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PART Ill 

THE DEC I BEL- WHAT IS IT? 

e IN SOUND MEAS UREMENTS 
the results are expressed in decibels. The 
higher the number of decibels, the louder 
the sound. Zero decibels represent 
roughly the weakest sound which can he 
heard by a person with very good hearing. 
In practical noise measurements anything 

below 24 decibels can generally be considered so nearly inaudible as to 
he of no importance. In fact, except in unusually quiet locations, noises 
below 40 decibels may generally be di regarded. 

From the strictly technical standpoint, a given number of decibels 
represents a ratio, since the decibel is a logarithmic unit. In terms of 
sound pressure the for-
mula is 

E2 
db = 20 log10 -

E1 
(1) 

where E1 and Ez repre­
sen1: the two sound 
pressures being com­
pared. 4 This a pp lies 
only under conditions 
where the power is 
strictly proportional to 
the square of the pres­
sure, which is generally 

4This is �he same formula that is 
used in electrical communications 
to compare two volt.ages operating 
at the same impedance levels. 

FIGURE 4. CaJibrat.ing a 
TYPE 759-B Sound-Level 
Me"ter in "the General Radio 

s"tandardizing laboratory. 
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true for sound measurement in air. 
In ound mea urements decibels rep­

resent not merely ratio , but ab olute 
levels, since a tandard reference lev l 
has been agreed upon. This level is 0.002 
dyne per quare c nti eter at 1000 
cycJes. 5 This reference level is approx­
imately 16 dh below the average thresh­
old of hearing. 6 

Do Not Add Decibels 

Since the decibel is essentially a log­
arithm, addition of de ihels produces 
multipli ation of ound pres ure . For 
instance, increasing any sound level by 
6 decibels is equivalent to doubling the 

ound pre ure. Do not try, therefore, to 
&Sound-level meter microphones re•pond to sound pres­

sure. 0.0002 dynes per square centimeter is the practical 
equivalent of 10-1& watts per square centimeter, as specified 
in the American Standards Asso iation Bulletin Z24.3-
1936. 

add two sound levels together by ordi­
nary addition. Sounds of a general and 

omplex nature add approximately as 
the relati e sound power in olved. That 
i , t o sounds of equal power, when 
added together, produce twice the power, 
which is v2 times (not twice) the sound 
pre sure. 

The Equation (1) for de ibels ex­
pres ed in terms of sound pres ure rep­
resents a special case which is valid only 
because, under conditions generally en­
countered, the air has a constant im­
pedance. The more fundamental equa­
tion is e p ·e ed dire tly in terms of 
power and is 

db (2) 

where P1 and P2 are the sound powers 
6See Steinberg, Montgomery, and Gardiner, "Results of 

the orld's Fair Hearing Tests," Journal o.f the coustical 
Society of America, Vol. /II, o. 2, pages 291-301, October, 
194·0. 

Copy,.ight, 19 3, General Radio Company, Cambridge, Mass., U . . . 

FIGURE 5. Errnr introduced in ound measurements by ba kground noi e (from . . E. Packard, 
"Background oise orr tions in the Mea nrement: of Machine oi e," General Radio Exper­

imenter, Vol. XII, pp. 6, 7, Dec., 1937). 
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involved. 7 The standard zero reference 
level in terms of power i approximately 
l0-16 watt per square cen-tin1eter at 
1000 cycles. 

lid rule, logariLhm tabJe, or, more 
con enien tly, a decib l tahle (obtainable 
on reque t to the General Radio Com­
pany) i accordi n gly necessary for 
adding Loge ther sound l els xpr s d 
in d cib l . 

an exam ple , a ume a ound of 50 
decibel is to he added to one of 53 
de ibel . Looking in the decibel table, 
w find that the fir t represents a rel­
ati e po' er ratio of 106, while the sec­
ond represents a relative power ratio of 
2 X 105• Adding these together, we get 
a total of 3 X 106, whi h ·s equivalent 
to 54.8 de ibels. 

simpl relation to remember is that 
doubling t e sound power · s about equal 
to an increase of 3 decibels, so hat when 
equal sound levels are added together, 
regardless of their actual value, the re­
sulting level is 3 decibel higher than 
that of the originals. Thus, 40 db + 
40 db = 43 db, etc. If you add to a fir t 

ound a se ond which is 10 db lower in 
level (1/10 power) ·the resulting level · 

0.4 db higher than the .fir t ound alone, 
whi h is a n gligibl in rea e for ino L 
purpo es.8 

Background Noise 

n of tl e ino t freq u nt appli ati n 
in ol ing the addi tion or ubtra tion of 

und l el i tl e orre ti n I reading 
7Thi8 is the exa ·t equivalent of the el ·tri al ase, an<l the 

fu.-.11u la is tho ame as that whi ·Ii apµli in ge11eral com· 
rnuni<·ations prohlems, where zero level is 11Huall l 111illi­
wau in a 600--0hm line. 

BTlie xc·eptio11 l this would he wlo 11 the two sounds wer 
of 111arkedly different charactl"r. 'J'liia will h • Ji.,cns eel in a 
later article. 

Fie HE 6. [{elation between loudne s 1 vc1, 
front "A nierican tan<lar·d for ' i e �1 a ur • 

m 111," m ri an tandard .As. ociation Hul-

l<"tin Z211._-1912. 

3 EXPERIMENTER 

for ha kground noise. Ordinarily , of 
cour , ound mea urements should be 
mad under onditions where the back ­

gro und noi e le el is negligible - that is, 
at least 10 db below the level being 
mea ured. IJo, ever, this is not always 
possible, and the curve shown in Figure 
5 i con eni nt in t ho e cases. The hori­
zontal scale of this chart represents the 
difference in sound-meter reading with 
and without the machine under test in 
operation. Th ertical cale represents 
the number o.f db to be subtracted from 
the total reading (machine plus back­
ground noise) to obtain the noise level 
generated by the ma hine alone. 

Loudness 

It i generally a urned that the re­
pon e of the eai.· to ariations in sound 

inten ity is l garithmic, but hi i not 
trictly true. Figure 6 repre ent the ac­

tual relationship b tween he loudne s 
as estimated by a large numb r of ob­

rver and Jou ne s l vel. This ur e 
h w loudne s in L. (Loudnes 

ni t ) plotte v rsu loudnes le el in 
phons.9 Loudness level in phons is equiv ­

alent for most prac L i al pur poses to 
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GENERAL RADIO 4 

ound l e  el  as measured by a sound­
level meter, a suming that the meter has 

xact:l the correct frequency response 
for th particular level b ing mea ur d. 

11A complete table o{ the funclion plolted in Figure 6 is 
given in the American Standards for Noise Measurement, 
A . .  A. Bulletin Z24.2-1942. This informalion is based upon 
the paper by Fletcher and Munson in the October, 1933, issue 

o{ the Journal of tbe Acoustical ociety, referred lo last 
month in Note I. 

In the striclest interpretation, loudness level in pbons is 
measured by adjusting a 1000-cycle tone to exactly the same 
loudness as heard by the ear as the noise being measured, 
and then measuring the intensity of the 1000-c cle tone as 
with a sound-level meter. Loudoes level nod sound level 
correspond exactly, therefore, only for 1000-cycle tones. 

As a practical malt.er, a sound-Jevel meter, when lhe net­
work corresponding most closely to the level being n1easured 
is used, provides readings c1osely appro imating loudness 
level in phone. Phons and loudnees units are seldom used in 
machinery noise problem , but do have some application in 
physiological and peychological work. 

PART IV 

HOW TO US E A S OUN D-LEVEL METER 

Operating Instructio ns 

Manufacturers have tried to make 
ound-1 vel meter a imple to op rate 

a po ible. The in truction heets o -
ering the actual me hani s of operating 

neral Radio ompan 's TYPE 759-A 
and TYPE 759-B instrum nts are 
mounted in the co ers. For those who 

may be una quainted with the in tru­
ments, ho" e er, th folio ing may h 
of interest. 

A standard sound-le el met r ha , 
aside from v ariou minor control , three 
main controls and indicators whi h ar 
used in taki ng the r adings. he fir t of 
these i a knob general ly mark d 
''Weighting" and providing choi e oJ 

any of three frequ.ency char­
acteri Lies hown in }-..j gure 2 
of last month's arti le. The 
second is a knob generall 
marked •• Decibel , " whi h 
shifts the nsitivity of the 
instrument in steps of 10 db. 
The third i an in.di a ting 
meter calibrated over a range 
of approximately 16 db, which 
in effect interpolates b tween 
t.he readings of the d ib l 
control. In operation the read­
ing f the meter is added to 
that of the decib l control. 

0th r controls are generall 
provided for ch eking the cal­
ibration, changing the meter 
speed, etc. 

Test Co de 

The American In titute of 
Ele trical Engineers has formu. 

FIG RE 7. Panel View of the 

General Radio TYPE 759-B Sound-

Level Meter. 
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lated a t:est code covering certain. stand­
ard methods o.f procedure parti ularly 
" ell adapted to the measurement of 
noises made by electrical machinery. The 
code is by no mean complete and conse­
quently does not apply in all cases, 
but it does form a basis for more 
specialized codes applying to individual 
applications. 1 0  In particular, it specifie 
standard test distance ' hich can gen� 
erally be followed in almost al1 cases. 
The standard test distances are 6 inches, 
1 foot, and 3 feet. The distance should 
be measured between the nearest major 
surface of the machine under test and 
the microphone. When the microphone 
is mounted clo e to or on the sound­
level me·ter case, 1:hat end of the case 
should face t.he sound source. 

Microphone Pl acement 

Remember that the sound-level neter 
measures sound pressure at the micro­
phone, and that the sound pressure va­
ries throughout a normal room and 
around a machine or other sound source. 
Microphone pla ement i probably the 
most important op ration in he noise 
measurement procedure and ahou the 
only ��trick'' that has to be inastered by 
the beginner. 

10A I.E.E. Test Code for Apparatus oiee Measurement. 
.J.E.E. Bulletin o. 520, March, 1939, published by 

the American Institute ofElectrical Engineers, 33 est 39th 
Street, ew York, . Y ., price 30 cenrs. The teat code is now 
being revised by the American Standards Association in 
collaboration with the A.I.E.E. [nformation on the revised 
code will be supplied as soon as it is available. 

5 EXPERIMENTER 

To measure with great accuracy the 
total noi e output from a machine, it 
would be necessary to take an infinite 
number of measurements all around the 
machine and integrate the re ults. In 
actual pra tice measurements are made 
at equal intervals around a machine and 
at a fixed distance from it, the actual 
number of such measurements depend­
ing upon t.he complexity of the sound 
pattern and the importance of the re­
sults. Where extreme accuracy i not re­
quired, and particularly when the read­
ings to be averaged are within a range of 
10 decibels or so, a simple arithmetic 
average of the decibel reading 1 gen­
erally sufficient. 

A m o r e  e x a c t  m e th o d  i n  o l  e s  
converting the decibel readings to their 
corresponding relati e power alues, a -
eraging these, and converting back ·to 
decibels. The procedure is similar to 
and involves the same equation. as that 
previously described for the addition of 
sound levels, except that in this case the 
sum of the corresponding powers is 
divided by the number of readings to 
obtain an average, as shown in. Table 
I, below. 

This is the fairest way of omparing 
machines of different 1:ypes or charac­
teristics, but a simpler procedure can 
g nerally be used ' hen comparing sim­
ilar machines, as in production testing. 

TABLE I 
J\!Iicrophone 

Position 

I 
II 

III 
I 

Decibels 
Sound Level 

50 
55 
70 
55 

Relative Sound Power 
(Antil.og 1 / 10 Sound Level) 

100,000 
316,200 

1,000,000 
316,200 

4) 1, 732,400 total 

433,100 average 
10 log10 433,100 = 56.4 decibels. 
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GENERAL RADIO 6 

A test position can be elected which 
give a single reading that varies clo ly 
with the a rage noi e a determined by 
the above method. Thi ingle te t po­
sition is not nece arily one giving the 

ame reading a the average. ually it 
will be the po ition providing th 
highest reading. 

This procedure may be modified in in­
dividual ca es. For machines having a 
very pronounced noi e pattern, two or 
mor test positions providing fairly high 
readings might be u ed. On such ma­
chines, it is ometimes desirable, in order 
to get a better heck on the total noise, 
to measure the level at these everal 
maxima in the noi e pattern and average 
the results, either arithmetically or ac­
cording to relative power levels. This, of 
cour e, yields an average higher than the 
general average, and usually a more sen­
sitive one. It provide a fair compari on 
only betw en similar machines. In com­
paring di similar machines, only a gen­
eral average, taken with a many micro­
phone positions a nece sary, will ha 
fair. 

Choice of Weighting Curve 

A ide from microphone placement, se­
le tion of the corre t weighting cur e is 
the ne t im por Lant factor in making 
n01 e mea ur menL . Changing the 
weighting curve an produce varia­
tions in the re ult ranging from neg­
ligible difference in the medium and 
upper freq en y range to variations of20 
or 30 de ibel at low frequencies. 

When all tha L i d ired i knm ledge 
of the ound le el at the microphon , the 
problem is relaLi ely simple. The follow­
ing tabl shows the sound-level ranges 
and the weighting curv r c mmended : 

ound-Level Range 
2 - 55 db 
55- 85 db 
85-140 db 

Weighting Curve 
A (40 db) 
B (70 db) 
C (Equal response 
over entire range) 

tri t u e of this table will sometimes 
be impo ible. For in ta:nce, a sound 
may read 54 decibels on the A harac­
teristic and 56 decibel on th B, due to 
the greater weight given to low fre­
quencies on the B cu1· e. imilady, al­
though not so likely, a sound with a 
large amount of nergy in the region of 
2000 cycles might po sibly read 56 db 
on the A cur e and 54 db on the B. 
There is still, therefore, some judgment 
required in choosing the best curve to 
use under these conditions, but the fol­
lowing procedure is generally atisfac­
tory. If the measurement is one of a 
series, most of which fall well within the 
rang of a particular cur e, thi etting 

hould be u ed for all mea urement . 
If no uch clear-cut distinction exi L , 
it i d irable to re ord m asurement 
made with both urves, noting, of 
cour e, the curve de ignation as well a 
the le el. Where actual loudnes is im­
portant, rather than mere changes in 
loudnes or physi al values, it is some­
time de irable to make mea urem nt 
on both urve and a erage the re ult . 

Alway record the weighting curve 
designation as well as the decibel value . 

Noise at Distance 

It is not alwa th sound level at the 
microphon ' hich i important, but 
rather the annoyance whi h th no1 e 
will produce at ome di tan e. nder 
the conditions the hoice of Lh ' eight­
ing ur e hould be ha ed upon the 
le el at the point where the annoyance 
exi ts, although mea urement may a -
tually be made clo e to the machine a a 
matter of on enience. 
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For instance, assume the problem. is to 
quiet an airplane motor test chamber so 
that, with an engine running under test 
at full p ed, neighbors som distance 
away will not be disturbed by the noise. 
Assume that at the neighbors' homes the 
sound has a level below 55 decibels. 
Measurements made on the te t cham­
ber, therefore, even though they may be 
made clo e by as a matter of onvenien e 
and at a level considerably above 55 
decibels, should he made on the ( 40 
db) characteristic. The m a urements 
then will be a much be ter indication of 
the alue of any quieting procedure than 
if they were made with the B or the C 

haracteristic, since the meter will be 

7 EXPERIMENTER 

operating with a frequency response 
more nearly duplicating that of the ears 
of the neighbor under the actual lis­
tening conditions. 

Physical Measurements 

Wherever actual physical mea ure­
ments of sound pressure are de ired, or 
where the sound meter is to be used with 
an analyzer, it is generally desirable to 
use the C characteristic, whi h provides 
substantially equal response over the 
audio-frequency range. Reasons .for this 
will be di cussed in a later article. 

-H. H. ScoTT 

IF Y 0 U MUST TELEPHONE 

e WHEN YOU COMMUNICATE 

with us on business or techni al matter , 
letters are by far the most satisfactory 
method. Th y make a p rm.anent record 
and allow time to prepare a ell or­
ganized and complete reply. The ne ·t 

be t method i to tel graph. This method 
till give the permanent record, bu it i 

u ually le s complete than a letter canbe. 
If, however, the requirement is too 

urgent to permi L the use of slower 
m th d and telepho ing i e ential, it 
i highly desirable to have your can 
routed to the proper person ' ith a min­
imum of d lay. aturall _ , w"th the 
hundr d of a ti e orders handled ev ry 
day, no on per on in our organization 
can kno" all the an wers, but the follow­
ing lis L indi ate those who are likely o 
be h L inform d on the anou uh-

ject . When in doubt, ask our operators. 
To determine the delivery status of 
orders already placed: 

Mr. H. P. Hokanson E te sion 25 
To heck matters of credit: 

Mr. C. E. ills, Jr. Extension 50 
To inquire about probable delivery and 
prices of equipment under con ideration, 
but not ord red: 

Mr. M. T. mith 
Mr. I. G. Ea ton 

To inquire about matter 
maintenanc and repair: 

Mr. JI. H. Dawes 
Mr. K. Ada1n 

Exten ion 30 
E ·ten ion 94 
pertaining to 

E t n ion 24 
E Len ion 79 

I L  must be empha ized that it take 
Lime to check up on the myriad d tails 
that ma b a sociated with an ord r -
wi Lh luck, it may be nly a fe minut , 
but it often takes much longer. 

USE OUR DISTRICT OFFICES 

e MANY OF OUR CUS TOMERS 

know that the General Radio Company 
main tains bran h engineering offices in 

cw York City and Lo Angeles, Cali-

forni a. Thi fa t ma have been over­
looked by oth r recently Lran £erred to 
th e ar a . 

The e offices ha e b en established 
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GENERAL RADIO 8 

primarily for the con enience of our cus­
tomers in the regions served. Each 
office is in the charge of a member of our 
Cambridge engineering staff, who is pre­
pared to furnish technical data regard­
ing the instruments which we manufac­
ture and to recommend uses and 
applications. Much information which 
ordinarily ' ould be transmitted to the 
customer 'n le ter form is available by 
telephone in the New York City and 
Los Angeles areas. 

Every effort is made to keep the Dis· 
trict Offi e ngineers fully informed of 
the current delivery situation of all of the 
many cata og items which we manufac­
ture. It is often possible for these offices 
to sugge t sati factory alternative ar­
rangements of test equipment on which 
the shortest delivery can be realized. 

A limited stock of general catalogs 
and bulletins relating to special instru­
ments is maintained at these office and 
will be forwarded upon request. 

Under present conditions it is diffi­
cult to keep he Di trict Office engineers 
fully informed of the tatus of the many 
orders placed with us. The delivery in­
formation on file at these offices i suf-

ficient so that a valid estimate of the de· 
livery on a new inquiry can be made on 
the basis of a high priority rating. If, 
however, you wish specific delivery in­
formation on an order which has been 
placed with us for some time, our Dis­
trict Offices will obtain the data you re­
quire from our factory, and will see that 
the report reaches you in the minimum 
possible time. 

Service difficulties cannot usually be 
handled in the field or at the District 
Offices. Ilowever, our District Office en­
gineer will be glad to consult with you 
regarding any trouble which 1night 
occur. He may be able to suggest minor 
adjustments and repairs that you can 
make in your °' n plant with the help of 
our Service and Maintenance Notes, and 
wil make arrangements for servi e work 
to be done at our factory when required. 

The engineer in charge of our New 
York Office, at 90 est Street, is Mr. 
L. E. Packard. Mr. Packard may be 
reached by telephone at COurtlandt 
7-0850. Mr. Fr derick Ir land of our 
engineering taff jg located a L our offi c 
at 1000 orth Seward treet, Lo 
Angeles, California. He may be reached 
at Holl:r,vood 6321. 

S ERVICE DEPAR TMEN T NO TES 
ERRATA 

e THE FOLLO WING ERRORS 

have been noted in ervice information 
published in recent issues of the Ex­
perimenter. 
November, 1942: 

In the article entitled HOrders for Re­
placement Part ," the plug Ii ted a 

TYPE 2173, page 8, should ha e been 
2713. 
January, 1943: 

In the list of ubstitute batt eries for 
TYPE 814-AM Amplifier, page , for 
ttany 115-volt flashlight cell,' read ttany 
1.5- oh f:la blight cell." 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 
90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGELES, CALIFORNIA 
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