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A PRIMER OF
NOISE MEASUREMENT

GENERAL RADIO COMPANY WEST CONCORD, MASSACHUSETTS, USA



INTRODUCTION

This booklet is for you, if you want to know
something about noise measurement but lack
the time, inclination, or background to read a
text on acoustics. The few minutes you spend
touring the following pages will give you an
understanding of what a sound-level meter is
and why and how it is used. Although the
Primer is written around a specific sound-level

meter, General Radio’s compact, inexpensive
Type 1565-A, most of the material included
applies to the use of any sound-level meter
meeting current American and International
Standards.

If the Primer whets your appetite for acous-
tics, the literature listed on the inside back
cover will provide you with a well-balanced
diet.






NOISE

Almost every move we make produces noise.
Moreover, as we invent machines to move for
us, the situation gets worse, machines usually
being even noisier than people. And, of course,
as we and our machines multiply, noise multi-
plies. You can almost hear the population
explosion.

But what man imposes, man disposes. He
pollutes the air and water, then invents filters
to remove the pollutants, He makes noise, but

works to achieve freedom from noise.
Unfortunately for those who like simple
problems and simple solutions, one man’s noise
is another man’s music. So we must have in-
struments to give us cold, objective indications
of sound level, just as we have speedometers
to measure speed and sphygmomanometers to
measure blood pressure and spelling ability.
To measure the intensity of noise, we use an
instrument called a sound-level meter.












cial, but as convenient as a TV dinner. Using
decibels instead of absolute pressure units, we
cover the sound pressure levels of all the
sounds we are ever likely to hear on a scale of
0 to about 140. If, instead, we insisted on using
real units of pressure to cover the same range,
we wauld have to operate on a scale of 10,000-
000 to 1!

A couple of things ought to be made clear
about the decibel, right off the bat. First, be-
cause of its logarithmic heritage, it doesn’t add
and subtract the way apples or oranges do.
If you take a 60-decibel noise and add another

60-decibel noise to it, you get a 63-decibel
noise. If you're strictly an apple-and-orange
mathematician, you may take this on faith.

Second, because the decibel describes a
ratio, you must always assume some reference
value when using the unit. The reference
pressure usually understood is 0.0002 microbar.

The exact relationship between decibels and
sound pressure, if you really must know, is
this: The sound pressure level in decibels is
20 times the logarithm of the ratio of the
root-mean-square sound pressure in microbars
to 0.0002,
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ABOUT THESE WEIGHTING NETWORKS
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Curves showing how the A, B, and C weighting networks
discriminate against sounds at different frequencies

Because our reasons for measuring noise
usually involve peaple, we are ultimately more
interested in the human reaction to sound than
in sound as a physical phenomenon. Sound-
pressure level, for instance, can’t be taken at
face value as an indication of loudness, because
the frequency (or pitch) of a sound has quite
a bit to do with how loud it sounds. For this
and other reasons it often helps to know some-
thing about the frequency of the noise you're
measuring. This is where weighting networks
come in. They are the sound-level meter’s
means of responding more to some frequen-
cies than to others, with a prejudice something



like that of the human ear. The writers of the
acoustical standards have established three
weighting characteristics, imaginatively desig-
nated A, B, and C. The chief difference among
them is that very low frequencies are discrimi-
nated against quite severely by the A network,
moderately by the B network, and hardly at all
by the C network. Therefore, if the measured
sound-level of a noise is much higher on C
weighting than on A weighting, much of the
noise is probably of low frequency. If you real-
ly want to know the frequency distribution of a
noise (and most serious noise measurers do),
you use a sound analyzer, But if you're unable
to justify the expense of an analyzer, you can
still find out something about the frequency of

a noise by shrewd use of the weighting net-
works of a sound-level meter.

Although certain weighting networks are
recommended for specific kinds of measure-
ments (for instance, the A network for auto
and truck noise measurements), it's always a
good idea to measure the noise on all three
networks and to record the data. (The scientific
approach to sound measurement, as with any
measurement, is to write down all conditions
of measurement — weighting networks, date,
time, equipment serial numbers, description of
background noise, etc. Proper record-keeping
will inevitably lead to an awesome data book,
which makes a splendid appearance and which
may well prove helpful.)









TAKING CARE OF THE SOUND-LEVEL METER

The sound-level meter doesn’t require any
pampering. Just give it a good battery, don't
drop it, and there’s no reason why it shouldn’t
give you years and years of service. There are
no tubes to wear out, the instrument being
entirely transistorized.

You might like to reassure yourself every
now and then that the sound-level meter is
telling you the truth. One way to do this is to
bring it to any General Radio office; an engi-
neer there will be glad to calibrate it free of
charge. If you'd rather do it yourself, we’'ll
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be happy to sell you the necessary calibrator.
It's another $200 or so, but if you have enough
sound-level meters you want to keep accurately
calibrated, you can figure the cost per cali-
bration in pennies.

The simplest way to check your sound-level
meter is to make a measurement, when you
first receive the instrument, of some sound that
is not likely to change much from day to day
and then to repeat the measurement periodi-
cally to see if you get roughly the same answer.



WHAT TO DO WITH THE SOUND-LEVEL METER

All right, so you have a new sound-level
meter, You've already shown it off around the
neighborhood, you've measured the levels of
your children’s voices, your dog's bark, the
washing machine, TV commercials, and the
traffic in front of your house. Now you're
ready for some serious work back at the plant.

Of course, chances are that you already
know what jobs you have in mind for the
sound-level meter, or else you wouldn’t have
bought it in the first place. But you may know
only that there’s a noise problem that you
want to eliminate, that the first step is to take
measurements, and you're not really sure what
comes next.

Your reason for wanting to eliminate noise

probably falls in one of the following four

categories:

(1) The noise is interfering with speech.

(2) The noise is a hazard to hearing.

(3) The noise is just plain annoying.

(4) The noise creates sales resistance to a
product,

There are other good reasons, such as
enforcement of municipal noise codes, investi-
gation of building sites by architects, trouble-
shooting of machinery, etc, but these are
basically related to the four reasons given
above. The tactics for detecting and reducing
speech interference, hearing damage, and an-
noyance cover most of the techniques asso-

ciated with the sound-level meter.
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SPEECH INTERFERENCE

Noise that interferes with speech is not only
annoying, but downright menacing if it inter-
feres with spoken or shouted warnings. Because
sounds that have about the same frequencies
as speech are the worst offenders, the A weight-
ing network gives the best indication of the
speech interference or “masking” ability of a
sound. Using the A weighting network and the
curves at the right, you can easily tell how
much noise you can put up with. For instance,
suppose you want to talk in a normal voice
and be fully understond 12 feet away. The
curve labeled NORMAL VOICE crosses the 12-
foot vertical line at 50 on the horizontal
scale. That means that a noise level of over 50
dB on the A weighting scale will probably






HEARING DAMAGE

Your hearing ability goes downhill once you
pass 20. This normal, gradual slide, called pres-
bycusis, shows up as a loss of sensitivity,
especially at higher frequencies. Other possible
causes of hearing loss are disease, accident,
and exposure to excessive noise,

Susceptibility to hearing damage from noise
varies widely among individuals, and it is im-
possible to state categorically that “so many dB

causes hearing loss.” Reaction also depends on .

the kind of noise and on how long one is
exposed to it. A sound level of over 85 dB on
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the A weighting network justifies further analy-
sis of the noise. An A-network reading of over
95 dB should be considered unsafe for daily
exposure over a period of months and war-
rants noise-reduction methods or ear protec-
tion. If you're concerned with noise-induced
hearing loss, we recommend writing for the
latest information on the subject from the
Research Center, Subcommittee on Noise of
the Committee on Conservation of Hearing,
American Academy of Ophthalmology and
Otolaryngology, 3819 Maple Avenue, Dallas,
Texas 75219.



ANNOYANCE

A noise doesn’t have to interfere with con-
versation or be a health hazard to be annoying.
The sound of a dripping faucet or of chalk
squeaking against a blackboard or of the
neighbor’s son practicing on his clarinet can
be thoroughly annoying, even if it looks inno-
cent enough on a sound-level meter. The
sound-level meter, after all, can give only an
indication of level. It is ahsolutely incapable of
being annoyed.

On the other hand, annoyance can be related
to sound level. Almost any annoying noise is
more annoying if it gets louder. Therefare a
reasonable approach to the problem of annoy-
ance is to try to reduce the sound level of
the noise.

The sound-level meter is absolutely incapable ol being
annoved.

17
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PRODUCT NOISE

Manufacturers know that a housewife doesn’t
take kindly to a washing machine whose noise
drowns out her telephone conversations or to
a vacuum cleaner that sounds as if it belonged
on a pad at Cape Kennedy. Noise reduction
has thus become an important part of the
design not only of household appliances but
of many consumer products, from outboard
motors to the automobiles in which an audible
clock is a status symbol.

Appliance makers have in many cases estab-
lished their own noise codes, specifying maxi-
mum levels on various weighting networks.
Noise measurements made in the course of
product development often involve frequency
analysis to trace annoying components to their
sources.



OTHER USES FOR THE SOUND-LEVEL METER

Architects, engineers, and acoustical consult-
ants use sound-level meters in the planning of
buildings, studios, schoolrooms, and other
structures where .proper acoustical design is
important. Teachers use sound level meters to
demonstrate principles of elementary physics.
Singers use them to evaluate their projection.
Law-enforcement officers use them to monitor
traffic noise on the highway. Engineers use
them in their efforts to produce quieter appli-
ances, airports, engines, and a quieter life for
us all.
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AFTER YOU'VE MEASURED THE NOISE

You have been told, correctly, that measure-
ment is the first step in the solution of a noise
problem, and you have made your measure-
ments. The noise, meanwhile, continues, ap-
parently unintimidated by your bulging data
book. But your day is near; you have the facts
you need lo act intelligently.

An effective noise-reduction program re-
quires careful planning. The man who finds a
noise level too high and immediately says,
“We'll just slap some acoustical tile here and
here; that ought to take care of it,”" will prob-
ably be disappointed at the results, Not that
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acoustical tile isnt a good way to reduce noise
— it often is. But this approach is like shooting
a person full of penicillin at the first sign of a
cold. The more prudent course is to analyze
the noise (either roughly with the sound-level
meter, as discussed on page 24, or in detail
with a sound analyzer), decide from this analy-
sis what to do about it, and check results by
further analysis. This procedure ensures that
you're reducing the noise at the frequencies
you’re most concerned with — usually, those
frequencies that are about the same as speech
frequencies,



WHERE TO STRIKE

To reduce noise you can attack it either at
its source or somewhere along its path to the
listener. It's usually a good idea first to con-
sider modifying the noise source by adding
some extra lubricant, mounting the source
differently, or perhaps even by changing the
entire process. Look for ways to reduce vibra-
tion. You can usually reduce noise by one of
the following approaches:

(1) by reducing the energy that causes the
vibration,
(2) by changing the coupling between the

A noisy machine, with most of the sound energy at
higher frequencies.
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help. Total enclosure of the noise source is
even better. A complete, impervious enclosure
is, in fact, one of the best ways of reducing
noise level. Note that an enclosure of acousti-
cal tile is not impervious; sound can leak
through. Massive, leakproof walls, perhaps
with acoustical treatment on the insides, con-
stitute the best all-around protection.

Another way of reducing noise along its path
is to equip the listeners with ear plugs, cotton,
or earmuffs. There are some obvious draw-
backs — the interference with speech commu-
nication, for one — but such accouterments
can be quite effective.

A B C

BEFORE 94195]96
AFTER 70|78|8B6
REDUCTION 24|17 |10

The rigid sealed enclosure brings about a really worth-
while reduction at all frequencies.
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A sound-level meter, however, is no substi-
tute for an analyzer when you really want to
know the frequency distribution of a noise.
There are many kinds of analyzers. Some
“tune in"” the noise in octave frequency bands
(an octave is a 2-to-1 range of frequencies,
like 707 to 1414 cycles per second), others
cover one-third or one-tenth octaves, and still
others have bandwidths measured in cycles
rather than ratios. Some analyzers are specially
designed to measure impact noise, some for
vibration measurements, Some require a sound-
level meter, some have it built in.

If your problems point to analysis, you'd
probably be better off with a Type 1551 Sound-
Level Meter, The Type 1551 has greater sensi-
tivity and frequency range than the lower-cost
1565, and is otherwise better suited for labara-

A B C
BEFORE _ [94]95|96
AFTER __ |59]68[75
REDUCTION |35[27] 2

Acoustical absorbing material used inside the enclosure
brings the naise fevel way down.
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Double sealed enclosures, with vibration mounts and
absorhing linings, change former loud noise lo a whisper.
26

tory work.

Here are capsule descriptions of the ana-
lyzers available from General Radio:

The 1564-A Sound and Vibration Analyzer
has 1/3, 1/10 octave bandwidths, works direct-
ly from a microphone.

Type 1558-BP Octave-Band Noise Analyzer
measures sound level in 10 octave bands, also
works directly from a microphone.

Type 1556-B Impact-Noise Analyzer is de-
signed specifically to measure the unique char-
acteristics of impact noise, works from the
output of either GR sound-level meter.

Type 1900-A Wave Analyzer measures level
in 3, 10, or 50 cycle bandwidths, works from
output of the 1551 sound-level meter, It is
relatively expensive, but is so versatile that its
features have features.



SOUND ADVICE

It is possible that a noise problem will defy
your best efforts; some problems are like that.
A reasonable course then is to look up an
acoustical expert. Someone who has studied
noise problems for many years can often find
a more economical solution than would occur
to a beginner. If you are forced to call in a
consultant, the time spent reading this booklet
and others on noise will help you understand

what he's doing and make better use of his

services.
A tip on where to find sound advice: The

offices listed on the back cover are all staffed by
engineers knowledgeable in sound and vibra-
tion measurement. They will advise you on a
free, no-strings basis on any instrumentation
problem, and, if they can’t solve it for you, they
will at least point you in the right direction.
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UPLIFTING CONCLUSION

With so much sound-measuring equipment
and counsel available, there is no longer any
need to suffer the annoyance and hazards of
excessive noise. By acquiring a sound-level
meter, you will take the first step on that
golden stairway to that promised land where

Like beacons on a sea of silence

Life's silver sounds invade the air:

The wind plays tunes upon the trees,

The stream sighs and from the mountain flees,
The rain’s beat, the phoebe’s call —

Ears were made for sounds like these,
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TYPE 1551-C SOUND-LEVEL METER

Sound-Level Range: 24 to 150 dB (re 0.0002 ubar).

Weighting: A, B, C weighting in accordance with American
Standard ASA $1.4-1961 and IEC Publication 123
1961, A fourth position provides flat response from
20 c/s 1o 20 kc/s, for use with very wide-band
micraphones.

Microphone: Highly stable ceramic type.

Output: 1.4 V behind 7 k2 at meter full scale, for driving

analyzers, recorders, oscilloscopes, and headphones

Meter: Rms response and fast and slow speeds, per ASA and

IEC specifications,

Calibration: Built-in calibration circuit standardizes sensitivity
of electrical circuits within = 1 dB at 400 c/s, as
specified in ASA standards, Type 1562-A Calibratos
can be used to check over-all calibration, including
microphone.

Operaling Temperature Range: 0 o 50°C,

Operating Humidity Range: 0 to 90% R.H.

Power Supply: Two D batteries and one 67/:-V battery are

supplied. An ac supply is available.

Size: 7-1/4 by 9-1/4 by 6-1/8 in. Weight: 7-3/4 |h.

Price: (in USA) $645.00. Leather carrying case, $35.00.
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OTHER SOUND AND VIBRATION INSTRUMENTS FROM GENERAL RADIO

ANALYZERS

Type 1921 Real-Time Analyzer

Type 1900-A Wave Analyzer

Type 1564-A Sound and Vibration Analyzer

Type 1558 Octave-Band Noise Analyzers

Type 1556-B Impact-Noise Analyzer

Type 1568-A Wave Analyzer
ANALYZER-RECORDER SYSTEMS

Type 1910-A Recording Wave Analyzer

Type 1911-A Recording Sound and Vibration Analyzer
MICROPHONES

Type 1560-P5, -P6 Ceramic Microphones

Type 1551-P1 Condenser Microphone Systems

CALIBRATORS
Type 1565-Z Audiometer Calibration Set
Type 1559-B Microphone Reciprocity Calibrator

VIBRATION-MEASURING EQUIPMENT
Type 1553 Vibration Meters
Type 1560-P118B, -P13, -P14 Vibration Pickup Systems
Type 1557-A Vibration Calibrator

PREAMPLIFIERS
Type 1560-P40 Preamplifiers
EARPHONE COUPLERS
Type 1560-P81 Earphone Coupler
Type 1560-PB2 Earphone Coupler
Type 1560-P83 Earphone Coupler



OTHER SOUND AND VIBRATION LITERATURE

For a more in-depth study of noise and acoustics, the
following booklets are available from General Radio.

Primer of Plant-Noise Measurements — a booklet simi-
lar in style to this ene but one which gives specific instruc-
tions on how to conduct plant-noise studies, particularly
with regards to the requirements of the Walsh-Healey Act.
No charge.

Simplified Pure-Tone Audiometer Calibration with
Sound-Measuring Instruments (IN114) — an eight-page
article that stresses the importance of checking audio-

meter calibration and how to do it with sound-measuring
instruments. No charge.

Handbook of Noise Measurements — an advanced,
comprehensive textbook that deals with the characteris-
tics, effects, measurement, and control of sound and vibra-
tion. Price: $2.00.

Acoustics Bulletin — complete descriptions and specifi-
cations of GR’s acoustical meters, analyzers, and recorders,
No charge.
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