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GENERAL RADIO 2 

ER PHOTOGRAPH 
Measuring Vibralion on a Die el Tra I.el" wiLb ·the Sound-Le el M e·ter and Vibration Pi ·kup. 

THE NOISE PRIMER 

elN THESE DAYS OF SECRET 

DEVEL 0 PM EN T S there is much 
technical information ' hich cannot be 
publi hed and many new developments 
whi h cannot be ad erti ed for general 
sale. Trus is a good Lime, therefore, to 
pro jd addiLional information co ering 
in tru m nt and techniqu which were 
developed and kno' n before th war. 

With thi i ue, w b gin a hort 
eries of ar tide dealing with the 

mea urement and analysis of acousti 
1101 e and m chanical ibration. To 
many it wilJ be an old story, but fo1· a 
number of industrial u ers of General 
Radio ound and vibration m easuring 

q u ipm nL it may pro ide the an w r 
to many of their question . 

Bulletin 20 and 30 c·The Technique 

of Noi e Mea m·ement" and ••The 
T hnique of Noi Analy i ," re p c
ti el y) haw· been in print for er al 
years, and the G n ral Radio Company 

has al o publi h d everal other bulletins 
and Experimenter article o ering the 
general subject. However, mos- manu
facturers of und and vibration meas
uring equipment (and G eneral Radio 
is no exception) are in lined to o erlook 
as obviou many small details of theory 
and procedure hich baffle th umn
itiated. Th e article ar , therefore, 
both an apology for thi ••e eryhody
ought-to-know-that attitude and a 
r al a ttemp·t to help th many who ID 
l he pa t have had no mor r ason to 
kno' about sound measurements than 
the communi ations engineer has bad 
to know about blowers or tm·bine . 

Mo t manufacturer are convin ed 
that customers never bother to read 
in tru tion books. Not to d feat their 
purpose, then, the e articles must of 

b bri f, and ' e onl hop 
e ha en 't left ut an thing of 

real ju1p r tan e to you. 

PART I- TO BUY OR N OT TO BUY 

(Tf you don"t have a high p1inrit 'rating, reading thi part may be a wa ·p of time.) 

Treati e on ound and ihration 
mea. urem nt generally tart with a 
long-wind d d" cu ion a to their im
portance, but thi i now 0 wen known 
that we shal l a sume that you wouldn't 
be reading thi at all if you 1veren't 

on inced. We hall ther fore d.i pense 
with all unnece ary formalitie . 

'I'he aura or mystery whi h ur
r uncled earl ound measure1nents ha 
gradually been di i ated. The long-

haired cienti t who wa ed the micro
phone, gazed at the meter, went into 
a trance and came out with a lot of 
mysterious number ha gone, along 
with the notion that ability to tolerate 
no1 e 1 a mark of giant brain p wer . 

There i till plenty of " ork for the 
o uhant -on problem of a ·tempo

rary or unu ually diffi ult hara ter, 
but all measurement connected 1'\rith 
the nonnal de elopm nt or manufa -
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3 EXPERIMENTER 
ture of a product are no'v generall 
carried out by the manufa tur r' o n 
engineering or production taff. 

If, in the design, manufa tur , or 

ale of your roduct you ha e r gu
l arly to mea ure or to analyze noi e 
or vibration., you o · oth r in your 
organization houl d be abl to make the 
m a urement qui k l y  and accuratel . 
For horte · job , you must balance the 
o t of th equipment (which j now 
urpri ingl y  low) and the time again t 

th po ibl e  con ul tant's fee. One imp r
tant thing to remerrtber i that, on e the 
equipment is pur based, you ha e it, 
and it wil l  also b v ry u eful ,  p rhap 
inval uable on future probl m . The 

demand for quie Lness and freedom from 
vi ra Lion is be oming mor in i tent. 
Do not, th refore, as um that your 
presenL problem ar onl t porary, 
or that you ' ill n er ha· any more 
like them. Do not d n ·our organtza
tion -Lb ad an tage no' of omething 
you wi l l  pr babl ne d e n mor a 
time goe on. and vibration are 
not I r ly ann anc ,. hich may 
aff. t th al f a product or lower 
the ffi ien of a work r. They are 
of ten e · dence of defects in design and 
manufacture which eriousl y  affect the 

life of the equipment and in many cases 
the afet y of t.he u er. 

PART 11-T HE S 0 UN D-L EVE L M ETER 

Similarity to Ear 

The ound -le el meter or, a it is 
oft n called, th noise meter, is essen
tially a devi e for measuring the ampli
tude of rapid alternat.ions in the air 
pr s r . It does not measure the fre
quency, or pitch, at whi h uch alter
nation take pla . When th e a lterna
tion oc · ur  within a rtajn rang of 
frequencies they affect the ar and a ·e 
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GENERAL RADIO 4 
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its limitations the sound-level meter is a 
most useful device, and certainly the 
best thing for its purpose which can be 
de i ed at the present time. 

As an example of the many compli
cated characteristics of the ear, Figure 1 
shows the familiar Fletcher-Munson 
curves, which are constant-loudness con
tours of the average ear in terms of 
frequency and loudness level. These indi
cate that the frequency-response charac
teristics of the ear are not constant, hut 
vary with the loudness of the sound. For 
instance, at low sound levels the ear i 
relatively insensitive to low frequencies, 
hut at high sound levels it heare them 
almost as well as the higher frequencies. 

The best known make of ound-level 
meters are more or less alike. They are 
alJ intended to follo the tandards as 
set forth by the Anierican Standards 
Association,2 and with the pa sing of 

, , 
, ' 

, 'i> 
�"I , , , , ' 
/I 
I 

"'v-
/' 

I /� 

)-/ �, 
/�/ 

/�/ 
)' 

TOURAHCE ::::::. -- -
-

- 1-- -,..__ -
.-

,� ..... -- ....._ 
·' 

-.:-- -
r-r-.� � ........ A 

- I LO'w"W lEV£.L.. W'EHiH"TING 
'-... Cf-IA.QACTERISTLC3 40dl 

DC.S�N �Jf.C"T'l'I(� 

� 

time all leading manufacturer ha e 
adopted similar mechani al and operat
ing features. or most purposes they 
may be considered interchangeable, but 
in om few cases their readings wiU 
not be identical, although the meter 
may all meet the tandards. 

Microphone Limitations 

A glance at Figure 2 will show one 
reason why this is so. The tolerances, 
which may seem excessively wide o 
tho e pre iou ly unacquainted with 
acoustical measurements, are made 
nece ary by the limitations in a ail
able microphones. Most microphones 
were originally designed for use in the 
reproduction of music and speech and 
are not for purposes of quanfrtative 
measurement. There are many factor 
entering into the reproduction of speech 
and music (such as the ear, room acous
tics, and the properties of the instru-

ments and voice) which make 
it usele s to maintain an abso

r-.r-. 

lutely flat or smooth frequency
amplitude characteristic in the 
microphone, particularly if it 
mu t be obtained at the ex
pense of sensitivity or other 
desirable properties. Hence the 
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FtGURE 2. Design obje ti e fre
quency-re pon curves between 60 

and 8000 cydes for sound-le el 
meters as specified b the merican 
Standard As ociation (Bulletin 

224.3-1936). These standard do 
not specify the respons below 60 
c cles. Tbe extended curves repre

s nt present practice as followed b 

the General Radio Compan in the 

TYPE 759-B Sound-Le el Meter. 

-2010 30 60 100 300 1000 3000 IOPOO 
f'REQUE:NCY IN CYCL.t:S PER St:CONO 

OVERALL FREE FIELD FREQUENCY RESPONSES 
AND TOLERANCES FOR SOUND LEVEL METERS 

AS .S .. IEClrlfO IK THIE TEf'olTATl't/£ STANDARD$ 
or THC llr.MCRIGAN .STANDAROS A550CIATIOH 
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characteri tics of tandard microphone 
types vary considerably from a straight, 
fiat line, particular]y in th extreme 
upper and lower parts of the audible 
range. While, in many ca e., the micro 

phones used for sound measurement are 
improved in this respect over those 

omm.only used for broadcasting and re 

ording, the perfe t microphone i yet 
to he developed, and present types all 
represent a compromise in order to get 
the b t po ible combination of good 
frequ ncy respon tability, rugged
ness , and sens1 t1v1ty. The tolerance 
curves of Figure 2 repre ent the maxi
mum deviations from a given de ign. 
objecti e to be expected with the best of 
present microphone types. So far a t he 
electrica] circuit m the sound-lev 1 
meter are concerned, it i po sil)le to 
make the e follow any particular charac
teristic with a high degree of accuracy. 

The microphone, th n, · s the weake t 
link in the sound-level meter, but the 

ituation i actually much better than 
the toleran cur e would seem to 
indicate. Figure 3 how , in ol umn 2, 
the relati e ound pre ure m a erage 
noi e for the arious fr quency band 
tabulated in column . It wiH be noted 
that he high frequencies become pro
gre sively l importan , so tha t for 
most purposes components aho e 3000 
c cle ma be omitted altogether with
out erious error. Since a sound-le el 
meter, in order to meet the standards, 
must have a certain amount of re ponse 
up as far as 8000 cycles, it follow that, 
for sound of g neral character, it will 
read quite accuratel y, providing it has 
a good low-frequency respor e, which 
i mu h more important. 

FIGURE 3. Chart of the relative contribution 
to total noise level made by 100-cycle band 
over the frequency p t1·um., a ohtaiaed from 
anal of noi es of a general character. (From 

A.S.A. Bulletin Z24.3 - l 936.) 

5 E X P E R I M E N -T E R 

Of ourse, there will always be ome 
ound with strong components above 

3000 ycle or at very low equenci 
and it is on this type of ound that the 
greate t error will generally occur. The 
most seriou di crepanci s among dif
ferent meter type gen rally happen 
when a strong ompon.ent i at a fre
quency where one microphone has a 

alley in i s re ponse urve while the 
oth r has a peak. s an extreme, at 
8000 ycle a possible difference of 
15 de ibel could re ult from thi cause 
alone with meters meeting the standards 
·n every wa . In actual practice, how
ever, difference e en a fraction as large 
as this are uncommon, and occur only 
in exceptional cases. Al o, errors from 
this au e may h almo t entirely elimi
nated through the u e of a analyzer and 
a calibrated microphone, as will be 
de crib d later. 

A. S. A. F r e q u e n c y 

Response Curves 

ow that we know th wor t that can 
o ur, we can forget it for a while and go 
on to more practical and important as
pect of the ound -level meter. It should 
be noted that the cur e in Figure 2 
h ar a clo re emhlance to tho e in Fig 

ure 1 and were actually d rived there
from. ince the A.S.A. ommittee real
iz d that it was n ither de irable nor 
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GENERAL RADIO 6 

practical to duplicate th ear re pon e 
actl , the curve for two repre enta

ti e 1 v 1 ( 0 an l 70 db) were taken 
from F igure 1, mo ifi d for random :free
field r pon and mo thed.3 The fiat 
re p n (C) wa added for u where 
mea ur ment of actual phy ical ound 
pre ur ' ere de ired and at er high 
sound le el , where the ear re pon e i 
fairly on tant. 

In addition, the A. .A. tandard 
(Z24.3) define 
specify o th r 
mi rophon 

ariou t rm and unjt , 

tol ran e , and how th 
t be alibrated. Many of 

these point will be di cu ed in later 

article . The tandard are the re ult of 

ome ar experience in the d esign , 

manufacture, and u e of ound-level 

me ter . •  and are now in the proce of 

re is10n in some minor d tai Js. These 

revi i n. are no t o f  th natur that will 

make pre ent t., p of meter ob olete, 

however, but rather bring the tandard 

more in line ith what can be ac om
plisbed in th pre ent tate of the art by 

the leading manufac turer . C mplete 

information regarding the modified 

tandard wi ll be supplied as soon a it 

1 available . - H. H. OTT 

(To be continued) 

REFERENCES 

lThese cun·e are n w in · rpora led in 'the merican tandard for oise Measure1nenl, Bulletin Z24.2-19:1.2, publi hed 
h> the merican l"ndards ssociation, 29 est 39th treet, Tew ork, . . (pric 25 cenl'). The were originall pub
liFhed in a pa1 er b} liarve' Fletch r and . Mun on of the Bell Telephone Laboralorie e11Litled "Loudnes , IL Def

inition, 1easuremenl, and CalculaLion" and published in Lhe Journal of the con tical ociel of meriea, ol. I, o. 2. 

pp. 82-108, ct. 1933. Cun es of a similar nature, but based on eadier dala, were pub I is bed by B. . Kingsbury," Direct 

mpari,;011 of the Loudnes of Pure To'n ,"Phy ·icaJ Review. Vol. XI , p. 588, 1927. 
The li'J t 'ber-J\.1unson C'UrYe w re bas d on a group of indiv iduals ' hom later experience bas shown to ha e somewha l 

helter than a eragc bearing. fore r cent te ts, aE report d by Dr. Fletcher, have indicated that for the average person the 
thre·h Id of hearing i omewher between 10 and 20 pbons. 

2 meric:in T ntati e tand:irdK for 011nd-Level M t rR f r the 1eaimrem nt of oi e and O ther ound ( . . . Bulletin 
Z2.t.3 - 1936). 

:\Th curve in Figure l repres nt rneasurenient made on one ear al a time (monaural) with a plane wa e - that i , 
a wave slriki11g Lhe ear at a Hingle given angle. The irregularities abov 1000 ycle are due in lai:ge part to diffraction 
effects caused b the shape of th h ad or the outer ear. The cur e. in Figure 2 ha e b en m rJj(ieJ to dupli ate a nearl 
as practical the rcsµonse of Lhe ear to sound an-i ing equally from all dir ction . The Hrl othing allows the ur to be 

more ea ily duplica Led by 1>impl electri ·al cir uits and is ju Lified hy th fa t Lhat binaural hearing eliminates many of 
the irregulariLies pre>< nt in th• uneE of Figure J. 

SUBSTITUTE BATTERIES FOR BATTERY-OPERATED 
EQUIPMENT 

e THE PRESEN T DIFFICUL TY 

m btaining new halt ri above th re
quir m "'D t for curr n t in trumen t pro
duc tjon ha ne ·e i Lated a curtailment 
of our regular policy of maintaining a 

tock of r pJacement , and u rs should 
try to bu., Lh m lo ally . 

The Landa rd ha tterie. recommended 
for General Radio in ... t1·urnent may not 
b a ailabJ in ome locali tie . ub. titu
tion of diH rent type r combina tion 

of di fferent type are qui te permi ible if 
certain precaution are ob erved. The 

uh titute mu t have the am vol tage 
a the tandard ype and b apable of 
d Ii  ring as n1uch current. When these 
are moun ted externall the lead used 
mu t be a t  1 a t as large a th onnecl
mg Jeacl in the in trum nt . In ome 
ca , shi lding i nece. ary. The follow
ing table hould be helpful if the tancl
ard batterie are not readil a ailahle. 
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7 EXPERIMENTER 

SUBST ITUTE BATTE R IE S  F OR BATTE RY -O PE RATE D E QU I PM E N T  

419-A 

544-B 

613-B 

625-A 

650-A 

723-A 

721<-A 

727-A 

729-

759-A 

759-B 

760-A 

761-A 

814-A'M 

8H.-AR 

Type 
Wavemeter 

Meg hm Bridge 

Beat-Frequen 
0 cillator 

Bridge 

lmpedan e Bridge 
Vacuum-Tube Fork 

Wavemet r 

Va uurn-Tub 
Vohmet •r 

Megohm meter 

ound-Level Meler. 

Sound-Level Meter 

Sound nalyzcr 

Vibrati n l\!Ieter 

mplifi r 

Amplifier 

Batterie 

1 No. 6 Dr. Cell 

2 o. 6 Dry Cells 
3 Burge 5308 

2 o. 6 Dr Cells 
3 Burgess 5308 

2 Burge 2370 

4 o. 6 Dt-y Cells 
1 Bur<>"e 4FA 

2 Burge Z30N 

1 Burgess 4F 

3 Burge 2 < (1.5-voll) { 2 Burgess 'V2 0 P l (30 ) f 
1 Burgess W58 P (7 .5 ) 

1 Burg 2 F2II (3 ) } 
2 Bur� s "W30BP (22,Y2, 

4!:> ) 

2 Burge 
2 Burge 
1 Burge 

l Burge 6T 60 

3 Burge Z30 T 
4 Burge F2BP 

1 urge 6TA60 

2 No. 6 Dr Cell 
3 Burges 5308 
l Ev ready 950 

2 Burge 4·FA 
3 Burges Z30 
1 Bur.rr s 2370 

} 

} 

) 
) 

) } 

Possible uhstilutes 

hortage unlikely. 

Shortage unlikely. 
1 90- olt bl ck and 1 4,5_ 

volt blo k, mount d ex
tcrnall . 

Shortage unlikely. 
Any 135-volt combination, 

mounted ·t roall , if 
neces ar . 

n 4._5_ oh combination; 
dry cell ar ati factor 

Shortage unlike I . 
1 No. 6 dry ceJJ, mounted 

ternall . 
n combination upplying 
90 olt ; lead mu t he 

ho rt. 
I ot recomm nded; any 

change in dimensions or 
location will affect th 
calibration. 

Ext rnal baucri 
sam vohag 
us d, Lut 1 ad 

hort. 

Sec T PE 727-A. 

gi ing Lh � 

can h 
mu t L 

If tcrnal batteries are 
u ed, bauery b ,· mu t be

hielded and lead must 
b hort. Batter ho 

hi ld mu t be n n ted 
to in trument hi ld. 

Jf e Lernal hatterie ar 
u ed see TYPE 759-A, 
abo e. One user has re
port d that two small 45-

olt batteri and ne 
J .5- olt unit, which will 
fit in the Latter compart
m nt, can be obtained at. 

ears-R ebuck r e t a i l  
tore . 

T -PE 759-A. 

See TYPE 759-B. 

Shor.Lage unlikely. 
n J 35- olt combination. 
ny 115-volt Ra hlight ce11. 

am a TYPE 814-1\, 
above. 
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GENERAL RADIO 8 

ADDRESS CHANGES AND 
"EXPERIMENTER" 

ADDITIONS TO 
MAILING LIST 

THE 

e W E H A V E R E C E I V E D a nUin
her of complaints lately from Experi
menter readers who have not received 
the last few i ues of the Experiment:er. 
We regret the delay in making addres 
change and in adding new name to 
our mailing li t, hut the cau e is entirely 
beyond our contro. Owing to the press 
of other war work, the company that 
cut our mailing list stencil is unable to 
give u deliveries better than 60 da 

n some ca e , Experimenters are 
delayed where no addre s change is in
volved. This i usually caused by a dam-

ag d tencil� whi h nece . i lat Lh "' 
utting of a n w one. 

We can only a k your ·n ulgen e, 

and we wilJ do our he t to ma e the 
delay a hort a po ibl . When . our 
new stencil · received, ha k i u that 
you have missed will be mail d to you 
automatically. 

number of reader� who addr 
ar on tinually changing b cau e of war 

on dition are now having the Experi
menter sent to th ir home to be for
ward d. This is an e cellent wa to b 

ure of recei ing all i u . 

DI SCONTINU ED IN STRUM ENT S 

In order lo con er mat rial and facilitie nece ary for th production of m ore 
urgently n eded quipment the following it ms hav b n di o n tinu d: 

TYPE 449- dju table ttenuato 

TYPE 713-BR Beat-Fr quency Oscillator (Relay Rack 1 del) 

Th TYP · 713-B- (Cabin t Mod 1) i l:ilill in regular l rodu ·tion. 

T
HE General Radio EXPERIMENTER is rnailed without charge each 

month to engineers, scientists, technicians, and others interested in 
conununication-frequency rneasurernent and control problems. '1J7hen 
sending requests for subscriptions and address-change notices, please 

supply the following inf orrnation: name, company name, cornpany ad

dress, type of business company is engaged in, and title or position of 

individual. 

GENERAL RADIO COMPANY 
30 STAT E STR EET CAMBRIDGE A, MA S SACHU SETT S 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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