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A·C OPERATEO 
DIRECT·CURRENT AMPlifiER 

FOR INDUSTRIAL USE 
• THE MAIN FUNCTION ofa di rect
current amplifier is effect ively 10 increase 
the scnsiti vity of dircct -currcnL indica ting 
or recording ins trumen ts. Used with indi

ca ting inSlr umenls, it makes l)()8sible the usc of rugged instruments for 
indicating small voltages a nd currents instead of the del icate. h igh 
sensitivity instruments wh ich would o therwise be rctluircd. Hccorders. 

FIGURE I. TYI'E 7 15." Direct·Current Amplifier and Estcrline·A ngus 5-millialnpere 
recorder. T he am lllifoer 'can he ohtained in a case to malch the recorder as shown here. 
or in a wal" .. t ca hinet a~ shown on IllIge 3. A relay- rack mounting to hold hOlh Ih~ 

amplifier and the recorder i ~ ~llw available . 
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GENERAL RADIO 2 

because of the higher power required t o 
opera te them, cannot be used 011 weak 
currents !lnd voltages wi thout an a mpli. 
fier. The amplifier. therefore, ex-tends 
the usc of these instrllmellts to fields 
formcrly beyond their scope, permitting 
continuous records of 6/)UII<I le\"el, light 
intensi ty, frequency, and other pile
!lomella easily cou,'erlc,1 to \\cak .Iiree! 
t llrrent s. 

\n addit ional II :'C of the II-e a mplifier 
is i ll au tOlilatic conlrol circuits ..... here, 
inslCad of l.feins: used to operate an iudi
cIlling or rc<:oniing ins trumen t , the am
plifier output actuates relays to control 
tbe origin al phenOlncllolI or to perforlll 
sOllle other function . 

While "direct-coupled," " zero_frc_ 
(IUclley," or " dirccf-currcnt" amplifiers 
urc by no lIIea ns IlCW, various difficulties 
have previously prevellted eJitirely sat
isfactory l1Crformallce. Ballery opem
t ioll was once considereu esscntial , Mud 
usuaJl y one set of heavy alld cxpensi\'e 
batteries was used for each tube. Such 
complica tions Ilutura ll y limited the use 
of the equipmen t to applications where 
the Ilesired results could be secured ill no 
other way. 

In the amplifier here Ilescribcd, oper
atiOIl {rOlllthe altcrnating-currClll [>ower 
line lias been achievell wit h I/O loss in 
sillbility and with complcte freedom from 
/luctualiOllS due to lille voltage varia· 
tions within fl'asonablc li mits. Several 
features are ineoq tOra ted i'l\'oh·ing 
princi ples allli apparatus \\ hidl have 
onl y beeolue avai lable ill compara t i\'ely 
reccut times. tn particular, the use of 
rlegel1crlnioll, to stabilize the ltlllplifier 
gain and til improve the linearity of re
sponse, and the use of \'0It8ge regu lat
ing tra nsformers ami tubes are im . 
portallt . Figure 2 is a schematic circuit 
,Iiagram with pOller suppl y omitl ed. 

The operation of the inSlrumcut is ex· 
ceptionally simple. and for cOiliinuous ~ 
recording it can be run for weeks wi th · 
out attention, except for a daily eheek of 
the zero adju ';; lment which lakes per. 
haps a ha lf minute. The tubes \\ ill ha ve a 
tife eXI1Cctaney of Lell.er than 3000 hours 
(120 days) wilen cO'JliuuQuslr uaea, and 
,be deterioratiou flf o ther parts is neg· 
ligible. 

One or the 1Il0st inl[lOrlan l uses of the 
amplifier is in recording work. t<'ull-scale 
outpu t of the amplificr has, tllcrcfore. 
\'cen ma~ le 5 milliamperes 10 opera te an 
Es te rl i ne-A n g us I Li gh · Se n s i t i vi t y 
Graphic I nSlrUlllellt which requires 5 
milliam [>e res for {u tI-sealederTect iou. This 
ou'lput call be obtained for input \'olt· 
ages of 0.1,0.2,0.5, and 1.0 \'olt. A pand 
metcr which is in ;;eries II'itli the recorder 
indica tes the outpUI eurrcul in mil1iam_ 
IlCres. 

Tbe input resistaucc call IJC \'aried hy 
IlOwers of] O I;ctwcen lOO ulnns and 10 
megohms, the ol>erating value being se
lected hr means of a panel swit ch. An 
open ci rcui t l}OSit ion is ltlso provided 
which connects the grid of the first l ube 
dircctly tu the input terminals; aud. in 
addition, an input [lOlcutiollleter with 
H·C smoothing filter can [,c switched in 
sotha t tbe inpu t vol tage can Lc adjusted 
10 any desircli \'a lue. The input resist. 
ullee for this position is 150,000 ohms, 
appro)l;i malciy. 

Although the ins trument should be 
considered as a vollage operated de\·ice. 
it.iI extremc scnsiti\·ity as a current am· 
plifier should be 1I0 ted. One-Ienth or a 
volt input will give a full·scale de fleclion 
in the fi ve.mill iam pere output circuit. A 
current of only 0.01 microam rlCre passed 
through the lO-megoh m input rcsist llnce 
will provitlc Ihis ol1e·tcnth volt input. 

(Com irwC!i 0" pase -I) 
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Schcmlltic diagram of ,.I.., Tn'!': 715. \ Direcl _Curr~nl AIllI,li!icr. 

The ,unl,lifier con~i~lt of lliree Slagel! in C1I8-
c:ade. the first two Leing pCnIOO Cl!. the la~1 " 
triode. For degenera tion to lie gpplied. it it 
oecOlllllry 10 have an odd number of pha,e 
n:",~·ru l~. The ~i ml)l e!lt arTlln,;enu':nt it to IOU 
an odd number of amplifier ~taf:f!l!.,. The to t .1 
output current o r thl' fiup l ~ C.ge i~ l,aM<!(1 
througl. II resis tance "fared in &cn eIJ wi th the 
cathode·grid circuit of the finu IU!.e. By ad . 
jllBhncnt of tbiB retlis\nI)('I', the ciTet: li "e !(ain 
of the amplifier "'''I he sc i III " t1 C1!ired VIII" ... 
whieh, "hen II 81>et:.lioo \-oll"gt i ~ "pplied to the 
iOI)ul Ir.rnlinals, ... ill res"lt ill the desIred olilpu' 
current . Thill degeneration re&i,.tance is in liu, 
r~m of pN:adjwlIed ro.i.i!lol'II ~1<:(:l ed by the 
RANGE IIwi teh. 

A biu conlrol (ZlmO 5 E1') i.i j,ro.-ided 
whose no.-mll l setting .. oulll hring Ihe oull",1 
currenl to 7.ero for o:.:ro inllUt voltage, In !!Olne 
ca_, ho .. ever, use I11"Y I", illUde of the adjua!
men l 1111 lin OffllCL "tern, 10 ouncel a I>onion. or 
a ll. of II "cadv inl,ut ,'oltase!lO that the inll lru_ 
ment reIIflClI1ib 10 chm,!Cf front tbi.i ~ l eaJ,. 
"alue. 

In Ihe &Chemuic di ll~ra ll1 , cerlaio COlltlt'C· 
1;01lA are indicated (or ft"I'J,ly ,-oltagl"8, Lut rot' 
lIiml,lici l Y the volta!:e di..,del'il aN: mil abo" 'n. 
Actually, the fo nt two lta;es 01}Cr~le on indio 
vidual "oh age dividen gi""'g " high degret; of 
illOlll lion fmlll the common pl"te 1I"l'l'ly ""d. in 
""rtieuillr, frOIll thc lillit ullge. 

The Bleady plate current o f Ihe output 8111;;e 
ill remon~d (rom tI' e outl,ul by the usc or II 

bridge.tyre oull'ut cireui l hll' ing ill I.lo .... tulle 
rq;ulllior a~ one IIrm. A I',ortion of t e IIte"d,. 
volta!;e acl"OM the !!Iow tulle i8 ulili7.ro (or lIi8 ~ 
adjU&l lIIent. No direc t ~1I>!iili>:8tioll or tlu: 
p:lale ,'O! lage KUl' l,ly i& relluired. Uowevcr. 
IIlIIce an mcrease III 1,1"l e "oh age would re;;uh 
;n !!Ollie ""IIIII.nce in Ihe outl'ut hridge "hieh is 
oot ent irely compensated loy Ihe increased biu, 
"'r,1ioo Ihrou!;h the degeucrlltive resi ~ l nnee. a 
vo uge p.OIIO.I;onal to plaIr, vo tlage is rCtI in to 
tbe finiL gnd eireu;l in N:'en>e phase. By foe· 
tory adjuUment or the IIIl1gnittul,. of thill " oIL-
11];0, c;(.Ill'pelllllllion o r pillte vot l llJ;~ 8UI'I,1y 
ch apges over a wide range ill a ttained. ('floe oel , 
work for tLoill ill 0 01 indicaled in Ihe IIClo ematic 
diagram.) 

After Ihe a mplifier ha~ i1eeo made alable ill 
tho orJinar, ilCllse, a !leW l)4)urcc of difficulty 
apP'l'n.@ wILlch "' culd cau&c 110 lrouhle in lilliI'll , 
fiCA whieh arc not direcl-cotlp letl. It e;III b~ 

• 

shown Ihnt II lemf",r"1 'Ire <' hange of the I'll t bode 
of thefiTSt tuhe i~ elIUiv,,1!'nl to" $,,,,,11 chunge 
in hiall, In all "mp ifior of Ihe u;!ua] IY\.., no 
eff!'Ct on flCrf.,ronan~ .. ould be oll!M!n'~ . bUI 
in Ihe direct-I:otll'led 8mplifier " " illllneo:liale 
eh.n~e ill 0"1j1U' i~ nOlctl. a~ II ~hi(1 ill the 
"zero·' po;;i lion of til .. 0"1101'1 meter or reeQrtler. 
To o"eroo"'e Ihi!!. il is "ec~ry to II labili~c 
carefully II." opernl.;ug 'oltnge a \'I'1ic,J to tho 
henor of .ho li.~ . t"I .. •. ,\ h"ttllu " "'I' hae ~"r_ 
fodeot range of « ",trot .n "1'l,arent ly gi,' ., ~a li ~
(ac lon' resutl ~. hilI it!! IlIr];e ther",al lag renderll 
it ineffective (or rapid ('hangdo in hea ler ~"l'l'ly 
,·ohllJ;e. Con_",en.ly a rq;:ulaling uandormer 
ill u$ttl to o" eroom{' the effecu of , ,,dden 
change§. "'hile Ihe l,a l1au lamp o,'ercolllCll alll 
reIItd"a] "low vari"lillll&, \\ hen property "d_ 
j"ued. this ..,om"inlliion gi,'C(I II BlaMe ',"ro 0, er 
" line voltage rllnge o f frolll 100 10 130 vot lS. 

F1CUllE 3. The TVI'K 715·A Di .. ,cI-Curro',,' 
AUll'ti fj "r ill watnut cahinct, 
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GENERAl RADIO 4 

APPLICATIONS 
A particular application, wLich was 

kepI in mind during development of the 
amplifier, is that of recording the frc
ql1eIlcy indicat ions of a 'fyl'!': 83·I·A 
Electronic Fro::tluency ~ I cter. Byadj ust.
ment of the ampliCicr gain, full ·sca le 
readi ngs on the recorder call he made 1.0 

agree with full-scale read in gs of t.he fre
quency meter, Cor cach rauge. By use of 
an offset zero in the amplifier lUI ex
panded record of chal/Be! in frequency 
over a portion of the uornHiI rauge call 
he obtained. Since !nully qmm t ilies can 
be observed through frequency changes, 
this combinat ion can be applied to 
many problems such as frequency drift 
in radio LransmjUers and crystal oscil. 
lators, and flldio-meteorograph observa
tions. 

In conjunction " 'ilh the TYl'E 759-A 
Sound·Leve l Meter a cont inuous record 
can be made of average lIoise or sound 
levels over long periods of l ime. This 
is especially im por ta nt iu ooise survcy 
studies of offices. factor ies, broadcast
ing s tudios, and cit y S'lreets. 

O,,-ing to the high input rcsista nce oC 
the 3mpli lier, it cau be tlsed in the re
cording and measurement of bydrogen 
iOIl eoncenlration wi th low-resistance 
electrodes. 

Comparat.ively " eak radio telegrapb 
signals can be ~corded 011 tape rc· 
corders by use of a small oxide rectifier 
(if a {Ii rect·current signal voltage is not 
otherwise available), the di rect-current 
amplifier, and the recorder. In such ap
plications the amplifier output can be 
utiliz(:(] to operate rela)!!. counters, or 
ot her devices as \\el1 us a signal recorder. 

The direct·current amplifier and re
(:order ca n he operated direc t ly frOIll the 
output of a rhotronic cell. A number of 

applications are then possible, sillce tbe 
illumination of the photrooic ceU can be 
made to vary io accordance with such a ,--... 
large number of factors. 

These include: 
(a) Variations ill daylight, as, for in· 

stauce, in a mallufuctur illg plant. 
(b) Variatiolls inartificia lligbl brought 

about hy dust or smokc in the uir. 
(c) Amount and duration of sunshine. 
Since the alJ1plifier and recordcr ac

tua lly const itut e a calibrated recording 
vol tmcter and , 'through tbe usc oC known 
input resistances, a recording millinm· 
meter or llIicroanllnctc r, records of 
(lirect -current vol tage or eurrcnt varia · 
tiolls call be obtained directly, opening 
up lIIany applica tion;; "here these ob· 
serva ble qUAutities may be made re
sponsive to many fac tors. 

For sOllle applications, the amplificr 
may serve in place of se nsitive direct
CUHent ga lvanometers. Using a one
megohm input resistance, the amplifier 
has a sensitivity of tbe order of 0.0004 
microampere for oue·fifth of a di vision 
0 11 tbe meter sca le, (.'Ompariug with a 
good grade of galvanometer havi ng a 
scnsiti vity of 0.0005 microampere per 
mIll. at 1 meter. The indieatillg meter 
on the panel of tue amplifier gi" es a 
bigh.speed response " 'here the gal vanOIll 
eter has roughly a 10·secoud period. 

A sur\'ey of the conditions of use 
sbould be made beforc the suit ability of 
the amplifier to any gi" ell application 
can be established. Particular attention 
must Ix: paid t0 1he cOII,li t ious or ground
ing lIud to \'oltages developed be tween 
the am pl ifier in put I.ermi nals and 
grou nlL Ju appliclltions iIn'olving: recti · 
(ied volt llges or currents, attention must 
be gi,'en to the waveform of the input 
voltage, because of possible overloadi ng 
on peaks on wa'eforlll S gi, in g small av
erage values. - J. K. CLAPt' 
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5 EXPERIMENTER 
SP ECIFIC ATIONS 

Rlnl': The inSlrumen! i. provided witl, four 
ealil>rated rangel!, &e1ec:: IMI by meane or. ewitch, 
"iv;ng 5 milliampere!! linear output in the reo 
corder circuit of 1000 obnl" for inll\ll voh~e!I 
0(0.1,0.2.0.5. and J.O volt applied I llhe ;01",1 
terminals wi th either 1>(Ila rhy. The gll in ;& best 
expr~ed me a transcomluctlillce; the nIaX; m"IIl 
value i. 50,000 ",;crOlllhOll. 

AccuracJ: AI II cllliI,ra ted voitmelef'. the ac
curacy of ealihration is '''I,mil;ma!cl,- 11'& ,his 
UlCurll(:Y Leing main tllinM over coII,iderllLole 
I)eriod. of lime. 

Input Circuli : 1I1e"'1I1 lire Ilrovided forseieel. 
;rIf anyone of a number of input reaiAllloce!, I!O 

thu the inetn,mtnl 1101 only hat ' J .. dj .. ~table 
il'llUt rellin."ce. but can serve a. II calibra ted 
1l11llivollmcler or microllm"'elcr. Ti,e jlll'lIt re
ei8tllnCeII rUrlg" in l)Owcn! o r 10 rrom 100 ohm8 
to 10 megoh",~. S IOfI<ir"uit IIntl oJlen-eircuit 
poAitione .rc lIi!o ellpplied on tiUl Rlect or 
.witd,. 

For tllOIIC .pplicatioflll where rcl.tive values 
only .re of IIIlerc'lt and where lhe vollllge 
avaibble exceedll I volt. one of the 8witch po_ 
ai tiolll! connecl.ll Ihe i"I'1I1 to a varia Me gain 
con trol. 80 11,111 thc volillge applied 10 the lin!! 
Il"ritl can be adj ,,;;-ted to any tlClllired valuc. The 
Input re&i.tanec for thi. poIIitio" ill J5O.000 
ohmll apJlr(IJ{imalt:ly. 

o u I P u I : Thc output circuit i8 tl e;l.igned to 01'_ 
tellle II S-mmillmpe!'c n,etel' mounted on the 
panel IIntl an exleMIal melCl' or tle"ice l ueb lIS 

Type 

the Eilterliue_A"j;ulI S·lIIi11iu'''I'·ere recorder. 
and i. provided WIth a ma"ually adjUlited 00111-
1",,,YI'ng re&illtano;o:. Th" OOIl1 I'""RUlinb" r~rt. 
a"cc ill .dju81cd to a llow for Ihe rCllilllance of the 
e"ternlll device. I!oO th.t the ins trument . I .. ·.y. 
" 'orks intu • normal rC$i$un<.'(: or 1000 ohnl~ 
Although the instr"mcnt fUllclionll pcrfect ly 
" 'hen operating into rr.aillt.nf'CII from 0 to :WOO 
oh ",1I, ,Ill "alihration ia affecled ! Iightly if thc 
tolill im,~I.llce devi.le11 ,,,ateriaJl,,. from thc 
1000-0111" v.lu". 
P DW, r Sup pi, : The i,,~t. "l1I cnt i~ intcndM fr •• 
oprrlltion direclly from 105_125 or 2 10.250 
VOI I&. 6O<yde II] Diflll. Otht'r vo;>lta!>t'S or other 
freo:l',enciell can he supplied on $peci.1 order 
ollly. 
Powu In~ul : 1'hc I>ower.lrawn (rom the 60-
cycle moin~ i~ ~1)I)rox; "'Dt f'l y 35 ,,·aUI. No hat_ 
leri .... of :lIIy killl Ilre employed. 
Vacuum Tub,s : The tn"Cllfurnished " 'itlo the 
ill~trument .re: two type 6J7·C. one 6F6-G. one 
6XS·G. OnC Vn.to5_30. one ot" I. 
Mfa n II ft. : TI'e ~mp l ifier i. ,,,ounted ill " r.a~t 
mellli calle idf' llI.ical with that uaed On the 
l~terline_A ng"e r«Order. or in walnut CllhineL. 
aR dC$ired. 
Dlmtnslons : 1" '1'& 7IS-A \I , (height ) ISX' x 
( .. ililh) 9 x (Iellltll ) 8}i indl~. over_all: TYPE 
715-... E. (height 15 x (wi.hh ) 87S x ( leng th) 
8~ inchee. over-all. 
N,t Wtilhl : With Eolleri;ne_AngoHuR.26,!4 
llOun<b; with walnut eal. inel, 23 pounde. 

Pri~ 

7IS·,\E I'll 1~ lerl ine_A"g"i CUt. ... ",111111;: 1250.00 
7IS.A.1\I In walnut eahinel ... . .. . ",UWT 225.00 

T1oIo i ... 'nom,n' .... anufo,e,ure<! and told .. "de<- ",,'ent> .. r 01", "''''''.;.-_" T.k" .... "'" .~d T.I< ••• ph C",,,po"r, ... 1<1, r.,. 
.. ,ilioa , ;"" i~ 1fle .... 1o, i ..... 'i •• ';".,. _ ... r ..... "'. '..,'iol. iho'n",""" ODd tk •• Iop ...... , .".\ ;" pur. and a.".liN ode"""'. 
"",I"d;", i"d .. lriat and .n ........... &.Idt. 

A MODIFICATION OF THE CAPACITANCE TES T BRIDGE 
FOR MEASURING GROUNDED SAMPLES 

• A MODIFICATION of the 
TUE 740-H Capacitance 
TeS1 Bridge is no\\' a\ uilable 
\\ hich has one of the test 
tcrminals groundcd. This 
tlCW model is c:Io:trcmcly use

ful in the electrica l manu
facturing amI electrie I'0\\cr 
fields for capacitance lI od 
power.factor tcsts ou insu
lators, cablcs, transformcrs, 
etc. A foldcr describing tbe 
ncw bridgc (TYPE 740- BC) 
will bc SClit on rcqtlest. Ask 
for Form S16·A. 
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GENERAL RADIO 6 

AN ANALYZE R FOR NOISE MEASUREMENT 
USES Of NOISE ANAlYSIS 

A sound.frc(\ucncy analysis is often a 
IlC(:CSSllry s tep in lhe location lind climi
nution of lIoise. While, for production 
teslS Il nll accepta nce tests on most me
cha nica l I1l1tl e lectrical dC\'iccs. a meas
urement of Ihe loudness of the noise 
\\illl the TWE i59-A Sound· Lc\c l \I c ter 
pro\idcs all the necessary informl1 tioll , 
there are many problems in machine 
design a nd insta l[alion \\hich can llot 

be soh'cd without a kilo" ledge of the 
freque ncies of lile variou.s noise com
l)Onellls. 

With this informatioll , sources of 
lIoise cOIlIj:I<>ncn LS can be tneed .md 
their sourt:es located. i\f achinc parts, for 
instance. may tend to vibrate at their 
natural frc(lucncics. These resonant fre_ 
quencies can be calcul a ted. and when 
OIlC appears as a prominent eOlll l)Onent 
of tile lotal noise, it usually is gcnerated 
by the corresponding machine part. 

TYPES Of NOISES 

The noises gc nerllted by ordinary 
types of machinery may be divided into 
two genera l classes. The first includes 
sounds whose pit ch corres l}()nds to the 
furHialllcnlal frefillency at which the ma
chi ncry is ol)Crat in g or at somc harmon
ically related frC(IUency. Sounds in this 
class are dUtrllClcrislica lly harmonic in 
nature. a llli their fre(llIcncy wi ll vary 
wi th the speed of the machine. M any 
types of hi gh-speed rotat ing machinery, 
such as centrifuges. dynlllliOS, etc .• pro
duce sound al most entirely in Class One. 

T he second class of noise includcs a ll 
of the so-ca lled " unpilched" noises, 
which are usually gc nerated by mechan
ica l parts of a machine vibrating at or 
near their nalural rrequencies as a result 
of shock excitation. Such noise is in lhe ~ 
fOt"IIl of a series or damped wa\'es, ..... hich. 
although they IlIlly recur at regularly 
t imed interva ls del)Cll(ling upon the 

FtC-UKI! I. Vie .. ' of the TYI'~ 7GO_A Sollnd Au"lyu:r ... i,1I cover rcmo\-etl. 
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mal'hinery spt:ed, .:on" i"t essentiallr of 
OOllllJOllcnta corrclip()IIdillg to the l1at-

.-. ural frel illcileics of the ,ihrating par ts 
anll bearing no ddini te IHlrmonic re!:l 
tiollship to the fundamenta l speed of t he 
machine. T he ae luil l freq llc ncics in 
vol'cll ill s llch sollnd~ arc seldom clcarly 
defineJ, sinee the effect s of shock cxci ta· 
tioll and dampi ng. as \\ell as tbe 1Il0\' e· 

mCII LS of the various part.s or the varia· 
tion of forces imprCSSCll upo n them , 
cause appreeiuhh: shift s of frc,!lIe lle). 
Sou nds in C lass '1'\\0 lire " hat urc gen. 
erally describcd us raulcs or clashing 
sounds and arc morc Often encou ntered 
in reciprocating IlInchinerr than in roo 
tating machiner_\". 

TYPES Of ANALYZERS 

Analyzers hitherto available for sep· 
a ratin g noises into their colll lxment fre · 
(IUeneies have been adaptat ions of in
struments originally tlcsigneJ for other 
purposes, This limited their usc to reo 
s!rictell fields . lI etcrod yne analyze rs, 
for example, a rc completely satisfactory 
only whell measuring Class-One noises 
having essentially cons tanl pitch. Owi ng 
to the ir extremely sharp responsc and 
cons tant band width in c)cles. they call 
seldom be uscd for measuring Class·T,,'o 
noises. A baud width variab le in steps is 
somewllaL more Sli l is f:lctory, but is st ill 
subject to large errors. Tuned c ircuit 
3nalY7.crs have a eilaraeleriSlic nearer 
the ideal, but arc cumhersome 8nd cxpen
s ive, alli l 8re usual! } not continuous l)' 
adju"tllhle. Unfort unately, this lack of 
satisfac tory instrumen ts has led IIIl1n y 
engi neers 1.0 the conciu;;;ion that sound 
analysis is illherenll~' difficult and un· 
sa tisfactory. 

TYPE 760-A SOUND ANAlYZER 

. \ new ana lyzer , designed solely for 
sound and uoise lIICIISUremcnt. has bee n 
developed by t he Cenern l Had io Com-

J EXPERIMENTER 

"'Ill( . 11&>«;( 
&MPllrl[II 

. L"WL- . ~ ',' 
" .. " 

"'"'Al LE: f[(O'8AC~ 
NfT"'O~~ 

lOG. 'I. T.V. M. 

I~U:IJRF. 2. F",,,,t;olllli block diaf: r .. ", sh.-.wing 
the o[>"ralion or Ihe 1I1ialvu'r. I.n Ihi~ cire"itlh", 
,-,"II"'t.o(;UI aml.lili .... i ~ t~l ljHck to the inpllt in 
~ue, " ma .. ",: r 38 10 produee d~cnr.rtlli" e ae· 
ti.-.o " nd ellncel the an'lllilier I;aill excepling at 
the fre\fuenci~ within Ihe l'lISl Imnd. T o vary 
the t"nHlg or the 1I,·leetiv;ly o r Ihia de"ice only 
lue feW back circuit itllelf UI'N hI' adjusted, aud 
no ehan~efI in the IIII'I,lilil'r iuclf lire n:<Juired. 
The r"el.lhack network bulancefl 10 a ~b llr'p oull 
at aJlOint col'1'Cllponding to the peak ill the plllll 
ban of the analy:r.er. Any varia tion iu th", L.I. 
anee frequency or the feetlhaek network I'm. 
,lucH a corre!lponding change in the fre<IIIency 

to which the analy:r.er i,. tunc:<!. 

pliny. T his new instrumcnt. TYPE 760·A 
Sound Aualyzer, 0IJCrutes 011 different 
principles., and is far morc sa tisfactory 
for analyzing thc a\'crage noise than any 
tle l·ice which hail heretofore been gen· 
erallyavailable. 

Briefly, the new i'ls. trurnellt operates 
on the selective iu \'erse ·feellba(·k prin_ 
ei ple,- as showli in Figure 2. 

Tbe use of this t ype of eircu.i thas made 
poss ible a se lec ti"i!y charac te ri s tic 
wbich is a colistant-percentage (uncLion 
of Ule frequency to '''Iich the de"ice is 
tuned. ). IOSL acoustical aud SQIIIllI en
gineers agree that Lhis t ype or selcc
tivity eun-e is ideal for the purrosc of 
noise ana lysis. For measurin g sounds of 
Class One, an anal) zer of Lhis type is 
re lati,-c1y unaffected by e\'en large 
ebanges in Lhe runJamental s peed of the 
machi nery being tested, since any ntten-
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F'iCVIII': 3. The Illning con lrols con~ill l of II 
Bin.:le dial lind II row of pw!h-lmuOll 8wi lche3. 
T hl' dial frequ ency lipan in cycle~ per seoond 
for ench range is engra,oed shove the corre-
81~"di"g p,, ~l, IJU u ou. i.e .• 25 ·75,75-250. etc. 

ua l ion ca used by such speed f1ucluat.ions 
is constanl for the fu ndarncuiai and all 
har monics, so that their relative a mpli_ 
tudes are still measured correct ly. "~or 
the unpitched 60unds of Class T wo, 
which usually co\ cr bands of freque ncies, 
lhe selectivity curve is su.fficien tly wide 
to give accurate read ings. 

The ncw lUHllyzcr is shown in F igure 
1, Many of i ~ mechanical and electrical 
features arc idelltical with those of the 
Tn!;; 7S9-A Sound-l.evel Meter. Both 
instrument s are similar i ll appearance, 
light in .... e ight , and easi ly portable. 
Other features COlUIIlon to both instru· 
ments are complete operation from self· 
contai ned ba Heries. the e1jmination of 
all battery IIdjustments, and low bllu ery 
drain resulting ifl t!..'(tremely long hilt· 
tery life. Like tbe sound·level meter, the 
analyzer contains no coils or inductances 
whatsoever and hence is totall y unaf· 
fected hy all onliullry magnctic fields. 

GENERAL RADIO 8 

TUNING 
An outstanding fea ture of this ana-

Iyzcr is Ule tlllling system, 'fhieb coo- ~ 
sis ts entirely of resistors and condcosers. 
The resistors IIrc ganged together 00 a 
common shaft and providc a cont iuuous 
adjustment of freq uency. The conden-
scrs arc switched by II push.button ar
rangcment to change the frequency 
range covered hy Ole gllnged resistors. 

The dial has a spread-out logarithmic 
{requency scale co,'cring a range of 
slightly over three to one, and the range 
is shifted qujckly lind easily by means of 
the push.button swit ch. T he dial caD 

be rotaled cont.inuously, so that the en
tire rllnge of t he device ma y be covered 
in a minimum of time. The push.but1on 
switch also allows quick adjustment of 
the tunin g from onc extreme of the fre
quellcy range to the other. 

SELECTIVITY 
Figure 4 compares the selectivity ~ 

curves of T YPE 76O·A Sound Analyzer 
and a ty])ical hetcrodyne analyzer at 
several points in the sound·frequency 
range. Expressed as a percentage of the 
frequency to wbich t.he analyzer is 
tuned. t.he pass band of the heterodyne 
analyzer is undesirably wide at low fre· 
quencies and unusably narrow at high 
frcqll ellcies. The new aualyzer, how-
evcr, bas a constant percentage band 
width at all Irequcucies. For measur ing 
Class-Two sounds or Class ·One sounds 
of varying pitch, this type of character-
istic is cssential. 

Exa mples of the errors occurring witb 
different types of analyzers arc shown in 
Figure 5. For purposes of simplification. 
it is assumed that. after the aualyzer is 
tuned to a componcnt, tbe frequency 
shifts by 1% . thus caus ing all amount of 
attcnuation depeuding upon the selec
tivity curve of the analyzcr. ] t wi ll he 
noted tbat Curve A, for the TYP E 76O-A 
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Sound Analyzcr, shows a eons l.llD t at· 
tenuation at all frequencies within its 

,....... range. For a Class·Onc sound measured 
on this analyzer, thereforc. small fre· 
queney shifls havc no appreciable effect , 
while large frequency shift s provide an 
equal reduction of all components. so 
that they still remain ill their proper reo 
lationship witb one another. Cur vc fl , 
bowever, iIlus'Iratcs what happens wben 
a convent ional tn>e of het erod yne ana· 
Iyzer is used for this purposc. Under 
these conwtions tbe error reaches 10 
decibels a t a frequc ncy only a little above 
300 cycles, and in that range from 1000 
to 2000 cycles where the car is most sen· 
sitive the response of the analyzer is 
down by 30 decibels, more or less. Ob. 
viously, under t.hese conditions, these 
heterodyne analyzers will give results 
which arc bighly erroneous. 

As previously mentioned, attempts 
ba ve beeD made to eliminate this diffi· 
culty by the use of sevcral band widt bs. 
usually related by factors of ten. Curve 
C shows the result obtaincd with a typo 

9 EXPERIMENTER 

ical anll lyzer ha\' in g a 5-cycle hand-pass 
characteristic wilh a sharp cut-off be· 
yond that I>oi nt. Cun'c 0 is a continua . 
tion of Curve C into thc bigher fre. 
quency range and shows the extreme 
attenuation obi ai ned. Curve E represcnts 
tbe response oftbe same analyzer with a 
50-cycle band width . Under normal op
erating conditions the error ob ... illcd 
wit h this analyzer would be ilHlicatcd b}' 
Cun'es C ami E. The large discrepa ncy 
falling at the cross-o\'er fre(ILIency. in 
this rase 500 cycles, should be uoled. 
Under these con di t ions an error of 25 
decibels occurs at this ])Oint, which is 
mos t scrious for a ll sound-a nalysis ,,·ork . 
If the 50-cycle han d were lIscd at lower 
frequencies in order 10 minimize this 
error, the sclecti vit-y would probabl y be 
insufficient to give satisfu ctory results. 
because e \'en a t 500 cycles the band 
width is 10% of the fre(lucncy to which 
this device is tuned. 

Of course, the actual rcsults obtained 

FIGUK 1\ .1. Compllri6011 of the selectivity curv<-'!I of the Tn'l\ 760_A Sound Annly-,-"r II mi II typical 
hClerodrne anllly~er ('1'\' 1'1\ 636-A) hn' ,ng II lJllnd ",idlh of one crcle 

I I IIIII 

" '00 '000 
FRt:QIJENCY IN CYCLES PER SECOND 
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GENERAL RADIO 10 

'o\ith au}' !;i\ c lI sound "ji ll the hcler
OO} ne t) pes of ana lyzers lila ) be better 
or \\orse than that Sh OIHI in the dia
grulIl , depending UPOll the lI mount o f 
frcqucllc) shirl present in the sound lJe
ing mcnsurcc l and the frcqlu!ncy-\ crSlIS
ti me ,·harllclcriSl ics. The resu lt s in 111081 
cases ,.ould , hOI\c,-cr, be unpredict able, 
except th rough 11 series of elaborate 
measure men IS. The possihility of such 
serious errors is probably the main rell_ 

SOli II lIy tile heterodyne I} I)C of anal) 1.cr 
has been abandoned for most puq>O&e8 
of sound IIlIa l}sis, except ing in those rev.' 
cases" here die mach inery "peed ca n Le 
held "itl1ill vcry close lim it s. 

VOLTMETER 

\nOl licr innova tion is the logari thm ic 
vacuum-tube voltmeter. " hid . coI'era 11 
range of 42 decibels" itll a spread-out 
decibel sca le . The meter is ca librated in 

F,GURE 6. \I " , ,,r ~1I1e of the TYPE i60.A 
So"nd \nllly~er. 

both decibe ls a nd lX'rcen tage, so Ihat 
readings llIay be convenie nt ly laken in 
allY tlesi re d units. 

The shupe of the meier defl ecl ion 
characteristic has b t .'(! 11 purposely ad · 
justed 10 provide a Iligher degree of ac- ~ 

FlcetiE s. Error in indicalion of variou~ type8 of a nalyzen for an arbier"., ;;hi fl of 1% in the 
frequency or lIOurce under mea~ure"'''n l. 

• • 
* ~ 20 -

! 
• 
~ 30 -

i ICEIIOOTHE ANALYZER \ '. 

I[TYPE &36·.t.) 

+-+-+-++-t1,,+t- --I- ' '/-,ffil+l'--
-f---l--+++f-l"-++--f-H--+'IoH-tt-"" , 

" 
UFECT Of I 

'" flIEOUEHCY 91tfTkl1-t-H- 5 Cye" eMIl \ 

, 
-H+++I-I-I---"-

I 
... 0 

fREQUEltCY IN CYCLES PER SECOND 
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curacy of reading at the hi:;llcr le \"cls, 
sin it is the high-le w!1 components 
"-'hich 8re of mo,;;t imporlanrt \\hen 
analY7,ing Il noise. Bec8 use of Ihis meter 
cllIlrlll"tcristic no multiplier \\itch is re
tluirl"d on Ihe ilou nd anlllyzer, II fea ture 
\. h ich makes rapid allal)scs pOlOSi ble alHl 
which diminute .. many challcl::ij of "Hor 
in rCf'or .. l ill ~ data, 

OTHER USES 

\ " frl::'1ut' IlII) l.appells \,illl 111:: \\ ill , 
SLrlllll t' lIt S, 1II1l1I} u ",c .. haH! 1)(.'t!1I diolco . 
erell for Ihe 801111£1 aual) 7.er in field" 
quite olll!'ifle Ihat for \\hich it \\as lie _ 
signe,1. One of the most important of 
tlu.·sc is the use of the ill ", trll rn"nt AS n 

tUIICtJ il rnplificr and null indicator in 
hrillge iJala llcing. The selectivity char_ 
actcrist ics of the ticviee are ideaJ for 
bridge -ba lancing purposes a nd provide, 
par ticularly a t 10\\ freque ncies. a dcgrt.'e 
of discriminal ion \\ hich bas 1I0 t hitherto 
~eu u\'ai la ble in mOiiit bri.l ge -bulullcilJ ,g 
dc\i t'cs. Of Ilarlicular intl>Ortance is the 
fac l t hat the ana lyzer is unalTccted hy 
6O-c) de pickup and hence may he useli 
in tbe IUllOy applicat ions in \'oh ' illg Illeas
uremCllts al t h is frequency_ 

The sensili vity of the circllit is slI.:h 
dial an input \'oh agc of a milli volt will 
pro\-i(le a s8 tisflll:tory deflec tion 0 11 tile 

11 EXPERIMENTER 

indicatillg meter. This i5 ahout equiva_ 
lent to the sens.iti.il} of a pair o f head 
telephones at 1000 c,dcs. "hich corre
s ponds "ilb the reSOllallt {req ueucy of 
the phones and i5 ncarly lit the l:leak of 
efficic ne} of the Ilumun ear. Ob violl ;;:. ly. 
there fore. 8i nec the IlIw l}'7.cr" ill operate 
lit a ny frC(llIcnc}, be t\\ Ct' 1l 25 and 7500 
c~ cles. it is fllr supcrior in scn~iti\ ily to a 
I.air of telephone8 o\l:r Ihe b'TealCr por· 
tion of til £' rall!,'C. 

The logarithmic \ohllletcr is a grcat 
cOllveniCDl'e (or briil gc-ha lulI.:illg appli_ 
cations. If desircd. II pair of head tele
phones may be plugge,l into the outrut 
of the analpwr to provide aUEli1 as well 
as. v isua l balance. The sallle a ut omatic 
:;ain contro l \\hich i8 in t he \'011I1le1cr 
circuit will the n operate on t he tele
phones. provi.iing an acous tic shock ab
sorhe r "hich effecti\ ely pre\ents dis 
agreeable acoustic shock if Ihe bridge is 
suddenly unbalanced. 

The use of the ']'\"1''': 760-1\ Sou nd 
Analyzer for "ave analysis is. o f course, 
nOI restricted 10 acoustica l applicat ions. 
It is (Iuite suila ble for the analysis of 
amlio.frequellcy electr ica l "a\'cs over a 
voltage range of Loo :l. 

II. II. SCOTI 

SPECIFICATIONS 

Fr lqUlncy Rln,e: Ca li hralc.1 direc l l, i n 
eyelet fro ... 25 (0 7500. Thi.!! total range ill 
oovered in hve comlllcte tuo.s of the lunins 
knoh, the rangelll On th .. va rion, .I'al I"(\la l'on.!! 
being 25 10 75. 75 to 250. 250 to 750, 750 to 
2500. ,,"d 2500 to 7500 .::.rdc!. A I',,~ h.hulton 
swil.::.h Pt10wlI i",me. liale change of tbe mai .. 
conlrol to ."y of (hl'Sf" r"ugCl!. 
In put Vo ll .,. : 'I'h .. anlll~er" m ~ivl' nu ble 
imhrIHi"n~ on inr"t vollas" rang"'! from 1 
miJli"ott to 10 vo1u. Tbe meier lM,:a le is cali-
1.orlll«l for uading directly comf'llncnt tonea 
do"" 10 I rc of the lIOund prdlflnre (or 'oll ~ge) 
of th .. ru"' .... m"ntal or 10udNI cO'nl'oneut, .-\ e· 
eordin~ l y. 10 make (ull uSC: of tbi, fell(u,,,, (he 
inrU I ,·oluj!:f' at II." loude;;;1 coml'O!ll'nl or f"". 
" lIml' nl ~1 ~honld be 0, I 'olt or tugher. 

S.llctlfil, : The a" enge sdectivilY is i Uch 
lhat the u lati"e attenuation i, 3 db lit J% off 
the I.esk to whicb the anulYf-cr ill tuned. 'fbe 
lIuc .. nuion i ~ at lelllil 35 d}, al Iwice the fre· 
'I'u:ncy to which the an~lrf-er i6 'n"ed, 

ell cu ll; The circuit oon~i8 t8 of a three-Mage 
II n'l' lifier made &elective by tl1<: nije of degener_ 
alion. and un al'I IN/I" ",ateiy logarithmic 
vacuum-l ube voltmeter circui t. "hicb a 1l0wa a 
range sl,ghtly in exCe;MI of 10 decibel~. or tOO 
to I. 10 be read on the mCl.ef llealc_ 
M.I . r : The i"di{!;oting meter i~calillf3led down 
10 1% o( the (undllmenul for ]nudesl com_ 
1'0111'111 of th .. 1IO .. "d, A d~-cibcll!(,. le is al80 in
l'l "dw, u t c,uling 10 <1O .1('Cibe}' helow Ihe fun. 
.Iamenlal or 10 n" <:$I. OO1l1 l)Onel1l . 
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GENERAL RADIO 12 

T,t. phonu: A jack i ll r, rovi.led on the pnnel 
{or pln!;f:ing i .. /I pair of .ead tdephone!!. ,II or. 
der to li~ len to t he actual eomllQncnt of the 
60und 10 which the ;oBtrUlncnt;8 t uned. Thil i~ 
.li!O merul ,,-ben U5i~ the analyur 1111 • bridge. 
h. lance indicator. 
Tub.s: Thref' I [l4G- and oue 1 fo"'7G V t uht. are 
required. A neon regulator tube is a l60 u!!ed. 
1\ complete 8et of tubell ill . " I'I,lioo with tI' e ;,\
Blrumtllt. 

Bltt er les: The batterietl recluired are four 
Rurp:eiiIl No. F:!B P 3_voll baUerietl, o r Ihe 
C(lu,valcnt. alltl three BurgeN No. Z30N 4';
"olt baneriee, or the equ;valr nt. A rom p.rl_ 
ment i~ prodded in tbe clue or the .nalfur (or 
holding aJ1I,UlericB, and connectionB are :1016-

matieaUy made to the bl tterict .. 'hell. the cover 
of lhill compartment ill dOlled. A sct of b. t. 
t erieti i ll included in the price ohhe ill.ll tmment. 

Cue : The al.aly~cr i8 L"il t into a shielded 
currying cue of a irplane. luS/:"IISe construc tion. 
covereel wit h a d urable blaclt waterproof rna· 
teria l and equi]'ped .. i th ehromium-],tatN 
com crA. clu~. e tc- Thi, case ha, I~n deeign«l. 
to comhine durability widl lipht waghl and 
good IIPllearance. When Olleut,ng theanalpit:r. 
the cover ;A ortlinnrily remo.' ed. An addi t.onal 
JUllldle is provided on the panel o( l ue ins t ru_ 
ment {or eonvenit' .1CC in moving it about wu iJe 
it i8 in ol~ra tioD, 

Ol m. nslan5: (Length) 15 ~ (width) 10 ~ 
(beight) II !; inch~ over.ail. 

Ne] Wel, hl : 37 pound~. with hlltteriee; 30 
pound!!., .. i, hotH l)aHeries. 

COile 11"0,,1 

760.'\ I. . . . ..... .. . ....... 1 
Set of n'I,laeement balteriee (or above . . . . .. . ...... . '. . 

5260.00 
8.00 

Tb it ;"., ......... M 10 ........ rae • ....,.! ..... lOki .... Jet pO'e"" of.he A_ieo" Tde"'- ... d Td .... pI, C<>n,,,,"",,, """"I, lOr 
.. "li"",i<In;n ._ .... 1,. in, .. ,;,.,;"". ""' ....... _n ...... i",. l""m"."'" .n" J.. ... lopm ... ' ...... 1: in "" .... d oppIiW """"_. 
i •• d"d,,,. i"d ........... .1 .... i"""'n. 6 ••• 1 •. I·.,.n, .,,1 .... ,,1 f"". 

MISCELLANY 
• A LIM I TED N U M B E R of re
prints is avai lable of the article by D . U. 
Sinclair, ent itled " Parll llcJ Jl esonaoce 
Methods for Precise Measurements of 
Il igh lmpedanoos at Had io Frequen
cies." T his article appeared in the De
cember. 1938, issue of the Procecdi,,!,s 
of the l .R.E. 

• A TAM E E TIN G of the student 
section A. l .E.E. at t he Universit y of ..-.... 
Wisoonsi o on J anllar), 12,1939. Martin 
A. Gilm an oC the General Radio engi 
neering staff was the speaker. His 
subject : "Problems in I nsl,rumeo'l De-
sign." 

TILE Gen eraL Radio EXPERIMf;NTER is mailed u:it,h out c/wrge c (le h 
111011 tit to en g i" cer N, scient.illt.s. technici(l" s, uri cI ot.ll crJl ill t cres ted in 

CO IIUtiurtif·u t ;ou.jrecluc n cy mcasure m.e'lt and cont,rot problem s. If'I, en 
sendinG rCCI' Jes Ls for s llbscriptiOlI S (Illd mldress-clwrtge ,totices. precIse 
s tlpply tll eJollo u;;nG illjorm{jt,i.oll: 1(t"lIe. com/XlII)' II"me, compfHl)' ad
dress, typ e oj bu siness company is en gaged ill , mid t itle o r pos ition of 
indi vidual. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGIHEERING OFFICES 

90 WEST STREET. HEW YORK CITY 

ltOO NORTH SEWARD STREET. lOS ANGElE S, CALIfORNIA 
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