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THEN hiztoriang of science come Lo assay
in fulure centuriez the contributions of
radio to civilization it is not improbable
H I|||, |,|'|:|'I INEMS LD r:||li||-_= m-:lir
rought tegether the art of music anc
the science of zound. There have been in every
gencration a few ouistanding physicisis who have
been also musicians, like Profeszor Dayton C. Miller
whi i8 an aceor ||-~h||I -g':-:|s-='ll on the fuie, Profes-
sor VI iir K who i2 a diztinguizhed
pianist, or Dir. W | White, who adds to his
widle |1.l.'|||‘.-|'|e'.':|-.|' 14 |-| ical -|I|,'||u' an |'|||||| |_-5\|s-='-
m But such men, in
veral, make of muosic ¢ely their .ull:.|lir.:-|| It
15 the service of radio science rh.n it haz brought
ional physics and music together.
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of Music

Fewer than one hundred distinct
musical instruments have been
invented in all human history—
until electricity entered the field.
low there are dozens of new
ones, with more fo come

By E. E. Free, Ph.D.*

quite important. In music it is negligible. What
it would make is a tone of a single pitch only
thout any other variation whatsoever. M
cians are unanimous that such tones, when labo-
wroduced by  physical apparatus, are
unintere: and generally unpleasing
for musical purp
When a great
tone of A on his
of the sounds emitted, a vibration in the nej
borhood of 400 cycles a second. However, the
characteristics of the vibrating string and of the sound box of
!Iu violin are such that the emitted tone contains, in addition,
rge number of other frequencies or pitches. These are
variously called harmoni overtones, and so on. They are
represented on an oscillograph curv relatively small ripples
superposed on the simple sine curve which would represent a
pure tone at the pitch selected. Tt is these accessory tones,
whatever they may be, which determine the andible differences,
for example, between the note A played on a violin, on a piano,
on a trombone, on the human voice or on any other musical
instrument, This it is that determines, Helmholtz and many
other investigators have established, what the musician calls
the quality of the tone.
All this would be much e ier to understand were it possible
to oust altogether from the science of music all such terms as
“quality,” “t bre” and the like, substituting for these meta-
phorical expressions a word which represents the simple truth.
That word would be composition. Actually, every characteris-
tic of any musical sound may be represented by this one word.

. for example, the

Shown above is an electric organ in the laboratories of the Westinghouse Elee-
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is left is the large control panel
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What is the composition of the sound?

An analysis of this
compozition would consis

of course. of the familiar “ire-
quency spectrogram”; that is, a curve which has pitch or fre-
quency for its hnrJznnml axis and which represents on its ver-
tical axis the amount of energy on e frequency which is
present in the tone. This is entirely analogous, of course, to
the familiar color spectograms of the science of on‘n& Vastly
more progress would be made both in music and in the science
of sound if everything else were fur\mucn and all sound char-
acteristics expi Indeed, vastly
greater progress és being made in |1m fashion, for it is now
coming to be conventional in acoustic laboratories to represent
the characteristics of sounds of all kinds by frequency spectro-
grams of this sort,

In the case of a violin tone, for example, the frequency
spectrogram would indicate a high point at the frequency or
pitch corresponding to the chief tone being sounded. Other
sser_peaks of the curve would be presented at other fre-
uencies corresponding to the harmonics or other lones, but
these terms “harmonics” and 50 on could well he spared from
medern acoustics.

B

All this nomenclature of “fundamentals,”
“harmonics” and the rest is an inheritance
from the days when the mind of the acous-
tic expert was fixed primarily upon the
character of the vibrating object, like a
string or a bell rather than upon the char-
acter of the sound wave itzelf
Probably it is impossible to wean the
science of musical sounds suddenly from
its habit of talking about fundamentals
and overtones and harmonics. Nor is this
What is necessary is that the
s realize clearly
ses what

modern student of acoust

tion of the sound. Musi-
annot be expected lo use

position, as this means, for
them, a totally iJ]Ii! rent thing. There is no
reason, however, why the frequency spectro-
gram should not be adopted and understood
in music just as it is in mechanical acous-
tics, in the study of city noise or in any
other branch of the science of sound. Once
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this fact is accepted there is and stimulating
nalogy between music and another science—that of chem-
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bers of atoms of 90 known clement Water, for e le
contains two parts of the element hvdrogen and one pa
element oxvgen, Hydrogen peroxide is \cl'n|w|»u| of the same
two cle n different proportions—two of hydrogen to
two of I of the hundreds of thousands of chemical
ire known and the uncount ble millions of

tite eleme
]n v I'|| i

the comy
= huilt up out
it These

il chemist r_\"

for one C
a second for the C one
ag ih wzition of
her chemica
in the perc
contained in it.
2 of the real

1
actave \I‘.lll\t' |]u». and s

€r Or SUgAr Or common |Il
may be

the

its two ¢
thesis 5
frequency spectrogra

few wears the art of radio has |>m\|-|{cf im-
method i

attempts to
ally produced or
varietie

I er tones, cle
otherwise, in the i
of © zic he music
of the |mulo -electric m;. Theremin
and of other devices of »mul;r Lype.
the tool of chemi
for much u‘nlo'x
round us, so the tool of
L uncovering the
ture of music.  And as g
chemistry has provi
numerable new

ed, to provide the music
production and efiects

ic musical instrument invented by the Russian physi
O

cantal loop, eontrols l]-c loudness

In thiz chemical viewpoint of
music each “musical element’
sembles each cher | element
being individual

ch single
own pitch

on.  One of the two chic
tical differences

b slightly from
the se
per second,
thought of
into the adj
cles 3
is true,
passing,

i
~sh |\I|m: Er
ent tones k
cyeles, The sam
be remarked i
we chemical Lll-

1 one of the imports
that
may be many types of a
ment, differing
from each other, and that
ade into each other
the gap bes
clements by
insensible.
ning  con-

of that
hand moves to and
and, moving up and down

two distant
which are alm
it rem:

tween
step

2 wvenient L to regard
hiz elements as individual, separable species, and it would be
similarly I am convinced, for ws to think of

same separate fashion.
a separation bhetween two “clements” should be
, of course, at the approximate ¢ iminating ahi

rage human ear. For practical purp
-cycle step as an element

_tone of is a third
1% gt once [h\ other import
nusic al cle \\|||~' and |a|-' che

this number
the lowest
highest of
10,000 cycles

vith the de-
nprov
page

total of 92
to at least
music

The n

E ng over
re less conce
than we

(c

d on

| world with M. Cockaday, Editor of R Niws, playing what is probably the warld's only
i

undreamt. of.

by a microphone inside the case for electrical study or loud speaker

be picked up
reproduction

so that all the sound of the piano could



o

|lcmL nca
f Tadio
b of Ameriea:

(‘ rebess Uporatary Ausccl-
amn.mtmsc& United Statea Army.

A Radio
message

To men who are
looking ahead!

by . L. DUNCAN
NLY n few men will read this mes-

t they will b the typo of
Tam pemonally intor-

ested, For such men...1want to open the
dour ta lh»rmlrh training in radiv, And tho
coupan helow i the first s

RA 1...:-:mm, me, {fomorly U Mar-
coni Institute) was founded 22 years age
for ano purpos (‘.Tupmhlc!?fndunwruh
\\l|11~:ufnln’unl the w1t

this multiplicity of the musical
sments” does not scem a serious fault
with this chemical analogy. And the
analogy does provide a very simple way
of studying musical tanes and thinking
about them,

There remains, however, the important
matter of the \'nlur ar utility of different
musical “comps neaning by a mu-
sical tmnpuulu] |um|)' ny passible com-

am  Hraid W]m:. acoustic enti-

the voice of Countoss Dlgn
the

pany,
Rt vadio singer, by pictures
sound waves thrown on 8 sercen

bination of the m
ne musical compaound, fur cxample, is
the tone of the A string of a violin, wl
||mr|2 pechaps 95 pe of one
ment” (the so-called fundament
smaller percentages of other “elements,”
led harmanics or

Trelitube never made a ponny . .
muccesdinlifting the standar

an
we woald considor cur wark &
Naturally, wo wantour n

P

nsiagre Lo ronch

Then wo oponed sur conr
nnat affond Lo givo up their
L Thaowramiln elislonts study

mont wo furnish, they huvo their own cadio
Tal, 1 Lghiatl ! tart

FOUF course at home any finse)

DT courie oo

\\'u traln b
Inui T

& our mora t« I|nlw\| COTRy
whateror branek of radia int bqou..,[;
1y for you to atuly, The cost In
prialngly |lM‘ r:..r e tralning you gel.

trudning to na
Many of these aré nww sxecn
n Uio lnrgeat broaden
urlu,« \-::
il o

s and engi-

.

¥ raonally inv

!vw tnr cur froe iluuk thsat
complete story,

RCA INSTITUTES, Ine.

!TCJ\ INSTITUTES, luc.
hept.

! |3 Vorlck it New York, N ¥,

Gentlemen: Plenss send mn;mﬂ-kﬁn
Bouk whieh Lelln nbout yuisr

maothod of mdio

Occupathon...

Ancther and more compli-

OVEr-1ones.
cated “musical compound” would be the
mixed tone pr

at any Instant by a
m||hu||\' orchestra; the camposit of
which in musical chemistry doubtless
would inclurde lumdreds or even thowsands
of musical elements each indicated by the
percentage in which that element is pres-
em m :he 1otal tone.
hasis there would be no physi-
siween musical sounds
The noisc of a

ane woukd n:nrrscnl the tone
OF course the two spec-

is one about whic
cians argue intermin

About the oaly
real dn.um:uon it scems to me, is the
conventional one that the “musical sound™

any country and any age, the sound
which is pliasing to the majority of peo-
ple. Country and age need to be con-
siddered L i
music, for . has a very
ical composition™ from Occic
music am] yet proves highly plca=mp o
| Olm-nl'\l enr, One of the great mys
“musical chemistry™ at prose nr.
t of just which “compositions
al Lom it aned just w]!n]l

In p sense this m iz like that of
* the synthetic chemist who has produced

Tapo News von Juwy, 1931

The Electrical Future of Music

{Contined from page 30)

in his Iaboratory a thouwsand new chemi-
cal cam|u{.ud-.. LY, i theso v b
highly usciul t kind amd to indusiry.
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peoduced. This article would be expanded
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€. A. Jobnson, of the E. E. Free Labara-
tories, with a special electro-magnetic picks

up used to rake the tane from a sindle
square inch of a piano sounding bourd
patience were 1 mpl 1o outline

the thousands of analyses already made,
indicating the difficrent characteristics of
the tones of different instruments or of
toncs from variable instruments like the
human vaice.

There is but one thing which perhaps
requines attenti The invention of the
pismo had upon the art of music th: mos
powerful effect of any event until
||[m|('nl of electrical music.
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