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TRANSIENT RESPONSE OF A 
BROADCAST SYSTEM 

.AS STATED IN A PREVIOUS 
ART I C lE,· a knowledge of the response of a 
linear network 10 a su ddenly applied vol1age 
is sufficient to determine the behavior of the 
network when any other ,'oltage is applied 
and, similarly. t ests of the operation of a 
linear a mplifier with S(luarc \\8\' C8 appl ied 

arc sufficient to determine its respollBC 10 the complex waveforms of 
speech or music. 

The adva ntages of square ·wa\'c testing on au dio-frequency amplifiers 
suggest the desi rability of exte ndin g the test method to radio broad
cast ing systems. Although broadcast transmitters and receivers opera te 

FrGlJlIF. I. The author ... ith the equipment uscd for making the tes ts. III th" huck
grmmd is the fre<:!'wncy-mooulateu reluy tr,,"8111 itlpr of the Yank""" NN ... "rk. 
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C[nOTO~ OOTPUT 

p,,:U" " 2. Diagrn Ol of the leil l lIlclhoJ u.!!C.1 (or the amplitude.modula ted ~)"ijlen1 . 

by virt ue of lion -linear element s, the 
carrier envelope in un amplitude
modulat.ed tra nsmitter output varics in 
a linear fas hion wit h the audio-frequency 
input , ami the audio ou t put of a dio<Je 
dctCClOr varies linearly wi lh the ca rrier 
envelope. The envelope can be 'rcale(1 
as a simple signal except when high per
centa ge of modulation and unsymmet
rical side -band clipping arc present si· 
llIultaneously. Under norma! condit ions, 
therefore. the sallie test methods that 
are used 0 11 linear ne tworks should be 
valid for the broadcast syste m. 

Through the courtesy of Mr. Pau! 
de i\Jnrs of the Yankee Net work . we 
\,ere able to make a series of tests on 
the over-all t ransient response of t wo 
t ypica l broadcast s)stems, one using 
an 3mplillulc-modul ale/1 transmitter 
(WNAC of Boston), Ihe second usi ng an 
Arms-trong frt'quc ncr-modu latefl tra ns
miller. It should be emphasize!l t ha t in 
these tests no atte mpt hlls been malic 
10 loca lize the eleme n1 s limiting 1hc 
freque ncy range. ,\ s will be seen from 

Figure 2, the ampl itude-mod ulated sys
tem included the program lille and a 
receiver in additioo to t he transmitter . 
It is likely 1hat the receiver was more 
important Ihan the transmiuer in lim
iting the fidelit y. This lIrrange lUeut was 
intent ional as the tests were made to 
determine whether or not square-wave 
methods were applicable to such a 
compli ca ted system and oot for t he 
purpose of making a technical in vest i_ 
gat ion of the details of the system. As 
1I maHer of fact , t his arrangement made 
it ].IOssiblc to get a di rect comparison of 
the fidelit y of an amplitude system as 
use(1 a t present under favorable COll 

dit ions with the fi del it y of the Arm
strong system. The results of the tests 
on WNAC are shown in Figure 3. Sev
eral point s ma y be noticed. With a 
150-cyd e sq uare waw!, the response has 
a very sharp slope, indi cat ing phase 
shiflS at the low frequencies. 

T he response to a 500-cycle square 
"'ave is somewhat si milnr to the high
fre(ltlenc), res l)()nse of a single -stage 

F, r. Ulu~ 3. 01l<:i11ograniH ehowing !he eballe of lIf1u are wave. after passing through the complete 
IInl l'litudc-lllodulalion sy!t em. 
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FI(:UlCH , ~. Diagram of 
tile arnmgemenl used for 
lC~lilll! the frcIIIH:ncy. 

modulation system. 

amplifier aod indicates appreciable at
tenuation at frc(luencics 8 S low as 1500 
cycles. 

As is well known , a square wave con
tains ouly odd harmonics of its funda· 
mental period. Thus, a square wave 
ha ving a repetition frequency of 2000 
cycles will have a 2000-eycle component 
and no other components below 6000 
cycles. The fact tbat the response to a 
2000-cycle square wave is essentially 
sinusoidal iud,icatcs that the system docs 
not pass 6000 cycles or higher fre
quencies. 

Figure 4 shows the arrangement used 
in testing the frequency modulation sys
te m. Two connections were tested. In 
one case the relay transmitter ill Ooston 
was modulated by a square wave and 
received in Paxlon,Massachusetts,about 
10 miles distant. The receiver output 
was then used to modul ate the Paxton 
transmi tter, which was then rece ived ill 
Hosl on. This chain of two transmitters 
and receivers is the arrangement nor
mally used by the Yankee Network in 

3 EXPERIMENTER 

01
--1 

~ .. 
" ... , I j I .... ,,, •• TO .... "'. . . " ",,,. , r - , 

Boston. III a second test , the output of 
the relay transmitter was passed through 
a converter aud received directly. 

The response for the complete two
link system is showli in Figure 5. The 
60-cycle response bears a close resem
blance to that of a multi-stage resistance
ca pacitance-coupled am plifier.· [0 spite 
of the severe phase shi ft shown by this 
curve, a careful analysis of it indicates 
tbat the attenuation at 60 cycles is less 
than 2 db. 

At 150 cycles the phase shift is obvi. 
ously less. There is no measurable a t
tenuation at this (requency. The high
freque ucy response as indicated by the 
2000-cycle squarc-\\a,·e patte.rn is excel
lent. 

Corresponding patterns for tile rcla y 
transmiuer are shown in figure 6. The 
ISO-cycle pattern is similar to that for 
the amplitude-modulated system. The 
differelH:e in appearance of the vertical 
trace ill caused by the limited high-

·A ~, •• h<>d r .... OOln l.u.in l oucl> cun ..... i •• " i" ." 
..... id .. I., II . :\I . Lo .... ··R ...... n«-CUu 'Jc<J A,np'ifid" in 
T.ln .. ion:· I'r«:. f. R. E .. Avril. 1932. 

FIGUII:~ 5. Square_wave pauern~ oL.tnin~-d for tJle oo"'plelc frClluencY· lllooulalion srBte ll1 . The 06<:il
logramllilt the center aod the right COU1I'are respt:CtivcJr wi th those al the lefl ami righ l in Figurel. 
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f'1(;URf. 6. o.cillogrllnu for the f.m relay 
Ir~ngm.iUt'r anJ receiver nnly. Comf'"r!' theM' 
with Ih(' re~lIltd (or the eame (re<\UenCil'8 on 
lhe IImplitude moduilltion !r~lem (F igure 4). 

freq uency response of the amplitude. 
modulated s)stelll. T he :WOO.cyc1e pat
tern indicates lIwt the cut·ofT fre1luency 
is around 30 kilocycles. 

The writer is not in a posit ion to 

COllunent upon the theoretical questiolls 
coo(.'Crning the fidelity of frequeney-
1Il0dulati(m systems, hut cal) say with· 
out hesitation that the experimen tal 
results indicate a very high fidelity. 

T hese sqUllrc-wave tests 00 1I0t in· 
clude the mi('rophollc and loudspeaker. 
While il is impossible to lest these 
elemeots by purely electrical methods, 
the combination of speaker and micro· 
phone can be so tested by applyin g 
square waves to the s l>eaker. picking up 
tile BOund wave with the microphone, 
and observing it s waveform on a 
ca thode-ray osci llograph. Tests were 
made in dti s way on a "aricLy of loud
sflCakers and micropbones. Willi nooe 
of these combinations "as it possihle to 

get recognizable squarc·wave pa tt erns 
Oil thc oscillograph. 

Titis is not true of a phonograph 
rcconling and reproducer. tn recent 
"ork cloue at M'_ I. T . by .\ Ir. L. P. 

Heilz, a square·wave generator was 
applicd to a record cutter aod lht' 

pick up \Ias later COlinec te(1 to an ampli . ~ 
fier and ca thode-ray I UUc_ T he results 
were hy no means as good as those 
shown for the broadcast systems bu t 
the pa tt erns were defin itely reco~,...nizab lc 
as due to si mplc fl aws such as insuni-
cient low·frequency respon9C and higb. 
fre<lue ncy reSonall(."e. T he effcct of 
e(luali1.ers on the high-frequency reso-
nance could be followed clea rly. 

There has bee n much discllss.ion a bout 
the applicabi lity of square-wave tech
nique to acoust ics, about whether or 
not phase is of im por tance and , if so, 
under \I'hat ci rcumS1ances. Comments 
of a large number of people wou ld indi
cate t ha t there is a considerable differ · 
enoo of opi.l1 ion on the point. III any 
case, we can say that the response of 
a high-fidelity radio system is almost 
perfect in comparison to that of all) 
available acoust ic syste ms_ The difTer
ence betweco these two is so glaring 
that it would seem that mnch more 
emphasis should be put on acous!.i!" 
work_ 

T he result s show that square wa\'es 
are useful in t.est ing electrica l net works 
!£nd mechanical reproducers, but ure 
!lot appl icable to any of t he ao!oustic 
systellls tested. At least the results Ul
llica te thut the method has cOllsideraLlc 
promise iu design and maintenance work 
on electrica l networks_ 

- L B. A n GUUIUAU 

TV PE 50 VARIACS 
FOR MULT I PLE ANO 3·PHASE OPERATION 

. T HE NEW T YP E 50 VARIA C' , 
because of its ahi lity to handle COlll
paratively large aUlounts of IlOwer. has 
a cOllsideralJly great er fie ld of applica-

GENERAl RAOIO 4 

t iOIl t han the smaller types. Ganged 
assembl ies for usc- in 3-phase circuit s 
and for parallel operation ex tend this 
field st ill furt her. 
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THREE - PHASE OPERATION 

As IlOinlcd o ul in Ii prC\' ioll ll artidc.t 
fhe maximum 11111011111 of 1.IO"cr .... hich 
can he handled br un asscmhl y of Vari
lies III a three.phase system is 

CEj,, ) (I", u.l' ) h /;h 
where 

Eil! a: inl)Ul lillc ,'ollilge 

Imax "" lIun:illlUIII allo\\ablc outpu t 

current. 

'fhis hollis n!ganllcs8 of the I) pc of 
eire'uil used. i.c., whether the Variacs 
are conneclCd ill a " 'ye, II closed delta , 
or an open delta. This 1)O\\l1r cun be 
handled in the vicinit y of lill l! voltage. 
When the ovcr·,'ohugc feature is uscd . 
rated current ins telld of ItIIJ Xilllllll1 cur
re nt must be used ill cu lcul8ting the 
outpu t raling. II should also 1.It' Ilokd 
thai . when Ihe IJOwer ral iug. so calt·u
lal ed. exceeds the combine.1 ratin g!! of 

r the indil' i<iual Variaes in the asscmbl). 
a greater-Ilmll-normal te mperature risc 
may be expcc;ted because of great er 
losses produced L)' the higher flux den
sit)' in Ihe core. For II 500 Ce nligrade 
rise. Ihe maximum I}()\\cr dra\\11 should 
nol eXt.-eed the li tllll of the ill~li, idual 
ratings. 

The connect ions lIIost COIllIlIOOI) uscd 
in three-phase ariae IIssemblies arc the 
w)'e and Ihe opel! lldln . The dosed 
delta, white sOllie lilll(,s use ful for specia l. 
i1.cd applications, lloes not gi,'c the t),l}C 
of voltage variRlion usually dcsirc ~1. 

Circuil s for Ihe "'yc It nd ope n ~Icltll 
connections lire given in Figures I, to 4. 
Corresponding ralings arc lislell III 

TaLle I, page 6. Qnl) circuits operatill (! 
at 230 volts a ll tl higher are listed be
cause there are compa ralive!} fc\\ I.ppli
cations for lo\\er-voltagc three.phase. 

"...... s)'stems. 
IL. ~:. 1· .. ~ar.l. ·.,'hr_I ..... ~ , .. h .. ~ Con,roI .. "I, , he 

' . .... ~.H wner.1 H.,h" f:"_i",,,,,_. , ... u~'" '1: 1. ~ ... 10. 
M.n:It. \937. 

. 

F'Cl.iI!,; I. Tit ...... Tn'!'; 50- \ \ ' ariar:». ")e. 
COtltH· ... Il."d a_ ~hu" n her.·. can L ... ,,~d (ttt a 
230"01 1 eireuil 10 gi,e a ma:>.i",uon "ull'''' 
,oll age of 270 '011". J( ~he o\,U_"OItMgt' l.'On . 
",,'Clion i~ nol 11'1<'<1. i.e .. if Ih" Ii ... : ;11 11111 i ~ 
<:Otltw("Ni 10 h:rm inal I itl"h'wd uf ternlin ll l 2, 

a Inui onllm o f 3,l5 ,,"olts CIUl Lc hH.HII,· • .1. 

FIG I H" ~. '1'\1'" SO. H Yuiuea. ~)e-<-'O". 
neclc(1 on a 230.\'011 .-ire,,;I. "ill gh'~ a nlu,i. 
" 1U 1II 01111'01 ,ul la l!;e of tW. o pe ll cirellil . 

. •. ,_.>OuI 

)("l;lIlat;oll . h .... we\"l~r. i~ p.lOr. 

, . 
~ ---'---, 

FU:UHK 3. T n'l\ 50- II Yurj",:~ jll u "V COIL_ 
IIt'Ctiotl cun I.e lllit:d "n It luO·vo l! c ire llit lu 
!; i.-" a rna ~; n",rn U" II'"1 ,(lita!;C of 5\0. If tI ... 
illl'lIl lille i~ coll'lI:c\cd 10 lerminal I il1~,,,"d of 
l{'rm;",,1 2, II .... maximurll injllli • • ,,1 ",,11'"1 

"ollaGe I'U II I,e fi6O. 

PARALLEL OPERATION 
When Variacs [Ire operated in parallel 

a c urrent equalizing (:hoke rnu~ 1 he uscd 
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io---'-----«cc----------'-~~ 

FICUHII. I. T he I)j>t:lI .dclta <!Ou ncelio n use.. 
ont: ~ Variac Ihan the ... ye. Thill uill!;rum 
, ho ... ,. 10 ...... Tn'lt 5O- B Variac. in a" OIH!II deltn. 

FIGliltK S. (Right) Connectio.u (or eum:nt · 
e<luali1.ing choke wheu Vari.CII ue in parallel. 

IN I n ? 
----, g b 

T I ou 

~ 

TAB l E 

OUTP UT ISP/..,T 

KVA Line C .. rrell ' J· j '/'m(j 3· Ph(ue 
/\.,. See 

in Amp<!r~ 
£,jnc Uuc eir. '/Y,,,, U<.:</,I. Fi,pm' 

A I I;y,ml AI Mwr:. 
VoIllI&" VoIl(lU: 1''''' 

" I. Volt. Max. Uillcd 
-

18 16 ·IS 4. 0-270 230 ,. 50.A 3 ( I ) 
26 261 ·IS 'W 0--3-15 3'15 Y SO·A 3 ( I ) 

31 20 0-460- 230 Y SO· . 3 (2) 
25t 16 31 20 0-540 ·IW Y 50·U 3 (3) 
lOt I. 31 20 0560 560 ,. SO-8 3 (3) 
12.5 8 31 20 0-270 230 OJ>en .). SO- II 2 (-I) 

"Ope .. ..,...., .. ;, y .. h • .., - ... ,,,1 • • ;,,.. io _ ..... ,bi. _'nee ....... 
, . .... OU t"" .... , .... , Of ,h", .he II ... .1 .... ;'1 .. h,,1w:< ,han " oemol . . ..... h"'. in I .. ~r '-0 and 0 bi,b«. tl ..... _n •• L 

.em ......... "' .;.e, 1'1>00 ""uim ..... "",,'ul I".. SO ..... io 22 .S h •. ~ ..... put I .. ted con, ho ... u .... I-. .. rel1 h ... dled ,1" the 
\ ' . .... 0 r.,. .bort ,>e<ioWo. 

to limit the flow of ci rculatin g current. 
Conncctions for s Lleh II choke arc shown 
in Figure 6. For pnrallcl 0l>cra tion of 
1\\0 Tw£ 50 Variacs, Tn'lo; 50·PI Choke 
is available. This unit is mount ed iu a 
cast metal frame \\ hiell ca D be fas
tened by the user in an} convenient 
location iu a I\, o-gang assembl y of 
TYI'E 50 Variacil. 

The power.handling ca paci ty of t wo 
Variacs in parallel is, of course, double 
t hat of a sin gle unit . 

T\'I'f; 50 Vari al"s are now available in 
t " '0- ami t hree.gang assem blies. De
li very can usually be made wi thin 1\'0 

" 'eeks after the order is reai\·ed. Prices 
are listed belo\\, - S. A. BeCKINGIIA}1 ...-... 

FIGlJK~ 6. t\ Ihr~.gllng D~mLtr or 
T'I 'K so·n Vllri .. ~. 
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SPECIFICATIONS 
M DUn I J n i: Unl .. s~ the order ~1 .... 't!lt":!I other. 
wi$(:. ~ang: .. d aSiICrn l Jlie~ "ill he ~u l }pl lcd for 
lal,le moorrH iug. This cun be changed 10 "aile! 
mnu nting J.y lQ()!\<'uing die lili"r, und ~li""'g 'I 
Ihrough the lI&.'le mhl". 

T h .. ~t .. rHJ Il .. l lihafl kn:::th will m:cUlll moUalc 
II I ~,-, .inch I'an,,!. If tl1O' IIs;;o:,mhl, is to he "g.-d 
on /I thkker 1'~llcI. I hi ~ lI'U81 he sl"'eWe,1 in llu' 

T)'IJC D''o<cril'l;m, 

50_,\ (;2 2'l;lIl1g. TI I'I'; 50·,\ 
5O- HG2 2-sang, T n'/'; 50· n 
30-,\ G:1 J.gu"g. T n·g 50·,\ 
5O- liG3 3.gang, T n'" 50· 1'1 
50-I" Choke 

I • • i ... . .., _d ...... 'U'oo! und ... U. S. I·.' .... 1'1 ... 2,00<I.G13. 
Thd .. d~ ....... V ... 111 I e ;. "'1'"....,.j., 'h~ II. S. , ...... , 011' .. .,. 

order. and 1I li lH:dal long 6h .. ( , "m he furniahed 
wi lh"ut ",,[ra charge. 

The glluged ussemblies c:",,,ol he need on .. 
,·" .. Iicarl,"nt·! "j lho, ,1 auxiliary hracin ~. 
DIme nsions: 2."""g. 15}'2 )( 15Y2 ~ 17Uinchcs 
o"er-:.1I;3-g8n/:". 15}2 x 15M~25.K" inches'" ('r-RII. 
Net Wel lht: 2-g""g. 175 rou,uls; 3-gan:;. 
250 ])(}utltb . 

U,./" rrart! I'rice 

1'QK f."f;\l' n O $.225.00 
TQI· ... ZG ... l" lI t! 225.00 
T()" RNGM~'J'Y 335.00 
TUI· ... 7,G ... NTY ;135.00 
I· ... R ... I.I-CIIOK 7.50 

A NEW SOUNO·LEVEL METER 
• THE T H R E EYE A R S which have 
elapscd since tht' or iginal announccment 
of the T W E 759-A Sound-Leve l ·Meter 
have seen the transform at ion of soun d
levc! measureOlents from a little-used 
and little·known laboratory proccrlure 
into a valua hle an d widespread COIll 

mercial operat ion. The Ge neral Hadio 
sound -level meter has been accepted in 
count less laboratories and industries RS 
an accurate, cOllvenient . and econom· 
ieal meR ns fo r mnki ng tIle " urious noise 
meaSllrcments requirc,1 by modern oon
ditiolls and markets. 

The ex perience gai nerl in building 
many hundreds of t hese instrument s 
has enabled the Gc neral Radio Com
pany to prod uce an im proved mode l 
knol\'1l as the Tn,:: 759- 13 based upon 
the sa llie principles as the previou9 
type. but incoq)(wat in g ad ,-a IWClIlcnt s 
a ll tl silll pli ficn t iOlls II hich pro,' ide eve n 
higher degrt!cs of convcnic m:e and ac
t·ul·aey. 

Of firSl im portance is the microphone. 
An cxhaust i\'t' s tllll y of the variOIlS type!> 
a\aila ble on the market hus led 1.0 

the deve lopment of this special ty pe. 
T hroughout the A.S.A.* range of 60 to 

· " An_ic.n 1'~", .. ; •• S,.",lood. f ..... Sound· I...,,·.] 
M~'."., r ... M . . ..... "~ .. , or ..... "' •• "d O,b.". s".,,,,d .. .. 
O"II.,i" 7.21.3, "''''e';~' '' S .. ~,J .. ,I" A . ..... i.';.,n. 

8000 cycles ils performance is suhst an
tia lly the sa ml' as the earlier model so 
far as frequency characteristic is eOIl 
cerned. The nt;!w un it, however, is more 
scnsit ive and rugged amJ is subst antia ll y 
unaffect.ed by a ll ordinary c.hanges in 
temperature a nd hum idi ty. Use of this 
more scnsit i,'e microphone has a llowed 
the (Iesigners to make other changes in 
the sound ·leve l meter whic.h improve its 
dependabilit y and abilit y to withstand 
hard usage ill the field. 

For the conve niCIlCI" of the IIsc r the 
two a tt.e lluat ors have been ()omhined_ 

FU;UK& J. View of the 1'y" e 759-B Sound
l,.cv .. t ,\ Ieler with cover removed. 

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



·-10.;1 HIt :1. ' l1'l' ' ...... ·N 'LIppi,. for Ibe iIIllI",l . 
I"vcl n ... l ... r i~ g ~i "E I.· Ioiock hllll"r~ " 'hid, 
n1''''''.~ in.i,lc tl .... '·/lI.i"61. Cn' '''l'l'li"". ;.rr 

"' lLd" .. ilh a 1,111)!: a~ s.h" .. n. 

1'0 Ihlll Ihe ,uai n atl(, IH,"lor knoh ..:O\'c rll 
IIII' "oml)lell' .Iccilwl range. The rllnge 
itse lf has moen extended. so that Ihe 
IIHn illlulII ICH I is noon + 110 tiL. 

'\ further improH' lIlenl is t he pro
,i!'iun of a ~Io ... ·fast meter. With the 
('Qlltrol ~wi t ('h in t he fasl l.IOSilion the 
mct er lII o\(~ment is the !la me liS in t he 
T\'l'~: 759· \ and corresponds to the 
I\ .S.A. SPc(·iricaliolls. Mllny users. how
ever. 11lI ve exprc68Cd a fle "'irc for 11 more 
helwi ly damped me ter. Merely throl,·. 
ing t he ('oll trol s\\ill·h tn t he 101011 
1)()Sit ion produces I his rcsult. I hus simpli 
f) iug I he measurement of I he II verage 
level of fluctuati ng sound . 

Si ll('t' till' pre, ious model IOOlInd·lc\('1 
mclcr "as designed. IIItllI) imprOH" 
mC lll ll ll:1l C 111,(:1111111111.' in vnCUUlli luilC!I, 
lind t llb.·s o f the latcst IA-voh series 

a re use(1 in t he ne \\ model. The addi. 
t ional ga in a,'ail:thle from these lubes, 
logether lIith Ihe more se nsi tive llIi..:ro· 
phonc. a l10ll s considerahle simplifica. 
tion of the circuit. An important feat ure 
of the new c ireLlit is the double ontpnt 
!'Ingt!, oJU:·lmlf o f II hielt ,Irives Ihe indi
eating mcler a nd tlte other connects to 
the outpul jat'k fo r II !II' with 1111 analyzer. 
externa l me ter. o r phones. The re is nO 
f!onnect ion bellH.-e n the inte rnal indio 
ctl ling: me ter t'ircui, a nd this extra 
outpll1 cirCllit. This eliminates a ll rec ti· 
rlCf dislorlion from the OUl put a mi also 
makes the meter readings quite inde· 
1)Cll(le nt o f what is connected t o lite 
output. The addcd conl e nie ncc of these 
features will bc read il) appreciated by 
cus lOlllers who lise the SOlln(1 me ter with 
a n a nal Y7Rr. 

Last bUI not least . tile lie" sound · 
l£'w:1 meier uses a II in gle block batter} 
of Ihe type userl in portable radio rt'· 
,·c i,'ers. PO!'iti \!' connel' l;on to the bat· 
te ry is made by lIIt.'ans o f a single plug. 
The batt er}' bOlh lIeighs and costs less 
tha n a 5(' t of bnlt cries for the earlier 
lIIoflel me ie r. 

In spil l' of Ihe improved design, Ihe 
price of the nell sotllld·leve l me ter reo 
mnius the sa me as Ihal of the earlier 
IllOtle1 - 5195.00. ror m OSI practica l 
purposes tlte 111 0 me ters a re inter
cha ngeable. hut the ne ll meier is e"en 
more cOI1\'c nicnt a mi scrv;..:eable than 
the olde r on,'. 

- II . II . Se01'\, 

The T rI'" 759·"\ So""d·l.cI·el \I "I"r i ~ "'anu{a.:1 nrcd and &01<1 ,,,,dcr I h .. (olio .. ing Unil ed Stulc~ 
Lo;l lt' r" Pa " 'ut : 

I. I'utenlil of II". A mcrit'a n 'l'cll'l,l""". umt 'l'd"gra"h C,jn!luIUY 1i<>1,,1)' fllT II. ilizatirul in re;cellreh, 
in'· '·~I; !!IL I;O". ",ell ~" r'·IlIt' '' t. lt'lll in!,. ;lI"lr"CliOllllt" t <Ie , elo t"nenl w,.rk in IlItre aud al'pl ied l!Ciellcl". 

" I'"tl"nt ", II. I.H71.886. 
--'--------- -
GENER Al RADIO COMPAN Y 

30 STATE STREET CAMBRI DGE A. MASSACHUSETTS 
BRANCH ENGINEERIHG OFFICES 

90 WE ST STREET, NEW YORK CITY 
1000 NORTH SEWARO STREET . lOS ANG EL ES. CALIFORNIA • 

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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