 

t ltlt 'r.tlll'f' . uf t i ll' l' lld '<;('111(' \\hI OII 1'011.4:1111 

.. 
,~ 

~ 

" 
" 
" 
" 

Fig .. ,. 2 . 1'101 of m . I • • d.llullo .. yo 11m. "om dOlO 
tok . .. wIth ,h. ' .. I oyoI.m of F;g ... . I . 
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c\cdric power is suddenly !Ipplicd from fl 

hil!;h impt.'d:UI(,(, source' j lik('\\'isc, f:tll 
time 3;;; "til(' tim<', in 1i('{'Oud .. , for the 
pointer to r(';l.('h 0.1, ± a "'1X'f'ifiro loiN· 
311("(', of (,Hd -;('ale from a !'1(,lldy end
seale> d('fl(,(,tiotl when Ill{' im:u'UHlCtlt. i>l 
l'hort cir('uil{'(1. "I 

For prod uNion testilll!; 1.\\'0 delay 
generator-; Hn' lI>'('d. 011(' crlcrgiZN.i whell 
lhl' e\t'dri('ui illSl rUlllcllt j,.. C'11C'rgi1.ed and 
till' other "h('ll Ihe cI('('\l' ie:l] instruIHeHt. 
i~ :-horl ('in'lIi lt'd. Oll{, generator is :'('t. 
to the slX'eifi('d ri:<t' lime, til(' othrr to the 
"'1X'rifled £:lll time. An OIX'rtllor th('1l 

'Dtfon,h"",,'o"" 'n'·"., ........ 1 In ,'1"<>1-' 1""""Oh 01 
\'" \ C39-1 , I ,",,,,,,~ .'1"",1.-1", 1I"'1~"'*""'. 1M In<rlr~" 
",,'Ou,,"" h""~,"'"' •. 

1l irn ply plaec8 thc insl rumcnt to be 
tested i ll 11 fhtuN', whi<-h makes the 0011-

ncction_~ and indi{'atNi th(' "pn'nd nllowed 
in ri;«'-tilllt' dt'fll'ctioll Bnd f:tll-time dt'
neetion . By I he flippiug of ~l :;witch once 
fo r rise tilll(' and again fOI" fall time the 
in .. pc(·tion is complNro. 

Our "y"l('1U of din'ct oh:«'n·:ltiOIl of 
in"trullIcllt h:\lIi"tics will :«'r\'(' the rc
S(':Hch C'llgiuccr and thl' quality-control 
mnll al ikt'. 

- II . C. L I I"I'U:JOII,," 

CREDITS 
, T his nll't,h~1 or Il'><\ was de\"\·lol'('(I. I ... ,It. G. 

I'ulkll, A. L. :-O:Lmlcr>O()Il , rind II . C. I.mk'Johu. 
- E OITOI\ 

QUANTITY DISCOUNTS FOR 

COAXIAL CONNECTORS AND ADAPTORS 

Pd('('Ii of '1'\ I'~; 87 1 .. \ daplol":-; li"led in tic.~ of 10 to !IO of th(.' (,OIl Il('NoN li"too in 
the tahle on 1).'11(' 10 of the (ktober, 1001, the table on p:l!(, {) of th(' same i<;.Su('. 
Erpl'rimulta !If(' ~lIhjrct to dOJll~tic 

qU:l11lity di,,<,ounts as li.;:tl'd 1)(,low. 

Thi,; "I·hrdulc also appli('s 10 qunnti-

QUaIl/ilg 
10 19 
20 09 

100 and over 

DiM:Qwll 

5% 
10% 
15% 

The General Rcxlio EXPERIMENTER is moiled without charge each month to el!gineers, 
scienlrsts , technicians, and others interesled in electronic techniques in measurement. 
When sending requesls for subscriptions and address.change notices, please 
supply Ihe following informolion ; nome, company address, type of business company 

i$ eng oged in, and title Of position of indi .. idual. 

General Radio Company 
.. ':;: .. .. , 

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
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