HARRY F. OLSON
MUSIC, PHYSICS
L and
ENGINEERING

(FORMERLY TITLED MUSICAL ENGINEERING)

SECOND EDITION

MZ Audio, Ex. 2002, Page 1 of 13

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

~ Music, Ph
- and Engi

HARRY F. OLSON, gz,
Staﬁ Vwo President

tical and Electr hanical R
RCA Laboratories, Princeton, New J

SECOND EDITION

DOVER PUBLICATIONS,
New York

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

e

Copyright
Copyright © 1952 by Harry F. Olson.

Copyright © 1967 by Dover Publications, Inc.
All rights reserved.

Bibliographical Note

This Dover edition, first published in 1967, is a revised and
enlarged version of the work first published by the McGraw-Hill
Book Company, Inc., in 1952 under the title Musical Engineering.

International Standard Book Number
" ISBN-13:.978-0-486-21769-7
ISBN-10: 0-486-21769-8 -

Library of Congress Catalog Card Number: 66-28730

Manufactured in the United States by LSC Communications
21769827 2022

v dovernuhlications cam

Find authenticated court documents without watermarks at docketalarm.com.

Preface to the S

-

’

Many and varied advances
13 years since the appeara

‘developments have been m

tive acoustics, and electron:
The most recent, significs
reproduction is the large-sc
the consumer or mass mark
tory perspective of the repr
illusion of the spatial dist:
mediums for stereophonic
on g large scale for the consi
disc and frequency-modula
The main purpose of sot
the highest order of artistic
the live rendition. To acl
of excellence of the physics
the psychological factors i
duction has advanced to a s

“ean be obtained. Up unti

chological characteristics

. behind the physical conside

sound in the consumer cor
aspects-of sound reproduct

The properties of & musi
Engineering remain the sa
sible to produce this tone
seen that any tone produc
duced by an electronic sys
vide the capability of crea


https://www.docketalarm.com/

DOCKET

_ ARM

10 MUSIC, PHYSICS, AND ENGINEERING

1.5 VELOCITY OF PROPAGATION OF A SOUND WAVE

The preceding examples have shown that a sound wave travels with a.
definite finite velocity. The velocity of propagation, in centimeters per
second, of a sound wave in a gas is given by

c = [P0 (1.1) .

p
where ¥ = ratio of specific heats for a gas, 1.4 for air
Po = static pressure in the gas, in dynes per square centimeter
p = density of the gas, in grams per square centimeter

If the pressure is increased, the density is also increased. Therefore,

there is no change in velocity due to a change in pressure. But this is
true only if the temperature remains constant.  Therefore, the velocity
can be expressed in terms of the temperature. The velocity of sound,
in centimeters per second, in air is given by-

¢ = 33,100 /1 + 0.00366¢ (L.2)
where ¢ = the temperature in degrees centigrade.

1.6 FREQUENCY OF A SOUND WAVE

Referring to the Sec. 1.4 on Sound Generators, it will be seen that these
generators produce similar recurrent waves. A complete set of these
recurrent waves constitute a cycle. These recurrent waves are propa-
gated at a definite velocity.. The number of recurrent waves or cycles
which pass a certain observation point per second is termed the frequency
of the sound wave.

1.7  WAVELENGTH OF A SOUND WAVE

The wavelength of a sound wave is the dlstance the sound travels to
complete one cycle, The frequency of & sound wave is the number of .

cycles which pass a certain observation point per second. 'Thus it ‘will
be seen that the velocity of propagation of & sound wave is the produet of
the wavelength and the frequency, which - may be expressed as follows:

c =\ ’ (1-‘.3)

where ¢ = velocity of propagation, in centimeters per second
= wavelength, in centimeters -
-f = frequency, in cycles per second

1.8 PRESSURE IN A SOUND WAVE

A sound wave consists of pressures above and below the normal undis-
turbed pressure in the gas (see Secs. 1.3 and 1.4).
The instantaneous sound pressure at & point is the total instantaneous
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The intensity, in ergs per second per square centimeter, of a plane
sound wave is

Il = .22. = pu = pcu’ (1.6)
pC

where p = sound pressure, in dynes per square centimeter
u = particle velocity, in centimeters per second
¢ = velocity of propagation of gound, in centimeters per second
p = density of the medium, in grams per cubie centimeter
The intensity level, in decibels, of a sound is ten times the logarithm
$o the base 10 of the ratio of the intensity of this sound to the reference
intensity. Decibels will be described in the section which follows,

Tasle 1.1. THE RELATION BETWEEN DECIBELS
AND PoweR AND CURRENT OR VouTaeE RaTIO8

Power ratio | Decibels Current o | Decibels
voltage ratio

L = -
1 o 1 l 0

2 3.0 1 2 ‘ 6.0

3 1.8 | 3 9.5

4 6.0 4 12.0

5 7.0 5 14.0

[ 7.8 ] ‘ 15.6

7 8.5 7 16.9

8 ﬁ 9.0 8 ) 18.1

9 8.5 @ 19.1
10 10 0 | 20
00 | 20 100 \ 10
1,000 30 1,000 60
10,000 \ 40 10,000 80
100,000 50 100,000 100
1,000,000 I 60 1,000,000 120

1.11  DECIBELS

In acoustics the ranges of intensities, pressures, and particle velocities
are 8o large that it is convenient to use a condensed scale of smaller num-
bers termed decibels. The abbreviation db is used for the term decibel.
The bel is the fundamental division of a logarithmic scale for expressing
“the ratio of two amounts of power, the number of bels denoting such &
ratio being the logarithm to the base 10 of this ratio. The decibel is
"one-tenth of a bel. - For example, with Pyand P, designating two amounts
.'of power and n the number of decibels denoting their ratio, then

n = 10 logus 5 decibels @)

SOUND WAVES

When the conditions are such that rati
(or the analogous quantities such &8 p
and particle velocities) are the square:

‘ratios, the number of decibels by whicl
- is expressed by the following formulas:

n = 20 log “
1
‘n = 20 logm ?

where i1/i; and e1/e; are the given curre
For relation between.decibels and po
see Table 1.1. ' T

1.12  DOPPLER EFFECT IN SOUND WAV

The Doppler effect is the phenomenor
observed frequency of a sound wave in
time rate of change in the length of the
and the point of observation. The mo
effect is due to the relative motion.of tk

.aré the change in the frequency of

whistles of passing automobiles or loca
When the source:and observer are

. quency observed by the listener is hi
-the sound source. If the source and

other, the frequency is lower.
The frequency at the observafion: p

v—
Jo = —
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