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rleasure

—thanks to the finest in modern sound
recording methods and equipment

Music lovers everywhere know that Columbia LP records mean
more listening pleasure—not in playing time alone, but in
superb quality of reproduction. Yet few listeners outside the
professional circle realize the degree of perfection which this
record quality requires in every step of manufacture and proc-
essing. Take the original sound recordings and the processing
masters, for example. Frequency response, signal-to-noise ratio,
distortion and surface noise must measure up to standards
which would have seemed entirely impractical a few years ago.
But Columbia has found that Audiotape and Audiodiscs are
an ideal combination for meeting all of these exacting re-
quirements — Audiotape for recording the original sound and
Audiodiscs for the masters from which stampers are made. In
fact this same record-making combination is now being used
with outstanding success by America’s leading producers of
fine phonograph records and broadcast transcriptions.

You can get this same sound perfection in your recording
work, too— with Audiodiscs and Audiotape. Their superior
quality is the result of more than 12 years of specialized experi-
ence by the only company in America devoted solely to the
manufacture of fine sound recording media, both tape and discs.

@The exclusive trade-mark of Columbia Long Playing Records—symbol of highest quality.
Twade-Marks “Columbia,’”” ‘‘Masterworks,” @0, @ Reg. U.S. Pat. Off. Marcas Registradas.

AUDIO DEVICES, Inc.

444 MADISON AVE., NEW YORK 22, N. Y.
Export Dept.: 13 East 40th St., New York 16, N. Y, Cables '*ARLAB"*

90 0000000000000 00000000000000000000000000

...including
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for the original sound
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...and audiodiscs

for the master recording
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*Trade Mark
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Build your own furniture to suit—as one owner has done. This attractive unit
(the furniture, that is) was assembled from aluminum tubing and small
clamps, using simple wooden slabs for the top and for shelves. The
record changer is covered hy a plastic half-globe, molded to
order, and speaker, amplifier, and control unit are all in-
cluded in this installation. Design by Dean McClure,
architect; equipment by The Electronic Work-
shop. Details of the construction will
appear in next month’s issue.
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The TURNTABLE
is the HEART

of your
HIGH FIDELITY
SYSTEM

You may own the finest pickup, amplifier and
speaker that meney can buy...yet you'll get
poor reproduction if your TURNTABLE has ex-
cessive wow, hum or rumble!

REK-Q=-KUT

..offers a complete range of 12” Turntable models
to match your present high-fidelity equipment and
your own pocketbook. Not every sound system re-
quires the most expensive turntable...your turn-
tabie must be chosen to complement your other com-
ponents. Each REK-0-KUT Turntable carries an engl-
neering specification which enables your Sound Dealer
to select the appropriate unit. The quality and work-
manship of every REK-0-KUT Turntable, from our
most economically-priced model, to our highest priced
professional machine is identical. .. price differential
is dependent solely upon the type of materials used.

MODEL LP-743
3-Speed 12" Turntable

Induction type motor,
designed for smooth,
vibration -free operatlon
Instantaneous speed
changes without™ stopping
turntable or removing
disc ....... .$54.95 Net

MODEL CVS-12
All-Speed Continuously-

Variable Turntable
Plays all records, 6” to 16”
and broadcast transcrip-
tions, not only at the three
normal speeds, BUT AT
ANY SPEED from 25 to 100
RPM. You play your records
at the EXACT SPEED at
which they were recorded
or at any variation of speed
or pitch which gives you
maximum pleasure. A

“must’ for serious music lovers, pro musicians,
...... $84.95 Net

schools, dance studios, etc.

MODELS T-12H & T-43H

2-Speed 12" Turntables

The only 127 dual-speed turn-
tables that meet the standards
for speed regulation and WOW
content specified by the Na-
tional Association of Broad-
casters.

Recommended for use with ULTRA HIGH FIDELITY
Amplifiers and Speaker Systems.

MODELS MOTOR SPEED PRICE
Tz ke | Hwterssls | ap33 | sniees
Tas He | gymteresle [ 4533 | 11995
T-12 Insler 78-33% $84.95
T-43 bl 45.33% $84.95

¢ Delivery limited to very short supply of Hysteresis motors.

See...hear...compare REK-0-KUT Turntables
Phonoxraphs and Professlonal Disc Recorders a
leading Music Stores, Audio-Visuai Dealers and Radio
Parts Jobbers...or write for latest, free Catalogue.

REK-0-KUT CO.

38-01 Queens Blvd,, Longlsliand City, N. Y.

EXPORT DIVISION: 458 Broadway, New York City, U. §. A.
CANADA: ATLAS RADIO CORP., LTD., 560 King St. W.. Toranto 28, Ontacio




your
ear
will
tell

the performaqﬁ?
of the TRIAD

Hi-Fidelity
Amplifier is equal

to that of amplifiers
costing much more

Listening tests conducted before
groups of critical music lovers have
proved that the difference in repro-
duction qualities between the low
cost Triad Amplifier and the other
higher priced units is undistin-
guishable. Available in kit form
only, with complete assembly
instructions, the Triad HF-10
Amplifier provides valuable expe-
rience while affording substantial
savings. In quality and performance
it is a fitting companion to the
finest sound system components
available today.
prices
HF-10 Kit — Includes S$-31A, R-14A, A-74) and

C-10X Triad transformers, chassis, prints and assembly
instructions. . ...... ... ...l $43.00

HF-10A Kit — Same as above except for substi-
tution of HS-81 output transformer for S-31A..$63.50

Both of above available with 500/250/125 ohm output

Write for Catalog

TRANSFORMER MFG. CO

2254 Sepilveda Blvd.
Los Angeles 64, California
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dreds, but here is one of especial in-

terest because it is so simple. It com-
bines in a single control attentuation of
either high or low frequencies, together
with a very definite flat-response position
which is not (lependent on bhalancing out
opposing tone control circuits, The inventor
is Robert J. Cowles of Fort Wayne,
Indiana, and the patent, No. 2,571,112, is
assigned to FFarnsworth.

The circuit of the tone control appears
in Fig. 1. Tt consists of a potentiometer of
1 megohm, with a tap 200,000 ohms above
the “ground” end, and two capacitors, one
being .02 uf, and the other .002 uf. The
first vacuum-tube stage is a voltage-ampli-
fier triode and the second the familiar
cathodyne phase inverter with outputs taken
from the plate and the cathode. The stages
are direct-coupled ; the correct hias for the
second stage can be had by the right com-
bination of R, (for a satisfactory low plate
voltage to be transferred to the following
grid) and R. for a high cathode bias to
offset most of the positive grid voltage. IX.
would normally have a fairly high value in
any case in this kind of phase inverter,
and should he the same as Rs. The potentl-
ometer has no effect on the bias of the
second stage since it is not carrying d.c.

With the potentiometer arm at the tap
point the circuit appears as at (A) in Fig.
2, since the 800,000-ohm portion of
the potentiometer and its shunt capacitor
are shorted out. The .02-uf capacitor has
very little effect on {frequency response.

With the potentiometer arm at the ton.
the circuit is as shown at (B) and is easily
recognized as a high-boost circuit. At inter-
mediate positions, the amount of action is
regulated by the value of resistance across
the .002-w.f capacitor.

At (C) in Fig. 2 is shown what happens
when the potentiometer arm is moved below
the tap, for instance to the point where

l * 255 West 84th Street, New York 24,
N. Y.

E ONE-CONTROL CIRCUITS exist by the hun-

LAUDLIY
EPADIATUS

RICHARD H. DORF*

there remains 100,000 ohimis between the arm
and the .02-uf capacitor. The .002-u.f capaci-
tor, the 800,000-ohm resister (portion of
the potentiometer), and that part of the
potentiometer hetween the arm aud the
tap (assumed at the moment to be 100,-
000 ohms) no longer have any effect since
no audio current flows through them and
they can cause no voltage drops. The cir-
cuit is reduced to a series resister and
capacitor between plate of the first stage
and ground, with the first-stage plate con-
nected to the second-stage grid. The ef-
fective resistance in the circuit is now made
lower as the potentiometer arm is moved
downward, raising the frequency at which
the resistance and the reactance of the
capacitor become equal. Above this fre-

[Continued on page 4]
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PLUS PERFORMANCE

in QUALITY andi PACKAGING
SOUNDCRAFT MAGNETIC RECORDING TAPE SOUNDCRAFT TAPE-CHEST*

New Reeves Soundcraft Recording Tape outper- ‘The merchandiser you’ve been waiting for:
forms all others. Experience will show you that Sound- five reels of Soundcraft Tape (5 or 7 inch)
craft Tape has unique lasting qualities, over and packed in the sensational 5-drawer Tape-Chest
above other magnetic recording tape. at no extra cost! Constructed of durable, lined

Soundcraft Tape is the only tape manufactured by boxboard, the handsome pyroxylin-coated Tape-
specialists with 20 years of continuous experience in Chest is a permanent filing cabinet. Stores each
the sound recording field . . . a tape perfected after reel horizontally in an individual drawer to
years of painstaking research and experimentation to protect it and lengthen its life.
produce the ultimate in fidelity. Soundcraft Tape is easy to sell, because it’s so

superior. The Tape-Chest will make it easy to sell
reels five at a time!

REEVES
SOUNDCRAFT TAPE
HAS ALL THESE PLUS PERFORMANCE ‘FEATURES'

Send for FREF R

Dest"phve l“eruture Now Pre-coated for greater adhesion.

Constant speed coating process for output uniformity.

e

Each foot checked to guarantee absolute output
uniformity.
Buffed for improved high frequency response.

Reeves Soundcraft Corp.,
10 East 52nd Street, N. Y. 22, N. Y.

Surface lubricated to insure quiet performance.

cns @

) . . Six-spoke reels to prevent sagging when stored.
Gentlemen: Please send me, without cost or obligation, your o P e

Soundcraft Magnetic Tape brochure showing how | can get
better recording results.

REEVES

: .
| |
' ' “SHiNDcRAFT
| |
I |

ADDRESS 10 East 52nd Street, N. Y. 22, N. Y.

THE ONLY RECORDING MATERIALS
PERFECTED AND MANUFACTURED
BY RECORDING SPECIALISTS

Please write Reeves Soundcraft for additional information,

CITY. STATE
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AMPEX series 400-A

MAGNETIC TAPE RECORDER

SOLD AND SERVICED BY

Audio & Video

P RODUCTS € ORP ORATI{ ON

730 Fifth Avenue -

New York 19, N. Y.
Plaza 7-3091

LITERATURE describing this new portable equipment will be
rushed to you as soon as we receive your request.

AUDIO & VIDEO also sells and services the fine products of the leading

audio equipment manufacturers. We will be glad to supply you with

descriptive literature, prices and delivery information.

CHECK those manufacturers whose products you would like details

about. Use this advertisement as a convenient coupon.

Exclusive in Canada . . . .

Canadian General Electric Co., Ltd.
212 King Street, West
Toronto, Canada

In Washington, D. C. . . ..

Gallant Engineering Company
261 Constitution Avenue
Washington 1, D. C.

AMPEX STANDARD RECORDERS . . . . .
AMPEX SPECIAL RECORDERS . . . . . .
Mcintosh . . . . . ... ...
M.M. &M . Tape . .. . . ..
Pickering

Altec
Cinema . . .. ¢ oo oo
Editall . . . . .« . v« v v vt
Electro-Voice . . . . . . ...
Fairchild Disc . . . . . . . ..
Langevin . . . . .. ¢ . 0.

Pre-Recorded Tape . . . . . .

RecordingRates . . . . . . . .

ogooooo O0dad

Telefex

ooooooo

lansing . . . « . « .« « 0 v e

AUDIO & VIDEO PRODUCTS CORPORATION

730 Fifth Ave., New York 19, N. Y.

Please send me literature and details concerning the products of
those manufacturers whose names I have checked above.

Name :
Title .
Company Name
Mail Address

quency the net impedance of this circuit
across the first-stage plate decreases pro-
gressively ; because of the plate resistance
of the first stage, response in the treble
range becomes less and less.

Fig. 3 shows what kind of curves may be
expected. Curve A shows measured results
with the arm at the tap. Curve B shows
what happens when the arm is moved up-
ward. And curve C illustrates response as
the arm is moved below the tap.

Anti-Noise Bridging Amplifier

John W. Rieke of Astoria, N. Y, is the
inventor of an interesting amplifier for
bridging a balanced line and discriminating
against noise picked up in the line along
its run. The patent, No. 2,547,538, is as-
signed to Bell Telephone Laboratories.
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As shown in Fig. 4, V; and V. are bal-
anced amplifiers, both passing cathode cur-
rent through Vs Audio input from the bal-
anced line produces equal and opposite grid
voltages on ¥: and V. The cathode cur-
rents are equal and opposite and there is,
therefore, no a.c. component through Vi

Noise voltages picked up by the line
usually tend to be identical on both lines
with respect to ground. The resulting noise
currents in ¥, and V. are equal but in
phase; they pass through Vs, the plate re-
sistance of which produces substantial de-
generation, greatly lowering the gain of
the amplifier for noise inputs of this kind.

The plate load resistors for V; and Ve
are Rs; and R, respectively. Output for
following stages or for an outgoing line
from the bridge is taken from the plate
of V', in the normal manner. The plate out-
put of ¥, is fed to the grid of Vs, which
greatly enhances the amplification of Vs in
the following manner:

If we assume an instantaneous positive
voltage (from the input) at the grid of V:
and a corresponding negative voltage at
Vs, a resulting positive voltage appears at
the plate of Vs and the grid of V', This de-
creases the plate resistance of Vs, and since
the cathode of V; is connected to the plate
of Vs, the bias on V/; is reduced. The net
effect is to increase the amplification. Reike
claims an amplification by this method
twice that obtainable without the special
circuit.

R; and R, provide bias voltage for Vi,
while Rs and R. do the same for V. Rs
is a cathode-bias resistor for ¥; R, is the
grid leak for Vs Rs causes degeneration in
V: and is made variable for use as a gain
control over a limited range. .

V. and V. should have high grid-plate
transconductance ; pentodes are best, though
tetrodes or triodes might work under cer-
tain circumstances. Vs should have high a.c.
impedance and moderate d.c. plate resist-
ance. It is also ideally a pentode.
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here's
absolute reliability
for.heavy duty

audio
amplification

If you've been looking for an audio output tube that’s stable
under the most severe conditions—completely dependable—
then this is it! The Tung-Sol 5881 is rugged both mechanically and
electrically—and directly interchangeable with the 6L6.

In creating the 5881, Tung-Sol engineers have made lavish use
of the design and production techniques which have proved them-
selves over the past fifteen years—zirconium coating over the
carbonized metal plate and pure barium getter to effectively
absorb gas for the life of the tube—gold plated wire to minimize
grid emission. These are but a few of the major design improve-
ments in the 5881.

Tung-Sol produces the 5881 under laboratory conditions, fo
assure peak efficiency and maximum uniformity. You'll find this
tube has the stuff to take the whole range of audio service require-
ments from protracted standby periods to repeated heavy over-
loads. So, if absolute reliability is essential in your audio cireuits,
the Tung-Sol 5881 is a “must.”” Order it from your regular supplier.

Write for characteristics and performance data

TUNG-SOL ELECTRIC INC., NEWARK 4, N. J.

Sales Offices: Atlanta * Chicago * Culver City (Calif.)
Dallas « Denver * Detroit * Newark
Tung-Sol makes All-Glass Sealed Beam Lamps, Miniature

Lamps, Signal Flashers, Picture Tubes, Radio, TV and
Special Purpose Electron Tubes.

LETTERS

Horn-Loaded Speakers
Sir:

An article by Meissner and Andrews (Horn Loaded Bass
Speaker, Aunio ENGINEERING, January 1952) includes a refer-
ence to the Hypex horn formula. We feel that the comment on
Hypex is the result of a misunderstanding, and submit this to
clarify the situation.

This formula, developed and patented by Jensen Manufactur-
ing Company (U. S. Patent 2,338,262), forms a family of horn
flares in which the rate of {laring is determined by a number
called T, which generally is kept between 0 and 1. The formula
1s a tool used in horn design to achieve the best matching to a
loudspeaker or driver unit. By appropriate choice of T, several
performance gains can be achieved over the exponential flare,
which by the way, corresponds to a Hypex tlare of T =1.

In the same way that the cxponential horn was an improve-
ment over conical and parabolic horns, the proper Hypex flare
used with a given driver offers these advantages over the ex-
ponential flare:

1. Higher throat resistance, and therefore higher efficiency,
just above theoretical horn cutoff frequency.

2. Greater reduction of the normal stiffness effect of the loud-
speaker moving system below its fundamental resonant
frequency (i.e, where the loudspeaker is stiffness con-
trolled). Result is higher efficiency between horn cutoff
and driver resonant frequency.

3. Decreased air mass reactance loading to the loudspeaker
in the first octaves above its resonant frequency. This
means higher efliciency, as the air resistance loading still
can be maintained at its optimum value. Result is higher
etticiency above the resonant frequency.

The authors’ statement that “when the Hypex horn cuts off,
it really cuts off” can be interpreted to imply that cutoff is
sharper or that performance is poorer below cutoff.

The throat resistance drop near cutoff can be more rapid, but
this 1s due to advantageous maintenance of a higher value closer
to cutoff.

As for performance below cutoff, neither throat reactance nor
throat resistance of finite horns actually drops to zero as depicted
in theoretical curves. Some output is obtained from all finite
horns even below theoretical cutoff.

Philip B. Williams, Senior Engineer,
Jensen Manufacturing Company,
6601 S, Laramie Avenue,
Chicago 38, Ill.
FM Station Faults
Sir:

Being an ardent listener of FM ’way back in the old low-band
operation, I have been puzzled by the difference of quality of the
transmissions of 'M stations in any given area, including New
York City. According to the F.C.C. they must transmit a fre-
quency range of 50 to 15000 cps from microphone to antenna
(from their principal studio, En.) and yet we find many varie-
ties of signals evident when tuning across the band. It is amaz-
ing how some stations consistently transmit such high-quality
signals while others can just as consistently transmit signals full
of distortion and hum and like noises. Of course, with a high-
quality system, such stations are even more objectionable than
when listeners use sets of poorer quality.

Unfortunately these poor signals negate the outlay of large
sums of money for amplifiers, speakers, and good tuners, and
lead many to believe 'M is not what it’s been ballyhooed to be.
I think it is about time to clean up these poor signals, since they
are only hurting the industry as a whole and besmirching the
fine qualities of a superior form of transmission.

Harry F. Ellwood,
9023 215th St.,
Queens Village 8, N_ Y.

(The major networks, at least, comply with FM regulations
meticulously when it comes to equipment and lines, we are ad-
vised by those who should know. The best way to “clean up” the
situation is to write individually to the offending stations, with
the possibility of forwarding copies of such letters to the F.C.C.
We agree, of course, that FM can be so much superior to AM
that it would be unfortunate —to put it mildly—to have it
abandoned, or even curtailed in the slightest degree. En.)
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Tape recording takes the “"pulse”
of the MATADOR i

TESTING OF GUIDED MISSILES like the
famous “Matador” (above) involves a compli-
cated job of telemetering. At the Air Force
Missile Test Center in Florida, a series of
down-range telemetry stations pick up pulsa-
tions transmitted by the missiles in flight.
These signals are recorded on tape for later
decoding.

“Scotch” Sound Recording Tape captures
every impulse, reproduces it with unequaled
fidelity. This gives engineers a dependable,
lasting record of valuable engineering measure-
ments—stress, strain, temperature, etc.

i

TAPE RECORDINGS of telemetered missile flights
are gathered at a central point for study and analy-
sis. By playing back the recordings, engineers can
re-create each flight in its entirety.

cotTcH

pRAND

Here's why recording engineers use
more "SCOTCH” Sound Recording Tape
than all other brands combined:

® Lower noise level than any other tape

@ Greater output sensitivity than
any other tape

@ Better reel-to-reel uniformity than
any other tape
@ Erases cleaner than any other tape

@ No curling or cupping—always lies
flat on head

® Lubricated for longer tape life

i T 5

TECHNICAL ASSISTANCE on every phase
of sound recording is yours for the asking
from your local 3M Service Representa-
tive. Backed by the exiensive facilities of
the 3M Laboratceries, he’s ready to help

The term “SCOTCH?” and the plaid design are registered trademarks for Scund

with problems, show you new techniques,
assist in selection of equipment. Call him
today . . . or write us direct: Dept. AE-42,
Minnesota Mining & Mfg. Co., St. Paul
6, Minnesota.

AUDIO ENGINEERING e APRIL, 1952

Recording Tape made in U.S.A. by MINNESOTA MINING & MFG. CO., St.
Paul 6, Minn.—also makers of “‘Scotch” Brand Pressure-sensitive Tapes, *“Under-
seal” Rubberized Coating, “Scotchlite’” Reflective Sheeting, “‘Safety-Walk’’ Non-
slip Surfacing, “3M” Abrasives, “3M” Adhesives. General Export: 270 Park
Avenue, New York 17, N. Y. In Canada: London, Ont., Can.
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Here’s why those in the know

—demand

Long rubber bushing
lines clamp and shell.
Serves as cable relief,
gives better insulation.

Molded rubber sleeve for moisture
seal. Protects cable entry.

Flat top of steel shell assures
correct polarization with
finger touch action.

New type thumb latch
lock gives smooth
action .in or out.

Both socket and pin

Rubber cushion at mating face improves
moisture protection and insulation.

Spring-loaded insert retainers provide
easy insert removal.

The Cannon Electric UA Plug was designed to
answer the R. M. A. request for the ideal audio
plug. It is the #/timate in a quick disconnect for
low level sound and related circuits. Incorporat-
ing a wealth of design and construction know-
how resulting from Cannon’s many years of
pioneering in this field, the Type "UA” Series
typifies the close attention to important detail
that distinguishes every type of Cannon Plug—
the world’s most complete line. The UA Series
is sold through selected franchise distributors.
Engineering bulletins sent free on request. sl

The Cannon UA Series consists of 2 plug types and 5

receptacles, all having 3 gold-plated contacts for 15 amp

service. Socket contacts are full-floating. The "G’ contact

engages first, breaks last for “no noise’” grounding or
shielding purposes.

CANNON ELECTRIC

Since 1915

CANNON ELECTRIC COMPANY, LOS ANGELES 31, CALIFORNIA
Factories in Los Angeles, Toronto, New Haven. Representatives in principal cities.
Address inquiries to Cannon Electric Company, Department D-109, P. 0. Box 75,
Lincoln Heights Station, Los Angeles 31, California.

contacts machined from
solid brass, gold plated.
Hand tinned solder cups.

/.?ooé /éeuiewd

Radio and Television Receiver Circuitry
and Operation, by Alfred A. Ghirardi
and J. Richard Johnson. 669 + xvi pp.
gée(;\(; York: Rinehart Books, Inc., 1951.

Written as the corner-stone of an up-
to-date radio servicing library, this vol-
ume should find a welcome acceptance
among many audio devotees, particularly
the newcomers. Over one third of the
611 text pages appertain directly to audio
subjects, from the generation of the
transmitted signal through amplifiers,
loudspeakers, pick-ups, record-players
and recorders, both wire and tape.

The treatment is clear and easy to
comprehend, and a 26-page glossary of
technical terms leaves no mystery un-
answered for the neophyte. Mr. Ghirardi
has always written on the assumption
that knowledge of the correct functioning
of equipment was essential to proper
servicing. To this the present book is
no exception. One wishes he had de-
voted a bit more thorough treatment to
some of the newer and more obscure de-
tails of circuitry. As an example—the
bootstrap flyback circuit for high voltage
generation in TV receivers is hardly
mentioned, and the inter-carrier system,
used in probably 90 per cent of all cur-
rent commercially-built receivers is al-
lowed less than a page. Conversely, the
treatment of antennae, particularly UHF
types, is outstanding.

Each chapter has its summary ques-
tions, with answers for alternate ones
in the appendix. As a reference work for
those needing refresher data, and as a
source of information to those needing
complete explanations, this book acquits
itself well, and if the ensuing volumes
serve as well in their respective fields the
authors have rendered a real service the
technical industry should not forget.

Pianos, Pianists and Sonics, by G. A.
Briggs. Wharfedale Wireless Works,
Idle, Bradford, Yorks.,, England. (Dist.
in United States by British Industries
Corp., 164 Duane St., New York.)
190 pp., 102 illus., 10/6.

Somewhat out of the ordinary for the
average audio-minded reader is this
volume which—while not offered as a
thorough treatise on pianos—will never-
theless give the lay reader, and even the
engineer, an entertaining evening'’s read-
ing. Most of us are unaware of most
of the history of the piano, and still
more unfamiliar with its construction be-
vond what we can see when we raise
the top or remove the front.

This reviewer was especially inter-
ested in the requirements of voicing a
piano, and the effect of this work on the
ultimate tone of the instrument. The
author’s presentation of charts and graphs
serves to point up the differences he
describes in various instruments—both
individually and by type.

Mr. Briggs style is far from pedantic,
more often becomes thoroughly con-
versational. It is this characteristic,
rather more than the subject matter,
which makes the book so entertaining.
The reader learns about pianos through
Briggs’ eyes, and from Driggs’ own
experience.
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COMPLETE LINE OF CORES
TO MEET YOUR NEEDS

% Furnished in four standard
permeabilities — 125, 60, 26
and 14,

% Available in a wide range of
sizes to obtain nominal in-
ductances as high as 281
mh/1000 turns.

Y These toroidal cores are given
various types of enamel and
varnish finishes, some of
which permit winding with
heavy Formex insulated wire
without supplementary insu-
lation over the core.

HIGH Q TOROIDS for use in
Loading Coils, Filters, Broadband
Carrier Systems and Networks—
for frequencies up to 200 KC

For high @ in a small volume, characterized by low eddy current
and hysteresis losses, ARNOLD Moly Permalloy Powder Toreidal
Cores are commercially available to meet high standargds of physical
and electrical requirements. They provide constant permeability
over a wide range of flux density. The 125 Mu cores are recom-
mended for use up to 15 ke, 60 Mu at 10 to 50 ke, 26 Mu at 30 to 75 ke,
and 14 Mu at 50 to 200 ke. Many of these cores may be furnished
stabilized to provide constant permeability (£0.1%) over a specific
temperalture range.

*Manufactured under license arrangements with Western Electric Company

WaD 4127
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PERFECT
TRAGRING

B N

. .« with no tone arm
resonanc<e —
New Gray 108-B

Arm for all records has new
suspension principle ...

&

Perfect tracking of records and virtual
elimination of tone arm resonances are
only two advantages of this versatile,
specially-designed arm—the finest yet
developed! It satisties every requirement
of LP reproduction, permits instant
changing from 78 r.p.m. to LP (micro-
groove) or 45 r.p.m., and assures
correct stylus pressure automatically.
GE or Pickering magnetic pickup
cartridges are interchangeable and slip
into place quickly and easily. Maintains
perfect contact with bad records,
accommodates records up to 16”

in diameter.

106-SP Transcription Arm — Assures
fidelity of tone for every speed record.
Three cartridge slides furnished enable
GE 1-mil, 2¥%- or 3-mil, or Pickering
cartridges to be slipped into position
instantly, with no tools or solder.

Low vertical inertia, precisely adjustable
stylus pressure.

Gray Equalizers — Used as standard
professional equipment by leading
broadcast stations, these specially-
designed equalizers assure highest tonal
quality ... new record reproduction from
old records...constant velocity frequency
response for conventional or LI’ records.
Uses GE or Pickering cartridges.

Please write for bulletins describing
the above equipment.

GRAY RESEARCH

and Development Co., Inc.,
Hilliard St.,
Manchester, Conn.

Ao E LiZeran e President

Division of The GRAY MANUFACTURING COMPANY
—Originators of the Gray Telephone Pay
Station and the Gray Auvdograph

Azimuth Film Calibration

ELECTRICAL REPRODUCING

NY system
needs some test standards in order to
check the performance from time to
| time in routine maintenance operations. For
amplifiers and complete transmission sys-
tems. the test standard generally is pro-
vided by an oscillator covering the entire

audio frequency spectrum; a gain set,
which is a means of introducing a specific
amount of loss; and an output meter, usu-
ally a VU meter. Electrically, the circuits
are set up with the oscillator feeding into
the gain set, with a meter to measure the
amount of signal fed in; then comes the
amplifier or system under test; and finally,
a loading network and the output meter.
In use, the gain set is adjusted so that the
output voltage is exactly equal to the volt-
age fed to the gain set. Then, obviously,
the gain of the amplifier or system is equal
to the loss introduced by the gain set. Since
the gain set is accurately calibrated in db,
the loss—and consequently the gain of the
amplifier—is indicated within tenths of a
db

Similarly, tests of disc reproducing sys-
tems are usually conducted by playing a
calibrated frequency record through the
system and measuring the output. With
any measuring system ,of this sort, it is ob-
| viously necessary that the standard be
made with as much accuracy as possible.

One of the characteristics of a mag-
netic tape reproducing or recording system
is that the recorded striations of the mag-
netic material on the tape must be accu-
| rately adjusted so that they are exactly
perpendicular to the tape motion. If a tape
is recorded on one machine, and played
back on the same machine, it does not
make mucl difference if the head gap—
which locates the magnetic striations—is
not so accurately aligned. But if the tape
is to be recorded on one machine and
played back on another, as is often the
case, the two machines must be adjusted
to a high degree of accuracy.

Adjustments of the head position or
azimuth, as it is called, are made in prac-
tice by playing an alignment tape—usually
of such a frequency that the wavelength of
the signal on the tape is equivalent to the
gap width—and adjusting the head posi-
tion or azimuth to obtain a maximum out-
put. The frequency employved is usually
15.000 cps for a 15 in./sec. machine, 7500
cps for a 7% in./sec. machine, and so on.
This works out to be exactly the same
|wavelcngth on the tape regardless of the
speed, so that one alignment tape will serve
I to adjust any tape machine. The figure of
18,000 cps corresponds to a speed of 18
| in./sec. which is standard for motion pic-
| ture recording, where the speed of film
travel is 90 ft. per minute, or 18 in./sec.

Since it is necessary to have a standard,
it is obvious that such a standard must in-
volve an adjustment of absolute perpendic-
ularity, and standard alignment tapes must
therefore be made with as great an ac-
curay as possible. The method of doing

this requires an accurate measurement of

the gap azimuth, an operation which is
impossible to do solely by inspection. The
unique head construction described by the

author gives a simple and accurate check
of the recorded tape with a minimum of
effort.

Low-Frequency Reproduction

The design and construction of a loud-
speaker which 1s completely satisfactory
for the reproduction of low frequencies is
fraught with a number of conflicting re-
quirements. The market demands a high
efficiency, low resonant frequency, low dis-
tortion, good response to transients, and a
uniform sound output to very low f{re-
quencies. Any mechanically vibrating de-
vice—e.g., a loudspeaker cone—has a natu-
ral resonant frequency. Below this f{re-
quency, the sound output decreases rapidly,
a natural acoustic phenomenon. Further-
more, for a low resonant irequency, a rela-
tively high weight, or mass, is required.
Yet when the mass is high, transient re-
sponse suffers.

It almost seems as though it would be
impossible to build a good low-frequency
speaker, yet the speaker art has progressed
to the point where exceptionally fine “woof-
ers” are available. Among the elements
which must be balanced against one an-
other are cone weight, cone stiffness. ade-
quate freedom for cone motion, sufficient
stiffness to provide damping, and high ef-
ficiency—which means enough turns of
wire on the voice coil.

Most of the characteristics of any me-
chanical system can he expressed mathe-
matically, and from these equations, the
direction the designer should look in per-
fecting a product can be determined with
considerable accuracy. The author has
given these equations, with some explana-
tion of their importance. Since the move-
ment of the voice coil depends upon the
force acting upon it, it is interesting to
note what is involved in these forces—the
flux density in the air gap, the length of
wire in the voice coil, and the current in
the coil. Thus it is seen that it is desirable
to have a high magnetic flux density in
the air gap, which pinpoints the importance
of magnet size and strength. Similar points
of importance are also noted from the
equation for acoustic output, which shows
the part the housing plays in obtaining
good low-frequency responses.

The cone excursion, for a given acoustic
output, depends upon the diameter of the
cone, and upon the frequency. In the
author’s examiple, a 12-in. speaker can
radiate one acoustic watt with a maximum
cone excursion of 1/16 in, at a frequency
of 200 cps—and such an excursion is well
within the ability of the speaker without
excessive distortion. But to radiate the
same acoustic power at a frequency of 50
cps requires a cone excursion of one inch—
which  would undoubtedly wreck the
speaker completely. As the size of the
speaker is increased, the movement of the
cone decreases for a given amount of power
output.

Not the least important of the conditions
which cause distortion is cabinet vibration.
If any portion of the cabinet vibrates in-
dependently, the cabinet may radiate more
sound than the speaker. Therefore, cabinets
should be as massive and well braced as
possible.
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Feathboct
5" OSCILLOSCOPE KIT

® New "spot shape” control for spot adjustment — to give really sharp |
focusing.

® A total of ten tubes including CR tube and five miniatures.

® Cascaded vertical amplifiers followed by phase splitter and balanced
push-pull deflection ampiifiers,

® Greatly reduced retrace time.

® Step attenuated — frequency compensated — cathode follower ver- |
tical input.

® Low impedance vertical gain control for minimum distortion.

® New mounting of phase splitter and deflection amplifier tubes nea

® CR tube base.

@ Greatly simplified wiring layout.

® Increased frequency response — useful to 5 MC. ]

® Tremendous sensitivity .03 RMS per inch Vertical .6V RMS per inch Hor.

® Dual control in- vernier sweep frequency circuit — smoother acting

® Pasitive or negotive peak internal synchronization.

® Multivibrator type Wide Range Sweep Generator.

A brand new 1952 Heathkit Oscilloscope Kit with a multitude of out-
standing features and really exccllent performance. A scope you'll truly
like and cercainly want to own.

The kit is_complete with all parts including all cubes, power trans-
former, punched and formed chassis, ctc. Detailed instruction manual
makes assembly simple and clear — contains step-by-step instructions, |
pictorials, diagrams, schematic, circuit de-

scription and uses of scope. A truly out-
seanding value. $43 5 o
MODEL 0-7
o

SHIPPING WT. 24 LBS.

Fearhtc? VACUUM TUBE
VOLTMETER KIT

® New styling — formd case for beauty.

® New truly compact size — Cabinet 48" deep x 4-1/16"” wide
x 7%" high.

® Quality Simpson 200 microamp meter.

® New ohms battery holding clamp and spring clip — assurance of
good electrical contact.

® Highest quality precision resistors in multiplier circuit.

@ Calibrates on both AC and DC for maximum accuracy.

@ Terrific coverage — Reads from V2V to 1000V AC, 72V to 1000V
DC, and .1 to over 1 hillion ohms resistance.

® Large, clearly marked meter scales indicate ohms, AC Volts,
DC Volts, and DB — has zero set mark for FM alignment.

® New styling presents attractive and professional appearance.

The 1952 Model Heathkit Vacuum Tube Volimeter!
Newly designed cabinet combines style and beauty
with compactness. Greatly reduced size to occupy. 2
minimum of space on your work-bench. Covers a tre-
mendous range of measurements and is easy 1o usc.
Uses only quality components including 19 precision
resistor s in mulciplier circuit for greatest accuracy,
Simpson 200 microamp meter with easy to read scales
for fast and sure readings.

All parts come right with kit, and complete

instruction manual makes assembly a cinch.

MODEL V-5
SHIPPING WT. 5 LBS.

SQUARE WAVE
GEN. KIT

Heathkit  Rleathkbit e
INTERMODULATION $3950 AUDIO FREQ. $3450

~ ANALYZER KIT METER KIT

e .

DIRECT FROM MANUFACTRER

EXPORT AGENT

RICKE INTERMATIONAL CORP.
3 & 40:h ST,

13 8. 40:h ST, _
NEW YORK CITY {16)
CANLE; ADLAD.R. Y
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EDITOR'S REPORT

LET GEORGE DO IT!

MONG TIIE MOST UNIVERSAL of human failings is
A the tendency all of us have to “Let George Do It.”

But the time comes occasionally when this tend-
ency 1s likely to be our undoing. Now is one of those
tines, it appears.

While the use of phonograph records as a source of
high-quality music for home systems has unquestioned
advantages, there are times when it is desired to let
someone else change the records—partiallv hecause we
are too lazy, perhaps, and partially because radio sta-
tions usually have more records than we have. In addi-
tion—and of even greater importance—the live pro-
grams obtainable from the better FM stations are
capable of exceeding in range and in freedom {rom
distortion even the hest phonograph records.

There is no advantage for a high-quality home music
system without good music to play on it, and when we
run out of records—or tire of those we have—or for
any number of other reasons, we can hear still more
music from the radio. Most audiophiles (we have
avoided this word since a friend of ours in Camden
told us he could always recognize one because of the
rasp in his system) depend on radio for a large per-
centage of their program material,

The principal reason for these commments is the con-
dition into which FM seems to be falling. Only recently
has one New York station fallen prey to listeners’” apathy
—with several hours per week less good music than
we were accustomed to having. WIFDR-—technically
one of the best equipped stations in the city—shuttered
during February.

The National Association of Radio and Television
Broadcasters—at the 30th Annual Membership Meet-
ing—is devoting one morning session to FM business,
with a view to reactivating the interest in FM through-
out the country as much as possible. A continuing
campaign is in progress—<itv by city and area by area
to work in combination with set manufacturers so as
to increase I'M listening time and to increase FM re-
ceiver sales. The advantages of FM are known to most
of us, hut the vast majority of the public is seemingly
unaware that there is much gained by listening on FM
rather than AM.

How can we help, you ask? And at this point the
meaning of the caption above becomes apparent. Most
of us are guilty at one tiine or another of putting off
writing a letter of commendation to a radio station for
its good work. We justify this procrastination by sayving
that enough other people will write in so we just don’t
bother. We let George do it.

If we are to continue to have IF'M broadcasting, those
of us who want it and use it had better stir our stumps

12

somewhat and let the stations know we want them. If
you listen to a certain station on FM for three hours
a day regularly, let the station manager know about it.
If you listen exclusively on I'Ml and want more or
better prograiuming, write the station.

The two principal advantages of FM appeal to two
dilferent types of listeners. To most of E’s readers,
the superior quality is ol principal concern, and we are
willing to spend relatively large sums of money to equip
ourselves to hear music as well reproduced as we can
possibly have it. To ewveryone who listens to a radio at
all, the climination of the effect of static is a very
definite advantage, at least for part of the year.

If we all do our duty and tell the FM station manage-
ment that we’re listening and that we're hehind them,
perhaps we shall be spared the loss of even one more
station from the airwaves. If we should happen to lose
all of them, we would most certainly hecome a group
of individual disc jockevs in a short time. Let’s all be
George.

THE AUDIO FAIR IN CHICAGO

By now, most readers are aware of the Audio Fair
to be held in Chicago on May 23 and 24, at the Conrad
Hilton Hotel, immediately following the Annual Parts
Show. We are looking forward to a large crowd—many
who will come to see what an Audio Fair is like—and to
meeting some of our readers in the Midwest area. & is
always willing to give a hoost to any enterprise which
will help audio, and the New York Audio Fairs have
proved that they help audio in a big way. The Audio
Engineering Society is sponsoring the exhibit, as it
does the Ifastern shows, although there will not be any
convention activities at this time. However, 1t is sug-
gested than any Chicagoans who have a strong interest
in audio might well make this the occasion for a local
affair, and either A% or the Society or both would most
certainly be willing to cooperate.

ANOTHER ANTHOLOGY

Work has already begun on the Second Audio
Anthology, which will take up where the first one left
off, and continue up to the present. Publication date
has been set tentatively for September 15.

The Second AA will not include any of the material
which was in the original, but only such material as
would be of interest to the hobbyist which was pub-
lished hetween January 1950 and July 1952. Selection
will be made in a similar manner to that for the first
conpilation, but any suggestions from readers will be
considered.

Please do not consider this an invitation for orders
—there will he plenty of time, and we will continue to
reprint, il necessary, so long as anvone wants the book.
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for Smaller Stations

@ Adaptable for more

‘Comprehensive Installations

e

A
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92-CS STUDIOETTE

For AM, FM, TV Studio applications.
Also recommended for recording
studio use and as high quality con-
trol unit for public address and cen-

tralized radio installations.

1§

=

The GATES 52-CS Studioette is ideally suited for smaller stations
because it provides complete studio operation for present AM, FM
and TV service — yet is often incorporated into a larger master

control type of installation.

In design and construction, the GATES 52-CS Studioette is
Response—Plus or minus 112 Db., 30-15,000 cycles.
Distortion—Program circuit including preamplifiers,

less than 1% from 50 -15000 cycles.
Monitoring amplifier, 2% or less at 4
watts output, 50 to 15,000 cycles.

Noise—Program circuit overall 65 Db. below plus

8 Dbm.

—_—
e
—_—
—_—
i
—_—
—
-

modern in every respect. At modest cost, it possesses many feat/zre.r
usually found in only the most comprehensive and expensive
consoles and is intended for service wheve fidelity, noise and

distortion requivements are exacting.

—
—
—
—_
—
—_—
et
—

® Same high quality components as in
all GATES speech equipment.
® Input transformers have multiple mu-
metal shields.
® All transformers impregnated and mois-
ture sealed.
® Shock mounted tubes in preamplifiers and
first stage high level amplifier.
® Self contained power supply.
® Attractive steel cabinet tilts back for chang-
ing tubes, cleaning attenuators and reaching
terminal strips.
® Under-chassis wiring quickly exposed by re-
moving top.
® large, illuminated 4” YU meter.

ﬁ ? Write today for GATES SPEECH INPUT CATALOG where the functional block dia-
@m gram and complete specifications of the GATES 52-CS Studioetre will better acquaint you

The 52-CS Studioette provides four
mixing channels, two for microphone
service and two for turntables. Both turntable chan-

nels are provided with cue attenuators so that turn-
tables, network or remote lines may be connected
to an external cueing amplifier where desired. The
Studioette will accommodate three remote lines

with complete override and cue facilities.

Four amplifiers are provided; two 2-stage pre-
amplifiers, one 4-stage high gain program ampli-
fier and one 3-stage, 50 Db. gain, monitoring
amplifier. Power supply is self-contained.

with the complete facilities provided in this versatile, yet inexpensive, speech input equipment.

GATES RADIO COMPANY, QUINCY, ILLINOIS, U.S.A.
MANUFACTURING ENGINEERS SINCE 1922

2700 Polk Avenue, Houston, Texas ® Wamer Building, Washington, D. C. @ International Division, 13 E. 40th St., New York City
Canadian Marconi Company, Montreal, Quebec
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lectrons
probe the f

IN 1927, Bell Laboratories physicists demonstrated that
moving electrons behave like licht waves, and thus launched the
new science of electron optics.

Now, through the electron beams of the electron microscope
and electron diffraction camera, scientists learn crucial details
about the properties of metals far beyond the reach of optical
microscopes or chemical analysis.

At the Laboratories, electron bheams have revealed the
minute formations which produce the vigor of the permanent
magnets used in telephone ringers and magnetron tubes for radar.
The same techniques help show what makes an alloy hard, a cath-
ode emit more electrons and how germanium must be processed
to make good Transistors.

This is the kind of research which digs deep inside materials
to discover how they can he made better for your telephone system

.. and for the many devices which the Laboratories are now devel-
oping for national defense.

BELL TELEPHONE LABORATORIES

Electron micrograph of an alloy of aluminum, nickel,
cobalt and iron. Magnification 20,000 diameters.

Cooled from high temperature in a magnetic field,

the allcy becomes a powerful, permanent magnet.
Note changed structure. Black bars reveal formation of
precipitate parallel to the appglied field. Each bar is
a permanent magnet,

A Bell scientist adjusts electron diffraction camera.

Electrens are projected on the specimen at glancing
angles. They rebound in patterns which tell the ar-
rangement of the atoms . . . help show how telephone
materials can be improved.

Diffraction pattern of polished germaniurn reveals
minute imgpurities which would degrade the per-
formance of a Transistor.

Improving telephone service for Americo
provides careers for creative men in

scientific and technical fields.



Azimuth Film Calibration

Regular maintenance of magnetic film an
the azimuth of the head gaps. The autho
muth tracks with a high degree of accuracy,

recordings on tape or film by means.

of a ring-shaped magnetic recording
head, and in reproducing these record-
ings on another head—the so-called re-
produce head—it is important that the
gaps of hoth heads make exactly the
same angle with the direction of medium
motion. 1f the angles are different, high-
frequency losses occur, much as in the
reproduction of photographic sound-
tracks when the light slit is tilted. The
effect is known as the gap-tilt effect, or
gap misalignment angle effect. Of
course, when the same magnetic head is
used for both recording and reproducing,
the gap angle is of necessity the same,
and there occur no high-frequency losses
due to this effect.

In practice, the angle which the re-
cording and reproducing head gap
makes with the edge of the film or tape
is 90 degrees. The angle by which a
gap deviates from this normal angle is
spoken of as the gap tilt or gap mis-
alignment angle. When recordings of
short wavelengths are made, the mis-
alignment angle must he very small,
usually less than 10 minutes of arc, to
reduce high-frequency losses to a practi-
cal minimun1. For this reason it has be-
come standard practice to align mag-

« RCA Victor Division, Radio Corpora-
tion of America, Hollywood, Calif.

IN MAKING LONGITUDINAL magnetic

MICHAEL RETTINGER"

d tape recorders requires a check of
r describes one method of making azi-
and explains their use in the field.

Fig. 2. Two-gap head
—with either gap
usable for recording
or reproduction — in
an arrangement for
adjusting azimuth ac-

MAGNETIC COATING
BASE SIDE OF FILM

curately for recording
of test films.

netic record and reproduce heads by
means of a so-called azimuth film or
tape,! which carries a high-frequency
recording made on a head, the gap of
which has been aligned with a high
degree of accuracy to be perpendicular
to the edges of the film.

Figure 1 shows the decibel reduction
in reproduce head output voltage as a
function of the gap misalignment angle.
It is seen that a nunber of secondary
maxima and minima occur, at the high
frequencies, for the gap angles shown
on the curve.

To ensure that the gap of the record-

1 The term “lateral deviation” is some-
times employed for the term azimuth. See
“Magnetic tape and head alingnment nomen-
clature,” by N. M. Haynes, Aunio Encri-
NEERING, June 1949.
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Fig. 1. Curves showing reduction of output signal for varying angles of mis-alignment of recording

and reproducing gaps. This chart is based on magnetic film speed of 18 in./sec. For Ya-in. tape,

with a 15-in./sec. speed, the frequencies corresponding to the four curves are 15,000, 7500, 3750,
and 1875 cps, respectively.

AUDIO ENGINEERING e APRIL, 1952

ing head employed in making an azimuth
film was at right angles to the edges
of the film, a special head with two
recording gaps was constructed. The
head employed for the purpose is much
like an ordinary recording head, except
that the laminations were made sym-
metrical (see Fig. 2), so that the back-
gap of the head, when exposed, could
also be used, either for recording or
reproducing. To ensure that the pole-
faces of the laminated cores were in
the same plane, the cores were lapped on
a diamond lap.

In making the azimuth film, a record-
ing was made by passing the film over
the top gap of the head, as shown in
Fig. 1. The film was then turned over,
and reproduced on the bottom gap. By
turning the film over, the angle which
the sound track makes with the edges
of the film is reversed, as shown in
Fig. 3, and will be the same only if the
gap angle is 90 degrees.

During reproduction the head was
slightly tilted, first one way and then
the otlier, to ohserve whether the output
of the reproduce amplifier decreased
each way. In the first trial, when the
head was moved slightly one way from
“pormal” (the position which the head
had when the recording was made), the
output increased; while moving it
slightly the other way from normal pro-
Jduced a decrease in the reproduce ampli-
fier output. This showed that the gap of
the recording head had not becen at
exactly right angles to the edges of the
film. Several more recordings were then
made, each at slightly different recording
head position, until a head position was
found which, during the reproduction of
the turned-over film, produced a de-
crease in reproduce amplifier output for
a slightly different head position cach
way from the normal head position.

Another manner of checking correct
azimuth with the azimuth head is to
record, on the top gap, short sections
of the high-frequency signal at different
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FILM,COATING $IDE WP

I,

SOUND TRACK

FILM TURNED OVER,
" COATING SIDE DOWN
ICLILART

i
"
RN

" S0UND TRACK

Fig. 3. Tilt of magnetic striations on track is
reversed if film is turned over.

head positions, sav two one direction
off “zero” azimuth, and two the other
direction. 1f the head is set for correct or
“zero” azimuth, reproduction of the
recording, both on the top and on the
bottom gap, should produce the same
amount of level change for the different
head positions used in recording.

Precautions

Several precautionary measures ha
to be emploved to insure the desired re-
sults. IFor one, the film had to maintain
constant position in its travel over the
head. This was accomplished by employ-
ing slightly tapered drums with a flange,
so that the film was forced up against
rthe flange in its travel, and thus was able
to assume a constant position in its
travel. It is also desirable in making an
azimuth film to examine the flm (o
make sure that hoth edges have the
same length, that is, that the film is
straight and not curved or “wavy”. It
may be noted that it is not necessary
that the “sensitivities” of the two gaps
be alike, although they were made equal
for the head constructed by the writer.

There are two ways to check whether
a head on a recorder is correctly posi-
tioned. By one method, the head is ad-
justed (while an azimuth film is heing
reproduced by it) until maximum out-
put is observed on the reproduce ampli-
fier output meter. On the other hand, if
the head is not to he disturbed during
the check, a so-called step-azimuth film
may be used. This is usually made up of
five sections of film of approximately
equal length each, say 20 feet. The
central section consists of a true azimuth
film. The first section, when reproduced
on a correctly positioned head, will give
an output reading approximately 2 db
below the reading which the central
section provides. The second provides a
reading approximately 1 db below that
reading. The fourth section also pro-
duces a reading approximately 1 db less,

while the fifth produces one which is 2
db below the reading which the central
section provides. The step-azimuth film
sections are usually marked thus: =2 db
C.W. (clockwise); ~1 db C.\W.; 0-0; -1
db C.C.W. (counter-clockwise); -2 dh
C.CA\V. The postscripts CW. and
C.C.W. refer to the fact that the recor-
ing was made with the head misaliened
clockwise or counter-clockwise respec-
tively from the correct position. Thus
-2 db C.W. means that, looking at the
gap of the head from the position of the
coating on the film to be placed on the
head, the gap has heen turned in a clock-
wise direction to such an extent that the
output, referred to the correct head gap
position output, is down 2 dh. If maxi-
mum output results while any except the
central section of the step-azimuth film
is reproduced, the head requires realign-
ment, preferably by means of an azimuth
film. The step-azimuth film is therefore
merely a tool to check installed heuds

the head, the smaller the angle of gap
misalignment must he for an equivalent
db reduction in reproducer output volt-
age. Figure 4 shows the reduction of
output voltage 11 db as a function of
track width for various angles of gap
misalignment.

Alternate Methods of Checking

Two other means are sowietimes eni-
ploved to check azimuth on a film or
tape. Oune consists in making the track
visible by applying on the film finely
divided iron particles suspended in oil
or heptane, and then examining the
track under a microscope equipped with
cross-hairs or an angle-measuring de-
vice. Several sections of the film should
he inspected in this manner, to arrive
at a good average for the angle of mis-
alignment. There are several limitations
to this method, particularly when short
wavelengths are used for the signal.

By another method, a “reversed” print
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Fig. 4. Curves showing reduction in output for different track widths and three angles of gap tilt.

to learn whether they are still correctly
positioned. If maximum output results
while the central section is reproduced,
the head does not have to be disturbed
at all, as it would have to if an azimuth
film (not a step-azimuth film) were
employed for the purpose.

It 1s possible to construct a head with
a core width of 17 (the distance Letween
the inside sprocket hole edges of 35 mim.
film) so that the film can be used for
a variety of purposes, such as determin-
ing the azimuth for the individual heads
of a multiple track recorder. avoiding
having to rewind the flm. ete. The wider

of the track may he made on another
roll of tape or film, as hy laving the
print stock on the film carrying the
signal track—coating against coating—
and exposing the two to a high-fre-
quency magnetic field. When the mag-
netic head used for the recording was
correctly oriented, and when the print
made in this manner on a correctly
oriented head is reproduced on the same
head, moving the head either way from
“zero” azimuth should result in a lower
reproduce amplifier output voltage than
that obtained when the head is in the
“zero” azimuth position.

"Microcheck” — Unmodulated Test Discs

Last June, in an article entitled “Phono
Facts,” Maximilian \Weil proposed a check
of the condition of a sapphire plavhack
stylus  which involved playing a dfew
grooves of an unmodulated test isc—
grooves which had not heen played before
—and ohserving the effect the stvlus had
upon the appearance of the grooves. This
is a simple test, one which is readily avail-
able to anyone with a phonograph pickup
and a turatable and an unmodulated disc
—but there’s the catch. No such disc is
available to anyone without the facilities to
make it for himself.

16

The case and efficiency of this test was
appreciated hy many readers—who quite
naturally inquired as to where such a disc
could be found. In most instances, we have
suggested that it could be made for them
by a local recording studio, hut as it turns
out, the cost has always heen prohibitive.

In response to a request for help, W.
Oliver Summerlin and Leon A. Wortman
of Audio-Video Recording Company, 730
Fifth Avenue, New York 19, N. Y., have
agreed to make such discs for anyvone who
wants or needs them. These discs are 12-
inch single-face acetates, with one side

completely  recorded with unmodulated
microgrooves, and they are available at the
low cost of four dollars each, packing and
shipping included.

Since these discs are cut with micro-
grooves, it is doubtiul if they would work
satisfactorily on juke hoxes for those oc-
casions where a patron was willing to de-
posit a sum of money to secure a few min-
utes of silence—an idea which has doubt-
less occurred to anyone who has ever fre-
quented any establishment where a juke
box operated continuously, or nearly so.
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A Twin-Channel Utility Amplifier

R. S. HOUSTON*

Designed especially for use by a broadcaster in making remote pickups, this unit would
find many applications in the experimental shop of many an audio engineer or hobbyist.

portable remote amplifier with a

dual output for feeding P.A. as well
as broadcast lines brought to light many
fine units, but none which seemed to fit
the primary requirement—small size.
Hence it was decided to build one which
would combine certain features peculiar
to the operation intended, at the same
time making it flexible enough to per-
mit general use. The result is described
here.

In the original design, it was in-
tended to have two separate amplifier
channels available for covering sports
pickups where only one mike was
needed. The second channel was in-
tended to feed the I’ A. with a separate
program from another mike, which facil-
ity was supplied by the station. Since
this setup was used frequently, it was
felt desirable to combine the two chan-
nels, rather than have several pieces of
apparatus to carry and clutter the lim-
ited working area. To allow the ampli-
fier to be used for other small pickups
using more than one mike, a switch was
installed which allowed mixing the two
input channels, thus providing a two-
channel mixer, with both input signals
mixed together and appearing at hoth
output channels. To have a second chan-
nel instantly available in case of the
failure of one, a changeover switch was
installed to permit reversing the line

CAT;\LOG SEARCIIING for an extremely

* Chief Engineer, NBNZ, La Junta, Colo.

connections to the two outputs. Thus if
one line or output channel fails, it is a
simple matter to switch over to the
other, coordinating the switch with the
studio.

Circuit Features

An inspection of Fig. 1 shows that
all the tubes are of the miniature variety,
all chosen for high gain. As a result it
is possible to get the necessary gain with
only three stages. Though it has never
been accurately measured, the calculated
gain is around 85 db which is adequate
for most ordinary needs, with some gain
to spare. The first stage operates in an
entirely conventional manner, with the
possible exception of the loaded input.
While it is a matter for discussion
whether or not this is necessary, the
response is somewhat improved when
working from ribbon mikes, and the
stage is stabilized by its inclusion. If
the two cathodes of the 6AGS5’s are to
be tied together as shown, it is essential
that they be well by-passed, to prevent
interchannel coupling through the cath-
odes. Since the screens operate at the
same voltage as the plate, the decoupling
filter R,,~C,, provides sufficient by-
passing for the screens.

The second or mixer stage is a stand-
ard hi-mu triode with the two units in
the tube operating independently. The
essential difference is in the grid circuit.
When the two stages are isolated, R,
and R, have no function in their respec-
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Fig. 1. Over-all schematic of twin-channel amplifier.
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tive circuits other than to maintain a
fixed minimum impedance in the grid
circuit. However, when §, is closed,
paralleling the grids of the 6]6, isolation
resistors K, and R, are needed to
prevent shorting out one input when
the other is at minimum. Both grids
receive the signal coming from the two
input stages, and the signals are in phase
through the rest of the amplifier. In
later changes, a cathode coupled mixer
stage was tried. This was accomplished
by merely removing the cathode bypass,
thus allowing the cathode potential to
rise and fall with the signal. Since a
signal on either grid will cause the
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Fig. 2. Revised version of the second-stage
mixer.

cathode potential to change, any change
will appear in both halves of the 6]6,
and thus be amplified in both halves
equally. However, the signal on the non-
driven half will be out of phase with the
driven half. This is of little consequence
since the two outputs will not be feeding
the same circuit. Another change in the
grid circuit to eliminate the isolation
resistors along with the modified
cathode circuit are shown in Fig. 2, al-
though this connection has a tendency
to reduce bass at low settings of R, and

2

The two halves of the 12AU7 output
stage operate independently into sepa-
rate output transformers. The cathodes
could have separate hias resistors if de-
sired to insure complete circuit isolation,
but sufficient bypassing will prove ade-
quate and saves on parts. The heater of
the 12A U7 is connected for 6-volt opera-
tion. The output windings are connected
to the proper line through the operation
of the locking-type key switch. In the

[Continned on page 44)
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Design and Construction of
Horn-Type Loudspeakers

WAYNE B. DENNY*

Part 11. Continuing the description of exponential horns suitable for
home use in the never-ending search for clean bass. This corner
model should be the answer to many a question as to “How to do it.”

described a simple cabinet-type horn

loaded speaker which is fairly simple
to construct, and which provides excel-
lent bass response, in addition to satis-
factory high-frequency performance.
There is some improvement to be ex-
pected, however, from a corner horn
employing the same principles of con-
struction, such as the one to be described
here.

The second horn speaker to be de-
scribed is depicted in Figs. 6 to 9, with
the diagram and photographs showing

IN LAST MONTH’S ARTICLE, the writer

* Physics Department, Grinnell College,
Grinnell, Iowa.

the constructional features. The horn
is vertical and opens into the upper
corner of the room. This feature has the
advantage that sound radiated from the
horn avoids acoustic obstacles like chairs
and other articles of furniture. Further-
more, the absorption by the ceiling is
considerably less than that due to floors
with carpeting. The space which is not
used for the horn proper is used for
shelves and this arrangement effectively
hides the horn. The shelves add greatly
to the rigidity of the structure.

A 12-inch driver is coupled directly to
the throat of the horn and the speaker
is entirely enclosed. Experiments over
a period of weeks indicated that the
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Fig. 6. Constructional details for the vertical corner horn speaker, showing top and front views,
together with section through the center of the unit.
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low-frequency response was much
smoother with the rear of the speaker
entirely enclosed. Vents in the chamber
resulted in maked resonances and
“hoom.” Ozite and ordinary air filters
of the type used in warm air heating
systems are attached to the walls of this
enclosure and effectively damp out un-
desirable cavity resonances.

The horn walls of this speaker are
constructed entirelv of 14-in. plywood.
The shelves, uprights, and the bottom
are made of ¥4-in. plywood. (It is
suggested that heavier wood be used for
the uprights to aviod warping which has
been observed over a period of fifteen
months.) Plenty of bracing eliminates
undesirable vibration. Figure 8 shows
one of the two damping plates which
were constructed to keep the outside
walls from vibrating. They consist of a
piece of V5-in. ozite glued to the outside
of the walls, covered in turn by pieces
of quarter inch plywood screwed to the
walls through the ozite. The resistance
offered by the ozite under pressure
eliminated vibrations in this area. The
plates must be large so that the entire
arca does not vibrate as a unit. No
internal cross braces were found neces-
sary.

Speaker Ranges Required

This woofer is designed to he used in
conjunction with additional speakers for
the middle and upper frequencies. Tests
have indicated that although the response
of the woofer continues to rather high
frequencies, the “presence” is decidedly
enhanced by the use of a low cross-over
frequency. The writer uses a cross-over
of 300 cps.

An alternative arrangement used
earlier by the writer consisted of a two-
way speaker in place of the woofer. In
order to avoid directional effects, a
curved reflector was placed in the upper
corner of the room directly above the
horn to disperse the middle and upper
frequencies into the room. Results were
excellent though rather unusual. The
apparent source of the sound was, as
might be suspected, at the upper corner
of the room. The arrangement was
finally discarded partly because members
of the writer’s family objected to the
“buzzard’s nest” way up in the corner.

It will be noted that the exponential
“curve’ is obtained by the use of straight
hoards, each one attached to two shelves.
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Fig. 7. Corner cabinet with vertical horn. The
shelves serve to camouflage the horn and to
add rigidity to the entire structure

In contrast to the other speaker de-
scribed, this one is almost exactly ex-
ponential in shape. The results are better
at extremely low frequencies. This is
attributed to the shape and to the fact
that the entire structure is larger,

In order to eliminate leaks, rubber
weuatherproofing strips were used to seal
the corners of the horn. These strips
are seen in f1g. 9. Their use eliminates
the problem of precise fitting and also
eliminates the transmission of vibrations
from certain members of the structure
to adjacent panels. The shelves, uprights,
and other partitions are assembled with
screws—rnearly two gross.

Since this was originally an experi-
mental unit, plywood was used to lower
the cost. Obviously, solid woods or hard-
wood veneers can be used to improve
the appearance, but their use would, of
course, greatly increase the cost.

Preliminary Model

The two horn speakers described are
mercly examples of what can be done.
There is no doubt that other construc-
tors can make further improvements by
added refinements in design and con-
struction. It is earnestly suggested that

anyone who desires to construct a horn
speaker should first make a cardhoard
model. The model should incorporate all
the main features of the desired struc-
ture. Its use permits the constructor to
anticipate difficulties and to discard an
inferior design before the speaker is
started. The writer constructed several
such models before building each unit.
All but the last models were discarded
for reasons of appearance, acoustic dif-
ficulties, or difficulties in construction.
The added time spent with cardboard,
shears, and scotch tape was a small
price to pay for the effectiveness of the
completed speakers. With one exception
noted earlier, no changes were required
to achieve good acoustic results. It’s
much cheaper to make mistakes on card-
board.

The writer’s complete speaker installa-
tion consists of the two horn units de-
scribed in this article, one bass-reflex
unit, and high-frequency speakers. These
several loudspeakers so diffuse the sound
that visitors invariably ask, “Where is
the sound coming from?” Like many
others. the writer prefers diffused sound
to that which comes from a point source.

In conclusion, two warnings should be

Fig. 8. Side view of the vertical horn. The
damping plate eliminates all objectionable
vibration from the horn walls.

Fig. 9. Vertical hcrn with side removed. The
constructional features of the horn and speaker
chamber are clearly shown.

given the prospective builder of a horn
speaker. Iirst, the improvement in low-
frequency response is invariably accom-
panied by an increase in motor rumble.
That phonograph motor which used to
be “quiet as a 1mouse” is likely to take
on the character of a roaring lion unless
it is well made or unless some sort of
noise suppression is used which is
effective at the lower frequencies. As
every audio enthusiast knows, improve-
ment in one element of a reproducing
system is likely to make deficiencies in
other elements the more obvious. The
second warning has to do with the fact
that the larger of the two units described
in this article is assembled with screws
rather than with glue. The reason is—
well, do you remember the story about
the man who huilt a boat in his basement
and then couldn’t get it outside?

British Radio Component Show, 1952

Grosvenor House, Park TLane, London,
is the scene of the Ninth Annual Private
Exhibition of British Components, Valves,
and Test Gear for the Radio, Television,
Electronic, and Telecommunication Indus-
tries for three days, April 7 to 9 inclusive.

This exhibit, organized hy the Radio and
Electronic Component Manufacturers’ Fed-
eration, will present the products of over
a hundred exhibitors, bringing new evi-
dence of research by component manufac-
turers toward more reliable equipment for
rugged atmospheric conditions, and with
increased efficiency. The trend toward min-
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iaturization is also shown by this year’s
exhibits.

Among the improvements to be shown
are wire insulations and sleevings which
have increased resistance to high tempera-
tures, ceramic insulators of a variety of
materials, and several grades of laminated
plastics.

The show extends to assemblies, with
new three-speed record changers in the
forefront of interesting audio items, along
with a new magnetic pickup of turnover
design—possibly indicating that the British
record industry will bring out records in
more than one speed {or domestic use.

1952

That loudspeakers have an effect upon
TV pictures is acknowledged by one manu-
facturer, who has wisely introduced one
model of permanent magnet speaker which
employs a totally enclosed magnet to re-
duce the external field. Another manufac-
turer is exhibiting a new pressure-type
loudspeaker unit, together with vibration
equipment for industrial research.

In spite of defense requirements, British
manufacturers are still able to meet de-
mands for civilian and export markets, al-
though shortages are experienced from
time to time in certain fields, and some
items are confined to Government use.
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The Problems of
Low-frequency Reproduction

SAUL J. WHITE®

A discussion of the characteristics which must be built into a low-frequency loudspeaker
in order to maintain good efficiency with as smooth a response curve as possible.

LOUDSPEAKER capable of extended
A low-frequency range without com-
promise of other values does not
exist today. So-called “woofers” are
often merely large cone speakers in
which the frequencies above about 2000
cps are mechanically attenuated in the
moving system, by mass or by compli-
ance in the body of the cone. All that
may be expected in most conventional
woofers is this high-frequency loss,
while a significant downward extension
of frequency is rare, hence there is
gamned only some assistance to the work
of the crossover network. This state-
ment, however, excludes certain appli-
cations such as motion picture and pro-
fessional installations, but here, too,
there is room for improvement.
There are many antagonistic factors
that harass the designer. The ideal low-
frequency loudspeaker should fulfill the
following requirements. It should have:

1. Uniform acoustic output from 20 cps
up to any arbitrarily chosen cutoff.

2. High conversion efficiency through-

out this transmission range, i.e., 50 to

100 per cent.

High power-handling capabilities.

Low distortion.

Excellent transient response.

Achieve above characteristics in an

enclosure of reasonable volume.

SNk

While these specifications may appear
reasonable to the average listener, the
loudspeaker engineer is aware of the in-
tensely conflicting operations of these
objectives. No single transducer has
been designed capable of satisfying all
of the above requirements. As examples
of the recalcitrant nature of the prob-

*82 Elm Street, New Rochelle, N. Y.

Responsibility for the contents of this
paper rests upon the author, and state-
ments contained herein are not binding
upon the Audio Engineering Society.
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lem, consider that high conversion ef-
ficiency requires, generally, small mass,
large compliance and negligible damp-
ing, but these qualities give poor re-
sponse and poor power handling ability.
Small mass demands a small area cone,
hence inadequate radiation resistance
and poor low-frequency output. Large-
mass vibrating systems produce lower
values of frequency, but in order to sus-
pend this weight adequately, the suspen-
sion is made stiffer, thus partially can-
celling the low-frequency trend.
“Reasonable size” means that the
speaker and its enclosure can be moved
readily through the doors of the aver-
age home, yet low frequencies are associ-
ated with massive speakers, enclosures,
or horns. The dimensions for 20-cps re-
production using a piston or a horn,
are fixed by physical law. These dimen-
sions reach terrifying proportions if the
instrument is designed for a living room.
Other problems and contradictions that
stagger the designer will be brought out
later, but as implied in the opening sen-
tences, practical considerations impose
many compromises upon the present day
type of low-frequency loudspeakers,
Despite the low-frequency shortcom-
ings, the speaker art has progressed tre-
mendously in the way of good fidelity,

and truly extended high frequencies. It
is possible today to obtain 12-in. cones
whose response extends to 10,000 cps
without the aid of tweeters, whereas not
so long ago 5,000 cps was the upper
limit. In order to analyze low-frequency
performance, it will be helpful to con-
sider several basic formulas and rela-
tionships. First let us take up the par-
ameters which establish fundamental
resonant frequency.

Resonant Frequency

The relationship for mechanical reso-
nant frequency of a diaphragm type
moving-coil loudspeaker is revealed by

2 hS
f'_Zn M (1)
where f.={requency of fundamental
resonance
S = stiffness of system in centi-
meters per dyne
M =mass (weight) of moving
system in grams.

The term S refers to the restraints
against vibration which are developed
in the cone-rim beads, and to a smaller
extent, in the spider. Thus S denotes
the “springiness” of the area which
supports the vibrating mass, and is com-

AUDIO ENGINEERING e APRIL, 1952



monly called the stiffness of the moving
system. A large value of stiffness means
that there is a large mechanical restraint
against the movement of the cone in one
direction, and a release of a correspond-
ingly large amount of stored energy in
the opposite direction. Thus an increase
in stiffness, which gives certain desira-
ble qualities to a speaker, raises the fun-
damental resonant frequency—usually
undesirable in a woofer.

Equation (I) shows that because of
the square root relationship a rather
large change in stifiness or mass is nec-
essary to provide a substantial change
in resonant frequency.

Cabinet Volume

If the speaker is enclosed in a simple
non-vented cabinet, the total stiffness
becomes the sum of the cone-rim stiff-
ness and the cabinet stiffness, since the
imprisoned air acts as an air spring
and imparts additional mechanical im-
pedance to the vibratory action.

Increasing the cabinet volume reduces
the degree of this air stifiness, tending
to lower the resonant frequency. But
this effect grows progressively smaller
because the stiffness of the cone rim re-
mains large and is unaffected by cabinet
volume. This explains why, beyond a
certain cabinet volume, there is insig-
nificant increase in bass. See Fig. 1.
There can be no lower fundamental res-
onance than the free air resonance. The
writer knows a number of experiment-
ers who removed a speaker from a
4- or 5-cubic foot cabinet and built it
into a wall, with disappointing results.
The reason for this disappointment is
the relatively high stiffness which is
built into the cone suspension and over
which there is no control. The cabinet
stiffness can be relieved by increasing
its volume. However, once all the stiff-
ness is removed, as for example by using
a true infinite baflle, then only the cone
stiffness remains. The low-frequency
performance is poor below the resonant
frequency.

Force Acting on a Diaphragm
F = Bli (classical)
or more practically

(2)

F =B xampere-turns.

From the designer’s standpoint,

F=B xl/gl—”MI £_ojipeg‘ x Amperes
Volume of air gap
where F = force acting on voice coil
B = flux density in air gap
! =ength of copper wire in
voice coil.
1= current through voice coil.

The above formulas show the force
acting on the voice coil in the presence
of a given signal, but do not yet repre-
sent the acoustic output. In fact, they do
not necessarily indicate the force that
moves the cone because of coupling
losses between the voice coil and the
main area of the cone. Equation (2)
expresses a coupling factor between
voice coil and gap flux, and is involved
in the following equation for acoustic
output:
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Pi__QZR,.E’Z 7 3 of the cone. If a diaphragm is too small
T107Z,2Z ¢ (3)  for the frequency of its vibration, it has
where P =average acoustic output iny slight resistance opposing it and it
power in watts is not possible to impart gll the energy
D =electromechanical coupling of the diaphragm to the air. This is the

factor
R, = radiation resistance on cone
E =rms volts across voice coil
Z = mechanical impedance
Z 5= electrical impedance.

The term 107 converts ergs per second
into watts. The term D is similar to the
force F in equation (2) and involves
gap constants such as flux and amount
of copper. The term R,, or radiation re-
sistance, requires some explanation.

Radiation Resistance

Direct-radiator speakers are inher-
ently poor radiators at low frequencies
because of the low radiation resistance
which is presented by the atmosphere.
Although a cone may have a large vi-
bration, it does not follow that it trans-
mits sound energy to the air. It can
have an amplitude sufficient to rupture
it, yet the sound propagated is negli-
gible.

This is the case when the diaphragm
is small compared to the wave length
of sound it is trying to propagate. I'or
instance, at 200 cps a 12-in. cone is an
efficient radiator, but at 20 cps even a
violent movement produces practically
no 20-cps fundamental acoustic energy.
The listener hears the harmonics gen-
erated because of the large distortion
present at this frequency. The funda-
mental frequency is unheard because
there is insufficient diaphragm surface
acting on the atmosphere.

The diaphragm acts in conjunction
with air, which is its load. In order to
deliver the necessary acoustic energy to
the air it is necessary to employ a defi-
nite number of air particles to propa-
gate the energy. This involves a definite
reaction between diaphragm and atmos-
phere and fixes the minimum dimensions
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condition of inadequate or low radia-
ton resistance.

The atmosphere is capable of absorb-
ing a large amount of cone energy if the
cone is large relative to the wavelength,
and efficient transfer of energy takes
place. Thus more sound is produced
with smaller cone excursions. This is
the condition of adequate or high radia-
tion resistance. Therefore, loudness at
low frequencies can be increased by
forcing more air particles in contact
with the diaphragm. This 1s accom-
plished by using a large diameter cone,
in the case of direct radiators, and by
using a slow flare and large mouth in
the case of horn speakers.

Looked at in another light, the entire
atmosphere is the load for the loud-
speaker. Where there is no load, there
can be no absorption of energy. Inci-
dentally, the listener’s ears are a part
of, and within this load.

If the acoustic output is to be inde-
pendent of frequency, which is required
for uniform response, it is of course re-
quired that the various terms of the ex-
pression in equation (3) be independent
of frequency. Unfortunately, R, and Z,,
are both frequency dependent, and thus
the requirement for linear output is dif-
ficult to attain at low frequencies. For
frequencies af and below resonance, R,
the radiation resistance is proportional
to the square of the frequency. This
term shrinks as frequency drops, hence
efficiency falls off rapidly. This is seen
from Fig. 2, which shows the peak-to-
peak excursion for 1 acoustic watt out-
put. The chart indicates that for a given
cone diameter, a decrease of one octave
increases the excursion by a factor of
four.

The Z,, term for mechanical imped-

[Continued on page 47]
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Fig. 1. The tiny super-tweeter, with its dividing network—a constant-

resistance network, nor just a series capacitor.

New!

"The Super Tweeter’

RALPH P. GLOVER* and KARL KRAMER**

Available at last—an accessory unit which provides smooth high-frequency response,
including that top octave so hard to obtain, even with a good two-way system.

extensive public experience with
the G-610 Triaxial®, a three-way
loudspeaker with an unusually smooth
and greatly extended high-frequency

AFTER TwWO YEARS of production and

Fig. 2. Similar in size and appearance to the

Jensen high-frequency control, the super-

tweeter may be installed in the baffle as shown
here.

22

range, it is possible to draw some definite
conclusions, important to everyone in-
terested in truly high quality reproduc-
tion, conclusions which have funda-
mental significance apart from the
merits of this particular loudspeaker.
They are, as we see them:

1. The reproduction of the middle-to-
extreme high frequencies with smoothi-
ness and low distortion is very much
worthwhile; the condition is essential if
we are to take full advantage of the
potential contribution of the “highs” to
realism in recreated sound.

2. The advantages of using a special
high-frequency unit for the top end
of the frequency range are very definite
and readily appreciated when an op-
partunity for careful comparison of
high-quality systems is presented, being
evidenced by the elimination of these
shortcomings of high-end extenders
which over-reach sound design principles
in their attempt to cover too wide a fre-
quency range: Lack of “separation” of
orchestral instruments; “smeary” repro-
duction of vocals; “throaty” or “nasal”
coloration of the music; “wiry” rough-
ness in high fundamental and overtone
structure; perceptible “ringing” back-

* Product Manager and ** Technical Ser-
vice Manager, Jensen Mfg. Company.

1 Plach and Williams, “A new loud-
speaker of advanced design,” Aupio EN-
GINEERING, October 1950.

ground noise. In the onc case there is a
definite satisfactory sensation of “trans-
port to the original;” in the other a
feeling of the interposition of a mechani-
cal device with superficial attributes of
“presence.”

3. A perhaps not-to-he-expected dividend
of the “clean” high end has turned up in
respect to noise and system distortion.
A loudspeaker system with a smooth
(though well extended) high-frequency
range has been found to be substantially
more tolerant of distortion and of record,
tape, and tube noise present in the in-
coming signal. Distortion from the source
is not magnified and harshened; the noise
is more “silky” and less tonally colored,
4. All of these unreal and undesirable
effects can be eliminated by substituting a
cleanly-extended high-end for the offend-
ing one. This can be done with virtually
no mechanical difficulties, and with the
simplest of wiring changes, by means of
the accessory high-frequency unit and
network described in this article; cost
is only about one-third that of an upper-
bracket 15-inch coaxial speaker.

As illustrated in Fig. 1, the RP-302
High-Frequency Unit is basically an
externally modified version of the top
(third) acoustic channel of the G-610
Triaxial, designed into a streamlined
case with removable bracket for top-of-
cabinet mounting, Fig. 3, and arranged
so that it can be installed flush on the
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front suriace of a cabinet or baffle, as
in Fig. 2. The unit is intended to serve
(1) as a moderate cost acoustic replace-
ment (mechanical and electrical changes
in present speaker equipment are un-
necessary) for the h-f end of loud-
speakers with insulficiently extended,
deficient, or distorted h-f response, and
(2) as the third or top channel of a
three-way divided system being Dhuilt
from “scratch.”

Figure 4 is an exploded view of the
“super tweeter” showing how the unit
comes apart for flush mounting. The
three screws are removed from the front,
after which the horn piece can be in-
serted into a 1-11/16-in. diameter hole
in the panel. The driver unit is then re-
assembled to the horn and the cover
acts as a clamp from the rear to hold
the assembly tight to the panel. Figure 3
shows the unit in place, flush mounted
on the cabinet.

Electrical Connections

As will be seen from the block wiring
diagrams, there are several wayvs of
applying the “super-tweeter” to existing
loudspeakers or systems:

1. Eliminate highs above 4000 cps from
the existing loudspeaker or system elec-
trically by means of a crossover network
such as the A-402; feed the RP-302 from
the crossover network, so that it alone
is reproducing in the range above 4000
cps. See [ig. 5, (A) and (B). (This
method has outstanding advantages since
it eliminates rough and distorted high-
end acoustic output from the original
equipment as well as improving the effi-
ciency and extending the range of the
h-f response. Ii you think your present
coaxial or divided two-way system is
as good as it can be, try this.)

2. The high f{requency unit may be

bridged across the input to the present
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Inconspicuous, yet effcctive, this unit has been tested for over a year in the original
McProud speaker cabinet with exceptionally pleasing results. Now it can be told—

speaker with a l-uf condenser in series
with the unit as shown at (C) and (D).
(The series condenser is essential here to
keep low frequency power out of the h-f
unit, which may be damaged otherwise.
This method is useful for extending h-f
range and improving efficiency and gives
good results with many speakers.)

The efficiency of the super-tweeter is
appreciably higher than that of most
commercial speakers, and an L-pad is
usually desirable between the network
and the unit to adjust the h-f balance.

Technical Data

The RP-302 super-tweeter has an
impedance of 16 ohms, and the voice
coil is wound with aluminum wire to
minimize mass. The phenolic diaphragm
works into a high-frequency horn de-
signed in accordance with the IHypex
formula. The frequency range extends
from 3500 to 18,000 cps, and the cover-
age angle is useful over 120 deg. The
power handling capacity of the unit is
adequate for a system of 30 to 40 watts
output, when used with the A-402 Cross-

Fig. 3. The simplest mounting—on top of the
existing cabinet,
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over Network. Obviously, if a test signal
at this level were applied to the unit
over the high-frequency range, damage
would result, but with normal power
distribution of speech or music, the
super-tweeter is capable of handling the
output of a high-power amplifier.

The A-402 Crossover Network is of
the constant resistance type, in a parallel
configuration. It consists of two in-
ductances and two capacitances, and has
an insertion loss of less than 0.25 db
in the pass band, and with an attenua-
tion of 12 db per octave each side of the
4000-cps crossover in the two channels.
Its impedance is 16 ohms, to match the
speaker unit.

(Eritor’s Note: Over a year ago, one of
these units was sent to us for our trial in
the field. On the evening of the day it was
received, it was connected to our present
two-way system, consisting of a 15-in.
woofer in a corner cabinet, shown above,
with an 8-cell high-frequency horn of
excellent performance. The super-twecter
adds considerably to the entire installation,
providing the extra bit of brightness that
aids in establishing the illusion of reality.
The improvement is definitely noticeable,
and all who have heard it have been anx-

[Continued on page 52]
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Audio in the Home

William C. Shrader*

Custom assembled home music systems offer better sound quality, provided the various
components are selected with a view to their ability to work well together.

for a large, new group of readers who are
interested in music and high fidelity but
who are not engineers, we might note here that
certain words commonly used by both have com-
pletely different meanings for engineers and for
musicians. Flat, for instance, means to a mu-
sician a half step lower than any given tone or
that a certain tone is not up to pitch. The engi-
neer uses it to mean that an amplifier has uniform
intensity throughout its range. Another two-
meaning word is resonant. A voice teacher re-
joices upon discovering a singer with resonant
timbre, but a sound engineer grits his teeth when
a loudspeaker is resonant, because then it makes
the loudness of some tones greater than others.
A musical tone is produced by regular vibrations
of the air. (Irregular vibrations produce noise.)
A certain number of vibrations (or cycles) per
second are a given tone. If we call 261 cycles per
second middle C, more vibrations per second pro-
duce a higher tone and less a lower one. It might
also be worthwhile to state that cycles have noth-
ing to do with the quality of sound, but effect
only its pitch. As an example, middle C has a
different character of sound when created by an
organ pipe than when it is created by a trumpet,
but, in each case, the air vibrates regularly 261
times a second. So much for this month’s edu-
cational section.
In this article, we shall concern ourselves with
a group of components which sell in radio parts
houses for about $250 and which equal the per-
formance of most $500 or $600 commercial con-

S INCE THESE ARTICLES are intended primarily

*2803 M Street, NW., Washington 7, D. C.
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soles. One of the reasons we choose these parts
in preference to the console is that cabinet shops
often charge ridiculous prices. Cabinets represent
as much as $200 to $300 in trade-name sets, and
this is probably one of the reasons they are sa
expensive. A custom set, on the other hand, can
be housed in utility cabinets for about $100. We
are able to choose components that work well
together, and because they are separate they
adapt themselves more readily to home installa-
tions than any mass produced console. Those
who demand and can afford fine cabinetry can
adapt the equipment to the style of cabinet that
best blends wih the decor of their living rooms.
It is important to point out, however, that merely
picking up an amplifier here, a speaker there,
and a radio tuning device somewhere else is not
likely to assure satisfaction. It is necessary to
obtain an amplifier that is free from hum and
that has flexible tone controls that do not induce

Either built-in or as separate cabinet units, a well
planned system can still be attractive. Photo at the
left by the author; below by Electronic Workshop.

G el
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too much distortion into the system, and to house the speaker
in a proper acoustic chamber. In only one of the presently
available commercial consoles has any attempt been made to
lhouse the speaker in an acoustically correct manner, and this
model starts at $750.

The manufaciurer of a conventional console designs his
set for the housewife mainly. When she goes forth to huy a
radio, she wants one that will look well in her living room,
uses space economically, and can be operated with push-
button ease. She usually goes home with a gleaming piece of
hand-rubbed furniture that cost several hundreds of dollars
and which, incidentally, contains a radio which she may or
may not have heard. The genuine music lover or high-fidelitv
fan who, until recently, was thought too small a segment of
our econamy to court commercially, exactly reverses the
housewife’s preferences, putting a premium on sound rather
than sight. He is not likely to want short-wave, push but-
tons, or fancy cabinets, and he cares little for a lot oi gadgets
which often don’t work well anyway. His special interest is
in equipment that can produce an octave above and below
normal railio fidelity, and when he is shown or told about it,
his usual reaction is, “Let me hear it.”

Cost vs. Quality

In most cases, a high fidelity buyer can purchase a basic
system at 40 per cent off list prices, and this is a substantial
saving for good equipment. People often wonder, “What is
the most important component in a system? Do I want a
$150 amplifier and a $20 speaker? Or, do I want an inex-
pensive amplifier with an expensive speaker? Where can I
compromise or where will a few more dollars do me the most
good ?”’ The primary consideration is balance. To obtain it,
a like number of octaves must be added each way from ap-
proximately 800 cps (cycles per second). The addition of a
tweeter or high-frequency speaker alone can cause unbalance
and impair rather than improve results. Similarly, the addi-
tion of a feolded horn or large bass-reflex cabinet may cause
the speaker to sound dull and dead if a like increase is not
made in the high register.

Since music reproduction in the home is far from perfect,
there are many conflicting approaches to the selection of
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Bookcases are often adaptable—as shown here—for housing all
the necessary equipment. Tuner, amplifier, record player, and
adequate speaker space are provided in this attractive installation.

components, and there are as many dogmatic salesmen so
oversold on particular items that they are not open to other
opinions. In visiting your dealer’s salesroom, you may find
this approach, and you will do well to bring along your own
records and insist upon hearing them at volumes more
normal to a living room than to a boiler jfactory. In demon-
strations of their own products, manufacturers will use com-
pliments that most flatter them, and these components are
accepted by engineers only after having been proven in the
field, not through well-known advertising blarney.

We would like to commend the consumer testing labora-
tories, whose contributions have heen a great asset to our
field in general. It is obvious that most products recom-
mended by them are good. However, since they buy and test
only a few units of a particular brand, these particular units
may not necessarily reflect a true picture of that brand. We
realize, of course, that they have neither the money nor the
time to do otherwise. The performance, over a period of time
of hundreds of items gives a truer picture of a product than
can be derived from a few isolated units. It is imperative
to custom dealers that components be free from excessive
servicing requirements, because these dealers work in close
conjunction with the customer, even aiter he has purchased
his equipment, and they guarantee its performance. This
close contact quickly shows any change for the worse in the
quality of a line of equipment. A brand with uniform quality
of units, few breakdowns, and ease of installation in the field
may be much superior to a recommended component whose
irequency is a db better.

Since we are confining ourselves to a $250 system in this
article, we can begin with the record player portion, as its
price is pretty much a fixed one. Most people prefer record
changers. One that is free from hum and rumble and has a
constant speed will cost from $33 to $40. With two good,

[Continued on page 54]

25



AUDIO

ENGINEERING

HEN THE DOORS closed on the
Wnight of March 6, signifying the
final curtain of the 40th annual
convention of the Institute of Radio En-
gineers, more than 30,000 visitors had
passed through the doors of New York’s
Grand Central Palace to establish the
1952 Radio Engineering Show as the
most lavish electronic exhibit of all time.
Displays approaching the four-hun-
dred mark brought the value of equip-
ment on exhibit well into the millions.
So much for the affair from a dollar-
and-cents viewpoint.

From where this observer sits, the
real and lasting value of the LR E. get-
togethers has always lain in the great
amount of technical information avail-
able to those visitors whose yearly at-
tendance is based on a sincere desire to
become better read and better informed
in the industry which provides their
livelihood. In the past, the awvailability
of such information has been beyond
question—Nhowever its accessibility has
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| IRE SHOW REVIEW — 1952

HARRIE K. RICHARDSON

been one of those things we don’t talk
about. This year we not only talk about
it—we shout about it to the skies.

Aside from the increase in exhibitors
and in attendance, the 1952 I.R.E. con-
clave will cement its place in history
because of its great advances in the
handling of organization in general,
with particular emphasis on the man-
ner in which attendance at technical
sessions was expedited. Public relations
was another aspect of the event which
received great improvement over efforts
of previous years.

Both satisfaction and reluctance pre-
vail in the mentioning of a few names—
George Bailey, Will Copp, Woody Gan-
nett, Haraden Pratt, and Lew Winner
—for their part in motivating this cred-
itable move forward. Satisfaction be-
cause such mention gives credit where
credit is deserved—reluctance because
it withholds, consciously but not inten-
tionally, equal credit which is due so
many others whose efforts were no less
impressive.

A similar conflict brings forth men-
tion of but a few of the hundreds of ex-
cellent exhibits:

Altee Lansing Corporation, giving full
recognition to the professional aspect of
the show, emphasized industrial ampli-

Far left: Audio Engineering, Altec Lansing

Corp., British Industries Corp., General Electric

Co., Par-Metal Products Corp., United Trans-

former Corp. Left: Presto Recording Corp.,

Precision Apparatus Co., Inc., Radio Corpora-

tion of America. Below: Hermon Hosmer Scott,
Inc., Shallcross Manufacturing Co.
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fiers and broadcast equipment in its ex-
hibit. The display was particularly en-
lightening to persons whose essential in-
terest in audio is based on their activity
in the field of home equipment. A lot of
folks were surprised to discover that
Altec is not engaged solely in the pro-
duction of 604B's, 820A’'s, and 755A’s. If
the truth of the matter be known, Altec
was a name of prominence in the pro-
fessional field long before audio had
achieved standing as a national hobby.

Amperex Eleetronic Corp., occupying
the same prominent main-floor display
space as in previous years, gave full
meaning to the familiar slogan—"“Some-
thing new has been added.” Recent ad-
ditions to the Amperex line have broad-
ened it to the point that it now includes
power tubes for almost every transmit-
ting and industrial application. No com-
pany in the industry has shown greater
growth than Amperex in recent years.

Ampex Eleetri¢ Corp. chose to de-em-
phasize the interest which would norm-
ally be accorded the Ampex tape record-
ers for music recording, and centered
attention of viewers in the new Ampex
units for telemetering and for various
forms of instrumentation. In this con-
nection the Company experienced a for-
tunate coincidence in the fact that the
Show’s military exhibit, ably and sensibly
co-ordinated by Llewellyn Bates Keim,
also featured one of the new Ampex
models.

Amplifier Corporation of America
clearly exemplified the extent to which
the company has entered the world of
tape recording. Extremes were repre-
sented hy a rack-mounted slow-speed
tape recorder which permits 24 hours of
recording for such installations as air-
port control towers, and by the tiny
Magnemite, a miniature recorder which
uses built-in battery power supply for
filaments and plates, and a spring-wound
precision-built motor for tape drive. Of
the two, the Magnemite created greatest
attention, being by far the smallest self-
powered tape recorder available. The at-
tractive sign which proclaimed “It's New
— It’s Tiny — It’s Sensational” was not
guilty of overstatement.

Audio & Video Products Corporation
featured in its display the Ampex Type
400A tape recorder. Although restricted
against using audio equipment in display
booths, personnel of the A-V exhibit did
well by the 400A by showing its mechani-
cal features. Its audio performance is too
well established with those “in the know”
to require actual demonstration.

Audio Deviees, Inec., taking a cue from
last year’'s successful showing, repeated
the interesting sound movie which both
illustrates and explains the various proc-
esses involved in manufacturing Audio-

Far right: Audio Devices, Inc., Audio & Video
Products Corp., Barker & Williamson, Inc.,
Amplifier Corporation of America, Berlant As-
sociates, Inc., Fisher Radio Corp. Right: Ampex
Electric Corp., Gates Radio Co. Below: Am-
perex Electronic Corp.

tape. Produced in color, this film is thor-
oughly fascinating and should be seen
by everyone with an interest in tape
recording.

Barker & Williamson, Ine. attracted at-
tention with a complete display of B & W
test equipment and in the extensive line
of unique coils and components which
the company makes available to manu-
facturers of electronic equipment. B & W,
because it offers test equipment of excel-
lIent quality at moderate price, has as-
sumed a position as one of the country's
leading suppliers of precision instru-
ments.

Berlant Assoclates, Inc., was repre-
sented by the new Network Model Con-
certone tape recorder. Although the unit
was shown at last year’s Audio Fair, this
was its first appearance before an IRE
group. The hit it made in both instances
leaves no doubt that Berlant has created
another winner. Also on display was the
Network model’s famous forerunner, the
original Concertone for home and profes-
sional use. Both models were demon-
strated in conjunction with the new
Fisher ‘laboratory standard” amplifier
(see Fisher review).

British Industries Corporation captured
the interest of audio hobbyists and pro-
duction engineers alike with a varied
display which included Garrard record
changers, the Leak "“Point One” ampli-
fier, Wharfedale speakers, and Ersin
Multi-Core solder. Although Garrard,
Leak, and Ersin are pretty well estab-
lished in this country, Wharfedale is just
beginning to win its spurs. Present indi-
cations are that those spurs, when won,
will place the name Wharfedale in a
position of unquestioned prominance in
the high-quality speaker field.

The Daven Company, as might be ex-
pected, came through with an impressive
display of attenuators and test instru-
ments for a limitless variety of applica-
tions. Clearly established was the fact
that Daven, today as in years gone by,
is unsurpassed in the manufacture of
precision components.

Fisher Radlo Corporatlon devoted the
bulk of its display to an introductory
showing of the new Berlant Concertone
network-model tape recorder, for which
Fisher is exclusive Kastern distributor.
item shown was the re-
Fisher “laboratory-

Another new
cently-announced
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standard” audio amplifier. Together the
Concertone and the new Fisher amplifier
provided an impressive example of high-
quality audin in action.

Gates Radio Co. came up with an ex-
hibit that was a broadcast engineer's
dream — everything from an FM relay
transmitter to a sound effects console.
The latter—a three-table job with all the
known trimmings, not to mention a few
that were shown here for the first time,
will permit a single sound-effects man to
perform 99-89/100 per cent of the acting
on the average Western.

General Electri¢c Company, following
through or: the foothold it has estab-
lished in the high-quality audio field,
devoted an impressive portion of its com-
prehensive exhibit to the GE variable-
reluctance pickup and the GE 1201 loud-
speaker. Both of these items, the VR
pickup particularly, were among the first
to result from the demand for fine audio
performance in the moderate-price range.
They still create more than casual inter-
est wherever exhibited.
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Hermon Hosmer Scott, In¢. chose
the occasion of the show to intro-
duce an advanced version of the
company’s well-known Sound Level
Meter. Although its original prom-
inence was in th2 audio field and
was based largely on the Scott
Dynamic Noise Suppressor, the
Scott organizatior. today is expand-
ing rapidly in the field of industrial
electronics.

Jensen Manufacturing Company made
full concession to the fact that its prod-
ucts must be heard as well as seen in
order to be fully appreciated. In a sound
room adjoining the Jensen display space,
company representatives conducted a
continuous demonstration of the famous
Jensen G-610 Triaxial speaker. High-
quality tape recordings, amplifying equip-
ment of matching caliber, and the G-610
combined to produce an over-all audio
performance that was truly magnificent.

James B. Lansing Sound, Inc., Magne-
cord, Inc, and MecIntosh Engineering
Laboratory conducted a joint display
which was built largely around a demon-
stration of binaural recording. Great in-
deed is the loss of those who missed this
exhibit. Impeccably recorded tapes were
fed from a binaural Magnecorder through
McIntosh Type 50-W-2 amplifiers into
two Type 1004 Lansing corner spealkers,
creating an aura of reality that surpased
illusion. This display also was the intro-
ductory scene for the new MagneCor-
dette (see New Products, page 42)—a
home-music-system version of the pro-
fessional Magnecord series.

ELECTRONIC EQUIPMENT:
PHONE: WORTH &

Left, top to bottom: Jensen Manu-
facturing Co., University Loud-
speakers, Inc., Racon Electric Co.,
Inc., Magnecord, Inc. Center, top

to bottom: Standard Transformer Corp., James B. Lansing Sound, Inc., Terminal Radio
Corp. Right, top to bottom: Sylvania Electric Preduicts, Inc., Waterman Products Co., Inc.

Par-Metal Products Corporation em-
phasized once miore the reasons for the
compi1y’s eminence in the field of metal
chassis and enclosures for electronic
equirment. On display was an impressive
variezy of solidly-built, handsomely-fin-
ished =abinets for every type of housing
probl2n—from chassis for tiny amplifiers
to erdosures for complete transmitters.

Predsion Apparatus Co., Ine., in addi-
tion te showing its complete line of test
instruments for radio and TV servicing,
introduced a new 5-inch oscilloscope
which will have many applications in the
laboratory and on the service bench. Ex-
cellent electrical design and rugged con-
struction combine to make the new Pre-
cision ’scope one of the finest in the
moderate-price range.

Presto Recording Corporation drama-
tized graphically the extent to which its
line of recording and playback equipment
has been expanded to meet the demands
of today’s market. Presto, not too long
ago 4 leader in the disc field only, is now
one of the major manufacturers of tape
equipment. Engineers and audio hobby-
ists alike were deeply impressed by Pres-
to’s newest developments in the science
of tape recording.

Racon FEleciric Company, Inc. fasci-
nated industrial sound engineers with a
display of speakers for every conceivable
type of paging and public-address appli-
cation. Design features and construc-
tional details of wvarious Racon models
were clearly shown by means of cuta-

[Continued on page 53]
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Why Not Use Your Present Tuner!?

Ulric J. Childs*

Simplified instructions which will make it possible for you to attach that new amplifier to
an existing tuner as one of the first steps in assembling a high-quality home music system.

of the average individual comes when

he hears music at the home of a
friend who has already graduated from
the ranks of ordinary radio-phonograph
listeners. If the iriend (and it is more
likely to be friends these days) has a
separate amplifier and speaker at least
—and probably also a high-quality mag-
netic phonograph pickup—our individual
nay very well come to the conclusion
that his own home would be a pleasanter
place if his records and radio sounded a
little more like real music and didn’t
pall in so short a time.

Right at the beginning most of us
are not willing to spend a great deal of
money, but a little inquiry quickly es-
tablishes the fact that the first requisite
is a separate amplifier. A visit to the
nearest dealer with a sound showroom
removes any doubt that even a moder-
ately priced amplifier is an improvement
on the usual radio-phonograph’s audio
section, especially when a separately
housed speaker is added. Commercial
all-in-one instruments are made and pur-
chased more as furniture than as musical
instruments; our hero is one of the
growing number of people who have
decided that the ear is as important as
the eve.

Not wanting to spend anything more
than necessary, it is a logical decision to
use at least the tuner portion of the pres-
ent radio instead of buying a new tuner.
As long as the radio tunes in stations
satisfactorily and has no other glaring
faults (except inadequate sound), there
is nothing wrong with the idea. But then
the question arises: How do I connect
the output of the receiver to the ampli-
fier input? In this article we shall give
several good methods. All of them are
equally useful for connecting television
receivers to an amplifier—an especially
good idea since most TV sets have
very poor built-in sound sections—and
whether the set is AM, FM, or both
makes no difference.

T HE FIRST $TEP in the audio education

* 1601 First Avenue, New York 28, N. V.
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Fig. 1. Method of preparing a piece of shielded
lead before connecting it between radio set
and amplifier.

The first requisite is to discover
whether the receiver is a transformerless
type. To do this pull out one or two of
the tubes. If the others do not light, the
set 1s transformerless. Another good clue
is to note the tube numbers. If any of
them begin with numbers over 14 (S0LO6.
for example. or 3575), the set is trans-
formerless. If so, do nothing until you
buy and install an isolation transformer
from vour radio parts supplier. This
makes connecting the set to an external
amplifier safe: otherwise vou may get
a nasty shock each time you touch the
amplifier, or you may damage it. The
transformer is inexpensive and easy to
install according to the directions that
come with it or the advice of the sales-
man.

Whatever method used for the con-
nection, you will ‘need a length of
shielded.  insulated  single-conductor
cable. Obtain from your radio parts
dealer a piece long enough to reach
from the radio to the amplifier. with a
few inches to spare. At the same time
buy a plug of whatever type is needed
to plug into the amplifier input. Solder
the plug to one end of the cable and pre-
pare the other end by removing about
two inches of the outer insulation and
about an inch of the shielding and a half-

A

Fig. 2. Rear view of a typical volume control.

Other terminals may also be present, but the

important ones for this use are the three close
together.

inch of insulation on the wire. The cable
end will now look like Fig. 1.

The quickest and easiest way to make
the connection is to use the volume con-
trol of the receiver as the connection
point. When the chassis is removed from
the cabinet, the volume control appears
as in Fig. 2, looking at it from the back,
the shaft facing into the paper. There
may be additional terminals, but we are
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interested only in the closely grouped set
of three.

The center terminal (A in the figure)
is ordinarily connected to one end of a
capacitor (condenser), the other end of
which is soldered to one terminal of a
tube socket. There is also usually a re-
sistor soldered to the same tube-socket
terminal. Unsolder the capacitor lead
from the socket terminal and let it hang
free temporarily. Now, with a short
piece of wire, connect the tube socket
terminal to some point which is obvi-
ously touching the chassis metal. This
silences the radio’s built-in speaker.

Twist together the bare wire at the
end of the prepared cable and the free
wire of the disconnected capacitor. Flow
some solder over the joint, then tape it
up with electrical tape. Next, find a way
to anchor the cable as it leaves the
chassis to prevent it from moving too

COUNT
CLOCKWISE
FROM HERE

Fig. 3. Bottom view of octal tube, and conse-
quently of a plug to fit into an octal socket.
Terminal 5 is the grid terminal on such tubes
as 6K6, 6V6, 6L6, and others of similar types.

much and breaking the capacitor lead.
Use tape, string, or any other insulated
method of anchoring to some chassis
hole or secure terminal.

The last operation is to connect the
exposed shield of the cable to the volume
control terminal marked B in Fig. 2.
Use ordinary hookup wire but be sure
it 1s well soldered to the cable shield;
do not remove whatever is already con-
nected to the volume-control terminal.
Be sure to find the right one—the ter-
minals may not he pointing up as in the
drawing, so orient the paper until the
drawing agrees with the fact. Probably
this terminal is connected to the chassis.
Tape up the connection as necessary to
make sure the shield and the wire will
not touch any other point of the circuit.
The receiver will now operate as usual.
but if the anplifier has its own volume
control it is best to use it only and leave

[Continued on page 45}
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New compact amplifiers—use low-
neoise, long-life, miniature tubes:

THE EASY waY the BC-2B Consolette han-
dles is due in great measure to the careful
atténtion RCA engineers have given to
construction details—and to a number of
unique operating features (not found in
their entirety in any standard consolette).
Some of these advantages are piciured on
these pages.

For example, sce how easy it is to get at

Type BC-2B is styled to match RCH video equipment—like

this familiar videa cansole.

Bvery component is easy to get at for
impection and maintenance.

the amplifiers and components. Note how
every inch of wiring can be reached with-
out disturbing the installation. See how
the consolette fits snugly into the control
room —~unobtrusively. See how the styling
matches other RCA audio and video
equipments.

Based on more than 25 years of experi-
ence in building studio consolettes, type

Ataessibility, plus! New hinged cortrok pcel swings down:
amoslifier frame swings up.

BC-2B is in our opinion a high point in
consolette design. The instrument incdludes
all essential elements neceded by most AM-
FM and TV stations. And every feature has
been operation-proved —many in RCA de-
luxe custom-built equipment. Type BC-2B
is avaidable at a “fackage” price!

For details, call your RCA Broadeast
Sales Representative.

. and if's styled to ma-ch sthzr RCA audia equipmeny, toa

—like this master switcher, flcr instancs.




Improved, faster - operating
speaker relays sliminate key
clicks and audio feedback.

All external connections are made to twe terminal blocks. New, reliable interlocking push-button
To get at them, just lift the cover. swifches are leaf-type and cam-operated.

=

tow héight, and 30-degree sloping
front and top offer maximum studio
visibility. You can install the BC-28
tight up against your studio win-
dow. There are no rear coane

C‘MDEN N.J.
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ALTEC LANSING

A-333-A Amplifier
with
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quipment Report

Altec Lansing A-333-A Amplifier with
A-433-A Preamplifier and Control Unit

cially available home music system
equipment, the second of this series is
the two-unit combination built by Altec
Lansing under the numbers A-333-A and
A-433-A. The {former is a three-stage
power amplifier, using a 6SJ7 as a voltage
amplifier stage, followed by a direct-cou-
pled 6J5 cathodyne phase inverter, fol-
lowed in turn by a pair of 6L6’s as tetrodes.
Probably because of the unique method of
maintaining the screens at a fixed poten-
tial difference below the plate supply, this
amplifier measures with the lowest distor-
tion encountered to date, arriving at 8 per
cent IM distortion at a power output of
22 watts, and with less than 2 per cent IM
distortion up to an output of 15 watts.
On the debit side of the report must he
listed the difficulty of removing the protec-
tive screen cover on the power amplifier
for such purposes as changing tubes, and
the fact that it is difficult to use the am-
plifier with the screen cover removed be-
cause one apron of the chassis is actually a
portion of the cover. However, amplifiers
serve most of their time working, rather
than lying on the service bench, so this
difficulty is of minor importance.
The preammplifier-control unit is well de-
signed, and the equalization provided for

CONTINUING THE TESTS upon commer-

magmnetic pickups appears to be well chosen,
particularly in view of the present general
popularity of LP records. Three positions
of equalization are provided—the first with
a turnover frequency of 300 cps and the
second with a turnover frequency of 800
cps. Both of these positions are provided
with a “flat” high end—that is, with no
roll-off. The third position has a turnover
of 500 cps, and in addition has a roll-off
designed to match the LP curve. Thus it is
not necessary to adjust the tone controls
to achieve the roll-off required for LP rec-
ords, although the tone controls may be
used to modify the curve as desired, as well
as to introduce the required roll-off to
match records heing played on positions
I and 2.

Gain is adequate for any standard mag-
netic pickup. and for any tuner likely to
he used with a home system, as shown in
the tahle of input signal voltages.

SIGNAL INPUT VOLTAGES

for 1-watt output
11000 cps, volume control maximum, tone

controls ‘‘flat”’)
Input Voitage
Radio .0157
Spare .0157
Phono .0024
Pwr. Ampl. 0.58

nEcoap crossoveR

TN oumn
e T

oMt

LECTOm,

Bass
¥ woosr

€2 Tooe
(€ =lonce

|
V2 12807

MEATERS

ac s.wm:n ‘ ‘\D—ﬁ’FL‘

Schematic of entire Altec amplifier. Unit at left is the A-433-A preamplifier and control unit; at right, the A-433.A power amplifier. The two
units are connected by means of two cables, with a.c. circuits in one, d.c. and audio circuits in the other.
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Pickering dxamond stylus plckups and related compopents u
are the exclusive choide of musicians and lovers of music V
who insist upon the finest. Engineers acknowledge Picker-
ing audio components as the best available. In every test and

. performance comparison, they demonstrate their superior-

ity rrecreating all the music pressed into modern recordings

with the fidelity and realism of a live performance.

Pickering components are created for listening pleasure by
Audio Engineers who know music and who know the tastes

. of discriminating listeners. .

Pickering diamond cartridges have no equal.
The wear and fracture resistance of the dia-

mond styli in these cartridges is many times
greater than that of styli made of sapphire, the next hardest
material. Because resistance to wear preserves the precise i
shape of the stylus point, the life and-quality of your valua-
ble record collection is insured.-

-- Dbn’tf‘im[)bir'the musiécal quality of your priceléss records.

Use Pickering diamond stylus cartridges . .. they not only
wear longer but, more important, they preserve the musical
quality and prolong the life of your record library.

By all méasures, Pickéring diamond stylus cartridges are—
more economical.

PICKERING & COMPANY, Inc.

Oceanside, L. I.. N Y.
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Broadcast Short-Cuts

A series of simple but useful suggestions as to methods of solving
day-to-day requirements for ‘‘new inventions” in a broadcast station.

put consoles, it is generally necessary

for the engineer to operate the mike
switch for the announcer. Obviously
this means extra work for the engineer,
who in many cases is already pressed
with other work, even if only turntables.
It is also desirable from a production

I N STATIONS using standard speech in-

Other Announcer

Mike Ciecuits
To Motch Input Impedance &7
Of Audltion Circuit I
.,.,—Eg_.‘: = Audition Circult
1t > Mizer Inpyt
1
Program ,:
Line —=0
ou,
Tolkbock a

< Progrom Circuit

" wmixer (nput
0"
- =
:l o
'
Y
"

L———a- Announcer Mike
b———eeg Preomp Quiput

Speaker and
Wworning Lite
Reloy Circuits

Fig. 1. Switching arrangement to permit micro-
phone to feed program or talkback circuit under
control of announcer.

standpoint to have the announcer op-
erate his own mike. In many cases
it is difficult to install such a switch or
control without mutilating the console
circuits and without resorting to a relay.
The circuit shown in Fig. 1 will give
the desired control, and in addition will
provide a positive talkback to the con-
trol room to enable the announcer to give
instantaneous instructions.

If desired, a mike socket may be in-
stalled on the announcer’s table, and the
mike plugged into that, then another
cable would plug in to the mike socket in
the wall. In an alternative plan, a lead
from the socket could be run out to the
switch, which can be mounted either on
the wall, or on the table, or even placed
in a box, so as to make it semi-portable.
On one throw of the key switch, the
mike shorting contacts are opened and
the speaker relay and warning lights are

34

energized. On the other throw, the mike
is transferred to the talkback circuit.
This will need a preamplifier or other
high-gain amplifier to operate into the
audition system of the station. All of
the mikes from other studios can be
brought in parallel to this input, since
they are all terminated by resistors,
rather than being shorted. If desired,
the shorting contacts can be connected
into the console right at the output of the
pre-amp. This would eliminate some of
the noise attendant with switching, and
also eliminate much of the stray pickup
from a long unbalanced line to the short-
ing switch. The audition circuit can be
connected as above, or the output of the
preamplifier can be run out to the
switch and used in the circuit as shown,
in which case there will be no need for
the pre-amp in the audition circuit.

In the operation of remote studios in
a city near the main studio, it was dis-
covered that the line loss was too great
to permit efficient program transmission.
By coincidence, the transmitter was lo-
cated approximately half-way between
the two locations. A booster amplifier

was installed at the transmitter, and the
lines run from the remote location to the
transmitter, and from there to the studio.
For various operating reasons, it was
more efficient to handle the line from
the studio, rather than mix it at the
transmitter. Since the line was used for
transmission of programs in both direc-
tions, as well as for talking, there was
the problem of reversing the booster
amplifier.

To simplify the problem of switching,
a simplex arrangement was. used to
operate a reversing relay, as dia-
grammed in Fig. 2. The control voltage
was placed on both lines, and grounding

SHUNT IF NEEOED
L. (SEEVEXT)

0 0N ;

auTToN

RELAY 2

INTERLOCK SWITCHES

Fig. 3. Simple but effective method of by-pass-
ing interlock circuits with a minimum of con-
tinued hazard to operating personnel.

at either end would reverse the direction
of transmission. The relay was arranged
to have the normal direction of trans-
mission toward the studio from the re-
mote point. This would ensure continu-
ity in case of cointrol-voltage failure. To
use the line as a talk circuit, it is merely
necessary to install a switch accessible
to the phone, and then use it in the con-

ventional “push-to-talk” manner.
Oftentimes while doing work on high-
voltage circuits, it is necessary to operate
with the doors open for observation or
adjustment and, of necessity, the inter-
locks are shorted out. In many cases
this ts done with merely a couple of clips
across the switch or contact on the door.
Or, in the event it is necessary to open
several doors, the whole interlock string
is shorted. Such devices, if they do not
prevent the doors from being closed
[Continued on page 58)

TRANSMITTER
{OR OTHER SUITABLE LOCATION FOR REPEATER AMPLIFIER)

REMOTE

STUDIO

W
Y |
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B

REPEATER
: e

Fig. 2. Reversing circuit for repeater amplifier which permits two-way transmission under con-
trol of either end of circuit.
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Use your present High Fidelity or Radio Amplifier and Enjoy Fine
Tape Recordings played on the WORLD’S HIGHEST FIDELITY
PROFESSIONAL TAPE RECORDER.

The MAGNECORDette long awaited by lovers of fine music, offers
beauty of appearance along with the finest in tape recording equipment.
The distinctive cabinet is available in either beautiful blond or dark
rich Mahogany finish. Styled to blend appealingly with any decor,
the MAGNECORDette is th¢ tape recorder for yoxr home or pro-
fessional use.

USE. Designed to meet N.A.B. standards, the MAGNECORDette
contains a PT6-AH mechanical unit and a “custom’-amplifier.
This “custom” amplifier provides a new Magnecord plus: ability to
record and playback through your present high fidelity or radio
amplifier. For “live” recording, the “‘custom’-amplifier provides a
high impedance microphone input.

Record fine music, favorite radio shows — from your present AM-EM
or TV tuner — and playback your tape library time and time again
with the finest in recording realism.

FEATURES. The proven professional precision and quality of the
PT6-AH mechanical unit.
ON THE FRONT PANEL OF CUSTOM-AMPLIFIER:
Magic eye volume indicator.
Gain control switch.

Record/ playback switch.

Equalizer-speed selector.
Phone jack for monitoring during both record and playback operation.

WORLD'’S FINEST TAPE RECORDER FOR THE HOME
Simple to operate, beautiful to own, professional in quality . ..you’'ll
be proud of your new MAGNECORDette.

In stock for immediate delivery.............cc......... $385.00
Net Price

PT6AH as above with
adapter. ... ......... $351.00 In stock for immediate delivery...$35.00

107, -INCH REEL ADAPTER
MECHANISM

Can be attached simply and easily to all
MAGNECORD and MAGNECORDette Pro-
fessional Tape Recorders. Adapter exten-
sion arms fit under thumb screws securing
the front panel. Simple belts drive the
adapters from pulleys which snap on to
the existing reel hubs. Complete record
playback, rewind and high speed forward
is possible with 102-inch reels.

Net Net
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Meeting the same high standard of all Magnecord equipment, the MAGNECORDette
is your assurance of professional realism in sound reproduction.

B

HARVEY'S New Catalog of High Fidelity Equipment

again leads the field with the

FINEST and NEWEST

SPECIFICATIONS:

RECORDING SPEEDS;

15 inches/sec., ar 7V, inches/sec. inter-
changeable. {No taals required.)
REWIND SPEED:

Full 7%, inch reel (1200 ft. of tape) re-
waund in opprox. 40 seconds.
FREQUENCY RESPONSE:

At 15 inches/sec.: from below 50 cps.
to 15 kc = 2 db. At 7, inches/sec.:
50 cps. to 7 ke &= 2 db. when the proper
equalizer far the specific speed is used
in the omplifier.

MOTORS:

Synchranous 117 V 60 cycle AC drive
motor. Shaoded pole motar for rewind.
FLUTTER:

Mox. 0.3%.

POWER REQUIREMENTS

117 valts 60-cycle single-phase AC 70
watts.

DIMENSIONS:

12% "L x 20%"W x 16"D.

PANEL:

Magnecord grey hammered finish.

BIAS OSCILLATOR:

Built in. Uses single 12AU7 tube..6.3
ot .3 amps and 300 VY ot 40 ma supplied
fram amplifier.,

is NOW AVAILABLE! Write Dept. A5

VISIT THE AUDIO-TORIUM. Come in and visit our new

sound department . . . all these items and many more on

working display at all times.

NOTE: In view of the rapidly changing market conditions,
all prices shown are subject to change without notice and

are Net, F.O.B., N.Y.C.

a_qfnem‘a/ez‘z‘e

A Distinctive and Professional TAPE RE-
CORDER that is Designed for the Profes-
sional, yet PRICED for the Home!

Telephone

LUxemberg 2-1500

RADIO COMPANY, INC.
103 West 43rd St., New York 18, N. Y.

35



ts hereby continued and amplified—

the account of the zany (but very logi-
cal) way in which this musician, trained
officially in the arts but unofhcially en-
dowed with a gadgeteer’s heart of sorts,
was deposited in the midst of ‘“audio.”
Mainly, as I pointed out last month, a
matter of drawing interesting and possibly
significant conclusions from everyday hap-
penings.

lAsr MONTH’S TALE of personal history

1938—Math and Physics Dinners

It was 1934 when I quit last montl, after
discovering the wonders of a mail-order
16-tube radio plus extra-fancy super-speaker
ordered separately, the whole hooked up
to an early RCA 2-speed record player
attachment, about the first of the sort ever
made. That outfit followed me away from
college to New York for a year, then to
Princeton where I set it up in a fine room
in the Graduate College, a stone pile where
graduate students live and eat. There
wasn’t any graduate department in music;
I was an undergraduate instructor. Each
department ate, by custom, at its own table;
where was [ to eat? A vital matter—for
after a brief and fruitless experiment with
English and History at my meals—I love
’em both but not their grad students—I
somehow found myself at, of all unlikely
spots, the math-physics table!

Now 1 never did pass my college algebra
course and that was that and still is. But,
to my astomishment, the conversational at-
mosphere at these tables, lunch and dinner,
was a delight to me. They liked music. They
liked records, and they were most of them
amateur or professional electronics men.
Hardly a one that didn’t walk off with
occasional lab equipment to make a nice
little amplifier for musical purposes. They
liked gadgets, in and out of study hours,
and I sopped up a load of delightfully use-
less information about everything in the
Lord’s scientific heaven, exchanging the
same for a modest outlay of musical info.

It was at this table one day, maybe 1938,
that I heard of the exciting experiments
with something called U-235. Not a bomb,
mind you; merely a chain reaction, which
would, they thought, produce atomic power,
some day. Never heard the term again—

_*—2797V. Fourth St., New York 14, N. Y.
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EDWARD TATNALL CANBY*

| Fall Further into Audio

until August, 1945, These men were in
the middle of things, whether U-235—or
amplifiers for music. Couldn’t help picking
up a thing or two from them.

Amplifier and Baffle

And so I got as fine a working back-
ground of random scientific knowledge as
you could ask for. And in no time at all,
a mathematical genius and avid collector
of Science Fiction named The Tuke (Dr.
John Tukey) decided I ought to build me
an amplifier. Tear up my old 16-tuber.

Phew! I did, with his very, very exten-
sive aid and comfort. Natch, he had to
teach me how it worked, too, and did I
suffer. I couldn’t get anything straight and
I couldn’t bore a hiole in metal or solder a
wire to save my neck. I felt awiul dumb,
surrounded by all that aggregation of brain-
power, there. But 1 guess I absorbed a
bit of radiation. My amplifier worked, even
if it did look like a tin can opened with
a blunt axe.

So the radio had a separate new beam-
power (wow!) amplifier for its audio.
New pickup, too. A fine Astatic model D,
flat to almost 4000 cps and chrome plated.
(But then we didn't have any pickups in
them days.) And then, came a bafile. Took
the speaker out of the radio and mounted
it in a perfectly enormous sheet of celotex
that practically filled up my room. I sup-
pose the idea was a sort of infinite balile,
but all I can say is that aside from being
a rather breathtakingly radical innovation
for an old console man like me, the new
baffle did wonders for that old speaker—
the same old one. To be sure, I was forced,
month by month, to saw off more and more
of that monstrosity until it ended up as a
four-foot-square midget with hinges in the
middle so I could get it in and out of the
door when I moved away for the summer.
But for some years thereafter I made a
practice of removing friends’ radio speakers
into flat baffles, to their utter delight. And
I never heard of a case where there wasn’t
considerable improvement. Laugh if you
will.

Best of all, somebody showed me the
trickk of standing your bafile in a fireplace
(unused). What a bass that gives. A really

good bass, too, since a proper chimney pro-
duces a kind of horn which, though hardly
exponential, is almost infinite,

Phonoconcerts

That was off-hours and meal times. In
1936 the Princeton Music department got
the Carnegie set. Some thousands of records
(78 r.p.m.) plus a “phonograpl’” that was
absolutely unbelieveable. An 18 in. woofer,
two tweeters, marked to 15000 cps on
separate controls, and a bass reflex cabinet
that weighed about 800 pounds at a guess.
A separate 16 in. table and long-arm pickup,
mounted in another heavyweight box. 1936!
That thing could blow any roof off and
it almost did when I got my hands on it.
We had an AM tuner built and in the
Fall of 1937 we “broadcast” the famous
NBC Symphony concerts into a huge
lecture hall, at perhaps 1.5 times the volume
of the original orchestra. Some people,
strangely enough, were not impressed, but
then this was ounly 1937 after all. As for
me, I was falling into hi-fi with quite a
dizzy speed, I rolled in it.

On that fabulous machine I gave phono-
graph concerts. “Phonoconcerts,” I called
them, trying to kill the highbrow sound
of it all. We got almost a half dozen stu-
dents interested. Chummy little parties.
Music didi’t appeal, it seemed, even via
an 18 in. speaker from Federal Telegraph.
(I have often enough since then been furi-
ous at the blithe disinterest of those wealthy
and half-educated youths. Plenty of others
would have been delighted at the chance to
hear the tremendous range of music we had
on records then.) Anyhow, maybe our
students didn’t approve, but I did, and I
got to learn a great deal about making
proper—and improper—use of a good
machine. Tried a million tricks, including
indirect lighting and even no lights at all.
Sometimes helps with mood-making.

During those summers I tried outdoor
concerts in a club house at the edge of a
moonlit Connecticut lake. That worked all
right. People sat in canoes and listened
across the water.

Record Library

Meanwhile, we had the happy problem
of organizing our thousands of records into
a lending library, and the devising of

[Continued on page 38]
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In music
&

“ . vour ingenious AUDAX for play-

ing all records is a great convenience,
to be sure. But, it is the outstanding
musical quality that finally sold me

on your CHROMATIC POLYPHASE—
easily the finest I have every heard. I
have just about every pickup on the
market, all with high kilocycles, and
know from costly experience that the
NBC Symphony violinist* is right—
listening quality is everything. Thank
you for making this remarkable instru-
ment possible. . . .”” (jrom a leiter)

* See February issue.

For years, Weil has been preaching that
in reproduced music, listening quality
is everything, just as it is at the actual
concert. If the quality is present, you
may be sure the range is there also. The

® o
reverse, however, is not always the case.
Never before such EAR-QUALITY, such
FAITHFUL REPRODUCTION, but . ..

after all the reams are written about

kilocycles and other laboratory data—

when the chips are down—YOU and
that’s what the man says... only YOU can decide what sounds best
and most pleasing. Therefore . . . SEE
and HEAR POLYPHASE and—YOUbe
the judge.

POLYPHASE HEAD
for any arm

with the new Compass-pivoted Audax
arms and for Record Changers.

fumn RIGET
for 33Y/; and & rpm

turn LEFT

for 78 rpm Write for editorial reprint

on POLYPHASE Principles

The standard by which Be sure to obtain a copy of PHONO FACTS
others are judged and valued. from your distributor
One single magnetic unit plays all home
records—replaceable Sapphire or Diamond styli. AUDAK COMPANY
Special models for radio stations, including Vertical- 500 Fifth Avenue New York 18
Lateral units. Also POLYPHASE KL-4—with double “Creator of Fine Electro-Acoustical apparatus
output—Ifor use with troublesome turntables, etc. for over 25 years.”
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