THE THIRD DIMENSION

IN MUSIC

THE:INVISIBLE PARADE SEEMS
TO MARCH AS THE DIRECTION. -
AND VOLUME OF SOUNDS ; -

CHANGE.

HIRD dimension, auditory perspective,

solid or sculptured music, directional

audio, binaural reproduction, stereophonic sound—call

it what you will, the effect achieved in the sound system
recently demonstrated before members of the American In-
stitute of Electrical Engineers and Institute of Radio Engi-
neers, at the Engineering Societies’ Building, by the Bell
Telephone Laboratories, was naturalness of sound reproduc-
tion in the complete sense of the word.

It is impossible to point a finger at any one part of the
system and say, “there is the ‘secret’ of the true-to-life sound
reproduction.” Rather, it is necessary to accept as the ex-
planation, the entire ensemble—every component of which
bas been designed to meet a specific demand.

Auditory Perspective

“Sound,” whether it is vocal or instrumental, is generally
divided into only two components: (1) volume, which gives
“height” to sound; and (2), frequency, which gives “width.”
There is, however, a third component, more physiological
than physical, without which no sound seems to be “natural”
—this is the “sense of distance and direction” or “depth”
(the third dimension—“perspective™).

Although volume and frequency are thus shown to be funda-
mental considerations in discussing sound, apparatus designs
to enhance the characteristics of one or the other present
little that is new (See, “A Super-Power and -Quality P.A.
System,” Rapro-Crarr, December, 1933). Reproduction in
auditory perspective, however, introduces a more modern
technique, the design, construction and operation of equip-
reent for which bids fair to open to sound technicians a field
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NUMEROUS SPEAKERS GIVE '
FORTH LOCALIZED PORTIONS
L OF TOTAL.SOUND.EFFECT

of activity perhaps as lucrative as have heen
“P.A."” and the “talkies.”

The practical results that can be secured with a system de-
signed to reproduce (or even accentuate) all the elements of
sound reproduction in perspective are amazing; only by
actually experiencing them can they be fully appreciated.
If the listener closes his eyes apparent effects seem to be
actual ones.

Thus, the audiences of trained engineers that critically
listened to demonstrations in the Engineering Societies’
Building found it difficult to distinguish between the two.

Novel Effects of Sound Perspective

Apparently a man on the stage of the auditorium, near
the right proscenium and in back of a curtain, sawed through
a thick piece of wood; the clatter as the piece of wood hit
the floor was unmistakable. All heads turned to the left as,
in answer to a request for a hammer, a second person voiced
acknowledgement! The succeeding sounds of nails being
driven into the board, the hammer banging to the floor, and
left- and right-stage conversations between the two men were
“true to life.” A bugler appeared in front of the curtain,
raised a bugle to his lips, and started to play. After playing
a few bars he removed the bugle from his lips and walked
off the stage; the bugle continued to play, however, seem-
ingly at the exact spot on the stage he had previously occu-
pied! A tap dancer next appeared, moving his feet in rhythm
with musie. In the middle of the “act” he ceased all motion
—but the dance went on! And, when our visible performer
walked off the stage the “ghost artist” continued with the
show, seemingly traveling back and forth across the stage!
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"Depth," the "third dimen-
sion," is introduced in sound
perspective by Bell Tele-
phone Laboratories engi-
neers. The author discusses
many of the factors involved
in the new system; advanced
technicians may wish to set
up equipment experimentally
duplicating some of the
sound effects he describes.

A dramatic sketch was enacted with in-
visible participants. As they seemingly
changed their positions on the stage, the
audience, almost as one person, turned
their heads accordingly! Orchestral
music was more enjoyable due to the
seeming position of the artists, the
groups being identified by their instru-
ments. A singer apparently walked
about the stage.

However, the most dramatic effect was
reserved for the finale. The effect to be
produced was that of a person shooting
a firearm, the projectile whistling
through the air in transit from left-stage
to right, and the target being hit. Al-
though it was amusing to seemingly hear
a shot, follow the bullet across-stage and
hear it smack the target, it was more
amusing and even bewildering when the
tables were turned—the target was
struck, the bullet whistled across-stage
from right to left, and then the “start-
ing” shot was fired! (Of equal interest
to the technician was the duplication of
these William Tell activities—first pro-
duced mechanically — by electrical
means.)

An amazed audience now watched a
curtain of theatrical gauze rise, to reveal
—not a soul! There were to be seen
only three reproducers (“loudspeaker’)
assemblies, one of which is illustrated in
Tig. A; a rear view is Fig. B.
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Fig. A, above

Front view of the reproducer assembly. The
high-frequency units comprise two 16 section
trumpets.

Fig. B, right
Rear view. MNote the very great diameter of
the low-frequency voice coil. The reproducer
assembly is designed to deliver an output of
100 db!

These effects of auditory perspective
were accomplished by employing three
independent microphones connected by
three amplifying channels to three of
the “loudspeaker” assemblies, as shown
in Fig. 1. (For the demonstration the
orchestra, performers and microphones
were located in an auditorium on the
5th floor of the building; the amplifying,
monitoring and reproducing equipment,
in the auditorium on the second floor.)

Additional Sound “Tricks”

In order to fully demonstrate the capa-
bilities of this ultra-modern sound sys-
tem the apparatus was designed to de-
liver 1000 W. of audio power to the loud-
speaker assemblies, each of which is re-
ported as having the remarkable ef-
ficiency of 509%; and the frequency
range was designed to cover, without ap-
preciable distortion, from 40 to 15,000
ceyveles!
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Such wide extremes of power and fre-
quency makes possible many unusual
effects. Thus, for instance, it was in-
teresting to watch the audience crane
their necks in an effort to follow a
phantom airplane as it rapidly ap-
proached from an imaginary horizon,
circled .“overhead,” and then disappeared
in the distance. The sound of an ordi-
nary door signal buzzer was raised in
volume until it resembled a miniature
trip-hammer. The tap dancer, previously
mentioned, was made to sound like a
noisy giant, The volume of a 30 piece
orchestra was inereased until it equaled
the “acoustic size” of a 300 piece orches-
tra (and thus demonstrating super-or-
chestral effects). At the same time, the
volume of a vocal soloist was raised with
each increment of orchestral volume so
that the singer was never drowned out.

(Continued on page 676)
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The ecquipment for “three dimension™ sound requires three micro-

phones, amplifiers and speakers.

Fig. 3, right

Frequency, and noise ranges in music, etc.; figures which indicate the
need for a 40 to 15,000 ke. sound system range.
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SPRAYBERRY’S

Practical
Advanced Training
Course for
Practical Servicemen

At last=—a sound, how-to-do-it course by a man
who, for years, has been in wnusually elose touch
with servicemen and service work, No bunk—a bare
minimum of theory—no mathematicsi—no fancy and
costly bindings. Just a real, carefully written course
which will prove Invaluable to every serviceman who
will study it.  Idest of all, the introductory price is
so low you’ll pay for It by your Inerepsed carnings on
the first few jobs, For instance, E, J. DBreau of
Dalhousie, N.I%., Canada, writes: “'I am well satlsfled
with your course. In fact, I ean now service a flndin
in about half the time I could six months ago,

Where Will ‘e’O}J BR?
Tomorrow? mes change.

is o fast moving busl-

ness. Servicemen must

more with it. Otherwise tomorrow will flnd them
sitting by watching the best jobs go to f?n!mel_:.t!oi:z.
‘onstant study and improvement are essential, g,
{r:m"' I’ll.—\l’:’]"\lC.\L MECHAXNICS OF RADIO SER-
YVICE' F. L. Sprayberry glves you the Iatest, handlest
dope In the most compact, readable style, It costs
less amnd, being more practieal, Is casler to understand.
For a total of $10.00 you get

$ 28 lessons on Modern Radio

Service. Terms as low as

$2.00 down and §2.00 a

month. Your money absolutely refunded if you are

t satisfied.
e You Get the Latest Information on

1. SET TESTING
by means of the Analyzer Method; Voltage
Method; Polnt-to-Point Method; Stage-
by-Stage Method; Oseillator Method and
Hand and Observation Method.

2. REPAIRING
Superheterodyne  Circuits; Automatie Vol-
ume Controls; Public Address; Auto Radio,
Lattery Operated and 32-Volt and 110-Volt
D.C. Bets.

3. PARTS TESTING

Including Practical Methods for Testing Con-
densers, Resistors, Transformers, Tubes, Loud
Speakers and Antenna and Input Circuits.

4. TROUBLE SHOOTING

How te Iocate and eliminate Receiver Hum.
Internal Receiver Interference, Intermittent
Reception, Poor Quality Reception and Poor
Sensitivity and Selectivity.

A .se
SECTION ON
TURES, including all the latest
types. and 6. A SPECIAL SEC-
TION ON SET ANALYZERS In-
eluding informatlon on modernlzing
and repairing all types.

MAIL TODAY! _
F. L. SPRAYBERRY 32 Brant st; N.w.
Please rush complete detalls of your new 28-lesson

course “J’Hz\l}’[‘[(}AL MECHANICS OF RADIO
SERVICE.” 'These, of course, arp {reo.
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NEW! SENSATIONAL!

110 VOLTS AC FOR AUTOS

The new AUTONATOR generates 110 Volt A.C. Cur-
rent in motor cars, acroplanes and from all types of
engines and motors, direct from fan belt, Costs
nothing to operate. No servlce—no brushes, collector
rings, commutator or wire wound armature. Ideal
for operating PORTABLE Sound Equipment. A.C.
Radie Sets, Neon Signs, Electrle Lights, Search-
lights, Hend for complete details,
AUTONATOR LABORATORIES, ING.
8440 South Chieago Ave. Dept. A Chieago, 1II.

YOUR OPPORTUNITY—
THEATRE SOUND EQUIPMENT

Buy From the World's Largest Suppliers
Exceptional Bargalns in New, Used and Rebullt Motion
Picture Apparatus, Recent Government Surpluz and
Liquidation of other manufacturers such as PACENT,
ROYAL AMPLITONE, POWERS CINEPHONE, TONE-
0-GRAPH, RIOPHONE, RCA PHOTOPHONE and
others now offered to our trade.

Write for Our New Illustrated Catalogue

5. 0. 5. CORPORATION

Dept. RAC 1600 Broadway, New York, U.S.A.

EXPORT: 120 Liberty St., New York
CABLE ADDRESS: “S0S0UND™ New York., All Codes,
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THIRD DIMENSION
IN MUSIC

(Continued from page G55)
A violin soloist was given a gigantie violin.

The effeets, and additional ones involving
the use of frequency ent-off filters, were at all
times under the full control of a monitor op-
erator centrally located in the baleony.

Ior example, the previously-mentioned ex-
periment of a bullet shot, its passage through
the air and ils striking a target, was achieved
by having an assistant slap two boards to-
gether in front of the left microphone (on the
Gth floor of the building) for the “shot™: a
second assistant rapidly ran across-stage from
left to right, blowing a whistle, to indicate
the sound of the bullet in slow motion through
the air; a third assistant hit a gong to in-
dicate that the target had been struck, ITow-
ever, the monitor operator very eleverly simu-
lated this effect with the performers in front
of only one microphone by the simple process
of “fading” the microphone output into the
individual audio channels, feeding each
speaker assembly as required; thus, with o
twist of his wrist he reproduced the effect
of the bullet whistling aecross-stage, yet with-
out any of the assistants moving!

A very satisfactory degree of auditory per-
gpective may be obiained with only two inde-
pendent channels (“binaural” operation), but
the presence of the third channel considerably
enhances the effect, and is of very great ad-
vantage when a soloist accompanies the or-
chestra. With reproductions in auditory per-
spective, the center channel (connected to a
specinl microphone In front of the singer) al-
lows her voice to be amplified independently
of the orchestra, and thus always to be kept
at a slightly higher level,

The factors involved in attempting to
simulate at a remote point the esthetic ef-
feets of origlnal sounds should be learned by
everyone interested in good sound reproduc-
tion. Tor this reason the following explana-
tien is given of some of the factors involved
in the design of the new sound system,

Frequency and Power Requirements

For high-grade reproduction of sounds the
range of frequencies that the system must
transmit is determined by the range of hear-
ing rather than by the kind of sound that is
being reproduced,

Persons baving normal hearing can hear
pure tones ranging in frequeney from 20 to
20,000 cyeles.  However, note that in order
to sense the sounds at either end of this range
the sounds at these extremities of the fre-
quency range must have very high intensity.
In musie these frequencies usually are at such
low intensities that the elimination of fre-
quencies  below 40 ecyeles and those above
15,000 cyeleg produces no detectable difference
in the reproduction of symphonic music, How-
ever, the eliminatlon of frequencies above
13,000 eyeles produced a deteetable change in
the reproduced sound of the snare drum,
eymbals, and castanets: and the elimination
of frequencies below 40 eycles, of the bass
viol, the bass tuba, and particularly of the
organ,

Besides these requirements of frequency re-
sponse the system must also be capable of
handling sound powers that vary through a
very wide range. For the type of symphonle
music now produced by the large orchestras,
for example, this range would be ahout 10
million-to-1, or 70 db, However, since the or-
chestra is limited in its power range it be-
comes desirable to design a system that will
permit this power to e augmented by ampli-
fication in order to obtain enhanced sound ef-
fects. An ideal transmission system should,
therefore, be capable of reproducing a sound
as faintly as the ear can hear and as loudly
as the ear can tolerate,

Directional Characteristics

An audience, when listening direetly to an
orchestral production, senses the spatial re-
lations of the instruments of the orchestra
a8 a result of their ability to localize the di-
rection, and to form some judgment of the
distance from a sound source, This spatial
character of the sounds gives to the music a
sense of depth and of extensiveness wchich,
Jor perfect reproduction, should be preserved.

RADIO-CRAFT

The music which we hear comes to us in
part directly, and in part by reflection from
the walls; both contribute to the esthetie
value of the musie, Ilowever, Inasmuch as
many of the tones of n musieal selection are
of short duration, the direct sound is of
great importance—it is this gound alone which
enables us to localize the source. In general,
instruments of lower register are less direes
tive than those of hizher register,

For efficlently radiating frequencies as low
as 40 cyeles a horn of large dimensions is
required ; the “folded™ type of horn is prefer-
able, but it transmits high-frequency tones
very ineficiently, “Therefore, the reproducer
“assembly™ was constructed of two units, one,
of the folded type, for the lower and the
other, of trumpet type, for the high frequen-
cies, as shown in Figs, A and B, with an elee-
trical network to divide the current into two
frequency bands, the point of division being
about 300 eyeles,

Iach of the high-frequency horns shown in
Figs, A and B has 16 separate divisions, each

with an exponential taper. This design
“sprays” the audience with the higher fre-

queney sounds which, being highly directive,
give the sense of dircction.

The output frequency characteristics of the
combined low- and high-frequency reproducers
Is shown in Fig. 2,

Frequency Ranges

That the wide frequency range of this sys-
tem s essentinl to natural reproductiom is
evident by reference to Iig, 3, which shows
the gudible frequency ranges for a number of
different sounds; this graph differs from
others in that it shows the *“accompanying
noise range” of sounds tbat tend to produce
the illusion of naturalpess. These sounds in-
clude 1lip noises, key clicks on musieal instru-
ments, “buzz” of reeds, and hissing of r.
The short, heavy portions of the line indicate
the frequency ranges thought to convey the
“tone quality”™ of the instruments; and the
short, vertical lines define the ranges of
noise, In some cases noise and tone seem
inseparably blended. This is a factor that
previous designers of sound amplifiers and re-
producers do not seem to have taken inte
aceount, Of course, in the ease of radio pro-
gram reception the point is not brought up,
sinee the frequency range of the transmitter,
operating on 200 to 550 meters, is only § ke,
(new, experimental transmitters have recently
been lHeensed to transmit an audie band 10
ke. wide, on three wavelengths below 200
meters—this is, indeed, pood news for those
who want to enjoy high-fidelity radio pro-
grams),

The qualitative observations made on vari-
ous sounds by a number of trained observers,
as frequency-range filters were cut into and
out of eireuit, are summarized in Table I:
in this tabulation, “L.F." means “lowest fun-
damentals,”  This table, and the previous dis-
cusgsion show, further, the necessity for an
amplifier and reproducer frequency range of
40 to 15,000 eyeles, for “natural” reproduc-
tion. It is of interest to note that the dy-
namie reproducer used in the ordinary domes-
tic radio set is seldom capable of efficiently
reproducing  sounds lower than about 100
eycles or higher than about 6,000 eyeles!

Now that we have been given a “taste” of
what may be accomplished toward natural re-
production in andio pervspective we look for-
ward f0 a new day in sound techoique, It
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Fig. 2
Average over-all reproduction-ratio characater-
istics of the reproducer system. It departs from
uniformity only about 2.5 db. plus or minus,
between 40 and 15,000 cycles. Measurements
were made by supplying “warbling" frequencies
to the voltage amplifier and measuring the
sound pressure in the "listening area™ of a room.
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will be only
address systems, talkies, radio sets and sound
ri-enforeement systems incorporate *‘three di-
mension sound,”

The writer extends credit to Bell Telephone
Laboratories, the Acoustical Society of Amer-
iva, American Institute of Eleetrical Engi-
neers, and the Institute of Radio Engineers
for the use of material and illustrations in-
corporated in this article, which has been
written partly to deseribe a new development
in =ound reproduction; and partly to show
the limitations and possibilities of existing
sound systems of all types,

TABLE I

Tympani—Xo important  frequencies  below 63
eveles.  (Drom tuned to 96 cyeles.)  Aetual
tone Tange ends around 2,000 cyeles,  Promi-
nent drum rattle and beating noises to around
5,000 eyeles.
Drum—No important
cyveles,  Actual tone range ends
cveles, l‘nnnim-ul drum rattle
noises to around 5,000 cyeles,
Snare Drum—No llllpm‘t‘lli[ frequencies below 100
eveles,  Actual tone consists of rattle extend-
ing to very high frequencies,

14" Cymbals—No important frequencies below 350
eveles,  Low frequencies prominent when one
eyvmbal s struck with a hard stick. IHigh
frequencies prominent when two eymbals are
elashed together.

frequencies below 70
around 1000
and beating

Bass

Bass
plucked than on bowed notes. Considerable

Lowing noise,

Cello—L.F. fairly important, Tone very rich in
harmonies,  Moderate bowing noise,
Piana—L.1", wunimportant for first octave. 100

cvele high-pass filter only slightly noticeable.
Upper notes practically pure tones.

Violin—L.F. important., Tone rich in harmonies.
Noises and tone blended.

Bass Tuba—L.F, fairly important. “Pedal” notes
v—-fmld:iml'nl..il- around 20 eycles—contain
fewer very low frequencies than regular notes,
Moderate JJ]L\\\lllg and key noises, i

Trombone—IL.F. not very important below 130
eveles,  Middle register has greatest harmonie
content,  Inappreciable noise.

French Horn—L.F, unimportant below 130 eycles,
Middle register has most volume and harmon-
ics.  High register gives rather pure tones.
Harmonies least prominent of any instrument

tested.
Trumpet—L.F. fairly important. Lowest register
has greatest high-frequency  “blatt.”  Tones

purer at higher pitehes, Inappreciable noise,
Bass Saxophone—L.F. not very important below
90 eyeles. Iighest register rather unmusical

and unpleasant.  Considerable blowing and
key noise.
Sassoon—L.F. fairly important. Prominent recd

noise on lower registers Moderate key slap.

Bass Clarinet—IL.F. very important. Tone goes to
very high {requeneies on  upper
Prominent reed noise on lower register htl-llll-
ing blended with tone on upper register.

Clarinet—L.F. very important, Medium range has
largest harmonie content, Highest range gives
much purer tones, Moderate blowing and
reed noises at very high frequencies,

Soprano Saxophone—L.F. very important. Power-
ful harmonies making very harsh tone, Mod-
erate reed noise above 10,000 eyeles, less than

that of elarinets,
Oboe—L.F, important. Most “reedy” tone of all
tested.  Tone extremely rich in harmonies of

high order, especially middle register. Noises

blended with tone.

Flute—L.F. very important. Middle register has
most harmonics.  Highest register produces
almost pure tones,  Much blowing and me-

chanism noise on highest register,

Piccolo—I.F. very important.  Middle range most
musical and free from noise. Highest few
notes are very powerful but are practically
pure tones,
on all registers.

Footsteps—No important  frequencies  below 100
eveles.  High frequencies up to about 10,000
or 12,000 cyeles required.

Handelapping—No important frequencies below 150

cveles, but requires the entive audible range
< on the high frequency end. Sounds fairly
natural with 8,500 cyele cuteoff.

Jingling—Buneh of 22 keys shaken on 47
wire loop—No important frequencies below
6500 eveles but requires entire audible range
on the high-frequency end, Tone very un-
natural with 8,600 cycle cut-off.

Key
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Viol—I.F, fairly important, slightly more on |

Much blowing noise and rumble |

a matter of time until public |
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We challenge you to find ANY instrument cost-
ing 50% or 609, more than the Model 333
Analyzer that will do what the 333 will do

-« . that will have the range, speed, flexi-
bility, and exclusive advantages of the

*"Free Reference Point System of Anal-
ysis" . . . or a tube tester that will tell
you as much as the Model 85... an in-

dividual leakage test between each and
every element of EVERY tube, quickly
revealing the faults of those trouble-

some tubes that test "Good" on or-
dinary testers ... or a tube tester
approaching the value of the new
Model 35, just announced, with
such simplicity of operation, and
directly indicating "Good" and
"Bad" tubes based on accu-
rate calibration. . . . We
confidently believe that
these are the best engi-
neered instruments ever
offered the service pro-
fession . . . that they
are truly “"Supreme by
Comparison” . . .

Supreme
started some-
thing when the
Meodel 333 Ana-
lyzer was an-
nounced .. setting
a new standard of
value and engineer-
ing perfection awaited
by the industry . . . with
the result that in a few
short months nearly 5,000
of the world's best radio
technicians discarded their
old testers in favor of Su-
preme's new Model 333 and
“*Free Reference Point System
of Analysis" . . . No greater
tribute can be paid this instru-
ment than the enthusiasm of its
owners . . . and then the Model 85
Tube Tester . . . as radically differ-
ent from other tube testers as the
333 is different from other analyzers
. .. and being accorded the same re-
ception because service men know
GOOD instruments . . . the Model 85
makes available for the first time a com-
plete ANALYSIS of a tube . . . now the
announcement of the new Model 35 Tube
Tester in the lower price bracket . .. devel-
oped in close co-operation with leading tube
engineers and "tried out" under actual service
conditions . . . large English reading scale di-
rectly indicating the true quality of all tubes
based on transconductance emission ... and at a
price heretofore believed impossible . . . all three
of these revolutionary instruments are now in stock at
the leading jobbers . . . see these new Supremes today
and you'll say, as have thousands of others, "There's
the equipment |'ve always wanted"

*Write us for a magazine reprint (with dlagrams} iving a
technical discussion and complete explanaticn of ? Rei-
erence Point System of Analysis,"

I
I SUPREME INSTRUMENTS CORP.,
493 Supreme Bldg., Greenwood, Miss.

Please send me full particulars on SEE YOUR
JOBBER

NOwW
@

SEND THE
COUPON

(Here indicate instrument or instruments
interested in)
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