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I:LI:CTRICAL COMMUNICATIONS HCHNIQUI: 
AND ITS APPLICATIONS IN ALLlI:D FII:LDS 

BETTER MIXER CONTROLS 

1<' ...... ~ l rE introduc tion of the 
General Hadio TYPE 653 
Volume Control carly in 

I!k .... ""~ -1933 was the lwginning of 
the aimost universal present practice 

,.-.. of usi ng s tep.by-s tep mi.xer controls in 
low·lc \·ei circuit s. Tbe step-by-step 
de~ign eiilllinalf'S the three objections 
common 10 wi re·\\ound controls: e.'I:­
c6ssivc noise, uncertain or fragile con· 
taCl, and difficulties of cleani ng and 
maillicnam'c. ProlJerl y designed s tep­
by .s tep controls combine very low 
electrica l noise level \\illl rig-ill me­
chanical construction and simplicity of 
deani ng. 

T 

Several thousands of the TYI' E 653 
Volume Controls arc now in everyday 
IISC ill hundreds of broadclls t s tud ios 
and sound motion pkture installations 
in the Unitc(1 Sllltes and abroad. The 
pas t three years of experience with 
these cont rols has lefl to the de\'clop­
ment of a lIew design which incorpo­
rales several impor tant improvements. 
Tbe new unit is illus trated 0 11 page 2. 

r- Two of the mos t essenti al features or 
any mixer control are a very low noise 
le \'el (particu larly "ince they are often 

used in low-level microphone circui!.s), 
in order Ilmt adjustments during II pro­
gram are inautlihle. and absolute di,l­
pelldabil ity. Dotl.! the three-bladed 
swi tch arm and the contacts of the IICW 

TYPE 653 nre made orberyl lium-copper 
alloy. Since the sWl tches and contacts 
are thc SlI me lIlat erial, alt hough diO'er­
ently tempered, electrical contact ­
l)O tential noise is completely elimi­
nated. Beryllium cOPI.lCr, wh ich is a 
relati vely recent development for Ihis 
purpose, possesses remllrkllblestrength, 
springincss, and wearing proper ties. 
Less t.ough contact materials wheu im­
prol.ICrly lubricated may have a ten­
dency to ClIl. The new 11110)' largely 
eliminates this difficult y. As a result, 
this switch assembly has ill{lefiuit el), 
long life, 

All conlact sudaces which recei\' e as 
much wear liS a mixer control shou ld , 
howc\'er, be clea ned and lubricated as 
a mail er of rout.ine mai ntenance. The 
dus t cover of the new cOlllrol is in two 
sections. aod only the rear section ca n 
be taken off after installation. Removal 
of this sec tion exposes tbe contacts but 
lea"es all of the windings eomplct ely 
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2 THE GENERAL RADIO EXPERIMENTER 

covered by the olher sec tion, so that 
there can be no possibi lit y of da mage 
10 the wi ndin gs during clean in g. In 
fact , all line-wire windings and leads 
are completely covered at all limes, 
excel" when the unit is removed from 
its panel mounting. 

In redesigning Ihe unit Ihe (Ie plh has 
heen shor tened, an ti it now rC(luires 
only 2Yt6 inches clearance IJchind the 
panel. The dia meter is 2~ inches. 
mak ing it possible to mOllnt six in a 
row on a standard 3}2-inch relay-rack 
panel. New soldering terminals wh ich 
are smaller in size a ll (1 mecha nica lly 
s tronger have been ad(lcd. 

Another use fu l fea ture is the addi · 
tion of a button 0 11 the skirted con trol 
knob, so Iha l the sclli ng can be deler­
mined in di mly lighted monitoring 
booths or wi thout looking away from 
the progra m. The desigll of the ski rted 
control klloh was the I'CSUlt of a con­
siderable investigation to IIml the size 

IIml sha pe most comfor table for IOllg ~ 
periods of manipu la tion. After three 
years of use the " feel " oC the knob is 
s till generally approved. The ill(lex 
button is added Cor improved utility. 

The allenualion sys tem is a laddcr 
nc twork having 33 attenuat ion s teps of 
1.5 decibels per s tep over 1II0st of the 
range but ineressing illcre ment s toward 
infinite allelluation. T he illIl:ledancc is 
essentially constant ovcr the cntire 
attcnua t ion range and is constant with 
frccluency up 10 30 kilocycles. The unit 
is arranged for panel mou nting usi ng 
the e tched ·metal di a l plate fo r a drill­
ing template. The dial plate is cali­
brated 1.0 show the approx imat e at ­
tenuation in decibels a t a ll settings. 

Four im pedance sizes arc available: 
The usual 50., 200-, and 500·011111 
\'a lues, and, in addi tion, a new 250·ohm 
size for use in the many present-day 
voice circuit s of that im l:leda ncc. 

- A ItTIi UIt £. TUlESS ~;N 

l" 'IJe Iml,,~/mu:(' O"lc I/"'or./ f>ricc 
-----.,~_3_~~,CAC.;----,----~c;o.c,c,c----,----~,o,c.uc.~" cc----r-----='C' 2C .. 050C-----

653-:\1 H 200 U <:OA(: II 12.50 
653-i\1 t) · 250n (;,\IIAT 12.S0 
653-,\IC soon CO \ST 12 .50 

Photograph of Ihe new TYPE 653 Volume Control 
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DIRECT MEASUREMENTS WITH GENERAL RADIO 
INSTRUMENTS 

As a res ult of the continued dcman4j 
of t he oollllllercial engineer and the 

at-adcmie resea rch worker for accurate 
aud cOll vcu icnl meallS of measuremen t 
of electrical quantities in thei r labora­
tories, the Genera l !tallio Company 
bas. fro l1l lime 10 lime, in the course of 
the twen ty yC;u 8 of ils existence 
directed the abilities of the engi neers 
to the solu tioll of the mcasureilJcllL 
problems tba t have cOllie to ils alle n­
lion. The Genera l HMlio Experimenter 
for June. 1935. gil-es, iu the anni ver­
sary license of remini scence, a hrief 
hiSlOrical accou nt of the rcsuhing 
developmcn Is. 

" rrres pecti ve of sequence, where has 
the Company arrived-? 

It is 1I0 t the fU liction of instrument 
maker .. to solve their custolllcrs' major 
problems. lml ra ther to II. nlici pa le their 
minor olles. The worth of the instru· 
/IIcn t lies in the exlent to whieh it 
supplies tbe desi red ittformation and 
lea\'cs the ,.orker free to achievc a 
guided solution to the primury prob. 
lem. We a ll hesitat e I', ice before usin g 
a s pineless lape meusure. yet are quil e 
1I1lper turheli by doubt s wh ile inspect. 
ing the fi ne graduations of a s teel Beale 
of a reputable nHlnufucturer. 

I t is the belief of the Company Lhat 
it has transferred luauy of the labora· 
tory routi ue ami sccondary mcasure · 
I.ucntil frOIll lile tape-/lleasure to the 
s teel-sca le class. Tbe prerequ isite that 
range und accuracy limits he knowu is 

_ no "orse i.ll simile tban the few 
1.110rnen1S taken with the scnle to ascer · 
tain its length and the fineness of ils 
graduations. 

The accompanyi ng charL shows in 
bricf outliuc the thol'Ou gb co\'e rage of 
all fie lds which have hecll achieved in 
the composi te deve lopment. of a line 
of measuring instrument s, together 
,,·jl h the freque ncies at wh ich the 
measuremen ts !IIay be lIl /ule ailll the 
accuracy of the resul ts. For extre llIe 
eotHl i tions of high im pedances and hi gh 
frequencies. it is to he expected that 
the ,Iceuracies wi ll be solOcwhut, less 
Ih ull the ra ted va lues shown. 

Tile ill slruments a re cOlllmercia l 
produc ts; price is therefore a [;Ictor. 
Thi s is shown on the chart in tha t the 
wide ranges arc in each case Ilssociated 
wit h a dl'!creaSt!- in tbe rat ed accu racy. 
or with an increase in Ibe cost above 
that of less accurute ins trulllcnlS in the 
sa me field. There stands out as well a 
c lear ,lenlOnSlration of ti le restric tion 
in working r;mge previously necessi ­
l atell by an increased range of opera t­
ing: frequencies. I t is in this characteris ­
tic of the cha rt thut the resu lt.s of 
present in ves tigations wi l,1 be most 
eviden t. 1\8 thc new ins truments are 
announced. the inked·i n lines will be 
lon ger than those they replace .. ithouL 
all accompanying frequency restrie-
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THE GENERAL RADIO EXPERIMENTER 

DIRECT MEASUREME NT RANGES 
OF GENE RAL RADIO INSTRUMENTS 
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Accu- Frequency 
rfO;Y R~nge 

",' .,10 

1% 1J..-5 .. ,.,acre'", '. 0-10,000 eye"'" 
0.5 % 1000 cycle. 

3% di_.e" ....... 1 

0.25 % 12~kiL.:w:rdr. 

' % 60 <.-5 "",.cycle. 
0.2 % 60-10,000 erd ... 

' % HHO.QOO cycLe. 

0.25 % 12:>-WOO kiL..eyd.., 
0.1 % 200-10,000 c ycle. '. 60 c.-5 " .. ,.",'01 .. 

' % 10- 10,000 .rel .. 

:1:5 •• .I i""" indio.tjol 

' % di_. i"cli<-uin. 
±lc. di,.., • ••• di", 
0.5 % .1,_, readi", '. .1 ... "", ...,.di". 

O.2S % by calibra ,;"'" 
1).2S '1o by colib ... ", .. '"" 0.1 '10 by ".liI .... ,io" 

' % by ".J<b.ati" .. 
0.1% loy colib ••• Oo" 

0.1% by calibrotio., 

(1.5 % by coliL ••• ",,, 

0.00005 % .. itl> .us. equill, 

10 % W- IU,OOO cyd", 

,-4% O-i ...... cr deo 

" % 10-10,000 cycle. 
$% 20-16.000 Cyoleo 

.. -.... f.".'" .... 1, (1-15 M e. 

" 'avel.".", ""Iy 0-56 M e. 

l % (1-30 nl< , oc:ydo:o 

' % 10--10,000 eyelet 
2.$ % 10--10.000 "Tel .. 

15 % IOOOcTele. 
, 

I 
" % 1000 cyde. 

". 1000 eyek. 

0.5% JOOOcyck. 

2% $O-SO.OOO k'loercJe . 

I 
' % 400 cycle. r--., 
' % d'rec:1 ...,.d'n_ 
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-- 0011 , aDd will tend to clus ter to the 
sides of the cllart. 

COlIsiflerLug the; indi\·jJua l sectiODS, 
the out stulI{lju g position of the 1'Y1'~ 

650·A Impedance Bridge ItS a labora­
tory instrument is at once evident . 
Not onl y domiu3ting each impedance 
field by its audio.frequency workjllg 
fange, il 8 va lue is (mtller enbanced by 
ita triple appearance lind its conse· 
quent general u$cfulucss. 

Tlw narrowed workjng range of tbe 
Tn.,; 516- Radio-Frequency Bridge 
ror rcs iSlan(:e and capacitance 8S shown 
0 0 tile cbart is that wi tbin which the 
Lridge is direct readin g III all frequen> 
cies between sixty cycles and five 
IIlcgucycies. Measurement of imped­
ances beyond these ranges is not a dim. 
cult matter, invoh' iug only the Ileccs­
sit )' of establishing series or parallel 

- (:omLina l.ions that oollle within the 
direct-reading rallge of lhe brid ge. 

III tbe fi eld of fre(IUclicy measure· 
mcnts first appears the direcl ·i ndiClI l­
iug l)'lHl of ins trument pre \'ious ly 
a\'ailaLle only {or the measurements of 
,·oh.age, current, and power. The TYPE 

83 1·A Electrouic Frclluclley Meter in­
dica tes dirwtly tile frcllllCIiCY of all 
applied audio.{rccluclley volta ge, wbile 
the comhluation of the T\"PE 68l·A 
OC\·i8Iioll I'Iteter and a reference 
sta ndard indicates direcLly tile devia· 
Li01l8 from auy desired IJOint in the 
radio-frequency spectrum. 

lI armonic ex tension methods are as 
useful as llJe fundmncntal ranges ill 
Ile lerodyne frequency meters and. 
where usable, are showll as dashed 
ext ensions on the charI. 

The CLASS C·21. 1-1 Standard Fre· 

queuey Assembly, together with its 
lIuxiliary interpolation equipmeot, .. 'On· 
stitut es a primAry standard for the 
Illea8U remeut of fre(luellcies with in 
the rangc and wilh I.lle accuracy sllowl1. 
PerfeeLly usable for ilCoondary meas· 
urcments, its range and accuracy are 
included OD tbe chart for purposes o( 
comparisou. 

For the measurcment of currentn ud 
vol lage the instruments shown are 
those valualJlc beyond /l-e and d-e 
meter mOVCOlents beca useof individual 
advantages. These vary (roUl the JO· 
megohm illput im lx:da nce o( Ihe TYI'E 

626·A Vaeu ulII ·Tube Voltmeter 10 Ihe 
l!.ingle-frcquency selec l.i \'it) of the T\' I' E 
636·A Wa\'e Analyzer. The ca thode· 
ray oscillographs are shown for their 
a lJ ilily 10 give a \' iSlial picture of the 
wa veform of voltages witllin the ranges 
marked. The \'alue of the ' ['yPE 493 
Thermocouples is lilcir ability to per. 
mit related measurements to be made 
wilh direct and rll.tlio- frefjueuey cur· 
rents. for the effect of frequency 0 11 

their indications lII ay be neglected 
o\'er a wide (requency range. 

The varied fi elds a l. the bottom of 
the chart illustrate the usefulness of 
General Radio ins trulIICllls in special. 
ized tests. Each of Ihe quantities fII ay 
be obtained as the result of the corn · 
parison of two or more measurements 
of the tn>C8 listed abo\'e, but the use 
of the ins trumen ts results iu an 
economy of appara tus, labor. and time. 
The uses are specialized, but tbe appli. 
ea liollil are lIot. Eacb utlit Ix:rroruu 
tLe same measu rClIlcut regardless of 
tLe primary purpose and umler a 
\'ariet-y of e.:~perimenl a l oonditions. 

- F_ htELANu 
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6 THE GENERAL RADIO EXPERIMENTER 

THE FREQUENCY STANDARD AT GENERAL RADIO 
COMPANY 

A
~lO,,·C the importan t developments 
of modern communication engi­

neering is the primary {rC(lucncy 
Sla ndanl. Frcquc!lI'Y s tandardization, 
of \·ila l illlporlancc to the us<:r of com­
lIlunica tion mClIsuring instruments, is 
c\'cn morc essential t.o the Ilumurae· 

(urer, \\ho mus t be able 10 work to II 

fur greater accuruf'y. 
The frequency sl:md ardiza tioJl lab­

oratory at the Gencm] Hadio Company 
has three important uses: First, it p ro· 
vides a ceutrlll s tandard II hich is used 
throughout t he pla n I for a ll frc<luc ncy 
cnl ibrations a nd frc(ltlcncy and lime 
mcusurClOcnl. Secondly, il is used as II 
proving grou nd for a ll advances lIIade 

in the design of frc(lucncy standards 
and associated N IUiplll Cll1. _Fina ll y, it 
is an opera ting exh ibit of a large lIum­
ber of the freque nc)' - ,md t i me-measur­
ing instru ments manufuctured by the 
Company. The complete frequency 
standard is shown in the photograph of 
Figure 1. A vcry bricf listing of the 
e(luipmen t pro\'idcd "ill be made here, 
the balancc of thc descri pti on being 
made from the functional viewpoint . 
Hcfcrri ng to the photograph, from left 
to right, Ihe c(l uipmenl in the various 
racks is as follows: 

Huck 1 : C I.ASS C ·2 1-11 , Series 690, 
Pri mary Frequellcy Standard wi th full 
altcruatiJlg current operat ion. Crystal 

FICUI!F. I. The primary [requeucy standartl at GClleral ItllJiO) Coml""I)" 
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Jsci li n ior No. I is in thi s fa ck. 
Huc k 2: Auxil iul'Y 1I1H] Int erpola tion 

E(lu ipmcnl fOl' f, 'c(lucncy measure· 
m e ll i s. Ha!;ks I and 2 cOlis tilul C II 

complete frequency measuring sys tem. 
Hack:l: C LASS C.2 l-I ], Series 590, 

Primary Frcq llcllcy Stand ard , wilh 
nonl in g battery operat ion, (Crys tal 
Oscillator No.2. ) This unil was pl aced 
i.n scn"il.'c in the fall of 1929 alill it has 
hccll in continuo us ser vice ever sin ce. 
cxeepl for minor shutdowns to move 
the equ ipme nt {rolll o lle IOt 'util'm 1,0 

a llot her in the building. 
Huck 4: Crys tal OS('iliator No. 3, 

Cathode- n ay Oscillograph C(llI ipIllUl ll , 

lind direct-readin g audio- (rc(llIc ncy 
me ter (TYPE 83 1.A). 

Rac k 5: Power dis tribution panel. 
signal dist ribuli oll am plifiers and line 
conncct ions. bea t . frcq uClley recorder 

r'\nd int egrat.or. 
Huck 6: Cryst al Oscillator No.4, 

power suppl y equipmcn t (or strobo· 
scol)C, reconlcr. e tc .. ami higllospccd 
sirohosl'ollic dock. 

Hack 7: Crystal Oscill a tor No. 5; 
selective amplifier (for I kc multi ples), 
time signa l receiver, ami automatic 
lime sw it ch. 

T he five 50-kr crysta l oscilla tors IIrc 
maintained in cont inuo!!s opera tion, 
with two of them operati ng l'ompic te 
OIulti\,ibra lor and timing systems. 
Thesc 1\,0 s), nero-clucks lIrc d lC"kf'll 
sevcral tillles cach dar Ilglli nst t he 
U. S. Na\'a l OIJsen·tlt ory Tim e signilis 
as transmilled hou rl y th rough N.A ./\ . 
on 113 kc_ If rlesired . the timing sys· 
terns ma y he connec ted 10 any other 
pair of crys ta l oscillat ors. 

T ime comparisons bel wo'::en syncro­
"""-"Iocks, or be tween the sYlicro-docks 

and the t ime signals, arc made by 
mea ns of Ihe hi gh-speed stroboscopic 

FU;UlIH 2. The dial of the high-speed lu ro lJO< 
!!<.'()I'i l' ehlCk. The r igh t_haml di al earri~ t .. ·o 
h"",I ~. lhe ~l'''~h'~ ru t ll t.ing "nCIl ea.., h S'!COI"1. 

the lunger len liml'll r)C~ 1!eC,)nd 

dock. This d ock has two high-s])Ceci 
hailOls, one turning oncc per second , 
and I he ot her ten t lilies per seconll . Tllis 
lalt er haml tra vels over .. sen le of ]00 
di visions. each division represent ing 
onc milliseeolll1. The slo\\'er hand tra v_ 
cis over a scale of IC II di visions, each 
olie-l o':: lIt h of a second, or each oue 
represcnting a ('olJlplcte rc volu l ion of 
the high-spced hand . Thes<: high-speed 
hands ilrc \·ie \\ ed ill the light {rom il 
st roboscopc la m p perm a nenll y moun led 
in the cl()('k case. 

T he s troboscol>C lamp is fl ashed caeh 
dol of ti me signal, the flash lasting bu t 
a (ew microseconds. \'(' hen seen in the 
flash, the high-SlleClI band apllears 
])Crfcc ll y sta t ionary, and its position 
lil a), be read 10 oue·fifth o( a di vision 
or 0.0002 ~(>(·olld s. 

The fi\'C crystal ost:illators constitu te 
the hellrLs of five fr{,llllcnc), s t.3mlilr(ls, 
I.wo of which u n~ checked agll ins t t ime_ 
the others being cllC('ked in terms of 
thesc t\\O by beat-frcquency mell.oos. 
One oseillator (No. 5, ao::t ua lly) is pur­
pose l), maint ained Il bou l eight parts in 
a million low in fre(llIcncy, so thai 
definiw. beaL frellllCllcics ca ll always be 
obtai ned be twecn th is osci lla tor and 
cach of the other fo ur. 

In the iniercolllparing recorder 5yS­

I.em four de tectors und amplifiers are 
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F,cmu : 3. Block ,Ii lls rll rn of the I'r i,nhry 
IIl andarti . For oonven;ene~, only onc hu t re· 
cordin, channd i .. I ho .... 1 in de l a;!. IJeau be· 
tween 06(:illalor No.5 anti each uf NlO&. 2, 3, 
a lld 4 are ~lIn lf'(IIIOd rteordcd in Iheaame "'ay 

pro\'ided one for each o( the four pain 
of crystals. Each beat.freflucucy ou t . 
put operates a count er, which coun ts 
100 beats. At the end of each lOO·lleal 
in terval a dot is printed on I"~ pal)Cr 
s trip in tl.e reeorder. A point is prinled 
0 0 tbe record (or each beat fretlucocy 
during c"ery fi" e-lUinute interval 
throughout the twent y.four hours. The 
record is rea lly a lime re(.-ord (the lime 
of 100 bea ts or the beal frequelll'Y) hul 
is easily convert ed into frequency. A 
lime record is used because all (our 
reconl a llIa y be lIIade simultaneously 
0 11 the rel'orcler. A change o( (rCl l'lI.:nc), 
of olle Ilarl in tell millioll, ill auy five­
minute l:lerioo , is easily seen a ll Ihe 
r~orJ . The record gives a continuous 
cbeck on the lX'rformance of any (' r) iI­
ta l in termsoftheolhers. lf an) cr)stal 
changes frequency. the rt;(.'Ord intli ­
ca les which one changed. how much 

: ; : 

"­
it changed, and III \'obieh direction . 

The integrator adds up thc succes.· 
si\'e tillles of tbe JOO·bea t int erva ls for 
each of the four pairs of cr)stals. It is 
s imply a system of four re, ollilion 
f"o ullt,ers arrangcd to record 8cconds . 
The int egrator gives a very scnsiti,'c 
indication 80 tha t. 8 111011 frequene} 
differences are measurable with high 
accuracy aud ill a short tillle. The in­
tegrator is particularly useful in de­
tecting either a very small slo\'o llrift 
in frequency or in studying the slIIa ll 
frequency changes result ing fr om arbi­
trary changes in ci rcuit purameters. 
such as changcs i ll fil ament or plate 
volt ages. 

The frequcnc} dis tribution sys tcm 
consists of a hank of amplifiers, four 
challne.ls being pro\ ided for each main 
output frequency of I, 10. and 50 kilo· 
cycles. A S~'s tC Ill of about 30 tOile cir. -
(, lIiIS, ex tending to hll)Oratories and 
~hops, l)Crllli!.s thc use of the fre{luency 
Blll nd ard at any rC(lu irell poi nt in Ihe 
building. As rC{I"in·d. oUlput s at lIIulti­
pIes of 1 kc. cssentill ll} free of other 
harmonics a nd of the fundulll clital, 
llI ay be distribut erl from thc selecti ve 
amplifier. Otbcr frequcncics. up to 5000 
cycles, are a \' ailable frOIll the linear 
beat .fre(lliellc), oscilla tor. These may 
be 1lI0njtored , if nccessa ry, against the 
standurd by lIIeall8 of the cathode-ray 
oscillograph. - J. K . C I.,H'P. 

--GENERAL RADIO COMPAN Y 

30 5hle Street Ciil mbridge A, MUSiilchu5eth 

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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