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FHONE s + % v o 1 the results are expressed in decibels. The
Use Our District higher the number of decibels, the louder
OFFICES . /% + 4 ¢ 3
the sound. Zero decibels represent
Service DEpART- z
e Notks . . ol roughly the weakest sound which can be
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
be of no importance. In fact, except in unusunally quiet locations, noises
below 40 decibels may generally be disregarded.

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

Iy
db = 20 lngm F (l)
1
where E; and E; repre-
sent the two sound
pressures  being com-
pared.* This applies
only under conditions
where the power is
strictly proportional to
the square of the pres-
sure, which is generally

“Thie is the same formula thatis
used in electrical communications
to compare two voltages operating

at the kame impedance levels.

Figune 4. Calibrating a
TypE 759-B Sound-Level
Meter in the General Radio
standardizing laboratory.
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true for sound measurements in air.

In sound measurements decibels rep-
resent not merely ratios, but absolute
levels, since a standard reference level
has been agreed upon, This level is 0.002
dynes per square centimeter at 1000
cyeles.” This reference level is approx-
imately 16 db below the average thresh-

old of hearing.®

Do Not Add Decihels

Since the decibel is essentially a log-
arithm, addition of decibels produces
multiplication of sound pressures. For
instance, increasing any sound level by
6 decibels is equivalent to doubling the
sound pressure. Do not try. therefore, to

"Sound-level meter microphones respond to sound pres-
sure, 0.0002 dvoes per square centimeter is the practical
equivalent of 10-1% watts per square centimeter, as specified
in the American Standards Association Bulletin 724.3—
1936,

add two sound levels together by ordi-
nary addition. Sounds of a general and
complex nature add approximately as
the relative sound power involved. That
is, two sounds of equal power, when
added together, produce twice the power,
which is v/2 times (not twice) the sound
pressure.

The Equation (1) for decibels ex-
pressed in terms of sound pressure 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 expressed directly in terms of
power and is

P 5
db = 10 logyg ]—)l (2)

where PP, and P are the sound powers

See Steinberg, Montgomery, and Gardiner, "' Results of
the World's Fair Hearing Teste,” Journal of the Acoustieal
Society of America, Vol, XI1, No. 2, pages 291-301, October,
1940.

t._fnpyriaht. 1943, General Radio Company, Cambridge, Mass,, U.S, A,

FIGURE 5.

Error introduced in sound measurements by background noise (from L. E. Packard,

“Background Noise Corrections in the Measurement of Machine Noise,” General Radio Exper-
imenter, Vol. XII, pp. 6, 7, Dec., 1937).
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involved.” The standard zero reference
level in terms of power is approximately
10719 watts per square centimeter at
1000 |'_\'('.|t'.'~'.

A slide rule, logarithm table, or, more
conveniently, a decibel table (obtainahle
on request to the General Radio Com-
pany) is accordingly necessary for
adding together sound levels expressed
in decibels.

As an example, assume a sound of 50
decibels is to be added to ome of 53
decibels, Looking in the decibel table,
we find that the first represents a rel-
ative power ratio of 10% while the sec-
ond represents a relative power ratio of
2 X 10% Adding these together, we get
a total of 3 % 10% which is equivalent
to 51.8 decibels.

A simple relation to remember is that
doubling the sound power is about equal
to an inerease of 3 decibels, so that when
equal sound levels are added together,
regardless of their actual value, the re-
sulting level is 3 decibels higher than
that of the originals. Thus, 40 db +
10 db = 43 db, ete. If you add to a first
sound a second which is 10 db lower in
level (1/10 power) the resulting level is
(1.4 db higher than the first sound alone,
which is a negligible increase for most

purposes,”

Background Noise

One of the most frequent applications
involving the addition or subtraction of
sound levels is the correction of readings

Plhiw s the exavt equivalent of the eleetrical case, mnd the
foemnula is the same as that which applios in general com-
v tions problems, where zero level s vsually 1 omilli-
watt in u GO0l line.

e exesption to Dhis woudd he whien the two soinds wera
of markedly different character. This will he discussed i a
later article.

Ficune 6. Relation between londness level,

feom “American Standard for Noise Measa
American Standards Association Bul-
letin 224.2-—1912,

re-

ment,”
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for background noise. Ordinarily, of
course, sound measurements should be
made under conditions where the back-
ground noise level is negligible — that is,
at least 10 db bhelow the level being
measured. Ilowever, this is not always
possible, and the curve shown in Figure
5 is convenient in those cases. The hori-
zonlal scale of this chart represents the
difference in sound-meter reading with
and without the machine under test in
operation. The vertical scale represents
the number of db to be subtracted from
the total reading (machine plus back-
ground noise) to obtain the noise level
generated by the machine alone.

Loudness

It is generally assumed that the re-
sponse of the ear to variations in sound
intensity is logarithmic, but this is not
strictly true. Figure 6 represents the ac-
tual relationship between the loudness
as estimated by a large number of ob-
servers and loudness level. This eurve
shows loudness in L. U. (Loudness
Uinits) plotted versus loudness level in
phons.” Loudness level in phons is equiv-
alent for most practical purposes to

LOUDNESS IM LU (CHaisLeEr!

L] &0 19 a0
LOUDNESS LEVEL IN PHONE
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sound level as measured by a sound-
level meter, assuming that the meter has
('\all‘tl}' the correct fl‘f‘(lLl(‘ll("\' response
for the particular level being measured.

A complete table of the function plotted in Figure 6 is
given dards for Noise Measurem:

AS.A, etin £24.2— 1942, This informa tion is b
the paper by Fletcher and Muonsonin the Oetober, 1

of the Journal of the Acoustical Society, referred 1o last
month in Nowe 1,

In the strictest interpretation, loudness level in phons is
measured by adjosting a 1000-cycle tone 1o exactly the same
loudness as heard by the ear as the noise being measured,
and then measuring the intensity of the 1000-cyvele tone as
with a sound-level meter. Loudness level and sound level
correspond exactly, therefore, only for 1000-cyele tones,

As a practical matter, u s l-level meter, when the net-
work corresponding ma wely to the level being measured
is used, provides readin sely approximating loudness
level in phons, Phons and loudness units are seldom ased in
machinery noise probl t do have some a ation in
physiological and peychological wark.

PART 1V
HOW TO USE A SOUND-LEVEL METER

Operating Instructions
tried to make

sound-level meters as simple to operate

Manufacturers have

as ]l()ﬁhiblt'. The instruction sheets coy-

g the actual mechanics of operating
General Radio Company’s Tyee 759-A
Tyre 759-B
mounted in the covers. For those who

and mstruments are

FiL  BLOW-FAST P

L METER

s, 8 b

BENERAL RADIO GO
Y

BOUND LE
L lond

may be unacquainted with the instru-
ments, however, the following may he
of interest.

A standard sound-level meter has,
aside from various minor controls, three
main controls and indicators which are
used in taking the readings. The first of
these is a knob generally marked

“Weighti

12" and providing choice ol
any of three frequency char-
acteristics shown in Figure 2

of last month’s article. The
second is a knob generally
* Decibels which
shifts  the tivity of the
instrument in steps of 10 db.
The third is an
meter calibrated over a range
of approximately 16 db, which

marked

indicating

in effect illll'l‘pulate‘s betlween
the readings of the decibels
control. In operation the read-
ing of the meter is added 1o
that of the decibels control.
Other controls are generally
provided for checking the cal-
ibration, changing the meter

speed, ete.

Test Code

The American Institute of

Electrical Engineers has formu-

Ficune 7. Panel View of the

General Radio Tyee 759-B Sound-
Level Meter.,

IE€T
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lated a test code covering certain stand-
ard methods of procedure particularly
well adapted to the measurement of
noises made by electrical machinery. The
code is by no means complete and conse-
quently does not apply in all cases,
but it does form a basis for more
specialized codes applying to individual
applications. In particular, it specifies
standard test distances which can gen-
erally be followed in almost all 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 close to or on the sound-
level meter case, that end of the case
should face the sound source.

Microphone Placement

Remember that the sound-level meter
measures sound pressure at the micro-
phone, and that the sound pressure va-
ries thronghout a normal room and
around a machine or other sound source.
Microphone placement is probably the
most important operation in the noise
measurement procedure and about the
only “trick™ that has to be mastered by
the beginner.

WA LE.E. Test Code for Appurntus Noise Measurement,
ALE.E., Bulletin No. 520, March, 1939, published by
the American Institute of Electrical Engineers, 33 West 39th
Street, New York, N. Y., price 30 cents, The test code is now
being reviged by the American Standards Association in
collaboration with the A.LE.E, Information on the reyised
code will be supplied as soon ag it is available.

P EXPERIMENTER

To measure with great aceuracy the
total noise output from a machine, it
would be necessary to take an infinite
number of measurements all around the
machine and integrate the results. In
actual practice 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 the complexity of the sound
pattern and the importance of the re-
sults. Where extreme accuracy is 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 readings is gen-
erally sufficient.

A more exact method involves
converting the decibel readings to their
corresponding relative power values, av-
eraging these, and converting back to
decibels. The procedure iz 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 comparing
machines of different types or charac-
teristics, but a simpler procedure can
generally be used when comparing sim-
ilar machines, as in production testing.

TABLE 1

Microphane Decibels Relative Sound Power
 Position Sound Level (Antilog 1 /10 Sound Level)
[ 50 100,000
L1 s 316,200
11 70 1,000,000
1V a5 316,200

4)1,732,400 total
433,100 average
10 logy 433,100 = 56.4 decibels.

&)
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A test position can be selected which
gives a single reading that raries closely
with the average noise as determined by
the above method. This single test po-
sition is mot necessarily one giving the
same reading as the average. Usually it
will be the position providing the
highest reading,

This procedure may be modilied in in-
dividual cases. For machines having a
very pronounced noise pattern, two or
more test positions providing fairly high
readings might be used. On such ma-
chines, it is sometimes desirable, in order
to get a better check on the total noise,
to measure the level at these several
maxima in the noise pattern and average
the results, either arithmetically or ac-
cording to relative power levels, This, of
course, yields an average higher than the
general average, and usually a more sen-
sitive one. It provides a fair comparison
only between similar machines. In com-
paring dissimilar machines. only a gen-
eral average, taken with as many micro-
phone positions as necessary, will be
fair.

Choice of Weighting Curve

Aside from microphone placement, se-
lection of the correct weighting curve is
the next important factor in making
noise  measurements.  Changing  the
weighting curve can  produce varia-
tions in the resulis ranging from neg-
ligible differences in the medium and
upper frequency range to variations of 20
or 30 decibels at low frequencies.

When all that is desired is knowledge
of the sound level at the microphone, the
problem is relatively simple. The follow-
ing table shows the sound-level ranges
and the weighting eurve recommended:

Sound-Level Range Weighting Curve
24- 55 db A (40 db)
55- 85 db B (70 db)

85-110 db C (Equal response

over entire range)

Strict use of this table will sometimes
be impossible. For instance, a sound
may read 54 decibels on the A charac-
teristic and 56 decibels on the B, due to
the greater weight given to low fre-
quencies on the B curve. Similarly, al-
though not so likely, a sound with a
large amount of energy in the region of
2000 cycles might possibly read 56 db
on the A curve and 51 db on the B.
There is still, therefore, some judgment
required in choosing the best eurve to
use under these conditions, but the fol-
lowing procedure is generally satisfac-
tory. If the measurement is one of a
series, most of which fall well within the
range of a particular carve, this setting
should be used for all measurements.
If no such elear-cut distinetion exists,
it 15 desirable to record measurements
made with both curves, noting. of
course, the curve designation as well as
the level, Where actual loudness is im-
portant. rather than mere changes in
loudness or physical values, it iz some-
times desirable to make measurements
on both curves and average the results,
lhways  record the weighting  curee
designation as well as the decibel values.

Noise at Distance

It is not always the sound level at the
microphone which is important. but
rather the annoyance which the noise
will produce at some distance. Under
these conditions the choice of the weight-
ing curve should be based upon the
level at the point where the annoyance
exists, although measurements may ac-
tually be made close to the machine as a
matter of convenience.

www.ietlabs.com
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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 speed, neighbors some 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 test cham-
ber, therefore, even though they may be
made close by as a matter of convenience
and at a level considerably above 55
decibels, should be made on the A (40
db) characteristic. The measurements
then will be a much better indication of
the value of any quieting procedure than
if they were made with the B or the C
characteristic, since the meter will bhe

I EXPERIMENTER

operating with a [requency response
more nearly duplicating that of the ears
of the neighbors under the actual lis-
tening conditions.

Physical Measurements

Wherever actual physical measure-
ments of sound pressure are desired, or
where the =ound meter is to be used with
an analyzer. it is generally desirable to
use the C characteristic, which provides
substantially equal response over the
aundio-frequency range. Reasons for this
will be discussed in a later article.

— H. H. Scorr

IF YOU MUST TELEPHONE

@ WHEN YOU COMMUNICATE
with us on business or technical matters,
letters are by far the most satisfactory
method. They make a permanent record
and allow time to prepare a well or-
ganized and complete reply. The next
best method is to telegraph. This method
still gives the permanent record. but it is
usually less complete than aletter canbe.

If. however, the requirement is too
ent to permit the use of slower

methods, and telephoning is essential. it
is highly desirable to have your call
routed to the proper person with a min-
imum of delay. Naturally, with the
hundreds of active orders handled every
day. no one person in our organization
can know all the answers, but the follow-
ing list indicates those who are likely 10
he best informed on the various sub-

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

Mr. H. P. Hokanson Extension 25
To check matters of credit:

Mr. C. E. Hills, Jr. Extension 50
To inquire about probable delivery and
prices of equipment under consideration,
but not ordered:

Mr. M. T. Smith Sxtension 30

Mr. L. G. Easton Extension 94
To inquire about matters pertaining to
maintenance and repair:

Mr. H. H. Dawes

Mr. k. Adams

It must be emphasized that it takes
time to check up on the myriad details
that may be associated with an order —
with luck, it may be only a few minutes,
but it often takes much longer.

Extension 24
Extension 79

USE OUR DISTRICT OFFICES

@ MANY OF OUR CUSTOMERS
know that the General Radio Company
maintains branch engineering offices in

New York City and Los Angeles. Cali-

IET

534 Main Street, Westbury, NY 11590

fornia. This fact may have been over-
looked by others recently transferred to
these areas.

These offices have been established
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primarily for the convenience of our cus-
tomers in the regions served. Fach
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 would be transmitted to the
customer in letter form is available by
telephone in the New York City and
Los Angeles areas,

Every effort is made to keep the Dis-
trict Office engineers fully informed of
the current delivery situation of all of the
many catalog items which we manufac-
ture. It is often possible for these offices
to suggest satisfactory 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 offices and
will be forwarded upon request.

Under present conditions it is diffi-
cult to keep the District Office engineers
fully informed of the status of the many
orders placed with us, The delivery in-
formation on file at these offices is 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. However, our District Office en-
gineer will be glad to consult with you
regarding any trouble which might
oceur. He may be able to suggest minor
adjustments and repairs that you can
make in your own plant with the help of
our Service and Maintenance Notes. and
will make arrangements for service work
to be done at our factory when required,

The engineer in charge of our New
York Office, at 90 West Street, is Mr.
L. E. Packard. Mr. Packard may be
reached by telephone at COurtlandt
7-0850. Mr. Frederick Ireland of our
engineering stafl is located at our office
at 1000 North Seward Street.
Angeles, California. He may be reached
at Hollywood 6321.

Los

SERVICE DEPARTMENT NOTES

ERRATA

@ THE FOLLOWING ERRORS
have been noted in service information
published in recent issues of the FExy-
perimenter.
November, 1942

In the article entitled "Orders for Re-

placement Parts.” the plug listed as

Tyer 2173, page 8. should have been
2713.
January, 1943:

In the list of substitute batteries for
Type 814-AM  Amplifier. page 7. for
Tany 115-volt flashlight eell.” read "any
1.5-volt Hashlight eell.”

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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