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HIGH DEGREE OF FREQUENCY 
RESOLUTION ACHIEVED THROUGH USE OF 
SYNCABLE OSCILLATOR IN CLOSED LOOP 

When Dr. P. K .\rmstrong of th~ 
Los Aiamo.'I ~('iclltific Labora tory 
wanted to cxplof(' the high-Q mechan
icul rCSOIHi IlCC!; of cill.lll!)('<i ;.ampl{'~ of 
Illfl.gnctic nlloy!". he nchicn'<l the nee<iNI 
frequency Hability and r(''-Oiution not 
with a frequ{'llcy J:;ynth{'!<izf'r but with 

one of C R's inexpell~iv(' "'-Ylleable " 
ol)CilIntor;s. 

The ('xpc rimrll tui :-;ctuJ) iij :;howll in 
Figure I. \ 'ibrat ioll;s Mr (',cited in the 
rod hy !l. uNlrby coil driven through nn 
lunplificr hy thf' Tnt: 1310 O.scilltl.tor. 
The rod i~ !<Il ightly magnN iu'(i hy an 

,~~'[::::~:i::}-"'''''-,~~ (l(CoTo Nt 
~, 

,!,~ OICo::.~~TO~ A ..... mp , , 

4h-' ~,~- ,~~, 

COIIST&>jT MAGNU OC 
.. no FII .... I. 8ro~k dla_ 

Iram .f Ih l '''po.r. 
m l ll'orU'"P ..... d by 
Dr . A,mllTo". 10 ,,,_ 
"0.11,,,,, tho mi. 
challl.al , ,,O"anCl 
of rh . clamped·mol. 
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, ~~\1P " "'e rod . COIL 
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WINNER OF GR'S " TH INK SYNC" CONTEST 

GR 010, ,1 .. Mon"I.' F ... nk Th .. m .. (1. 11 ) .. nd 
S .. I .. Enl ln .. , O .. ~. MeG.n n •• .,. (.l lIht) 

p .... n' 1312 O .... d . Qulllo' ... , .. 
0 •. Arm_to .. nl . 

At the New York IEEE Show this 
year, General Radio announced a 
technical contest to disco~er no~el 
applications of the synchronizing ca
pability of GR', low-frequency oscillo-

tor line . The prize wos choice of ony 
of the five "syncob le" oscillators. 

We were impressed by the in
genuity with which many o f the contes
tonb e.ll.ploited some not-altogether 
elementary aspects of the sync capo· 
bility, and from our point af yiew the 
contest was on edifying success. The 
criteria for selection of a winner were 
originality and usefulness of the ap· 
plication. It was the final decision of 
our judges to award the prize to Dr. 
P. E. Armstrong, los Alamos Scientific 
laboratory, los Alamos, New Me.ll.ico, 
whose application is described in the 
accompanying a rt icle. Our congratula
tions to Dr. Armstrong, who chose the 
Type 1312 Decode Oscillator as his 
prize. 
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lhe [;jE xperilne nle r 

I'et..cr A. Prevlte r('('('ived 
hiJ! USEE degrN' in 1006 
from '\or1.hea~t('ru l'ni
vefllity ,Ht..cr graduation 
he joined G(,llcml Bn' 
tiiO' R !-:1l.1eM-l'romotion 
Departrn(,lIl, "h('rl' hI' is 
n product-line ~pecialist 
for luw.frl'queney osci!
lalol'l, lie i~ a rnernber 
of 1:.:14 KaJlpa Xu , 

t'xt('rnnlly applied rOlhtanl ll1uJ!;lIeti(' 
field :wd tlu' N'foJ'(' induc{'s in till' pick
up coil !l ... ignnl thal. in fr('qtH'IH'Y. 
phnS<', and amplitude, i" a fa ithfu l 
replica of till' 1ll{'('hllnirnl ol-{'illntion of 
th{' rod Th{' relatiw llmplitudt· of til{' 
rod's dbralioll i" indicated hy th(' volt
mNt'r, whil(' thl' rountel' gi\'r,.; n \'Ny 
I>l1'ci';{' reading of thl' driving fl1'qurll('y, 

Quit(> l'otr:lightforw:mJ :-<0 fnr , Thr 
remnrkahlf' fl'llturr of the arrnnJ!;l'lIlcnt 

• 
> 
" 1/ 

" \ 
\ • \ 

~ f-
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• 
';; 0 1 

~ , 
• , 
::; 00 
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• 1_ 'iIOtf _, ,_ I~ _ 

'UOUfN~Y-'" 

fl' .... 2, ' 10' of 'UO ~on<l da'o fo r 0 ',plco l 
. omp", Th •• ,.' .m ' .. , ned 0 .. ' ' 0 10 , .. n" obl. 
b . lo w , .. ono n •• , 10 .. , d.,o ,A, Ihlo r"lon . 0 ~l d 

ha~. b •• n o bloln . d , If n • • • u " ,y , by .. ~ . .. In ' 
. onn. ctlon •• om, wh ... In 'ho lo"p, 

is immediately apparent from a glance ". 
nt ... nme typical re~onance datn s.bown 
in Figure 2, T hl' hflndwidth of the 
relionancc is a f('IV hNtz at about 15 
k ll z, Oue docs not l'xpeeL to be ab le to 
:tchi{'\'e thi" kind of resolution with a 
gelieral-purpoS(' laboraLory oscillntor! 
Thl' trick i,; clo~ing til{' loop through 
the o:.cillator's ";Yllchronizing jack. 

Of cou~'. in thl' abSl:'llce of SYIl

chronization, the frt'ljuellcy at which 
thl' rod ill drin'lI would hl' dl'lermined 
liimply by t ill' ,;{'tting of ,Il(' 1310's fre
lluclley dial. But thl' osc illntiOIl fre
quency of ti ll' elo;;('(I- loop system dc
pends upon both th(' 1:310 and the dec
lromechllllil'al ;;;ubsyst.C'm, and as n 
mntter of f:lct th(' dominant frequency· 
determining r!rmrnl i~ th(' reliOntlllt 
rod it~lf. 

Becau* of the ('on-.lant-oulput fca
turr of til{' I:HO, lhr loop gain is ahnlYs , 
t':mrtly unit), 1'('gnrdle1).') of the \'oltage 
at the !'\ynchronizing jaek, '1'111' sy~tcm 
th<.'fcforr o:;ciliat('s at n fl'('!juency for 
which th{' total pha~ shift around the 
loop is zero, :\'ow, t il(' locked \:310 is 
efTecth'ely a \'3I'ial,l(' pha."It' ~hifler, 

With a :;uflicieut \'()ll:lg(' at the ,"yn
ehrnnizing jack, til(' phn'lt' :;hift through 
the l:llO chnng('s only gr:ldunll,\' with 
frequency and with thr ~lIing of lhe 
frequl'llcy db! On lh(' other hand the 
pha,:(' shift through the high-Q elec
tromccha nil'al p:l rt of the system 
ehanges \'el')' 3hl'llPlly with frequency 
in th(' \'icillity of thf' mrehaniCtll fes(? 
nance, T hus t il(' frt'quellcy of oscilla
tion, which ill determ ined by the zero
I)hlls<' ('ondition, i" predomin3ntly IIn
der the control of tlH" dnm()('(1 rod ; thl' 
I ~HO'R frequrney dial ,.;('r\'rs 3" a fn'-
(Jurney "('ruiN, I" 

p, ,\ , P IlEV I TE 
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Th ' .. ow Typ. 1925 Mull;'ill, ., Th , mod, 1 .how .. 
he . , CO" . .. Ih , '. , qu ... cy ."nll ' I.om 25 Hz 

1o 20 kHz I .. \/:i_oel"", bond •. 

A CALIBRATED SPECTRUM SYNT HESIZER 
Electronic filters provide precisely calibrated spectrum shaping 

or equalizing for sound and vibration work 

A para lle l ~t of eOllliguoll" oct:1.\'e
bUild 01' I a-octa\'e-hand filter clw.llncl", 
('ueh ineiuding all adj lIstahle at t('nlla C 0)' 

such a "',\"slelll, th(' ha",is for a nurn
bl.'r of :,prc trum-synt hesis and ~p('c

trum-unaly"i~ tc{'h niquc~, is embodied 
in GR's n(,ll' 19~.) .\llIltifilter. 

I l-\ 

\ 

/ 

1/ 
, 't 

Th(' Illllitifilter Ilormally include,; 30 
filll.'r'" and :~O ea lihraled, J-d B-pl.'r-stcp 
a I \pnua tors, alt hough it {'an be sllppli{'d 
with lllOt'(' or fewer ehnnnels, :lnd the 
atlenuator" arp optional. The octa\'e
llnd l :i-octa\'e-filtl'r f hamrtl'rist ics 
( Figur{' I ) conform 10 both AmNiciln 

I 

. , • 

Figure I . Oelo" , ond 
%. oclo"e fill.r ch o. _ 

oel .. I"in. 
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Che [;jExperi rnenler 

~'~~J .. ~~_ 
~~ 

_. .. ,-" ... 
-~ 

and ill ternntion:llstnn dnrds. Both meet 
t il(' i EC n.ccomlll('ndation Puhii('ntioll 
225-I9Hfi; th(' third-octa\'(' charactN
i»tic m('('~ the l"S.\ S(:lnda rd ~L1I
H)6G Cln"'~ III (high att('nuation ; till' 

oct.-wc ch:\rtlctcristic Ilwet.; Ihr ,'uflr 
standard , CIa:<~ II (mod('rate rotC' 
highrst. for oct:n-e-hand filwrs ). C'hnn
nel fl"{'quencies from :l.I.l li z to 80 kHz 
arc nva iIahl(' in sta ndard mod£'ls of the 
instrument. 

The OlLtputs from the filtN chnnn('i" 
arc n('('l,,.~ihl£' in three dilT£'rent \\':\: ... ~: 
I) ~imu[tanrou" ly nt "",-,parat£' output~, 
2) summrd nt. n "ingic output, or :i) on(' 
at 0. tim(' at a !<ingle output. "'f'1('ct('(1 
£'ithrr hy pu.;h-hutton switrhes on the 
I"'(>llr panel. by £'xtNual switrh rio:,ur('s. 
or hy :l C It Tnf: 17i 1 Scallll£'r Control. 
Th£' In l allows either scquenliul 14('I\Il
!ling of til(' C'hnllneis or random 8('1('('
tion by HCr) ( 1-2-1-8) coded stnnd:mjl 
band numhers. 

T hr channellltlenuntol"S Ul"(' adjust('(1 
by thulIli>wh('(' ls in l·dB stC'ps ovrr a 
,')(kill rangC'". The setling of ench nt
tenuator i!4 ind irntro by thr v('rt ical 
p(),.;ition of a dot that i~ part. of n unique 
front-pallel di"piay the dot. pattern 
that appears on the froll.t panel cl"f'ates 

nu ,- -, - • .... , .... 

1 
; 
; , 
• -------.. l 

- j FI,,,r. 2. BI •• k d la _ 
,f ", mu lti_ -" , ram 

.." ... , flit ." 

fl graph of the instrument's over-all 
transmjssion ch:lr:lctcri»tic. This graph-
iC' dj"plny has :\ vertit'al scale factor 
of 10 dB per inch nnd a horizontal 
fN.'quellcy scale f:\ctor of .J inches per 
dct'ade, matthing recQrder charI. paper 
commonly used in sound and \·ibratioll""-' 
work. 

APPLICATIONS 

lIigh-level-sound t£'st~ on such struc
tures as airfmmcs nrc ea rdcd out with 
e"pct'ialiy shal)(>d noi.:;c ~ 1>cct r'J.. The 
In:!:; is a flexihl(' tool for such ~peetrum

:;hapillg nppli{'at ioll'i. The complete tc:;t 
sy"t(>lll compri"'C;; n mndonHloi.sc gen
erator !<llch !lS the T n'E 1 382.~ the 
102.), and suitab l(' nm plifi£'rs a nd loud
:<penker8. 

Xoisy products tll"(' often " j ury 
tested '. to comp:\fC thc rc1ati\'e qu iet-
ing of \'uriOlls 1Il0difiea lions. Bu t mod i
ficat ion of the Iloi:-;y produrt i ... expensi \'e 
and time-con:mming .. \11 :\Iterunti\·e 
approach is to "im ulate modifications 
with the 192.1. The noi,;c i" first tape 
l"('{'ordcd and nnal)'z£'d to idelltify the 
eritical noi"f' source". The ta l>O is pl:lyed ..-.... 

'U5.\ SlaD.dard (MIA) 8 1.0-10117. 
'OR 8 ... _i-.., ..... J all".ry. 1968. 
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.-.,.back through the mult ifilter, which 
l>Cfluits select ive control ovcr the ampli· 
tudes of indi vid ual noise components, 
and Ii listen ing jury is asked to mte 
the modified noisc. 

The 1925 can be used to simulate 
the transmission characteristics of walls, 
partitions, and other acousLic systems, 
thus 5.'lVing the cost of cons tructin g the 
barrier in order to test its efTectiveness. 

In broadcast.- and rccording·industry 
applications, the 1 92.j permits un
usually flexible and prcci:,e control over 
recording and playback equa lization, 
program-line equnlization, and pre- and 
dc-emphasis. As 11 filter, the 1 !)2:j not 
only oITers greater \'Ns."ltilit.y than 
passive filters or e"en tunahle electron ic 
filters, it a lso provides a cn lihmted 
diz:play of its fWIU(,IH'Y chtlracteristic. 

With acce:;sory equipment, th(' Illulti-
,.--.fiIt('r hecomes a parnll£'\ or '<{'rir!! "pec

trum llnll lyzl'r. C'hannl'\;j {'an be l'C\er\ed 
in S<'quellee with n THt: 177] ~e:Ulller 
Control , or the pafflll£'\ outplIl~ of the 
1!}2,j cnn he used to driw n 8<'t of 
d('lcctors and n.'('ordf'r;;. T he :ldju~t.'lhl(' 
aitenU:ltors are in principle unnec(' ... ';"'1ry 
in the :lIIalyzcr, and a model \\"ithouL 
thrm might be ~u itahl(' in this appli('a
lion . Ifowe\"(~r, illciu"ion of til(' :It
t('lluntors nmkes it po,,""",iblf' to com
p<'ns..'\tc for fn.'qll('n('y-re.~pon,.;(' erron; 
due to trans<illcrr, la])(,-l'ecord('f, or 
01 her system cOTllponen b. and to extcnd 
the system's dynamic range hy " IH't" 
whill'ning" the incoming :oignal. 

COMPONENTS OF THE 1925 

The block diagr:ull of the muhifill('r 
is shown in Figure :!. 

The filters lire ncth·(', six-pole Butler
,-... worth types, mounted on plug-in etc hed 

boards, three per bO:lrd. T his modu lar 
plug-in constructioll resulls in a, great 

October, 1968 

Fig"'. 3. A .. "' U m_ 
b ly ,,' "'1 ,,' Ih. "d. 
iu""bl , "", nu",,,,I . 
Th , .. tllng ", . " ch 
"", nu,,',, , II Indl. 
c,,'. d by Ih . ""llc ,,1 
p".iII"n ", " d"l In 

Ih ' ""nl. p"n. 1 
d l, pl" y. 

d('al of f!('\ibility, nllowing both cnsy 
COIl\·er>;iOIl of :l st.'lIldard model of the 
int;trument from on(' frequency range 
to :lIlotlwr :11ll1 ~Ir!lightforward all"'CIll
hly of 1'])(,(·jal versions. :'I lodelji \\ ith 
non-Rt:lIId:lrd fIX'queney r:lI1ges, with 
mixtures of O<'t:H"t' :lnd 13"-octave ehall
nels, or t'\'t'n \\"ilh special-bandwidth 
chnnn('1,.; ('lin 11(, a.""<'llIbl('c\ 011 special 
order. • 

The chnnll{,1 ntLcnuntors arc etched
cil·cuit swittilt's and intt'gmtcd r(,sijitor 
cir(,uit" .. \n atlt'lIll:\tOI" :ls-..;ernhly, t;hown 
in Figur(' a, has a l'inglc inpu t and ten 
output-; to drin' a block of tCIl filter 
clw.Jlnpl". Thr('(' or the..;e 1lS-':l('lIlhlies nrc 
used ill :1 :-;tand:lrd Is-oct:wc-hfLlld 
\·('""ion of 1 h(' Tnullifilter, ami one i", 
Uh(>(\ in an ()('tnvr,-band Yer.'<ion. The 
main chn""j" is huilt to house up to 
three atlt'lluator tll',;{'mhlie-:, thirty fil 
tNS, :lIlci in]lUl, output, :Ind power
supply cil"('llitry. H('('(I f('1:lY~ ,;witrh the 
output of ('fwh fille r channel to an 
output COIIIl('('t or. 

Four addit ional channcl!;, one ('ach 
with stand:lrd A-, I~ , and ('-weighting 
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1111 ...... Th. m .. ltlfm.,.'s dl'pllf,. I. lI.n.,ali'l' .. 
b . " . , ind lcalian af 'h. ''I'n'h .sl~.d specl' .. m Ihan 
an. CDn II" f,am a VI-IfdD", analysis. Shawn 
h .... a •• th ••• awkwa,d Ip.d,a. Th, •• d clut .. 
•• p .... nl Ih ' daIS on ,h. f,ant_pan.t dllplay ; ,h . 
dash . d black Un. 1, th. "" ... " (nofl ow_band) 
.p ...... m. Noli. , Ihal th. Ijn._.""o",,, In ,h . .... . 
.p.< .... m da .. nal opp.a. In the 'h- ada". 

OnOI'l'"11 (Iolld bla.k lin.). 

networks and one with flat response, 
are accessible at their own output con
nectors and c!m bc scanned a long with 
the filter ehnllnels. Peak detectors, 
before and after the filter chnnnels, 
monitor for overload, and their outputs 
are displnyed by a panel meter cali
brated in dB rderred to the overload 
leveL Current proportional to the meter 
deflection is available at a rear-panel 
connector. 

A WORKING MEASURE OF THE 
SYNTHESIZED SPECTRUM SHAPE 

Tbe remarkable versatility of the 
192;1 has been achieved by dividing up 
the frequcncy spectrum into contiguous 
bands. When one is using Ule 1925 for 
spectrum shaping, it is important to 
bear in mind the particular character
ist ics and limitutions inherent in this 
method of spectrum shaping. .......... 

First, we cannot synthesizc detail 
that is finN than the bandpass charac
istic of the individual channels. Suppose 
we try to generate a narrow hand of 
noise by attenuating all bllt onc Y3'-oc
tave multifilter channel. The spectrum 
we shall generate is a. band of energy 
l-f octave wide - a narrower peak is 
unattainahle with Ii -octave filters. H 
we try to generate a dip in the spectrum 
by attenuating only one channel, we 
encounter the elTect of fin ite stop-bnlld
attenuation rates. Even though the 
filters ha'-e extremely high attenuation 
rates, the adjacent channel s will par
tially fill-in for the attenuated channel 
and thereby limit tllC attenuation in 
the notch. 

Second , bcc:luSC of phase cancella
tions and reinrorcements when the 
channel outputs nrc summed, the spec
trum synthesized by the mullifilter 
has Ii fine-structure of narrow pcaks and 
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dips. Thc widths of indi vid ua l features 
in the fi n('-structure nre alwftys much 
less than the channel band width, and 
the !;;pcct rulll, viewed through n "win
dow" t ll:'l. t. is as widt' as or wid{'r than 
the channel bandwidth, is n smooth 
curve that ('onformg to the dot pall('rn 
on thc front-pancl di ~pl !l'y. 

A p:1rallel can bt., drawn be tween the 
accuracy of n sP<'<'tru m <;yn th {' ~izer in 
shaping a ,;pcctrum and the accuracy of 
nn analyzer ill resolving OIl C. , \ d is
crete frC<lu{'m'y component, swept hy a 
' 3'-ocl..'\\·e-b:lnd annIY7.cr, l ook~ li k(' a 
band of energy I§-octa\·e wid('. When 
wc usc the ~~-oct:l\'C :1ualyzer to look 
nt a spectrum with a n ullusually nnrrow 
dip, the I ~-octn\·e bn nd wid th and tinite 
stop-band-attenuation rote cau~ the 
dip to fi ll in . Whell wc a nalyzl' :l spec
trum ha villg peaks fi nd valle)'!!: n:1.rrowcr 
than the bandwidth of the ana lywr, we 
get. a n averaged, smooth cur \'e in which 
the peaks and vll lleys do not. appear. 

One might fee l that. an analyzer with 
IlBrrower bandwid th ~holiid he u~ fo r 
these measut"('ment.:r; if it is necessary 
to see fi nc deta il in t he ;;pcct rum, thf' ll , 
indeed , n narrow-band a nalyzer iIl ust 
be used . But. for most purposes n. r If-ocu,'C nnniy:;is is enl irely satis
fnctory. Users of sound analyzers un
derstand and acc('p t the limitatiolls 

that band wid th impo8('s 0 11 resolution, 
and the cffct't..8 of finite resolution 
arc readily intcrprck'd hy tho.se ex
perienced in the a rt. 

;\OW, th('sc same consideration" ap
ply to the spt'ctrum syntll('size r. J ust. as 
we must. tiS(' an analyzer with narrower 
band wid th to look at. fine r det:dl in tl 

sl><,ctrum, so must. we tI~ It set of na r
rower filter>! if t il(' r(' ''Olutioll of ou r 
synthesizer is in sufficient for ou r IHl r
pose. ,\ It hough the spcdrum synthe:;ized 
hya 1i'-urt:H'(' (:;a.y ) muh itilter may be, 
s trictly "'1X'aking. solllt'what. in error 
with re:;l>C't't to the instrmllell,t's fro nt
pa nel di s-pin)" a ' ~-octave a naly:;is of 
the spect rum will a lso be in error, Zlnd 
usua lly to a greater degree. The situa
t ion is ilIu ~trat('d in Figures -1 and 5. 

('onciu..,ion..; : I ) It is helpful when 
using a ;<J}f' (' trum ~Yllt ll('.'!ize r to hear in 
mind the analogy ht.' twrcn synthesizers 
and ana lyzN". 1 ) Th(' multifi ltN'" 1$_ 
octav(' ea lihrul('d pllm,l lIii<play gives a 
hettN mea"un' of an'raged spect ru m 
;;hnpc than can he ohta ined from a 
' 3'-octa,'C' analy",is. :1) If we ar(' going 
to look at n ~pt.'clnll ll with l :i-oc tave 
resolut ion , tllf'w is no need to usc 
greater than ' i -oc ta\'e rt'solution to 
synthe:oize it. W. H . I\ l f ," IH~IIT 

A brief biOjOtraphy of ~Ir . 1\lInden appeared 
in Lhe .\ pril l !.lij.'1 i&lue of the t:,l!ptrint~nltr. 
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lhe [;jExpe rill"l e nte r 

SPEC I FICAT IONS 
FilTERS 
Cha.ade. I. ,i .. : (Figure I) Both ocl'!.\·e-bnnd 
and one-third oct:\ve-bnnd filtcr3 Ilre lIix-PQle 
13ut<.crworth dMiglUl. :'pecified Imnuwidths arc 
elTt'1:: live b±mil\\"idth.s, i.e., 1):l!)(h"idUlll for noi!<t'. 
Fillclll meet all "urI"Cn~ .\mt'ric:l.n and inlcr
nntionnl lIt.u.rulsrdll: 'l'-oct.sve conforms to 
l'tiAS l.ll-Hlw Chu IT (high allenualiou), 
the oct.sve tillers to L':o'.\~ I.1I-Wliti elM!! II 
(moderate rllte but hi~hesL for oct.:.ve-bund 
(iltenl). Bolh oet(we and thirU-octuve charac
teristic!! conform to lEG HCl"U!llIJlcndl.tion 
Publication 225-1!.1ti6. 
Accuracy a' C, .. t,r f . eque .. cy: ±2(. 
ra .. band Ripple: 0.5 dll max pelLk to peAk. 
U .. Ua.",ily .. , Le .. ,ls: At cenlcr frequencies 
(Iltlenuator at +2:; dB) ±0.25 dB at 25 C; 
±0.5 dB, 0 to 50'(;. 
N .. ls" <15.,\' ('(Juivalcnt inpnt noi!lC. 
Di.,a.,i .... : For bands ccntered ilL 25 Hz and 
nbov7 harmonic distortion Ilt bnnd center ill 
<0.1 ( at ]\' OUL. For bnnds with center 
frequency belo'" 2'; liz, di5tortion st [mnd 
!!enler i9 <O.2S',() Ilt 1 V out. 
ATTENUATORS 
Ra"lIe: Gnin in CAth chllnnellldjulImblc in I-dB 
Bteps from +25 dB to ~2S dB relative to 
nominal O-dB ~sin by mC/lns of ]llln!'1 control. 
Accu.acy : ±O.2S dn relaUve to + 2.i-d11 ntten
uation !!Ctting. 
Readout: I'allcl di.:;))lay Indicntes attenuation in 
!'Ach c1ulnnel lind reprC!!('nl.6 trnnsmiMIOIl bc
twet!n input and Stlfllllled output. ni~pln~' 
hill! stolldllrd 50-dB-peNlecnde !J("tlle fncw r; 10 
dH pcr inch vcrtie~l, 5 Inches per dccade hori
zonml. Lock on pnnel prevents accidental 
ellllng:ctl III atlclluator scttlnWl. 
CHA SSIS (auep," up 10 30 fllte .. ) 
0" •• _011 Gai .. : 0 dB nominal. 
G .. I .. Adju. ,,,,e nl: +0 to -12 dB, common to 
all channels. 
I .. pul Irnped ..... e: 100 kfl. 
I .. put Val lolle: Ac component , ±17 V pk mIL'!: 
rcfcrred to dc component of input. Dc com
ponent, ±:~5\' lIlnx. 
Sc .. nner: Any ~in~le filter output IS !!elected by 
n rcnr-I):mci pmhbutton, external switch 
closure, or by \lI!C of 11 Type 17i! !:icanner 

Calalo(J '\'um~r 

With .lIIenllalor lI'itfwm !lIIenllaior 

B,"'" "<Uk Be'lCh l/a<k 

1925_9700 1925.9701 1925.9712 1925.9713 
1925_9702 1925.9703 1925.97U 1925·9715 
1925.970A 1925·9705 1925·9716 1925-9717 
1925.9706 1925-9707 1925·9718 1925·971 9 

1925-9708 1925-9709 1925-9720 1925-9721 
1925-971 0 1925-9711 1925-9722 1925-9723 

Control (nvailnble on 1I\X'Cinl order), which dis
pb,'! nnd outpuls ( IlC 1) the channel nu mber. 
Pea~ Manit"" i\ peak cit'tccl(lr !'Cn!1C8 levels n t 
twu ('ire-liit j}Uilll.ll [Iud IlrivC8 ll. p:lnd meter 
l"ulihraled in dB ,er('rrod W \)\"erlol\(l lcvel. A 
siJ:nal JJrupnrtiun[l1 W Uleler incliCJltion i~ ll vail
:lhle II I nil output jack for driving a (il: rOOJrdcr; 
I In.\ curl"C!llJOnds to full-6Cll.lc reading. 
OUTPUTS 
Chonn,1 OUTpul. «('arlllle! OlltPIl~) 
Imp.danc.: 2Q f! norninnl. 
Vol'ag. : ± -I.2 , . mIL"\: (3 V rms sine wave). 
Load Imp. dance: 3 k!1 minimum for mIL"\: output 
\'olt.:lgc. 
S< ....... d Oulpu ' : 
I"'p. d"nee: 2Q fl nominal. 
Vollall" ±1.2 " mliX (:~ rills sine "'nvc). 
to"d I",p. d .. n<" :3 kQ minimum for mllx output 
volt.n~ .... Two chassis can be wil1-'1.l in parallel 
for up to liD 8cnuned ch unncls. 

Summed Oulpu ' (For CfJualizing lind shaping 
applications ) 
Impedo .. ce: 000!t. 
VoU"lIe, ± 1.2 V m:lX, or",n circu it. 
lo .. d Impedance: _\.ny. Will not affect Iincar 
opot:ration of ou t put. 
Welghled lInd Unfll,e. ed Oulpul. 
Imped"nee: 2() n nominll!. 
load I"'p,do .. ce: :~ kn minim\llll for m!l.'I: output 
voltage. 
Gal .. : 0 d~ nominnl at I k llz. 
W.lllhli"II' A, B, nnd C ch:l.rnct.eri~tiC8 conform 
to Tt.'(luirement8 of Cllrl"Cllt .-\ mericlm u nd inwr
natiOn:l1 stnnd:lrds including D3AS l A, n:c 
HI2:~, a.nd lEO H I7~. 

GENERAl 
A .. eu .. ri" Supplied : Po we r cord, :36-t.erminnl 
plugll (2 ), SJl!l.Te ruses, IlllfUibook of.Voile .lIea4-
tlrement. 
P"we. Requ ired : 100-125 V or 200-250 V, 50-00 
Hz, 17 W. 
"'''u,,'in ll : R .'1ck-bench mount. 
Dlm . .. . io ... (w ld,h X h.lghl X dep,h ): Hench, 
UPj" " [P 8 X 1 I in. (500 x Z;~5 " :~5i) !run): rack, 
nl}C81,,, 1214 in. ( lS5x 225}C 3 15 mm). 
We ill"': ~et, <IS Ib (22 kg), approx. 

Pri~ in USA 

Ducriptiun 
With Wilhaul 

Allenualor ,I/lenualor 

1925 Multi/il le. 
One _Th ird_Octave Ba .. ds 

" Hz '0 20 kH, $3S00.00 $3150.00 
12.5 Hz 'a 10 kH, 3580.00 3230.00 
3.15 Hz to 2.5 kHz 3680.00 3330.00 

100 H. 10 BO kH, 3450.00 3100.00 
Oct .. " e Ba .. ds 

31 .5 H. to 16 ~H. 2110.00 1990.00 

• Hz to 2 ~H% 22 10.00 2090.00 

Na le: Rac~ and bench .. ersian. of any ",odel Or<! priced the .ame. 
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FIIU" 1. Th , 11 91_Z 500_ MH1 Co",nt ••• 

A 100:1 SCALER FOR FREQUENCY MEASUREMENTS 
TO 500 MHz 

The in strumcnL shown in Figure I is 
t he IIOI-Z ,j()()-)lllz Counter,!\ com-

,....", biuation of the already-popular 1191 
Couut('r and the new 11.37 Sca ler. The 
present article discusses the scal('r, an 
iustrUlHent. that perform!'. a rclntiwly 
simpl£' task: i t. accepts :I n inpu t. sign al 
with a frequency up to :,00 :'I [ lI z and 
provides un output. S<luare Wfl"C whose 
frequency is ex:tctly 100 times lower. 
The 11.37, like its cOIll I>a nioll , the 
1156-A Dec/Ide Scalerl , is usable 
alone for any applicat ion where precise 
frequency di vision i:i required, or ill 
comb in at ion with the I Hil Cou ntcr or 
the recently-announced 11,j!J Rt'c ipro
matic Cou nter, 

APPLICA liONS 

Counter Range h lension 

Scalers (or presca\e rs) provide a 
simple and economica l means for C'x

tending the frequency ranges of count
,.-..ers. The ono dnlwbl1ck is a 10:-;.":; of 

rc,;olution whell they are used with low
frequency couut<'rs. With high-fre-

qucuCy counters, however, such as the 
111)1 or thc II.jlj, this drawback dis
tl ppcars. With un I I!H-Z combination 
Olle cun measure ,-.00 :'I Ul z with n 
rt.'solu tiOIl of:! pa rt ,; in 107 for a I-second 
ll\('ft>illrt.'II1<'Ilt. :lIld :! parts in 101 for 
a 10-second l!lea:;lIr('mcnl. 

Whcn 111(.' TnE II.H ::;cnlcr.i::i used to 
ext<,ud the f r('(lucncy rallge of a counter, 
t he frequency to be IIIcastlrt..'t1 is applied 
to the illJHlt. of the i:kalcr, and the oulr 
put of th(' Srn\N is applied to the input 
of the COllnt('r. TIl(' :-:calcr Olltp ut signal 
is ;;.u frieicllt to drin' any knowlI coull ter 
on'r tnt' Sca\N'" clltin; rang(', The fre
qllC'IIC)' j.; rctld from the coull ter by 
Tllo\'ing the d('('imlll point in the coull ter 
d i ~rlay t.wo place" to the right. (multi
plica tion by 100). Thc accurllCy of the 
ll\easu rCl11l'lIt is 1I0t a/fected by the 
Scalcr. Accuracy i~ strictly :t funct ion 
of til(' ('ount('r and is usua lly specified 
as ± I cou nt (li t ('OUlller input) ± crys
ta\-osci Ila t( U' .'Sta bi I i t.r . 
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the[;]Expe rimente l' 
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FIV"' . 2. Un of ,h . 1157 5<01 .. 10 
Irl'lIo, 0 .. OUllioHOp •. 

FM Meosurements 

The scaler is a wide-hund fr<'quency 
d ivider using digital pulse-count tech
niques and is not. restricted to narrow
hand J:;inllsoida! !-;ignuls. Frcclucney
modulation C'haractcristies of the input 
signal ~\rc tlwrdOtl' prCSCtVl-U (di\'idNl 
by 100) and the $C.:I\(· I" cun be used to 
extend thl' rnng<, of fr<,qucney discrimi
nators. For ('xlllllple, the ll.;i ~knler 
cnn be uSl'<.lll'ith the 11-I2-A Frequency 
:\letN and Disc riminalOr to ('xl{'nd its 
mngl' to 150 :\l l lz . An 11':)()"A Decnd(' 
Scnler connected bct.w('C1l the' 11,j7 and 
11-12-A cnn extend the range further to 
500 i\ lllz. 

12 

Oscilloscope Trigger 

'I'll(' T\"I'~; I I.i7 Realer is c~pecit\llr 
valuable in the Lriggl'l" path of nn 
ostillo:;c()p(' whose triggN cnpubilili('s 
nre in ndrquate to lock a :-: ignul within 
its v('rlicn! ptl$hund . Thi" technique 
is equully u!)('ful in te:sting sealers or 
frequrlH'Y dividl'l'l; ('\'en at lower fn'· 
quen ci{'~, If the trigger is tak('n from 
the ouqHlt of the device under tc:;t 

Flour , 3. TypIcal .. nd 'p,d
'I,d p .. ~-'o-p, .. k ,In,_ 
......... Input .. o llao. r' qulr , d 

'0 drh" ,h . 11S7 Scal .. , 

.. • 
" • 
• • 
• • 
• • 

"-

and the output waveform changes or 
the device fails, the t rigger is lo:.t. But if 
the trigger i:; taken ahead of the de\'icc 
(see Figure 2). th(' triggN i:; indepcn· 
dent of the dcvicc'. Thb is al:;o an 
ndvnnlnge when making time-rdation· 
ship mctlSUl'{'nH'nls comparing S1'veral 
points ill the deviel', since thl:' output 
from the 1157 Scaler can be lIsed ns tl 

l ime reference. 

DESCRIPTION 

The 1157 Scaler is housed ill a 3~· 
illch·high relay· rack or hench cabi net. 
Input and {ju~put COllllectors arc 
G H,87 1® locking conn(><"tors, wh ich can 
be eon\'eniently mo\'('d to the r(':lr of 
the ill!;trument for ra('keJ-!i!ystcms up· 
plications, 

An inpu t-uttcllll:ltor control and 
level meter are provided 0 11 the palwi 
for ('()n\'cn ient. adjuslJUC'nt of i he input-~ 
signal Ic\'(> 1. The inpu t. impt'(la liec is 50 
ohms for all positions of the attenuator 
eontrol. Thus ,h{' sca ler call be used 
as n .;o..ol1m load Qr ('ah le tcrminat ion, 
Alternately :to-ohm oseilloseope proi)('s 
such as the Tektronix P!iO:!ti, I'GOa·l , 
lUlcl pnO:i.i call he lIS('d to raiti(' the in· 
put illlpc<ianc(>, 

Th(' input .':ICllsit i\,jLy il'l specified al'l 
0.1 \'olt rms to :)00 :\1 1 b; . Figure :j 

sh ow~ til(' S('n~ith'ity !J a ty pical in stru· 
mont liS It fUnf'tioll of fr('(IUl'IlCY for a 
sinC--\\'I\\'c input. 

S.{C , "CaIlO" 

/\ 
/ 1 

'\ TY,otu . 
I 

" 10.0 .00 .~ 
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HOW IT WORKS 

Block Diagram 

Figure " shows n simplified block 
diagram of Ihe I L')i Scaler. The instru
ment contains a 50-ohm flttelluator, 
an input metering circuit, :\ wide-band 
amplifier, 11 setlle-of--I divid('r (2 cas
caded !lip flop fl). a Iil':IIr-of-2,j div ider 
(2 cascaded divide-hy·.' circuits), and 
:\11 output arnpl ifi('r. Interesting fen
tures of thC" circuits are discus...'<Cd below. 

"-1H---a: 

Input Amplifier 

. ~, 

.. ~." 

fig .... S. Simplified 
nh ' '''Clllc dIClII'''''' 
""h.em;n", p. Clk ed 

cClH"de ""'plme •• 

In this amplifier we J'cinl'tmtcd the 
cascooe circuit, but with l\ Ilf'W t\\"i s t. ~ 
Figure ., shows a r-;implified S<'heruatic 
diagram of one sLage of the amplifier, 
The slIlall trimmer capacitor conncc ted 
from the collector of the IOll'{'r (com
mon-emitter) transistor to ground com· 
bines with the ind uctin:! inpu t im
pedance of lhe upper (common-base) 
transistor to form a low-Q resonant 
circuit. This trick ext('nds the frequency 
response of all ordinary eascode circuit 
from 200 ;\11 Iz, 01 so, to ovcr .jOO ,\1 Hz. 

,...-...1'wo such stages interconn ected by a 

October, 1968 

Flg .. re 4. Si mplifi ed 
bl"ck d;"II."m "f Ihe 

1151 Scol • • • 

shunt peaking network nrc used In the 
amplifier. 

Scale-af-4 Divider 

Figurt, G ~h()\\"~ a simpli fi c·d scheillatic 
diagram of on(' of the two flip-fl ops in 
the di vider. The circui t I1 8(>S a high
spet.'tl tunnel diode ill combinati on with 
a tnUlsi.';tor difT('rcnt iating circuit to 
produce a nanOS('tond pulsc which 
opernll's thl' follOll'illg tunnel-d iode 
circui t as a eomplernented flip-fl op, 
This simple fl ip- flo p circuit~ has proved 
very uscrul in both 10 11'- rlild high
frequency di vider applications, 

Scale-of-25 Divider 

The sealc-of-25 di vider uscs two cas
caded ;, Englelll:llln Rings"'. a un ique 
combin ntion of ,j hi-stab le Schmitt 
circuits scri:tlly conncc ted to form n ring 
counter. 

Output Amplifie r 

The output a mpli fie l' in clUUl's II 

Schmitt circui t Ilnd proddes shllrp 
S(IWlr(' W:l\'l'S of !lhoHt i volts pea k-to-

· W . • '. Cb"w. " T"nn~l_l)i",l~ Dici t.1 Ci"''''lr ... :· 
IN h' T"'......,/um. OA f:locI~fti< C~ ... "U1'''' £C-1I(a), 
211 .... -:101. S<-I't IIlno 
• Hudolpb. En~l~mann ... lJi-<\u;na,y s.:.!injl: '\ """""'Y 
a nd $mphoily at:.oo :lIe," 1. 1«1r~'''''., ,,34, N Dnmh., 
l a. I963. 

• 

.. ,'..a 

fillu " 6. Hi llh_opeed fII p_II"p - olmpllll , d 
.. hem,,!!. d;"I1'"'''' 
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the [;jExperi Ine nter 

lX'ak amplitude (opel! circuit). TIll' 
amplifier can di.'l i'·er :W m.\ ill\(J a low 
impedall('e and thus can -;upply I "olt 
peak-tn-peak tn a ,-IO-ohm lond. 

II. T . :\I{' .\u:;~ n 

A brief biography of :\Ir. :\leAleer IIppeli red 
in the Dcel'ml>cr 1006 i!<.que of the /<.'rperimerr.tc""""""" 

ACI(NOWlEDG"UNTS 

Esrly dc:>ign of t~le 1 ~5! &nler \\'SS done by 
H. T. :\ lcA!ccr. J. h .. Skllhng lind H.. L. :\foym
luin Il$istcd in the Intter stllges of development. 

SPECIFICAT IONS 
INPUT 
Fr. quency: 1 to 500 :\1I1z. 
Se ns iti v ity: !kHer limn 0.3 \" pk-pk (0.1 \' rms) 
over entire ranll:c. 
Imp' dance: 5(}P.. 
A" ' nuata r: 1-2-5 sequence for sigmlls UI} to 5 
\ . rms. 
lola" Input : 5 V rms. 
OUTPUT 
Freque nc y: 0.01 to 5 :\IHz. Approx square-wave 
out,rut, 2Q m.\ pk-pk; > 5 V pk-pk opcn-circuit, 
I \ pk-pk inw 5011. 
Impedan .. : 250fl. 
GE NER AL 
Paw .. Requ ired : 105 to 125 or 210 W 250 V, 
50 to 00 liz, 25 W. 

Te rminal s : (;ItSi-t locking connl'"etors: enn be 
attnched to ('i01(" front. Of renr "lInel. Adllptors 
to otil('T oonnl'Ctor typell IIvlliJllble. 

C(ltalog Price 
Xumber Ducripl.ion. i'~ USA 

1151 Scale r 100 :1 
1157.9801 linch Model $650.00 
1157·98 11 Rac k Model 650.00 

11 91_ Z Countlt {I 00 MH t) 
1191_9900 Sench Model 2040.00 
1191.9901 Rack Madel 2040.00 

1191_Z Ca un ler tSOO MH d 
1191.9902 Sench Model 2190.1)0 
1191_9903 Rac. Model 2190.00 

REDESIGNED TONE-BURST GENERA TOR HAS 
CUSTOMER-SUGGESTED FEATURES ~ 

Wide r frequency range 

Increased suppression 
of signal during off period 

More output 

Timed or counted intervals 
may be se lected independently 

for both on a nd off periods 

When the T\'l'~; 13gG-.\ T one- Burst 
Gcncrator w:us first introduced early 
in l!)(i .... it promptly (' rratcd a namr 
for it!«'lf in sonnr, :1tldio, acoustirs. 
ps.ychoacoustics, electrOflCOlisticl'. and 
othel· fields where the meal'lIrelllcnt. of 
nc transient response to bursb of co
herent sine waws is. a powt'rful tl'sting 
t('('hnique.' The con:;iderab le numher of 
ull fore~n u..."C8 to which the t:39t .... A was 

• • • • • • • • 

- g I 
@ @ 

~ -put prompted 11 r('d('sign. which incor
pora t(',. fea lures lha t enhan ce the ill stru
ment's uS{'fulllf'''S ill many applicn tion,.. 

_\ mong the II C\\· features that h1l"(' 
been built into the 1:,19G-B is the prov i
sion for indepe ndent. choices of either 

'J. I\. Sl<illillll ... " Genentor af ..I.e Tnooicn l.8 ~ 
OR f;z"";_IIhr. :'>Iay. 1\1&1; "1'''''';n.: willi 1'on ... h,," 
Sig ......... TIw £Ie<t",ni. f;"g;~_. Ik<:ern~ •• 191)1) (OR 
Reprin~ ..1.1001. --, "'The Fl""I!Queney Spo:<trurn of 
• Tone IJ",,',"' OR r ,.., ..... enl ,\·ok •• IN"_I%. 
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counted or limed illtl'r\'ais for both 
the 0 11 and ofT periodll. Thi,; flexihility 
will be found uS(.' ful ill :;onar and 
psychoaeou:otie appl ications, where a 

October',1968 

long burst is oft€n required. The addi
tion of a si ngle-bul'l>L button facilitates 
thO!:;(' applications in phY!liology and 
experimental psychology that rC(luire 
the genero.tioll of n single burst on the 
experimenter'i'i command. 

Il cre are sollle of the appl ications 
to which the tone-burst technique is 
uniquely suited: tra nsducer testing in 
the prcsence of reflections, self-reciproc
ity transducer calibration. measurement 
of room acoustics, measurement of ac 
metu ballistics, rt'co\'cry-from-overload 
tests, llIusic-power mcasuremcnts, gen
cmtion of I>ower-liue tmn<;icnts. 

SPECIFICATION S 

SIGNAL INPUT (llignal to be 1I"'itched) 
A ... pli''''d.: Prop('r OllC-mtion reeultll f rO'm input 
signnl' of not gft'ate r tball 10 V pk (i r rlllll) 
and nO't 1t'88 than I \ ' pk.pk . 
F'ei!"'. "'Y R ..... '" I)c to' 2 :\11-12.. 
I ... p",' I ... p. d ....... . 50 kn, a,'prox. 

,-c./MING INPUT (ei~nIll that cO'ntrol6 ~lIiteh 
ning). !:iam(' IP<'ClfiealiulIlI 111 SJ(i:'\..\L 1;.0. 

rUT ('xa!pt: 
I ... p",' I ... ped .... c. , 20 kfl, llJlProX. 
SIGNAL OUTPUT 
O""pu, 0 ... , B<,pliell of SIG~:\I. I:\,PUT lit 
llPllrO'X same voltage Ic\'d, de eoupled, dOli n 3 
dB at > I :\tlh_ Output tUIT('ntlunitilftt > 2~ 
rnA pk, decren.ainR 10 > 15 rnA at 2 \llIz. Out
put lOurec im\)('(IILnce l)'picslly 2[i II increll8ing 
above 0.2 ;\11 t. T otal diatnrtioll t'On tribu tiO'n 
<0.3', at I k il l and 10 kllz, 
O""pu' Off, input-to·Outllllt transfer (ft'('(I· 
through ), <-f,o dB, tit' to' 1 '\llIz, ineren~ing 
above I :\ lI h_ 
sP""'''UI 0"",.",11: Dc ('()rIIponeDL and ch:mge ill 
de compO'nent due to O'n·off ~\\'i tehing (pedcttal) 
can be nulled with front-pnnt'l control. Oullllli 
6witehinll; trnnsicnlll 6ft' typically 02 \' pk.llk 
aDd 0.2 I'll in dllmlion (120-pF l03d). 
ON.OfF TI MING , Timin):: il IlhlllC-('(lht'ft'nt 
with, nnd C(.nlr!llloo by, either Ihe ~ignal at lhe 
SIG~ A I, 1 i'\ I'CT l'Onneclor or a difT!.'rent 8i~nal 
apptird to' the 1-.:\1' TI\II:'\G COUIlet-tor. rhe 
on intrrval (durzltion O'f bUnlt) 4nd lil(' ofT 
interval (betw('('n bUnllII ) ean be determined 
by eyde cou ntillg , timing, O'r dirl"et e;.:l('rnul 
cO'ntrol. 
Cycle. Co", ... , M .. d. , 00 alUl off inlt.'fVl!.iH call he 
lletindepeodelllly. to' IX' of I, 2, 4, Il, 16, 32, If I, 
or 128l"lClea ( i .I', IlC-riods)durntiOIl o r to be 2, :1, 
~ 9, 1 i, 3:1, liS, Of 120 cydct " it h + 1 slI itch 

crated. 

TI ... ed M .. del On :lUd oil intern"s can be IIC t, 
indl'pcndNLtl_\', fur durations of 10 1'8 to 10 I. 
On nnd O'tT tullell {K'('ur at finlt prO'per phase 
point of cO'ntrolling siglllli occurring after time 
Interval III.'t 011 roll trl)ia ; O'ne lllterval can be 
timed "bile nti1('r i~ e~!11l1led. 

Swltchl .. , P~o .. : IlL ahove modes, inp\l~ con
trol! de\.('rmLll(' l'h/I.IIC of luning &111;111\1 at 
IIhich nil and nlf ~"ilchillg OCCUl'll. ~ LOPE 
rontrol II('I('('liI f'ithcr l)()I!iti\'e or n('j::;alive 
slope of timinl{ !l ijl;lULI: TntliGE R 1, 1~ \,EI. 
control lIelll "ullall;l' level at which bolh on 
Rnd 011 slliuhill~ nc,'ur. 

0 1 • .." h, . ..... 1 Con, ... 1: \ 10-'- IALIlK' al1lllied to' 
re:lr-panl'1 ('{"ul('('tihn will {irectlt con trol 
'witching 
SYNCHRONIZING ~UUl :'\ dCo.{'(lUploo pulse that 
:dlt.'rnalellX'tll('('1I RJljlroX +8 \' (or output O'n, 
and -8 \' "hen ulT. :-'ttur('1' I1-'!!lslilDCC ILpprox 
0 .8 kll for 1){lI!ith'c Olllput and 2 kll fOf negative. 
GENERAL 
ra ...... it-.q", I.td: 100 lu 12,j fir 200 to' 250 \ ', 50 
to 100 11f, Ih \\ 
Ace ......... Supp lied , I',)utr cord. 
M .. ", .. II ... , : C{>o'·('rlibll,-Ikndi. Callinet 
01",_"10 ... (I\idth X I,{'ijl;ht X dellth ): (kneh, 
XL ~ x,jh X 101, in. {Z'lO X 115 X 2tiO mm); 
flLdi:, 8 1 ! X 51, X 1'~8111. (220 X 1$ X 255 
mill). 
W.I.~I : :'\tt , R Ih (:l. i kg); IIhipping, 12 Ib 
(5_5 kg). 

('(l/pioU /'ri(e 
SlImlHor ihvrlphon In US .. t 

1396_1 "' .... 1"',,' 
G . ...... , ... 

1396.9702 Ie .. c~ Mod.1 $550.00 
1396·9703 Rack Mod.1 S12 .OO 
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GENERAL RADIO C OMPANY 
WEST CO N CORD. MA SS A CHUSETT S 0 1 7 B I 

617369·4400 

SALES AND SERVICE 

A, .. Tt l.p~o .. 

Albuquerque 505255·0611 

Atlanta 404633·6183 

' Boston 617 646·0550 

Bridgeport 203377·0165 

' Chlcago 312992·0800 

Cleveland 216886·0150 

Cocoa Beach 800241·5122 

'Dallas 214 ME7·2240 

Dayton 513434·6979 

Denver 303447·9225 

Detroit 313261·1750 

Houston 713622·7007 

Huntsville 80024 1·5122 

Indianapolis 3 17636·3907 

' los Angeles 213469·6201 

Montreal 514737·3673 

New Haven 203377·0165 

' New York (NY) 212 964·2722 

(NJ) 201943·3 140 

Ottawa 613233·4237 

Philadelphia 215646·8030 

San Diego 714232·2727 

San FranCISCo 415948·8233 

Seattle 206 GL4·7545 

Syracuse 315454·9323 

' ToronlO 416247·217) 

'Washington / Baltimore 301946·1600 

' Repa" serv,ces are available al these oWees. 

G ENERAL RA OIO COMPAN Y (OVERS EAS) 
e M a034 Z",'c " 3 4 . S w ,tz., 'and 

G ENERAL RADIO GMBH 
oa M ilne".n ao. w ••• G., many 

G EN E R A L RADI O COMPANY (u . ~ . ) L I M ITED 
80", n. End e"c~lng"am.l'llr • . Engl.n d 

REPRESE N T ATIV ES 11'11 P RI N CI PAL 
OVERSE A S COU N T R IE S < ., ... , ;' 
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