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, JULY , 19.58 

NEW STANDARD FREQUENCY MULTIPLIERS 
The THE 1112 St.andard Frequency 

MulLipjicl's provide sine-wave signals of 
1, 10, 100, and JOOO megacycles when 
driven from a JOO-kilocycle somee. Thus 
they greatly ext.end the useful range of 
conventional crystal-controlled fre
quency struldards, such as the General 
Radio TYPE llOO-A, and fftci]it:ttc nc
curate measurement of microwave fre
quencies. T hese mull iplicrs are cimrac
terized by low noise and by almost com
plete freedom from submultiple-fre-
qucncy spurious signals. 1n a.dditiou, 
the phase stability of the output signal 
at each desired c:u'I'ier frequency is 
maintained at a high vallie instead of 
bcilLg rapidly degraded as it mny be in 
some conventional multiplier cirCllits . 

T he multiplier chain consists of two 
units, the first providing 20 milliwaf.ts 
at 1, 10, and 100 megacycles from t.hree 
phtlSC-Iocked quartz.crystnl oscillntors; 
the S('Cond, 50 milliwalls at. 1000 mega
cycles from a phasc-lockt.>d klystron os
cillator , Tho input to the first wlit, 
Tnt: 11 12-A, is !lonnall.v 100 kilocycles, 
but. alternatively, 1, 2.5, or 5 mega
cycles' can be uscd. The second unit., 
TYI'E 1112-B, is driven from the 1()(}.. 
n1(.'g:~cycle output. of the first unit. The 

Fig ur. 1. Pan.1 ,,;.w 
of T~~ 1112-A Slonet. 
<I.d Fr.qu . n.~ Mul-

tlpli • •. 

, ., ---
! • 

~ (c. .... 

-
0 

input. frequency ClUl vary a few purts in 
] ~ f!"Om the nominal v!tluc without. loss 
of control. T he multiplier sbgcs can be 
manually detuncd on eithcr side of the 
nomi nal st..'lnclard freque ncy by an ltd
tlit.jonal few parts per million if de
sired, prov ided that, the opcmtion of the 
mult.iplier is carefully monitored to pre
vent. improper operation. li' igmes I and 
2 are panel "iell's of the 1,\\'0 units. 

Principle of Operation 

The underlyinp: principle on which 
the phase-stabilitN and lIoise-reduct ion 
properties of tht'S{} multipliel'S are based 
is the usc of a narro\\··band filtcr to 
select. ouly the desired out-put harmonic 
at each output. fre<lueney. T he fittcrs 
used :tt thC' three lowest freqllellcies nrc 
quartz crystals si nce they afford the 
highest possible Q, find hence narrowes t 
bandwidth, in this frequency range. In 
ordor to maintnin these crystal filters 
at thc correct resonant. fn'(lllcI1CY to 
pass thc desired harmonic, encll crystal 
is inCOl"llorated ill fin oscillalot· circuit 
whose frequency is phase lo.cked to the 
desired hnrmOllic frcqueucy by an l\ulo
matic-ph.lse-I.!unl rol loop 
'When 2.:; Me 0. 5-~k ;"pu~ l.l UlI<:d. the I-Me output 
"""not 00 I1d<>d . 
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At the 10000:'fc outpul, frequency, a 
ph~sc-locked klystron oscillator is used 
as a 8('it.-'<,'ti,·c filler to eliminate uno. 
w:ulted harmonics of the control fre
qu(>nc)" thus oJX'rating in much the 
S3Il1C O1:mncr ns the locked crystal as-
cilhtors at low('!" frequencies. Since, 
however, the Q of tho klystron resOllator 
is not exl rnordillfll'ily hip:h, the phase 
moc:iulntion noise inhcrCllt in klystrons 
is f('{luced by nH'aJl~ of IIl'j:tali,'c fE'C(l
b:wk. The llutomatic-phasl'-('ontt"O) loop 
for the lOOO-".\lc kl.vstroll £('('(Is hack 
phase noi:-;(' 0\'('1' a wide f r<>qUl'llcy hand 
to rcduel' pim5e' instahili!,v, the reference 
slandU!'d ill this case being lak{"l1 as the 
nmlliplil'CI hlU'monic of the crystal-con
trolled 1000:'fc drl\-ing siAnnl. 
Block Diagram s of Multiplier Units 

The opt'rntioll of th(' mullipli('r chain 
units can be UJlc!t'rstood cMily with the 
3id of the block diap:r3ms of Figure 3 
(T\'I'}: 1112-A) 3.nd Figure 4 (TYN; 
111 2~fi), 

'rILe Type lfl2~A Sinm/ard Freque'llcy 
,1f ll.llil'licr rcc{'ivf'!l a drkin~ :-:iglmi from 
the 100-kc frequency standard and mlll
liplie:! it to 1000 ke, The signal from the 
l000-ko cryst:ll oS/'illator is then com-

Fig" .. 2, Pon.1 .. i. w 
of Ty,... 1112. ' 51<1 .. d
..... Freq ... .. cy M .. I-

tipll. r. 

pared with t.he lOOO-kc multiplied sijtn:tl 
in a tuned, balanced, phase delt'ctor. 
The output signal from the phase de
to<;t.OI" is a d-c control voltage, which is 
appii{.'d to the grid of tt reactance tube 
cOllllcd(.'<1 to the cryst:ll-QSCilhtor cir~ 

cuit. Wh(,11 the crystal-oscillator fre
qucnc~' is :ldjust.cd close to tho frtltluCllCY 
of the l<'de harmonic of the stall(i:lrd 
frequency, the phase-detector signal 
drin'S the reactance tube to the proper 
vnllle of r(,:lolance to syuchl'onize the 
cryi'!al frf'<llIcncy exactly to tlmt. of the 
slandard-frcql lency harmonic. 

A small residual phase error remains, 
but, :1S long as the cl'ysttll-oscilhtor fre
quency is within thc lock-in mnge of 
the system, the crysf:ll oscillator stays 
locked directly at the harmonic fre
qu('ncyof tbe st.-l.ndard. The phasa error' 
providefl the contl"OlIillg voltage which 
holds the crystal oscillator in lock, or, 
putting it. in different terms, the servo 
loop is closod with a Sllltlll st:.! ic error. 
If the cr.vstal lends to drift, the phaso 
error dlfln~cs, and the change in the 
coutrollinjt \'ollago readjusts the rcact.
:U1ce tuba 1.0 hold lhe phasc error to a -
minimum. Since the cl'y!)tai has a high Q. 
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, 
tho instantaneous phase st;lhilil,\' of the 
cryst:tl oscillator is high, [tnd t.he loch·d 
oscillator then Ims gocxl short-Ie-rrn 
HtabiliLy, whi le its iong· term SUlbility 
is identical with that of dw fn.'<lucIiCY 
l>lalldan] used :lS the d riying somec. 

If the servo circui t) including the 
J'cllclu lL CC tube, phase detect.or, :lIlcll'cf
cn~ncc h3nnonic gcncl':\tor, illiroduccs 
noise into the I"C!Lctancc-tubc grid ei l'· 

C\lit, frc(jllcncy- or ph!lsc-moduJatiou 
lIoise cnn be genemted in the crr::.131-
Qsdllnlor sign!ll. The bandwidth of the 
fet. ..... lhack s igllnl is kept. narrow to milli· 
miz(' lhis lIoise. Thus :l clenn, cl'ystuJ· 
C0I111"0Ik·<I Riglllli is available Ilt. the exuct 
IlunliOllic frcqu{lIIcy d('!'lircd. 

J II Fip;ur'c 3, the functioual diflJ.;: I'!IJll 

of the IO-;' Ic and [00-11e S i nges is (':>.'3('11-

{jally identical with that of til(' I-:\ le 
sttl~('. Ther{' arc olLly minor dilTl'I"('lIeCS 
ill the circuil.$ to take caro of tht.' dif
fcr('lIt. Ol)t.'r:ltiug comlitiolls :tt Ihe dif
(('re-llt (rc'quclll.:ics. A balanced pll:1SC 
detector is lIsed:.lt 10 i\ lc, Iml an unhat
nnccU phase dl'tector is 1ISt.>d nt I(X) .\l e 
to f'li 11lpiify the circuit. The lOO-~'.I c 

crysttli-osci llalOl" circuit. uscs a fi fth
ovel·tul1c-modc cryst:ll, ,uld requircs 
l'ircuit l·"lincments to insure stable op
cration:H the fifth o\'crtollc. 

'!'Ill' 1'YPl' 1112-/1 SfOIU/(ml Prl"/IINtCI/ 
.I/l1flip/ier pro\·id(.'S outJlut. at I{)OO ,\ Ie 
tWill 1\ locked klys u'oll oscill:ltQl·. In 

JULY. 195' 

,' , 
:;.',';,;. f , ....... " 

-
Fig .... 4. Block diog .... '" of T ~pe 1112·' Slondord 

F" qu. ne y Mulllpll .. , 100 10 1000 Me. 

orde-r to prevent tlllnN'('!".8ar.,· conversion 
of :ullplituclc--modulntioll nois(' 1.0 fre
qucllCY mo<iulntioll, several departuI'cs 
from the sU'aighlforw:wd armngement 
of lhe lower h(.'{lucncy st:~cs are in
(:orporated. 

The frequency multiplicntion is ob
taillcd by multiplyinJ!: 3 x 3 alld ndding I 
ill order to ohillin 10 times the input 
frequency. This circuit nrrangcmcnt 
lX'nnils tbe lise of s tnnl1 ret('i"U1S;H,H>e 
vacuum tubes up to the ItJOO..~l c stages 
nnd makes po~"ihic the illLroduction of 
n limiter t.o insure tl, constant drive level 
for the phnse dotei.'lOI". 

T he reflex kl~'slron h:lS a built-in 
"rC:1Ctancc tuhc-" in i18 repeller, which 
allo\\'s the OI)('ratil1l; frccluency and 
phase to be acijust('d by variation of the 
repeller voital'(' .. \ doc amplifi('r is in-

'" .,~ 

corporated in thc f('I)(.'\lcr 
cirl'11il to isolate the phase 
d('t('~"io" from tllll rCIX'lk'I' 

,-" K .. ... .:zr.. : .. 0." ... ' 

,001\< T"O IQO "'. lOCKEC QI'STA\.. 
~9(: I U.""TO~ STA~[)I,RO "ptOlLflI;\' 

"'~LTlI'I. IER 
TYPE 1!12A 

- ..... , ---
• ,00·'GOO 
• ""', ....... 

f ill .... 3 . Siock d iollrom of Type 
1112. A SIO.do,d F"qu, ney Multi· 

IIpli. , _ 100 ke 10 100 Me. 
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GENERAL RADIO EXPERIMENTER • 
and to provide dcsit"[lblc stiffness in the 
phase lotk. 

A 1X'llcil-triodel grollndoo-A"rid l bulTer 
runplificr is used to mi:;e the output 
power level and to proted the contml 
circuit from oll ti:\iJc sil!n:ti disturlxlHces 
orif!inat ing in the external measuring 
cqllipmellt to which the output signal 
is beinf! :;uppli(,(\, The usc of a plug-in 
e .. '\lel'llal-I'{'son~lto l' klystl'on aJld a pellcil
tuue amplifier in th(' lOOO-i\lc stages 
kCf'ps tubc rcplacement. cost dOWll, D-C 
hC:1.ter power is suppli!'d by rl_ rectifier 
10 the klystl'on to reduce hum modulu,. 
tion, and regulated plate supplies arc 
used throughout. 
Performance 

Uutput power from each of IIH.' ampli
fiers at I, 101 :lIIJ ,100 l\Ic is a. m:1ximum 
of 20 mil' into a. 50-ohm 10~ld. At 1000 
i\lc a maximum of 50 row is a.nlihble 
illio W ohms. 

The spUJ'iolLs si/!nals at Imnnonics of 
till' 10wl..'r-fn .. '<lul'IlCY contl'ol sign:ll" arc 
a.1l at \en)Jt lOO db below the dcsin .. d 
output 8i~llal, except, for high!'r har
monil'S of the d('Sil'oo signal. Thl!; mcans 
that a sib'nal at JUOO ) Ic, for example, 
is not aceompllllicd oy a family of lOO-kc 
01' I-,\le siLiebands, unless they arc ,"-pc
tifit':llly added by cxternal mixing. For 
Illany mCMmfenll'lrls, stich as m:trket, 
j!:ellf'l':ltion applit'ntioll:i, tltis fe:l1.ure 
alone is a ~l{'a L tillll' ~a '11('1' and ~H1Wl inws 
Innk(':) the di!1'crcuce uetw/XII a practical 

mCIlSUI'cmcnt setup and an impractical 
one, Tile PO\\'CJ' levels directly avaihblc 
al'e atll'fluate for a brge perccnitlp:e of -
mf."!l8urcmcnt applications. The pha.<;c 
jitter', or phase-modulation noise, is 10\\·, 
beiug equh'alcut to thaL of a frec-nUl
ning er,vsta l oscillator at. 1, 10, and 100 
Me. The output. s ignal at 1000 l\f c ~~p
pears to have the s..'lllle stabi lity as tIll' 
cry:.;ta l-eolltrollcd harmonic of the 100-
1\lc ('ontrol signal sllPplied at the inpul 
connf."(:tion, The nmplitudc modublioll 
of til(' output. signal.,; if; likewise low, liS 

a result of the clcctronie:llly n~gl\bled 
pow!'!' su pplies and the usc of high~Q 
tuned cireuits fo r the oscillator stages. 
Design Feolu res 

'}'he Type 1112-.4 S/(l1/(iard Freqlle1wy 
Multiplier cou;;;ists of three sect ion;;;, each 
of which receives a drh'i ng fl'('quf'lIcy 
tUld emits an output. signal at. a h:ll'lnoltil' 
of this input frequency. A real' view of 
tbis inst rumcnt, ]~igul'c 5, shows the 
m:umcl' in which the circ uit s arc eOlI- ~ 

structed. The till'l,'Q multiplicr Sl'Clions 
a.rc a.rrall!;ed in three hOl'iwlllal row;; 
of sliif'lded compartmcnts. The top row 
l'ecein'.S the input. signal a t 100 kl' and 
stlpplics :111 output signal :1.t 1000 kc. 
Thc ceult'r 1'011' givt'S Il}--i\fc output., and 
the bottom 1'011' 100 ) l c, The inpnt, COIl-
net'l ion is norlllall,V att~lch(.'(1 to tile input 
amplifier in t he top mw, at. the upper 
right-hand comcr, but m!ly bo moved to 
the input amplifier of the second rolV at 
the left side fOI' oporation with input 
signnls of J , 2.5, 01' 5 ), r r, A test, metf."l' is 
mounll'<l on the I'cal' of the instrument, 
and a S('l' if'S of switr'hes is pt'o\'i{itx l fOJ' 
e.nergizing either the harmonic mlliliplicl' 
01' cryshll oscillator, or both at once, in 

Figur. s. Rnr .. je w 0' Typl 1" 2-A Standard f .-· 
qUI nc y Multipli., , "owing on-on \l.m. nl of Iloges In 

thr .. horizontal raWS. 
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FI,,, .. 6 . VJ.w on., ... 
'112 . ... St"ndo.d h .. 
quo" '¥' MulllpU •• wllh 
.ho.11I .. .. ombl., 
ow""g .. pen for moi .... 
tonon •• , C"".r, <,
mov,d 'rom I to HI .. 
Me ... "lIlpll .. IIOIlU. 

each row. Thffie swil<'hes :\rc vi"iblc nt. 
the ]f'f, ~idc of Ihe rear v iclV. The enl ire 
3.&"l!mb1.v !lowings out. on hinp:cs to ntlow 
fttcess to the components in CllCh com
partm('IIL (Figure 6). The mt'tcrs Oil the 
front. pall!'] nrc permanently cOIUlcclod 
in OIlC side of the baiancrtl pilu .. ',.('-(i{>ll'<'

tor circuits for monitoring opf'rfltillg 
Icvcll\1ld for illdirflting Icw.s of I!)('k. 

1'/l(' 7'IJPf 1/12-8 Standard F r('qlu'IIl'Y 
MlIlIiptitr is constructed wilh n'rl ical 
ch:tsSis mOtlll tilLg of the pow('r "upply 
components und control circuit dCllwnts, 
the klystron ulld nssociatcd buff!'1' ampli
firr being mounted in a removable sub
a.:;.';(,'mbiy or "r-f head, " A rror view of 
this instruml'nt, with the shil'lding par
tially rrmon'(I, is shown in Fip;url' 7, 
The r-f he!ld in the center of the unit 

f il II,. 7, Ifeor "lew "f Type 1112· 8 SI"nd"rd f ... 
qllency Mllillplle . Sh"w'nl "e";~,,1 ~h"nll ."nsfruc

'I"n and ._1 head (cenle.), 

JULY, 195. 

is rcmovabll' to faC'i iit ate replac('mcnt 
of thl' r-f ampiifit'r tHhl' lIud to all ow 
ca."), rcplrwcml'1l1 of othN tllht'fl in the 
sidc-moullt<,d cha .. "-,, if( assemblies, A vil'\\' 
of the r-f head, wit h the covrr phte 
of thr amplitil'r remonod , shows the 
grollndNl grid nmplifi('r lLJ'iing a 1X'llci1 
triode (Figure 8), Thi" vicw abo ~hows 
tilt' dl'tnnil1l/.: ubutlon" for introducing 
a small devintiOIl in the frt'qul'ncy of 
tht' klystron rc~lImtor 10 dlt'ck for luck
inl!: of the oR('illalot', I t iii :\110;0 pOf'lsible to 
mount thif; r-f IW:Ld llK"il'mhly on !lll ex
ternal "stora~l''' rl'SQlIatOI' to impmve 
t he cfTe<:li,'e Q of thl' kl,v!Stmtl ,'(,><Ollfllor, 

if snch all n.ppiicntion is ever consiUCI'<.'(1 
nec('f;Sary, 
A pplica tions 

Two scpnrnt(' nnrl di"lin<'i rtpplicn
tions h:lXC !x-en kC'pl in mind dllriul!:; the 
ric\'('lopment of this equipmcnt. The 
fiNit. find most ob\"ioll!l, i,., the gClIcr:l
l ion of stubl(', low-lIoii'l\ mi!""f)wfl.ve. 
81alldflnl frt'<Im'nf'iC''i f,'('(' from un
wanled ii idpiJ:md fl'l'<IW'Il{'if's, wlli('h !IrC' 
ofll'll PI'('S('llt ill mul1iplil'" chuin;;; of 
morl' ('om'pntionai d(~iJ!n, lI oweyCf, in 
order to p;eller!ltC' the dC'Sir('(1 m:lTkcr 
fl'l'(llll'n('i~ or microwave stuudnrd frc
quetlC'iCII for various me:lSllTemt'nt pur
po~, it is somt'!imffi 1l{'('{'S,<;l1r,\' 10 mix 
or add f;ignals of dilTerent frequencies, 
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GENERAL RADIO E X PERIMENTER • 

'I'll(' output circu its of the 1-, 10-, and 
100-;\ 1(" "tnltcs of the TYl'~; 11 12-A 
;-;Iundard Frt'Q lt ('nc~' ;\ l nlliplicl' conta in 
I'ollplinj( nl'! lI'orks lhal a llow all tll1'I:!C. 

of t\WRt' ('in·ui!.'! to bc COIlIl('I'led in 
p:ll'UlJe\ without short cil'cu ilillJ,( l'(tch 
01111'1' . T his fl rr:UlJ,(cmcnt i:; indimtc(\ in 

F igtll'1' 9, which also indicates n. Ilossible 
nWlho<l of adding the 1()()()..;\ I(' flig nul 
from tile TnE 1112-B Stund:trd Fro
qut'ncy ?\ Iuhiplier. Anot h('t·, :lnd pcr
h:q}.'I beliN, ml'Iho<l of addinK tilt' 1000-
;\1(, .'Ii~n:ll is indicatl-d i ll F ij.l:\I1·e 10. I'll 

Ihis :t1'l':Ulj.l:pmf'1I1, the sigTlal fmm the 
low-fr('CiU(·Ill·.v unit is addt,<J lo !lml from 
the hi!l:h-fl'f'quc>nc>.\· unit in n tee. tho 
br:Hlehf'8 \)eiujl: isoiak'{i hy mi;;mn.(('hing. 
A Iill(' fi( I'('Ieher in C':leh ImUlch alloll's 
:\(I jll~tnll'nl of the mismat('h for maxi
mum isolation. By uS(' of tht'S(,' pamllel
in)!: scl1('m(';;!. it is possible to j!'('llcmle 3-

mark('f frNlu('llcy 01' harmollil' st.'d~ of 
ma,.kl·r freqlll'ncies at will in t he mitl'O
"'tin' sy;;Icm. For som(' [lpp lil'atiorl!l, ad
uitional power wi n he d('i;imhle, but for 
Illany U!\('S !he output of the mul t iplie],s 
will be ad cqllutt· dil'edly. 

TI U' SC('ollll applic!l.lion is in t he ill tcr
comparison of stflndard-fl't'QllCl1('Y osci l-

FI, .... 10. Arron,."" n' 'ot poroU.Hn ' .... ',. .. '." nol. 
o ' Ty.,.. 1112, A and Ty.,.. 1112, 6 $'ond ... d F .. q ... ncy 

Mu" 'pU. r . .. . In, .ooxiol-Hn. oddln, n.'w ..... . 

Fi,u .... R.F h , .. d o' Ty.,.. 111 2-8 $'and .... d 
F .. qu , ncy M .. lI'p. i .. . how'n, klyu.on in
"aU,d In ... onal .. r (1MIaw) a nd ,raund, d . 
, . id I0Q0.M. a",pli"" w ;lh ,0"''' " mo",. d . 

Fi, u •• 9 . S.h . ... a' i. d io,.a ... . hawin , paraUe ' can· 
n. " ian of I , 10, and IDO-Me oulp .. 1 cl re .. ;I . fa. appli . 
ca'ion 10 , . n.ra,lon of mlcro w .. ", . ho,monl ... Th. 

l00-Mc .i,nal l. f. d In .. para,. ly. 

h tl) l'S for sta h ility m('tl.'lur('men t,<;. Fo r 
examplc, n. p:tir of l00-ke O:o«'il1ators may 
be compUI'('(1 !It 100 ;\ Ie. t he frequency 
yari:ltions betw('(.'11 tl1l'tn being I hen 
tnul li p lied by 1000. A fl'C<luency dilfcr
cnee of o ne pa rt in 10', for i lls l :w ("e, 

would appeal' :I !I a oHt'-t·ycic d ifTc/'clll'C 
at 100 tn t'g:~cyclt'S . whieh is t'~ls i ly mca.<;· 
limbic. 

----- , 

.- -

- F ltA"''' O. LE WIS 

..... ". __ . ' ....... , .. _. 
~ ~ 

. ." J '/ , ...... _t> 

, ... _~r-~ . ..... "' ....... , ----=- , .... ..." .... .. 
'IV '" ODe QUAIJttJfO .,"tlLHlfll" '000"" 
.u ... '" ODe """''If' ........ (',GT. (f' '00'" 
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• JULY. 1951 

SPECIFICATION S 

TY,., 1112-" STANDARD fREQUENCY MUlTlI'UEI. 

,,,pilI: I volt, 100-1.: r- ~irw WIWI' f",1ll "tand:lI'tJ· 
r~'<IUI'I'('}' o:.cil ln.lor. Csn "]>10 be driven lit ih-

IJUt frr'(lIu.!lIcit'9 of I, 2.5, and 5 Me. Will rull 
!"Ell.' with no input ~ igHnI, bUl lIu"olllb' fre

qu.-!u-y will I}(' in .. nor by several parts ,,,,r 
millj'JI! lIu lC>!il Mt.lllld :l rdi~cd. 
O"'p,," FlOur 1·IHlm ... l ~ ; one (':\eh of 1 ~ 1 t' IInJ 
11) H !', IInu t"(> of 100 i\l c j :11I .. illl' ",U\'l'; :dl50 
ohm.~; 2() lUilli"'att~, mnx" into 50 I)hm~. 
T.'''''nal" Trl't: Si4 CA:lXi!!1 CoIIHl"("IO~; 100.l:'Ip
t UN arc :l1-lIilnhl(' to fit Illt ('(Imlnonlv 1L.. ... 't! 1'(111-
IIO't'lOr 'YIl''''':Sw f.'z/Xn'/II1'1I1tr for l\I lU'Ch. 1058. 
1' ...... SIIPply, 'OSlO 125 (or :l10 10 2501 volt$. 50 
1<100 ,'yl'lr ... , 100 wnttll. POl"('f i ll llUt n'C("ptlU.'le 
,,-ill Ut'''''llt {'j lll('T 2-\\'irc (T ypt- C AP-35) o r 

3-"'in' (T yp" CA P· 151 rn'V!'r ron!. TYI)(' C AP-
35 2-wire ('\.1m i.zI furni~h('{l. T YllI;' CAP-IS 3-
wir,' ('(lrd call be puroh:II:lt't!I'f'Il"ntwly lit 2.25. 
Mountl"g .. nd DI" .. " .... ""' n.!'Ia~·-r:l('k JI'IIId, 
lOx 12 74' il1<."h,.,.,; uV"r-:,II,lepth, II }:! inc:hes. 
Nil Weight: 25 pound.i. 

TYPE 1112·8 STANDARD FREQUENCY MULTIPliER 

I"p"" 20 lIlilli\\' ntt~, IOU ~h·, si ll{' wlive frlUll 
'1'1 I'~; 1] 12-A S tillidarJ- I,'n:(IUI'IlCY Multipli t·r; 
5Ckl!un input impt.JIIII('t'. 
O .. tp .. t: 100IJ-l\1 (' ~jll" ",IIV"/' 50 mw jllt (, 5O-ohm 
10M; SO·.ohm nuqJllt Iml"'" 111\ .... '. 
Net W.ight: 35 poulld~. 

Qth('r spceifica t'OII3 an' .tll·ntj.'a! lI'ith (ho;J(' 
fOT Tn'£ 1112-A , IIbuve. 

T'"~'-_T-:-_o-c: ___ --:c,,-:-::-_______ -'C".,.1i' lI"or.l 
1112. '" I Standard Froq .. , nc y M .. ltiplI,r . . • . . ........ . . •. fa~)q. 

Price 
$1.S0.00 

1360.00 ' " 2·8 Stond ... d Fr.q ... ncy M .. lltpU.. . • . • • . .•••••••••• f;I'(mr. 

TYPE 1214-0 UNIT OSCILLATOR 
TIH,' Tn~: 121 1-AS2 L'nil O~ ill :tt{)r, 

whieh has })e(>n ~UPI}lied for u:-;e wilh 
Ih~ Tnt: 161 1-8 C'apncitaul:c T {'l;t 
llridg(" ill t he measurelnellt of ('1('1,:

trolYlic l:ap:;H'itors aL 120 c:ye\es, has 
!lOW h(of"ll giw n the Lypc llumlicr I:! I 1- 0 . 
Rpl'eifit'fLliOlIS, which WCI'C originnlt.v 
pttbJi~h(~t in lilt' .\ Ugtlfil, I\),j(;, i,,>!w' uf 
lhe h'.t]}('rimt'lIl('r, l'emain ullcliatlJ(l'd, 
:llld ar(' I'<'prilltcd below. 

SPECIFICATION S 

f r. q ...... y: 120 ,·yrlf>iO ±zf1" 
Ou.put Impedance: Four imlx'(lane • .,. 1.0 malrh 
thl! iml"'( !t\n~ of the Tnt: 1611-11 CHIlII!'i
lanN' ' hI Bridi(f' at fOUT muhil'li('r 1)ol~i tio'l.!I. 
O .... p .. " At l~'!L .. t 2000 mw iOltv m!ltt'heulf>;Id. 
01$1<><110": I-,,'_'IS th:\II 3" ~ illt.o II lIULI,·lwd loltd. 
h.ml" .. lo: The out put t..rminal!1 nrc jark-t"p 
bimlinr; POliti! wit h s t.:mdard ~~-i!l!'h I:IlllWiu):!:; a 
jtl'O\tnt! tf'rrninnl i~ PI'O\, ju!'d, IIdj :\i'l'nt to 0'''' Olf 
lht' out put it'rllliun]".. ,Jack ~ IJrtJ\'i(h'd for ~"'1I ' 
n.'('tinw: ,'l[\('mnl Otj('iIIutOT. 
" .. w •• Supply: UnJikf' most jn.~l rurnl'lIti! of 'he 
Cuit lil li', thl' 1)(l\\'l'r 3UPIlI,\' L~ iJuili into thl' 
ill~1 I'\lllll'nt; 115 volts.·10 liO r-yd""i p,-,w('r 1."',,1 , 
suml)llllli ill Abou t 16 Wllttli. 

T'I/~ 

A .. n ....... S .. ppli. d, ~JI:u'f' fll.:'.('~; thl' power conJ 
i _~ inkgr.,] IIltll th, : unit 
Tub" One ] 17N7-GT, II'hi.'h i~ >lupplicd with 
thl' i!l~trum,'nt. 
M .... nti.,g: Al uminum 1l1Int'] unci "id('~ fiOli~h"d in 
hlllrk--crtll·k1r I:INILU'T. Aluminum du.4 e<JV('T 
finis.hed in dt'ar :ll'qUl 'T. it('\:t.Y-r:lrk adaptor 
I,[uici ;wuibhll', 
Dim.lI.io"", (" pighl ) 5'. x (width) 50 x (d"llth) 
fi\.:( inchcg, 0\'('''"1111, ntlt iududing r>1I'er-line 
(:UlII,cetor cord. Net W.lgh" ~ :! pounds. 

121 ... D Un,t O l cm .. i .... . , .... , ....•............... .... . . I 
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GENERAL RADIO EXPERIM ENTER " 
SHORT DECAY-TIME IMPACT-NOISE 

MEASUREMENT 
Perhaps the greatest causes of noise in 

oHi("es (othf'r than poop)l') arc type·IITit. 
crs, en)culntors, !lnd otlLcl' business ma
chines, Aware of thi:;, Underwood COI'
pomtioll's C:cnel'3J 1lCS(':u"ch Lllhomtory 
ill lln.l"tford, C01lnecticut, 1m.,;, for O\'el 

twcnty ye:.lI"S, curri(,(j on a progl":llll of 
mcwmr-emcnt llnd int<'·rp!'<.>(atioll of iJU:;i
nc:"; .. ,machinc noises, 

:\oioo from a typewritc!' is mado up 
of II scl"i~ of ShOrl-duration burst:; of 
sound, Continuous sp<'clnlln and unnd
sprdrum alla)yzcl'~ are not sujted t.o I he 
ffil' ... aJ>w'cmcnt of these- c:.:u'emdy shol·t 
impaf'1 noiiit'S, The GClIeml H:ulio TYI'E 
155ij...t\ ;'\ui;;e Aualyzer, huwever, hM 
lH'e1l designed specifically to me:.ltiUl'e 
this type of [wise, 

The d<',("flY times of the impnct Iloises 
from typewrit.ers are '"ery short, and, 
ton:-;cqllcnll.l', the L:ndcrwood Corpora
tion found it tOIll'eniC'nl to modify the 
Impaet-:'\oisc AII:ll-"zer to have lower 
time constants for the time-uver-aging 
cil'~·uit. 

The modificft I ion for shon , d f'C:\y-timc 
meusurement j.,; cll::iiy !lc('ompli:;hC'd, 
The time coustnnt of the analyzl'r is 
dclcrmiued b:.' an H~C: cin'uit \\'how 
r,crie:; n'Sist aUl'(' is St..'t willi the Zl!l:tiyzt:'I"S 
'l'DI E CO?\~TAl\T swit('h, . \ny onc 

figure I. Selup und by Underwood 10, "oi,e .. n .. t. 
Yin 01 Ihei. "Golde " Touch" Iypewrl,e .. , The 
1r .... oIe .. ls o.e pi_ked up by 'he l u t pended micro-
ph .... . , ..... plifled by 'he Type 1551_A Sound.h".t 
M. te" and ,h." I.d Inlo 'h . Typ. 1556-A l"'pa_l_ 

Noise Analyze., 

of Se\'CH dilTet'cnt l'esist:mc(>S can be 8(>

iect('(i to provide I.:harging times from 
2 mi)[iS('('onds to 0,2 SN'ond, T he recom
mcndC'd modilkalion prol.:(.'(lu]"c is 10 
chnllll;t· the capacitive f'\(-m£'nt to It JOWf'!' 
VEllul', Fo!' cxumple, if Ihis capacitance 
is hnl\'('(1. all Ihe time consta.nts of thc 
circuit arc di,"idcd by 2, or ir the \'allle 
is rNhlCffl by:, fa.t' l or of 5, the time con
stant" arc thf'1l divided b,v 5, 

F i!!lIl'c 1 sho\,";;. 111\ m'('I'-all \"iew of the 
measuring S('tu p II~I at the Gcnr·ntl 
R esearch I ,abora torif'g of the l ' wlN· 
wood Corpol'ntion, The CRSC ttnd rapid
ity of llleflSUI't:'lllcnL pos..;ible with the 
T nE 15j(l-.\ Jmpact-;'\oisc AlInlyzcI' 
pC'nnittcd extellsi\"e inVl'.'>ti,l!;:liion inlo 
t.he lll11tll'e of impact lloil>CS, l\ lell'-;u l'c-

fillu .. 2, Oullloll,am of Iyplcol Iyp. w,i'e. noiu" 
fl .. ! I ... pact occ" .. wh. n b ... I lri~n th . plot. n -
peak volu . is app,oxi ... ot.ly 1 I S db ond 10.11 abou' 
3 miHlu cond., A •• _ond peak occurs .0 ... . 50 m"c 

late, wh. n 'yp. bar "Iu.n. 10 il. ,UI pooillon , 
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" 
m('uts could be made qlliekly and ('Oll~ 

_ vl'llil'lltly \Q :u>l'('I'Win t iL t, l'fT{'C\:; of \'ari

OIlS typcwril(-']" modiji,':ltion:.. ?\o clabo
rille [('j)( equipmcllt ollieI' Lllan the 
lmptll't-:\oisc Analyzer and (he !':iouru:l
Lc\'cl J\ h 'tCI' were I't,(,)uired fo l' prelimi
lIary nH'tUi!II'Cment:<. OS('illu&:opC's, tnpe 

rccon.lc l's, :lnd other lef>t equipment wcro 

JULY , 19sa 

nC('CR.:o.nry only wiH'll detailed inn'Slig:l
tiolls \\'el'p I't.'quirt'd ,(F igure 2). 

Lllllel'\\'uod COrpOl'tl1 iOll fOlrnd the 
lmp1H:t-:';niSl' Allalyzer \\"1'11 suited 10 
their nwnS1U'CIll('1I1 IlCCdiO ami, with its 
h(: lp. wel"(' :Iblc to tll:lki> 1 heir "Gulden 
Toul:h" tYIW\\TitCI' the quictest that 
they have ever buill. 

VARIAC& USED IN THE JETCAL ANALYZER 
AND TESTER 

III jet ail'{'l'[l.fj. I'xhtlllst,..g:ns tempCI'!l

lure fllld ellgine spel·t! nrC' vital 10 b(·~t 

('I1p;il1(' [if(', cffici('llc')" lind safe ope-rat iOll, 
Engine' tf'mperntul'e- nnd e-ligill(' 1'1){'ed 
mUfll ilc m:1.int:lillf'([ within e!o;"e limits 
:Iud b(' iHdi{"atcd tlc'I'w'at('ly 011 the pilot's 
('orkpil illst I'Ilnwllts dUl'in~ fli~ht. To 

- I('flt and to elllihmle the systems thM 
nlt'nsllt·c n l l(l indiefl!e these quantities, 
tIt(> H & II instrument Compan.v of 
F(,rt \\'odh baNf' deH'loped the ,Jet('nl 
Anal.\'zer and TI':;ltc!". 

The .Jetc:\! is n nlp:ged, pmtnhlc in
Slrll Zllellt, wllich ('nntaillS \'lIriOIlS ch('{;k 
('irC'uit:-;, potentiometer, tempcrature 
l"q~ul:ttor, meters, switches, nnd the 
IH>c('ssnry probes, ('nhles, and ndaptors 
fol' performing fI]] If'st :;l, I~or conveniCllt 
mOVCnlf'nt fl'om OIU' aircmft t.o [Ulothcr 
alollg a flighl linc, the J l'lcal has whel' ls, 
3Jijus!nble Imndle, [HId SlIpport post. 

Cniquc fcatu n.':! of the Jetc:!.! nr(': 
( I) It is a pt"ccision instrument of lallor·a,.. 
tOry Il.ccllJ"acy that is takc]) to the air
{'!"art. pcrforming it:"; functions 1I11)'\\'hc!"c 

_ FIII".e 1. View of th e Je tcol "n(llyu. o nd Te"e •• 
Whee l, ond hond le pe.mllthe In"'"menl '0 be mo"ed 

<on"enlenlly '0 'he 01 ... 0"10 be 'elled . 

the ain;l"IIfl .s plrl"k('d; (2) th(' .J elt·nl 
test s.vstcm i:; i:";o lnt(:l[ frum I Ill' ain'mft'g 
SYflh'1l1 IUld lhus provides means for 
clu,t'king Ilnd l'll lihmting eHgjne~ nlld 
coekpit instnJJlH'llts frec of crrors 01" 

limitations in thc nit"ct"afl syst.ems. 
Tlce ,let cal is USt'll 10 dE'1ermilifl the 

aCClIl"nl'Y of the ail"cr:lft cxlcall~t g:l,. 
tt'mpcrat\ll'l' :;l.\".'HI'nl Il"it llOllt the rmg-ine 
l'uHning and to rf'ad ('ngine spew nlTil
!"at!'ly during (,lIp:ine 1·IIlHlp. I II cbcckiHg 
the EGT system, the Juknl heate!" 
woh" s apply pt"('{'iscly Illcasured heat 
1.0 thNmOt'ollples in the cngiHe tni[ pipe. 

The TYPE \ '-20 Val" i!lc~ ' -\((\otl':I11,,
former ii; all imporl1mt compOllcllt of 
evc!"y .Jete:11 Allalyzer nnd Testcr 
tlH' \ 'aria(' i~ tIlt' Jet('ld's temp{'I"ailll'C 
rC~llbt.ur, I t. cont.·ols the tcmpr'mt,n'(' of 

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



GENEitAl RADIO E X PERIMENTER " 
r~istan{"c \1(.'l\ll'rs ill Ihl' Iwail: !" probes, 
whieh apply (lcc-uratel.,' mcn .. -;urcd heat 
10 jet l'llp:inf' thermocouples (01" to other 
tlwrmal :;YlSt(,IllS), 

Dependin~ upon lill(' voitage avail
Hhl!" Ihe \'t\riut: will nu·.,' the tl'mpem-
11Ire> of the ./CICHI'S \\'i!"p-\\,Otllld re;-:islr 

an{"(' lJ('lll('rs from 0 to uppl"Oximuteiy 
!.IOO d('}!;t"I'N l'(·ntigmti('. 

TIJ(' ,jl'l(':Ji 0lwralt's on :In .... fj,-}-to-135 
\"tIlt, ;)()...IOO {".n'll', AC powl'r suppJ.,', in 
t(,TnIX'ratlJ)"{'S of _51 0 C, (--{jJo 1-'.) to 
7[° C, ( I t-iUo F,) , 

Kill1'C Ill(' :\it"t'mfl ('\huu;:;t gus If'm
pl'mtuf(' s),s{(>m is futlt'lionall.v {"h('('ked 
without tht' ('Il}!;ine rtulIIing, tlJ(' .J{'tclil 
:It"hil'''('S import:IJlt sH\'inKS - s:winj..(s 
of fu('1, HI\"inh'S of 1ll1liul<'nfl.n{"1' mall
hOlln;, !<a\"illh'"S of t'llgilll' ol>C-rtltinp: lifr. 
I [{'r{"s just {JII\' rxamplt' of s.'l\"il!~: 

Prior to J{'tt-al, (jill' mnjo!" :tin'raft malln
f:letur{,1" had to m:lk(> all tL"N:IP:1' of 
tlmO(' flight:; at nil :\1"E'!"ap:1' 7,)"2.57 
pcr hour to dlt'l'k :\ jet phll1l"s ("o("k
pit illdi('nlol" of lail pip<, tf'lIIlX'ratur('. 
With the .!eteal, the 1<:(:'1' system is 
ealihrah'(l to \\ithill ± 40 C" without. 
flight or ('ngilll' rullning. 

I f t{':-;l hy J('leai ~hn\\'s lh~~t :111 ('11-
p;iu("s E(;T !-iystern i~ nOI fUll(,\ionill~ 

within :llIo\\t'<f tolerance, the .il'tcal will 

f ig .... 2, Vi e w of In'erlo, of Je,<"I , . howing ,h. 
Type '1_20 'Iorio .'" A,,'o ',ondorm. , In po , lIion. 

trouhle-shoot and iHol:tt(' (,ITors in the 
s.,'st(,1II - sl ill wilhouL the- e-ngine l'ltn

Illllg. 

The \'ariac was selt'('\('(i for thl' J ete-al 
by B ~\: Ii dt'Si~1l (,1Ip;int'Ns hN.'iLlIl-K' it 
fully 111('('[:; B .\: II !->t:lIl1lards to IL.""i.'iurc 
r('linbilil.\' nnd durability in sustained 
fi(,ld 1l:;C. 

JetcllIs, "ilh Variac'i! and otl1('r high
est. quality (:ompOII£'llts, h!"l\'c l)C('n 
p1'OI'('(1 ill world-widt' operational U$!(>, 
:'. [or(' tllfI.1l ~noo .iI·t('als nr(' Iwing u"€d 
b .... t he t'nit('(1 Stlll('s ,\ ir Force, Arill)' 
:wrl :\ tw .... ' Ow X, \ T O forc('8, jet engille 
11nd ail"{:raft malluflldurNs, alld llirlill{'S, 

The August and Septe mber numbers of the Exper;menfer will be combined in 
a sing le issue, to be publi shed obout September I . 

General Radio Company ,"" 

":::" ... 
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