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QU lET , 
. " HOW QU IE TlY IT RUNS'" 
We of len heM Ihis comment rcgllrdin g 
the m OSt flOpular makes of all mechan­
ica l de .. ices ranging from automobiles 
and rdrigerators do" n 10 the cheapest 
of gadgets. In fact, we hale reached 
the 8111 ge ",here we take it for gra nted 
,I. a l the products of the better 1..110\\11 

IIIUl\ufu('l urcrs ",ill gilC entirely sa tis ­
fac tory performance. and often the de­
!·iJing factor bc lIlccn variOliS lIIakes is 
only the (Iuictness with \1 hich the 
C{llliplIlclIl ope rates. 

The I)8Jchological and physiological 
errC(:ls of noise hUl'C been the .. uhject of 
a cOIIJ,l iderahle amount of analytical 
s tud , ,I Qllalilalil'cly. c\'cr) onc recog­
nile.; their cX"iSlence through personal 
experience .... ~th noisy appliances ill the 
home IUS \\ ell as in the offi ce and fac· 
tory.2 To meet the demand for (Iuiet. 
ncss, lIlunufacturers have not. only 
designed mechanical equipment to 
Ol}f'rate quietl ~· , hut have tried to 
deaden any remaining sounds through 
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the lise of soulul.absorbingaud -insulat· 
ing materi als. 

This interes t in the reductioD of noise 
has created a Deed for mcasuring instru­
ments and has fostercd an entirely new 
industrial application of science. com· 
mercial noise IIIC3surrlllcnt. 1I Iany 
types of sound measuring equjpmcnt 
involving various principles of opera­
lion have been dC\'cloped in order to 
prO\Tide indus try lIith (Idinite and re o 
producible reudings to act as a basis of 
comparison he t\\cen different sounds. 
Ma ny of the early me thods invoh-ed 
matching all audible tone lIi th the 
measured sound .' This arrangement, 
ho ..... ever. relied npon the ear and the 
judgment of the operator, bolh of 
which are ralher variable faclors . T he 
need for simpler and more reliable 
C(lui plllCllt rapid ly hrough t for th a 
lurge nnm ber of various " noise meters" 
or "sou nd lel·eI meters" whieh im]i· 
cated directl y on a meter the Iota I 
sound level , giving a reading totally 
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independent of the j udgmen t or hear­
ing ca pacity of the operator. 

Basir.a ll y, tI noise meter, or sound 
level meter, as they are now more gen­
erall y called. cousists of a mif'ropllOne, 
an amplifier. and some sort of irulicat­
ing meter wh ich will respond to the 
audio-frequency voltages oLtained 
from the ampl ifier. This Bystem is 
sllOwn in Figure 1. Since the huma n 
ear docs not respond e{IIUJlly to a ll fre­
quclll'ies, it is desirable to adjus t the 
over-all frequency response of the 
sound -measuring equ ipment to npprox­
i1nnte Lha t of the human ear. Also, 
s ince II wide range of sound levels mus t 
be measured. the amplifier gai n should 
be adjustable, or suiLable a llenuator& 
sbouJd he incorporated into the cir­
cuil ,80 that a reasonable fl cfi eetioll CDn 

he obtained 0 11 tbe indicating meter a t 
alllM·els within the range of the equ.i p­
ment. Practicall y a ll modern sound 
level me(ers operate on the same prin­
ciple and difTer mainly in details of 
design. 

Because of the relatively high price 
of some of the first complete outfits on 
the ma rket. many manufacturers of 
mechanica l dC"iccs used merely as-
6Clllblies of s lalldanl micr0l'hones. 
am plifiers. alltl po, .. er-le \·el.indic810r 
meters "hich pro\'ided approxi ma te 
measurement s at but a fraction of Ihe 
origill il l COS t for the equipment.· This 
method gavc useful result s for measur· 
ing difft'rellct's in noise level. but " liS 

not eonvcnient for absolute measure· 
Illcntl hef'a U5e of the frequent anrl in­
convenient calibra tion procedure nr-c. 
essary for sudl work. Unfortunatel), 
some of the first sou nd le \'e1 meter .. 
shared th is sallie disadvantage. 
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Early types of sOllnd -measurin~ 
equipment gave manufacturers of 
mechanical de"it.'eS and Bcous tical ma­
(f'riAls a COIl \'cnient meaus for COlli­

pAring their products with those of 
other makes anti. except in a few bor­
der-line cases, the readings obtained 
actually sho"ed "hida product was the 
best from a s tandpoint of quiet ness. 
Lack of s tandardizution, ho\\'e \'er, 
made it impossible to compare readings 
made with different types of meters be· 
calise of their differing charact.eris tics. 
This was of no grellt import ance at 
first , but when it besan to seem desir­
able to incorporate noise level data in 
purchllsc specifica Lions. ami wIlen man­
ufacturers began to advertise the low 
decibel ratings of their products, the 
need for s tandardization beca me ob­
\-iolls. Un less tbe tYl)C of noise meter 
and the condil ions under which t.he 
measurements ',cre made ,,"ere care­
£ull y speci fied in each case, the noise 
ratings were praclif'ally vu luelelSs, sin ce 
it "' as im lJOSsihle to tlupl icate the read­
ings or to compare thelll sa tisfac torily 
wit h the ratings of othcr manufac_ 
turers. 

" Iany early t)pes or noise meters' 
read directly in decibels a l>o\-e the a v­
erage thresl,old or hearing al ] 000 

I'ydes (approximlltcly 0.45 millibar) 
and eontai ned II sin gle weighting net_ 
" 'ork giving an over-a ll frequency re­
sponse not grea t ly lli ffcrent, t1lrough­
Ollt the most importllnt parts of tlle 
range. from the low Icvel cll8racteristie 
specified in the new s tandards. There 
was, ul'vertheless, no general agreement 
a lllong manufacturers and users of 
noise meters regarding reference le \'els 
and frequency cbaracteristics. The "a-
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rious levels cons lituled only a minor 
annoyalU,:e, since it wail l}()5sihle to 
~ompare readi ngs taken wi th res l>ect 
to one le\eI \,ith readi llb'S referred to 
anotiler level by merely addi ng Of' suI,· 
tracting a fIXed numLer of dccibels. For 
insta nce, l!nother common rcfercllce 
level at Ihat lime was ·1 millibar, which 
is appro~ illl ll tely 7 decibels hi gher Ihall 
the average th reshold of hea ring . .A 
lIIeter ca lihr3 ted in tllis malillcr read 
7 decibels less 011 any gi,·en sound, pro­
viding, of course, that the ins truments 
\'ere alike in other rCSI>t:cts. 

Unfortunately, howe '-er. t"'O dj{­

reren! makes of meters " 'ere se ldom 
uLike ill ot her characteristics. J\ny up­
preciahle di fferences ill CrC(IUClicy I"har­
actcristics produced "ariatiOll il in rend­
ings for wh ich it was almost illlpossi lJle 
10 (:o lll pensate. Furthermore, practi . 
ca lly all of the microphones used hud 
prono un ced direc tional propcrli es. 
th at is, their response a t " 8rious fre­
quencies depended upon the direction 
frOIll which the sound was coming, In 
some applications, it wail possible to 
point the microphone at the source of 
the noise, thus minimizi ng directional 
errors. b ul fo r measuring soulld ill au­
tomobiles, a irplanes, e tl' .• th is was irn · 
possible. since the sound was comin g 
fronl a ll directions. 

A s a conSC(IUelu:e noise measure­
ments made witL dilTereu t types of me· 
ters could be (.'Omparcd oLlI)' "cry 
rough ly, ifat all. Tins situa tion was, of 
cou rse, well understood hy both 1IJ1111 -

ufact urers and IIsers of noise mclers, 
hul \\'us Ihe cause of cOll sillcrll l,lc "011-

fusioll a lllong consumers, 
As II result of this si tuation, the 

American 5 t tlndards Ass(wia lion, a t the 
reques t 0)( the ALXtus t ical Sociel y of 
l\lIIerica, uuder took to dCHlol. a 6f!1 of 
standards ror noise measuremeili s and 
for sound le,-c1mc ters.' Pruclica lly all 
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companies iut erc.uerl in souml level 
measurements, ei tLcr as manufacturers 
or as users of the e(luiplllelll . were rep­
resented 011 the co.operating com­
mittees, and a ~t of teillat i,'c stalld­
anls has re('entl, been Il l,proved, The 
rapidit y " 'ith \\ hich the lie"' s tandards 
are Lein l; adopt cd inllica tcs the general 
desire 10 clarify the sound· measur in g 
situation. Apparently no serious rlilli · 
cui ties are L1,ling ellcountcrcd ill meet­
ing the important poillts in the new 
standards aud. accordiugly, itshould be 
IJOSsihle to compare the readings made 
with tbe lie'" sound le,'e l meters ",-ith a 
sa lisfactor) degree of accuracy. 

The most imllOrtuul of I.be stand ards 
adopted by tbe committee concern 0 ) 
frequency charactcristic, (2) rcfe rence 
le,-c1, nud (3) indicat in g instrument 
characteristics. Furthermore, standa rd 
methods ,,'ere speciGed for determining 
the degree to whi .. h any ins trument 
complied with Ibe stanllard 61>t:ci ficA' 
t:lO IlS, 

The frequency c\Jarac teristic speci · 
fied {or a ll noise meters is that shown in 
Figure 2, Cllnc A, If more than one 
frequency response is provided, th at of 
Cu rve n or a flat responllC or bOlh may 
be used. 

The refcrenee le,'el adopl e(1 is 10_15 

watts per square cen timeter at tOOO 
cycles in a free progressive wave. 

The dynamic cbaracleri81ics uf the 
indicating instrument Rre 80 spe-.:ified 
tbat the differeuce in ilHJiea tion ob­
tained be t"een short , transient sounds 
ami s teady soumi s approx im al.es the 
effect on the ear. Even before the I CII ­

tati vcstalldards were fina lly approved. 
their in fluellee was already noticea ble_ 
parlicularly in regard to referellee le'"el. 
aud the referellce IlOilll fina lly a p­
pro\'cd by the cOlllluitt ee, numcl r. 
l ()-l ' wa tls I>t:r square centimeter a l 
1000 eyc.1es per seeoutl, wail ra pi dly 
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fl~lJKB 2, Frequency cb.racleriAlics "I~ifieo.l Ly thp A.S.A. CU'VdI A . nJ B are r~lively 
the 1IO-4:.lIet140 ,il, and 70 .H, equll l-kmdneM eonloun l1lOdified to uke aClOOu nl o r tbe t1iff«encf'1l 
l~tw~1I r8ullom anti normal rree-fieklthretllold6. A nowable lo let'II I1CeIo arc 8100"'11 by the Iirokl'lI 

Jines. 'I'1 .. :t" Ia n,,! toleranCN 'He "Uowed on II nat char~l' t eris li c 

ad0l'ted (or general use. To co-operate 
in the s tandard iza tion, the Geueral 
!l adio Company modifieJ its noise me­
ter and announced the TVPE 559·B.7 
This ins trumeut IIscd LI,le new reference 
level. wh ich meaut tlull (or a llY given 
80und i t read 7 decibel!!! h igber I.hanlhc 
eltrlier model. At Ille sume time, Ihe 
SClisi li"ity or the ins trument was in ­
creased appreciably. The changes were, 
however, of a minor lIalure aud the 
earl ier Dlodels couh] Ire converted 10 
the la ter type. 

Hecog oizing, hOI,'ever, that a lIoise 
meter designed with the sole ui m of 
meet ing the new specificatious lIQuid 
he little be ller th an previous Olodels 3S 

far liS cOll venie llce, porlabi li ty. freedom 
(rolD maintenance dinleulties, alld silil' 
ilar cOllsiderutions were concerned, the 
General Radio Compa ny has (or some 

time been working 011 ti ll improved alld 
unusual t}1>C or noise rueter which is 
the result of carerul 8111t1y to t1e termine 
e:uclly "hal type of ijQund·measuring 
device would best meet the Ileeds or the 
greatest number o( customers. 

Mechan ically the IlIc ter is arrnuged 
for ma."imulll ronvenience, including 
the use of aCces9Qries such as a vibra_ 
lioo pickupB, with a minimwn of oper­
a tiog controls. The type of microphone 
used - and its method of mounting ­
minimize diret:liollal effects . . Bllil eries 
are carried inside the cahillet, ye t the 
entire ins trument is light in " 'eight and 
easily portable. 

Permanence of calibration over II 

wide range or bll Llery voltages and a 
simple means of checking and rese tt ing 
Ihe seositi vity urc fea tu res of the clec­
Iril:al design. A wide rangc of sound 
levels is coverel!. (lrovisiOIl for selecl­
ing uny one o( the Ihree frequenc) 
characteris tics sl>cci fied by the A.S. A_ 
assures its acceptalU:e for a ll typcs or 
noise and SOlllulmcasurcmenl. 

The last reature, and olle of the mos t 
important. is low price. 

The lie" TY!' E 759-1\ Sound Level 
~\l e l er will be completely descriilcd in 
lie,, ' mon th's E:rpcr;mcmer. 

- U. II . SCOTT 
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A GENERAl · PURPOSE AMPLIFIER 

.FEW INSTRUMENTS are morc 
useful ill Ihe (..'O lIullllllicaliolis labora ­
lOry than a high.gain ponable ampli­
fi er. In addition to it,; use in increasing 
I he 8Cllli; Ii \ i Iy of bridge balances. tltere 
urc 1111 almost uulimited number of ap­
plicutiolls where a few extru decibels of 
ga in an! rCflllited. For IIIllximulII con­
\ cnicllce. Ihe general-purpose Illllplifier 
sha ult! be 8J11all , lighl, aud readily l)('.Ift­
able and should have 811 high a ma\ · 
iDlum ga in as is consistent "jIll a good 
&C(IIIf'II(,Y charac teristic. The output 
1)O\\ er should be sufficient for operaliug 
hritl ge tlclcclors, such as a pair of 
phones or an oxide-rect ifier volt llle ter. 
II is also tlcsirablc lhal the maximum 
outpUI volt:l ge be sufficient for rCBson· 
ahle ucOccliol18 on a cathode-ray 08· 
cillograph. 

The II(m TWE 814.A Amplifier is an 
C-l(ceUent general-purpose ins trument. 
Be<:allse of the use of 2·\0It peutodcs, 
tbe ins trulllcnt, in spile of its high ga in. 
has a very low lIat.tery llraiu , lind "ill 
opcru tc satisfactorily from small dry 
batteries, fDr "hieh pruvision is IIllidc 
within the cabinet. The amplifier is 
of the re8 i81alu~c -capacitance couplell 
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L) pet eO\erillg the range from 18 c)'des 
to 10.000 cycles "itll a variation in gain 
of less than ± 2 db, although the total 
gai n, when operat ing ;lItO II high im . 
l>edance circuit . i8 abou t 90 db. When 
opera ting inl.o 20,000 Ohlll~, which is 
IIpproximately the impedallce of lin av· 
erage headset at 1000 cycles, the gain is 
lIf'urly 80 db. The amplifier is intended 
mainly for LIse "itb small input volt­
ages (less than 0.5 ,'olt ) . but a toggle 
switch on tbe panel a llow8 the use of 
input \'oltages up 105 vol18 "i11101l1 ap­
preciable dislortion. The gai ll is COil­

liuLlously adjus table by a lapered 
IIUCllualor. 

Qne unusua l fcature is the pro\' ision 
lIlade for inser ting a parallel resonant 
cirf'uil in the grid circuit of the last 
!! lage ill order to modify the frequency 
response of llle amplifier. A jack i& pro· 
vided on the panel for connecting the 
resonant circuit. This arrangemenl 
prol-i<ies eX Lremely good selectivity at 
lll06 t bridge frequcncies in Ihe audible 
range, rcsulting in diserimi nation 
agaillil t harmonic!! nnd a grea tl y dc­
creaged noise Itwd. Slnera l sLandard 
filt er units " ill Le 11\ ail able. 

FU;lIIu: I. " anel vie .. ' 
of tile T\'''!!: 814.AM 

A IIll'lifier 
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FU.!I]IIK 2. Frequency charactcriSliCli or T1'I' K 8 14./\ Amplifier "uder various loa.1 c:ondi l ion~ . 

Curvet A and B "'cre taken ... ith loadl or 1 megoln" ami 20,000 010"'8 r~pecli"cly wi ,1I tbe 
INPUT ,'OLT II:lt twi tch in the 1.oW 1>OF;I;<1 ... C U" 'eo; D and E were lake" .. ·;tlo Ihe Ba", .. load~. 

bUI with the t witch on IIIGIi . Curve C i. the .am", u Curw: B 1m' .. ilh th .. CAI"'- con trol 
lurlll'(l do .... " 6 db 

The Ilew Tl' I'E 8 14·A Ampli fier is 
sim ilar in appea rance 10 the older 
T YI' E 5 1 1~.j\ , ",hid} hu been on the 
market (or several years and whieh has 
proved c'l: tremely popular in COlllll lllll j · 

ca t iOIlS laboratories. The lIew instru · 
ment, howe\'er. prol'ides prlle tiea lly 
t\\ ice the ga in (in decibcl.s) of the olJer 
unit, 11888 tapered volume control, and 
pro,·ision for tuning. The maximum 
outpu t voltage from the new Ilmplifier 
is also somewhat larger. bei ng appro .~­

im ll tely 25 volt s nilS, ..... hieh gives II 

vcry sa tisfactory defl ection 0 11 the av­
erage ca thode-ray oscillograph" ithou t 
notirea ble distortion . In spi te of Ihe 
high gai n of the uew amplifier, the mi . 
crophonic noises a re actu a lly les8 than 
ill the oltler instrument , since the lube 
slwlf has been cushioned in rubber. 

The umpl ifier is supplied in t\\O 

814- ..... '" 
8 14~AR 

Cahinet Model 
Belay- lI a .. k " OIld 

I1 lOfl e ls, '1""1'1, 8 14-A~ I , which is 
mou nted 1/1 a w" lnu t t:ahinet, and 
T"I,t; 8J4-t\ n , "-hieh is arranged for 
relay-rack mounting. The cabine t sup­
plied on the T"I' E 8 14-A~1 con tain s 
space for a complete SCI of batteries. 
T he rela) -rack mounling model has an 
exl clU,ion on the righ t -hamJ side of the 
panel with provision (or moullting a 
rcc tifier-type meter. j\ compartment is 
a lso provi ded on the b:lI'k of this cs­
tension pune! for holdin g II sct of ba t­
teries. BOl.h m()(lcls Illn'c a rheoslll l for 
adjuSiing the fi lament volt age ami a 
l'oltmeter whirl! indirntcs filalll ent and 
pla tc voltages. - II . II . Scon 

-'VN; 811 .. A Amplificfs are available 
for inllncfli a te tlcli\ cry. All vacu um 
tubes and LUllcric~ arc included in the 
price. 

f'ria-

$97.50 
97.50 

Th .. , ... ","OIeft' io I_n-t "noo "",'en" of ,h& " ............ T . .. ,.no... .. nd Tel .... ,"" Com".." , 00101, ,'" g"liu " "" ,n 
...... . "'h. 1".· ... , ..... Inn. _ .. ,,, •• men'. , .. , ... ,. ;","..e,_ .. nd .... ... Iop"' .... "-OI"~ i .. fI"" o .. d .,."Ioed ode""",. 
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MISGELLAN'y 

MOOULATION MONITORS 

• AND T E 10 bronden!;! s ta tion engi. 
neers: Nove mber firs t is the dCiHll inc 
for insllIlIing 1II00Iul a iion monit ors. \\:le 
arc still ta kin g orders for the TH'~; 

73J·A. 

SALUTE 

• THE RCA REV t E W • II (Iuarlerly 
devoted to contemporary develop­
ments in tbe field of radio communica­
lion, made its first a ppearance in Jul) 
of Ih is ),car. T his jonrnal is ullrllcti "c 
in appea rance aod \\ell printed. The 
a rt icles ill the fl u l Dumber C<H cr IlI UIl Y 
phases of radio COllllllunica tion . It is 
puhlisl.cd by the il e A J nSlilul Cs 
Technical Press, 75 Varic'- Street, Nc" 
York Ci LY. 

COVERAGE 

.APPRO XIMATElY 60 Gcocral 
Radio primary standards of frc(lucncy 
are in lise in ] 8 coun tries includ ing the 
Uni ted States. Hussia alone h ilS 8 of 
these. 

CHANGE 

• BET WEE N the engi neering and 
prod uction depar tments of ac t ive man­
ufacturin g' companies there if! usually 
II continual banter over (1csign C' llIln ges. 
The production superintendent .Ireams 
of the day wheu I'acl! new onler '"' ill 
read " Iikc laSI lot" ,LIlli while a '\lliling 
the arrivu l of the fat nl (used ad visedly) 
day accuses (and " ith perbaps SOllle 
jus tifica tion) the design engineer or 
maki ng changes for change'S suke, LUi 
le t him nOt forget the philosophy of 
Francis Ilacon, who IHote, "Thai 
"hich 1111111 altereth not for Ihe be llcr. 
Time, the grea t innovator, a ltere tl. for 
tbe worse." 

CIRCULATION 

• EX PER I MEN T E R rellders, do­
mes tic and foreign, num ber over 
15,000. T his is a larger circula tion than 
, hal of any magazine in the radio fi eld, 
lI'i lh the CX('c ption of those published 
for amateurs and broalicasl listeners. 

TilE Gell ertll nu(/io EXI'EUIM E,Y7'Eil is rlwilcd u·irJlOut. dwrt!c em.·'1 
nto ,. tit to ellg i,l eers. sciell t;st.~ . ' ecl", icitl" .~, ulld ot h e rs ill ,,."'s tl'd i" 

ctJlnlll" ,"ic(ltio ,,-jref/UCllf'Y 1II f!(I S llrc m Cllt. alld co,, ' ro l l'rob'cm .~ . " " ' CIl 

SC1lfl;rlg re{/lws t .~jor sl.lb.~crip l. iml'" lIIul mldrcss-c /alli ge "olit·es. "letl .w! 
supply thc jollOl fJ ;IIg ;"jorll/o l;oll: tHllne , ctJm{lfillY IIl1m e, eOtlllJ(IfIY ud­
dre.~s . tY/Je oj bus;lI ess comJHlIl), ;s e tlguged ill . (/lI,d t;tle or fHJsition oj 
;udi l:idu cl/. 

GENERAl RADIO COMPANY 
3D STATE STRE ET CAMBRIOGE A. MA SS ACHUSETT S 

BRANCH ENGINEER tNG OFFICE - gO WEST STREET, HEW YORK CITY 
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