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RCAVICTOR [

;%)P('ﬂé(/,} ‘HIS MASTER'S VOICE®

They bring true listening enjoyment to millions — through

the ﬁnest in modern sound recording methods and equipment

RCA Victor’s modern Vinylite phonograph records are
infinitely superior to the old shellac pressings of a few years
ago. Better in tone quality, distortion, surface noise and
frequency range. This improvement in quality requires more
precision than ever before in every step of record manufac-
ture and processing. That’s particularly true of the original
sound recording and the master discs from which the stamp-
ers are made. And RCA Victor has found that Audiotape
and Audiodiscs are an ideal combination to meet the exacting
demands for today’s high fidelity phonograph records —
Audiotape for clearest recording of the original sound and
Audiodiscs for fast, easy processing without loss of sound g . e
quality. In fact this record-making combination is now being . .and al‘ldladlscs
used with outstanding success by America’s leading producers g ;
of fine phonograph records and broadcast transcriptions. 5 for the master recording
Whatever your recording work may be, Audiotape and
Audiodiscs offer you this same sound perfection — the result
of more than 12 years of specialized experience by the only
company in America devoted solely to the manufacture of
fine sound recording media, both discs and tape.

AUDIO DEVICES, Inc.

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

...including
L4 *

for the original sound
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The high-fidelity home music system doesn’t have to be encumbered by a large
and complicated control unit—as indicated by the complete control section
of the Bell 2145-A amplifier, described in this month’s Equipment Re-
port on page 30. Aside from the phonograph turntable and the
radio tuner—which may be located in a convenient closet or
bookcase—this small box provides complete control of the
amplifier. Photographed in the new sound
studio of Hudson Radio and Television
Corporation in New York.
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Come again
Audio men!

The 1952 IRE Convention
once again presents some of
the latest developments in
audio engineering, on

Audio Day— |
Monday, March 3, 1952

The session sponsored by
the IRE Professional Group on
Audio is organized by William
S. Backman, and will be under
the chairmanship of Dr. Leo L.
Beranek. It meets at 2:30 P.M.
in Maroon Hall at Grand Cen-
tral Palace. |

Papers presented will be:
“Microphones for the Measurement |
of Sound-Pressure Levels of High In-
tensity over Wide-Frequency Ranges” |
—J. K. Hilliard

. “An Instrument for Measuring the
Time-Displacement Error of Record-
ers-- |
—E. N. Dingley, Jr.
“A Method for Measuring the
Changes Introduced in Recorded
Time Intervals by a Recorder-Repro-
dncer”
—J. F. Sweeney
|
|

“Application of Electric-Circuit Anal-
ogies to Loudspeaker Design Prob-
lems”

—B. N. Locanthi

“A Sonnd-Survey Meter”
—A. Peterson

Also visit the Audio Center
Exhibits on this same third
floor, where in special sound
theatres and exhibits you will ||
see the latest audio equipment.

Registration is $3.00 for non-mem-
bers, $1.00 for IRE members.

—
——N%{J- - |

y \\L

< S
/ €5’/ Come and See /|

l 356 Exhibits

Radio Engineering Show -

Grand Central Palace New York City 1952

about the telephone is the fact that

to use it you must hold the instrument
to your ear. That auntomatically puts one
hand out of business. To overcome the
handicap numerous shoulder rests have heen
devised, each of which requires a different
type of contortionism.

How much nicer to have a loudspeaking
telephone in a little box like an intercom
with no talk-listen switch to operate except
at the heginning and end of a call. Ralph
K. Potter is the inventor of such a device,
covered in patent No. 2,568,823, and as-
signor of the patent to Bell Telephone
Laboratories, Inc. The primary problem
with such devices—which if successful
would find use in switchless intercom as
well as other systems—is acoustic feedback.
This has been eliminated in the patent by
a novel and ingenious use of a mortulated
ultrasonic carrier rather than an audio out-
put for the loudspeaker.

Figure 1 is a diagram of the electrical
circuit in semi-block form. A microphone
mounted in the unit excites a transmitting
audio amplifier, the output of which is sent
through a standard telephone hybrid trans-
former to the telephone line. Incoming
signals from the line are fed to a receiving
audio amplifier. A 30-kc oscillator in the
receiving circuit is tnodulated by the
received signals and the modulated 30-kec
carrier is emitted by an ultrasonic tranms-
ducer. The user of the equipment wears in
one ear a small, simple, unpowered detector
unit which rectifies the 30-kc waves, de-
modulating them so that he can hear the
audio. More on the demodulator later.

The purpose of the hybrid coil in Fig. 1
is to prevent excessive transmission of
microphone signal to the receiving ampli-
fier and modulator without substantially
attenuating transmission of microphone
signals to the telephone line or line signals
to the receiving circuit. Output from the
transmitting amplifier goes to the two
primary windings L: and L;. The second-

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

ONE OF THE SEVERAL annoying things

AUDIOD
AT

RICHARD H. DORF*

aries Ls, L, Ls, and L, feed signals to the
line and to the balancing resistance, which
matches the line resistance. The two second-
ary signals, as can be seen by tracing the
phasing through the two meshes, pass
through the receiving amplifier input in
opposite phase and if all the elements are
balanced they cancel. In practice there is
usually a slight unbalance, which permits
some signal to pass from the microphone
to the modulated oscillator, giving a little
desirable sidetone.

The detector worn in the user’s ear may
take any of several shapes, none of which
involves any electrical elements at all.
Figure 2 illustrates one form, a substantially
cylindrical metal (nickel silver) shell about
1.25 ¢m long with an inside radius of about
0.4 cm. The left end has a central opening
with a radius of about 0.25 cm, while the
right end consists of a slightly dome-shaped
metal diaphragm with a curvature radius

FLANGE DIAPHRAGM
SILK s
b THREAD ELL /
OPENING DIAPHRAGM DIAPHRAGM

Fig. 2, left; Fig. 3, right.

of about 0.6 cm. Because of the dome shape,
any air pressure waves entering the cylinder
through the opening at the left end can
cause the diaphragm to flex outward (to
the right) but rarefactions cannot cause it
to flex inward. Thus only half of each
ultrasonic pressure wave will be reproduced
in a diaphragm motion. When the cylinder
is placed in the ear with the diaphragm
facing inward, the device effectively rectifies
the ultrasonic waves before they reach
the ear and the ear recovers the modulation.
The ecar acts as its own 30-kc filter, of
course, since it is insensitive to discrete
30-kc waves. For actual use the detector
device is covered with soft felt so that ‘it

[Continued on page 4]
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PUSHER TYPE PLATFORM:

Adusts simply to 7"—10"—12" rec.
ords regardiess of diameter or size
of spindle hole.

80 No record changing mechanism has
del Rc- been developed to equal the per-
o formance of the precision pusher
)99 platform. For records with standard

Center holes, the pusher platform is

the only method that gives positive

ER TWO INTERCHANGEABLE SPINOLES
CHANG Easily inserted, the two Garrard
NEST RECORD

spindles accommodate all records
as they were made to be played. (H
user prefers one spindle ¢an be used
throughout simply by plugging cen-
ter hole of 45 rpm records).

a) Typical Garrard spindle for stand-
ard center holes.

b) Easily inserted wide spindle, tor
45 rpm records, remains stationary
when record is played. Only a small
collar revolves, assuring longer cen-
ter hole and record wear.

THE WORLD'S H

HEAVY DRIVE SHAFT:

A unigue feature! Exclusive with
Garrard!

Drive shaft for 33¥3 rpm and 45
rpm is heavy, thus obtaining more
consistent quality at eritical low
speeds. Wows and wavers eliminated.

BALANCED TONE ARM:

Parallel lift tone arm construction
guarantees true tangent tracking.
Dlsturbing resonance eliminated.

AUTOMATIC STOP:

Insures positive and unfailing action
at end of any type of record and
returns tone arm to rest position.

TRIPLE SPEED SWITCH:

Speed changes are clearly marked,
easily made. The RC-80 piays 3315,
45 and 78 rpm. Records are placed
on the player and simple seftings
made. Action is then completely au-
tomatic, including automatic shut-off
after last record of any size.

INTERCHANGEABLE PLUG-IN HEADS:

Carefully engineered to accommddate
user’'s choice of crystal, magnetic
or variable reluctance cartridges for
standard and microgroove reproduc-
tion, such as Astatic, Audak, G.E.
Variabie Reluctance, Plicker
Garrard Magnetic, ete.

HEAVY DUTY SILENT MOTOR
WITH ABSOLUTELY NO RUMBLE:

jpeed maintained throughout a wide
variation in line voltage. There is
ro appreciable sapeed variation op-
erating unit *‘cold” with a full ioad,
or *“‘hot” with one record, regard-
less of weight, thickness or diame-
ter of records.

WEIGHTED TURNTABLE:

NC-80 {urntable is heavily weighted
to give flywheel action. No turntable
rienble. No *‘wows’, no wavering
eoroduction.

MUTING SWITCH:

No sound while changer operates on
run-tn of run-off grooves. Continuity
of music undisturbed by noises.

' ' Y
164 Duane St., New SIMPLE INSTALLATION:
GARRARD SALES CORP. Dept. 3 E b Mounting holes" are identical with

former Garrard models, so that re-
placement is very simple. Unique
" SPring suspension.
ore
| am interested in lcarning M

bout the Garrard “Triu";l‘::se CONVENIENT START-STOP-REJECT LEVER:
;-speed record changer. il . i ot y

i ¢ I
. bligation, wher' 3 Start, stop and reject lever are com-
tell me, with no © it In my area. bined and located convenlently
| can see and hear away from tone arm.

Gentlemen:

Changer operates on 100/130 and/or 200/250 volts, 60 cycles, A.C.
(50 cycle bushing available.) D.C. model also now available‘

L d
m
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Now available for the first time to
the manufacturers of tape recording
equipment—the TR16 tape-head
wrovides fine quality at exceptionally
low cost. This means that for the first

time, you can provide your customers with
excellent reproduction in even your
lowest-cost models.

The TR16 is the result of almost five years
experience in the development of mass
production-line techniques for the manu-
facturing of magnetic recording heads.
Coupling amazingly low cost with high-
quality performance, the TR16 is outstand-
ing inthe field of tape recording. Listed
be‘fow are the unique features of this
magnetic recording-playback head:

SPECIAL FEATURES é

1. Low cost.

2. High quality—excellent frequency response. 7

3. Compactness. The TR16 is only 765" wide
by .845" long by .609" thick.

4. Precision-controlled track width may be 8
furnished with a track of from .025 to 9
100 inches:

5. Flexibility of mounting. 10.

.
12

Patented by Shure Brothers. Ine,

SHURE BROTHERS, Inc. «

225 W. Huron St., Chicago 10, lllinois

4

NEW TE2 MAGNETIC ERASE HEAD
No less outstanding in its contribution
to low cost fine-quality tape-
recording is the new Shure etase
heoad, Model, TEZ:

. May be used for multiple-track applica-

tions.
Utilizes the famous Shure pin-jack pin-
terminal combination method of attaching
leads.

. Ideal for use with pre-recorded tape.
. Highly recommended for use in dictating

or low cost playback machines.

Effective mu-metal shielding for optimum
hum reduction.

Provides fow cost production assembly.
Simplifies field replacement.

—

MANUFACTURERS OF MICROPHONES
AND ACOUSTIC DEVICES

Cable Address: SHUREMICRO'

AUDIO ENGINEERING o
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fits well and does not cause discomfort be-
cause of the cold metal. The flange at the
outside end of the umt prevents it from
entering the ear canal too deeply.
Figure 3 shows another form of rectifier.
| A small ear-fitting tube has two diaphragms,
one at each end, connected by a light silk
thread. The thread is maintained at the
right tension so that when the left dia-
phragm (facing outward) is distended out-
ward by a rarefaction of air it pulls the
right diaphragm (facing into the ear) in
the same direction. But, when the left
diaphragm is pushed inward by a pressure
half-cycle, the thread merely slackens and
the right diaphragm does not move. The
patent shows several other forms as well.

Single-Tube Phase [nverter

Phase inverters have been the subject of
much controversy with respect to balance
at all frequencies and similar questions,
none of which the writer intends to get into,
at least at the moment. It does look, how-
ever, as though the ingenious new circuit
diagrammed in Fig. 4 would balance well—
and it has the advantage of using only a
single tube, yet giving considerable amplifi-
cation as well as phase inversion. The
circuit is the invention of Kurt Enslein,
covered by Patent No. 2,571,431, assigned
to Stromberg-Carlson.

The 6BN6 gated-beam tube is used in
the circuit, In this tube a sharply focused
electron beam passes through two control
grids, the first and third, each of which has
an unusually steep and linear transfer
characteristic. Grid No. 2 is an accelerator
electrode. Because the total cathode current
of the tube is limited to a certain maximum
value by the shaped electron beam, the
total cathode current remains constant

| despite changes in the voltage applied to
grid No. 1 (or No. 3). Therefore, when the
plate current increases the accelerator elec-

trode current decreases, the relative
B+
6BN6 -
(—erouTPUT
I
L3
INPYUT

Fig. 4

| amounts in each case being determined by
the respective transconductances of the con-
trol grid to the plate and accelerator. This
transconductance has a high positive value
with respect to plate and a somewhat
smaller negative value with respect to ac-
celerator.

As the diagram of Fig. 4 shows, the input
signal is fed to grid No. 1 and one output
derived from the plate in the usual manner.
Since the transconductance of the accelera-
tor is negative (its current varying in op-
posite phase to that of the plate), a second
output may be taken from it; and this
accelerator output is in opposite phase to
that of the plate, giving, obviously, a phase
inverter with outputs 180 deg. apart with
respect to ground common pomnt.

To make the two outputs have equal
amplitudes, it is only necessary to choose
the plate and accelerator resistors so that

[Continued on page 62}

|
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REEVES
80 U N D G RAFT THERONLY MANUFACTURER OF RECORDING MEDIA
WHB 20 YEARS' EXPERIENCE IN SOUND RECORDING
ANNOUNCES NEW PRODUCTS. . .

NEW DEVELOPMENTS. . .
NEW ERA IN MAGNETIC SOUND

N EWIMPROVED SOUNDCRAFT TAPE

Only Souncraft SPN magnetic recording

tape with improved formulation has these

new exclusive features. Available in

all standard sizes.

UNIFORM COATING THICKNESS to produce
the ultimate in sound fidelity. (

PRE-COATED BASE, BUFFED, SURFACE i 3

LUBRICATED to assure smooth, curl-

free operation, uniform output level and

high frequency response, plus years of

extra service.

NEW SOUNDCRAFT 5 DRAWER CHEST
PERMANENT FILING CABINETS — with five

drawers, constructed of durable, lined
boxboard, containing 625 or 1250 ft. sizes,
at no extra cost. Only Soundecraft can
make this offer.

BUILD A BETTER TAPE LIBRARY. Recordings
of fine artists, sound -effects, memorable
events can now he conveniently filed with
the aid of this new cabinet. I s 1

NEWSUUNDCRAFT DISCS

Only Reeves SOUNDCRAFT
Recording Discs offer the latest
developments to reduce surface noise to
the point of inaudibility and produce the
last word in fidelity.
INGREDIENTS OF PERFECTION Heavy
aluminum bases free of imper-
fections, with flawless mirror-
like finish, guaranteed flatness,
fine-grain lacquer which has
been subjected to micro-

filtration and blended with [,
chemically pure solvents. r

FACTORY WITH MAN-MADE WEATHER

Unlike most discs, Sounderaft 9 RE Ev Es

Discs are manufactured in a

weather-controlled factory, 1 £ n
under dust-free conditions. ' | ]
Temperature and relative ; :
: THE ONLY

)

humidity are completely regulated. “§0 East 52nd Streef New York 22, N, Y, 1
Soundeggf B Vacaes of - RECORDING MATERIALS PERFECTED ||

these controlled conditions, 11 .'J

are delivered the year ‘round. AND MANUFACTURED Jo

BY RECORDING SPECIALISTS| |
P!em_\fri!e R\eﬁvgs Soyr}d:quﬂ.fqr pf!.dilfionolxinfogmolion.‘ 1_]
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The TURNTABLE
is the HEART

of your
HIGH FIDELITY
SYSTEM

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

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.
table must be chosen to complement your other com-
ponents. Each REK-O-KUT Turntable carries an engi-
neering specification which enables your Sound Dealer
to select the appropriate unit. The quality and work-
manshlp of every REK-O-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 operation.
Instantaneous speed
chan{es 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 Ne!

schools, dance studios, etc.

MODELS T-12H & T-43H
2-Speed 12" Turntables

The only 12~ 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 e | MNysteessls | gp35 | siiees
T ne | g T [ siinss
T2 A Pule 78-33% $84.95
T3 e B 45.33% $84.95

* Dellvery limited to very short supply of Hysteresis motors.

See ... hear...compare REK-O-KUT Turntables
Phonographs and Professional Disc Recorders at
leading Music Stores, Audio-Visual Dealers and Radio
Parts Jobbers . ..or write for latest, free Catalogue.

REK-0-KUT €O.

Queens Blvd,, Lang lsland City, M. Y,

Magnetic Sound Film in Great Britain

Developments in the field of magnetic
sound film in Great Britain are discussed
by O. K. Kolb in an article appearing in
the November 1950 J. Soc. Mot. Pict. &
Tele. Engrs. Available in Great Britain
are three types of film stock, the differences
being in the width coated. The first has a
coating for its full width, the second is
coated only between sprocket holes, while
the third is coated for half its width with
magnetic material, the other half being
coated with a zinc oxide-lacquer mixture
upon which a trace of the sound level or
envelope may be made,

A comparison of a medium hard Amer-
ican film, a British film, and a Continental

bulk erasing both the film and electromag-
net are moved. The film rotates and the
magnet is subjected to translatory motion.

The conclusions reached by the author
bear out practices here in that it does not
appear that magnetic recording will dis-
place photographic recording for the fin-
ished prints. However, all the recording up
to the final print will be magnetic, with its
attendant ease of editing, splicing, and re-
use of stock.

Theatre Sound System

The new Simplex XL theatre sound sys-
tem is described in the May 1951 J. Soc.
Mot. Pict. & Tecle. Engrs. By B. Passman
and J. Ward, the article not only describes

VOLTAGE FEEOBACK
VWA
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film as to bias, level, and response are pre-
sented. The British film requires about
half the bias that the American film needs
for maximum output, while the Continental
film needs almost as much bias as the
American film. When a systemn is adjusted
for flat response from the British film and
only the record bias adjusted, the Ameri-
can film has 10 db higher output with a
rising high-frequency response, while the
Continental film is down 2 db from the out-
put of the British product and has a droop-
ing low-frequency response.

Splicing and erasing techniques appear
to be similar to those used in the United
States with the major exception that in

the equipment, but gives the design phi-
losophy. Important system features include
dual exciter lamps on a turret, 20-db pre-
amplifier feedback, low preamplifier dis-
tortion, separate preamplifier for nonsyn-
chronous inputs and standby, and a multi-
purpose power amplifier.

The nonsynchronous preamplifier has the
same changeover features as the sound head
pre-amps so that phonograph and line in-
put facilities do not have to be designed
and haywired into the system by the in-
stallation engineer. Also it provides a spare
unit for replacement in the sound head in
case of failure of one of the plug-in pre-

[Continued on page 8)

TABLE |

Preterred Maximum Sound Level in db above 107
Public
Men Women
Symphonic Music 78 78
Light Music 75 74
Dance Music 75 73
Speech 71 71

watts per cm®

Program Engineers

Musicians Engineers
Men Women
88 90 87 88
79 89 84 84
79 89 83 84
74 84 77 80

AUDIO ENGINEERING e MARCH, 1952
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THE GATES DYNAMOTE

Here is the lotest model GATES
DYNAMOTE — os new os next
foll’s election!

YOU'RE THERE WITH THE

%Omwué DYNAMOTE {eatins
® Three microphone channels

® Public address take-off with level control
® Cue circuit to studios

® A.C. or battery powered

® |[nstant — automatic — changeover to

batteries if line fails
High gain — low noise |,
Four inch V.U. meter with dimmer control
Completely self-contained
Weighs just 31 pounds with
batteries installed

One-piece construction

Whether baseball or politics, symphony or jazz —
you can be sure of clean, crisp quality when Dyna-
moting your “out of studio” shows.

The GATES DYNAMOTE, originated about two
decades ago at the advent of the Dynamic micro-
phone, is each year brought up to date as the latest
major league standings. — Your 1952 Dynamote is
the engineers’ choice, the producers’ choice and the
people’s choice — compulsory, of course, because
GATES DYNAMOTES are used wherever there is
broadcasting.

Heavy political and sports coverage will create
unusual demands on remote facilities. Recogniz-
ing this, production on the GATES DYNAMOTE
has been increased. Orders are being handled
same day as received in most cases.

GATES RADIO COMPANY, QUINCY,ILLINOIS, U.S5. A,

MANUFACTURING ENGINEERS SINCE 1922

2700-Polk Avenue, Houston, Téxas ® Warner Building, Washington, D. C. ® International Division, 13 E. 40th St., New York City
Canadion Marconi Company; Montreal, Quebec
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These Great Names Use AMPEX...

American Broadcasting Company

Apex Recording

Peter Bartok
British Breadeasting Corp.
Capitol Records — New York & Hollywood
Carnegie Hall Recording Company

Columbia Records, Inc.
Columbia Broadcasting System

Concert Hall Society

Eupire Broadcasting Corp.

Fulton Recording
Gotham Recording Co.
Gray-O'Reilly Studios
Ice Capades, Inc.
Les Paul & Mary Ford
Zeke Manners
Mutual Broadcasting System Mary Howard Recording
Muzak MGM Recording
Nola Studids Mercury Records, Inc.
Peter Lind Hayes Movietonews, Inec.
Radio Free Europe
Arturo Toscanini
Fred Waring Enterprises
Warner News, Inc.
Westminister Recordings
WOR Recording

These great names and many others use profes-

sional quality Ampex Magnetic Tape Recorders . . .

SOLD AND SERVICED BY

Audio & Video

R ODUVCT S CORPORATION

730 Fifth Avenue - New York 19, N. Y.
Plaza 7-3091

Exclusive in Canada

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

In Washington, D. C.

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

e ———————— GIT nlong 1]Ii5 line

Audio & Video Products Corporation
730 Fifth Ave., New York 19, N. Y.

Please send me details and literature deseribing the
following Ampex equipment: (Check one or both)

Ampex Model 300...[] Ampex Series 400-A .. .[]
Name.

Title

Company Name

Mail Addres:

WW\W. atmeidsaatadioRhistery.com

amps in the sound head during a run. The
power amplifiers are unique in that they
make use of cascode floating paraphase
phase inverters, and have both voltage and
current negative feedback to provide low
distortion and stability without reducing
the internal impedance of the amplifier.
Two sizes of power amplifier are available,
one using 807's and delivering 70 watts,
and the other a low power unit using 6L6’s
and capable of handling 20 watts. The out-
put tubes in both cases are driven by cath-
ode followers. Figure 1 shows the cascode
phase inverter stage. All of the rack- and
wall-mounted equipment is designed for
ease of maintenance, using either a drawer
chassis that pulls out and turns over or
doors giving access tn terminal hoards.

Specially designed loudspeaker systems
have been provided to handle theatres of
all sizes and for installation in drive-in
theatres.

TV Audio Console

A new audio console for television stu-
dios is described by Robert W. Byloff in
the June 1951 RCA Review.

A removable housing is provided at the
back of the console to take five ten-inch
video monitors, and panels are provided at
each end of the console for auxiliary con-
trols and patching. The main console panel
has, in the top row, twelve microphone
mixer positions each capable of being sub-
mastered on one of three color-coded chan-
nels, and a VU meter. Above each micro-
phone fader, therefore, is a translucent
window. This is lighted with the appropri-
ate color as the fader positions are switched
by push button switches located on the left
side panel. Also on the front panel, in the
lower row, are the three color-coded sub-
master faders, the studio master fader, re-
mote master fader, and controls for studio
playback and reverberation. Six lever keys
provide switching for remotes, preview,
sound effects filter, and auxiliary circuits.

The left side panel contains four auxil-
iary microphone faders in a separate mixer
circuit, sound effects circuits, monitor con-
trols, and the push buttons for assigning
faders to the submaster circuits.

The right side panel includes a jackfield,
a dropcord well. microphone equalizer con-
trols, and a switch for selecting cither lim-
iting or compression characteristics in the
program amplifier.

All the amplifiers, power supplies, re-
lays and an auxiliary jackfield are con-
tained in two separate racks. Placing this
equipment in racks enables the size of the
console, without the video monitors, to be
reduced to 66 in. long, 23 in. deep, and
41 in. high. A desk in front of the sloping
face will take legal-size paper without any
overhang.

New electrical circuits have been devel-
oped for the console to permit the flexibil-
ity offered by submastering without exces-
sive losses or change in level with switch-
ing. Distortion in the over-all system, at a
signal level 10 db above normal program
level, is below one half of one per cent
while the noise is 77 db below the + 10
level. The frequency response is flat from
30 to 15,000 cps.

Automatic Chime Sounder

The January 1951 A.W.A4. Technical Re-
view (Australia) carries an article by
W. A. Colebrook on an automatic unit for
sounding the Angelus and other bell se-
quences.

The unit is operated by a clock mecha-

[Continved on page 54]
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There's a big factor showing up in the tape re-
cording world . . . it's the tragedy of High Main-
tenance Costs. Many radio stations are confronted
with the daily ritual of recorder checking and ad-
justing. Added to the time cost of such inspections
is the cost of frequent parts repilacements and
loss of program time.

In contrast, Ampex users find their equipment
will operate continuously eighteen hours a day
with but infrequent inspection. Upkeep and re-
placements are almost nil; heads have remark-
ably long life. Ampex performance is constant
over long periods of continuous operation. Long
life with low maintenance is assured in each
Ampex recorder by high manufacturing stand-
ards and complete test of each machine before
shipment. It all adds up to one sure fact—Ampex
quickly pays for itself out of savings from lower
operating costs and added dependability.

YOU CAN RECORD ON AN AMPEX
TODAY-- AND BE SURE OF IDENTICAL AMPEX
PLAYBAC FROM NO

AYBACK A YEAR FROM NOW SETS THE PACE

a IN BOTH
"™ Overall Economy
and Fidelity!

Complete Specifications on Request

Shown here are the time proven Model 300 Console and
the advanced Series 400-A. Throughout the field of profes-
sional audio recording these two Ampex machines are the
recognized leaders. Model 300 put many a big name artist
on tape—Series 400-A incorporates many of its features.

8 AMPEX

AMPEX ELECTRIC CORPORATION
Hagneiic Iapoe Rocosdess

REDWOOD CITY <+« CALIFORNIA
S T A ND A RD O F R E A T R A DI O S H O W s

AX-71 Dealers in Principal Cities
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LETTERS

Speaker and Microphone Directivity
Sir:

It is somewhat alarming to learn how
slowly advanced ideas percolate into pro-
duction practice.

While Dr. Olson’s article in the October

) [ J
1950 issue, with details of the frequency=
directional characteristics of a new RCA

speaker, is not the first in recent years on

... from the flashing sunlight such characteristics of sound transducers,
this still prevalent source of distortion ap-
of Mozart to the storm of pears only now to be receiving atéention.
. In a series of articles in Radio Broadcast
Shostakovich during 1925, the writer pointed out in de-
tail the distortion introduced in an other-
wise perfect sound system, by non-uniform
angular pickup and distribution with vary-
ing frequency, of the pickup and reproduc-
ing devices. Curves on polar co-ordinates
were presented for both microphones and
speakers from measurements made at the

Staten Island laboratory of Wired Radio,

Inc. The curves proved beyond doubt that

higher and higher frequencies are more

and more attenuated if either the sound

source or the listener are displaced off the

axis of the transducer. When both are so

displaced, the separate attenuations are

additive. Thus at no angular position about
| a reproducer would the spectral distribu-
tion be the same as that of the cone motion
of a loudspeaker, even though it followed
an otherwise perfect system.

A visual analogue consists of a white
light source having in front of it an optical
device which projects the shortest-wave-

PERMOFIUX length (violet) radiations strongly through
ROYAL EIGHT” WITH | a small cone on its axis, and which pro-

THE FAMOUS v jects the longer waves (blue, through

8IUE CONE 3 green, yellow, orange, and red) waves in
ever wxdenmg solid angles beyond the
speaker axis. As with the speaker, there
is no point in the light radiation field where
one can find the white light of the source
behind the optical device.

Over-all sound-to-sound measurements
of a system are therefore worthless unless
both microphone and loudspeaker are de-
signed so as to have uniform directional
characteristics throughout the required
audio spectrum of frequencies. Also, the
frequency-characteristic curves of micro-
phones and loudspeakers should always
be accompanied by frequency-directional
1 curves if they are not to be ail but mean-
| ingless.

B. F Miessner,
Van Beuren Road, R.F.D. 2

" ROYAL EIGHT~ Morristown, N. J.

Another New Field?

' Sir:
I suggest that A expand its primary

AUDIOPHILES the country over acclaim the clean, brilliant, life-like
musical reproduction of the Permofiux Royal Eight”...the 8” Speaker

comparable ta any 12" ! Combined with the new Permaflux Corner field of interest and coverage beyond the
Baffle, Model CB-8-M, the Rayal Eight” re-creates original programs limits of the audio spectrum. I suggest it
with even superior sensitivity and fidelity—every instrument in full- might well cover the whole spectrum of
e & i sensory and motor response and control.

range tonal balance. Here's Big Speaker Performance in a small, This field would include the whole field of
easy-ta-install frame at a sensible price. ($22.50 List, less Baffle). intelligence or data transmission, probably
E . extending from d.c. to 10 mc/sec. Thus it

See your Radio Parts Distributor or write to Permoflux today for would include all forms of intelligence use-
full information about the complete Royal Blue Line of 6" to 15" fully capable of modulating a carrier, in-

cluding servo, computer, radar, audio,
video, photographic, telemetering, remote

e H H ! : . KL control, cryptographic, and other miscel-
Sound in Design!...Sound in Price! Janeous types of data sensing, recording,

PER M 0 F I.UX co R Po RATIO N 4902-AW. GRAND AVE., CHICAGO 39, ILL. transmitt.ing, measuring, indicating, and

reproducing systems.
236 S. VERDUGO RD., GLENDALE 5, CALIF. | .
Canadian Llicensee—Campbell Mfg. Company, Toronto, Conada [Conhnued on page 65]

Speakers and Baffle Combinations. Ask for Permofiux Catalog J-207.
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Be Sure of Your Installations

To You,

T P . / e AT Sy i '
Py - ' e I OMN / Belden’s Golden Anniversary Means
Get the ﬁ-/ﬂ'f‘u UARE S eMeR :
/h\I( \ s —product performance that

’ ""t Um- can come only from a “"know-
RGIu TRAN SMISSION I M';""““A \ how” that has grown through

\ actual service since the
\ inception of Radio.

@ You know what you are doing when you use Belden RG/U Trans-

mission Line Cables —they’re aptitude rated. They are designed to

provide desirable electrical characteristics, and rigid control assures

constant quality. Specify Beld~~ Radio Wires.

Belden Manufacturing Co. 4689R W. Van Buren St., Chicago 44, IIl.

—an ability to co-oper-
\ ate in pioneering new
\ wires to meet or antici-
pate industry’s grow-
ing needs.
\ In the years that
follow
This Belden
Program Is—

—T0 BE CONTINUED

APTITUDE RATING APTITUDE RATING APTITUDE RATING APTITUDE RATING APTITUDE RA
No. 8236 No. 8237 No. 8238 No. 8239 No. 8241

Frequency  Attenuation Frequency A i Freq Y tt i Frequency  Attenuation Frequency Attenuatio
{Mc) per 100 ft (Me) per 100 ft (Mc) per 100 ft {Mc) per 100 ft {Mc) per 100 ft
100. 2.65 100. 210 100. 1.90 100. 310 100. 375
200. 3.85 200. 3.30 200. 2.85 200. 4.40 200. 5.60
300. 4.80 300. 410 300. 3.60 300. 5.70 300. 1.10
400. 5.60 400. 4.50 400. 4.35 400. 6.70 400. 8.30
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EDITOR'S REPORT

COMPONENTS

ECENT DIscussIoNs regarding the components se-
R lected by those of us who like to “build our own”
test equipment, amplifiers, power supplies, and
other electronic apparatus brings to light some interest-
ing facts which have rarely been mentioned in technical
literature from the viewpoint of the constructor.

In building equipment for commercial sale-—such as
mass produced radio and TV sets, for example—the
element of cost is of primary importance. The price of a
tube socket or a resistor is usually measured in cents at
the manufacturing level, but that figure is multiplied
by a factor of around five when the finished product
appears at the consumer level. Thus if a TV set with
150 resistors should be built with a higher quality
part costing only one cent more than the competitive
grade, this difference alone makes the selling price of
the set some seven and a half dollars greater than if the
low-priced part were used. As another example, it has
often been said that Lock-in tubes never attained their
deserved popularity because their sockets cost three-
tenths of a cent more than, the simpler-to-make octal.

In the construction of amplifiers or test equipment
on a one-of-a-kind basis, or even for those hand-built
units often assembled by the custom-builder, the few
extra cents—or even dollars—are not of so great impor-
tance. When we consider that the average home- or
shop-built amplifier involves a cost measured in dollars
for the equipment, and probably in tens oi dollars for
the labor of building and testing, it seems desirable that
we take a closer view of the economic advantage ob-
tained by the use of the minimum-priced components.
Not that we begrudge the labor—we’d be the last to
suggest that the labor cost be taken into account for
such equipment as we construct for our own use—but
the fact remains that it is actually a factor in the over-all
cost of the finished product. Therefore, when we do use
a cheaper component, we are risking the performance of
the unit for a small percentage of saviug, and it is doubt-
ful if this is an intelligent practice.

Many constructors are prone to use half-watt resistors
throughout a circuit, unless the current requirements
completely preclude it. We believe that any resistor
which carries direct current—with the possible excep-
tion of a cathode resistor which is usually bypassed, and
usually of low resistance value—should he at least of a
one-watt rating. In any case, the resistor should be
specified to work with a factor of safety of the order
of four—one which dissipates 0.23 watts should prefer-
ably be a one-watt unit, and so on. The same reasoning
applies to the selection of tube sockets, selector switches,
coupling and hypass capacitors, wire, cable-plugs and
receptacles, and any other component for which there
is a high-rated equivalent.

This practice is followed rigorously by manufacturers
of equipment for the military services, and for high-
quality home construction it is strongly recommended.

12

MAGNETIC TAPE DIMENSIONS

We have recently had an experience with the dimen-
sions of magnetic tape which led us into an interesting
inquiry. In the preparation of our weekly “Audio Time”
over WABF (New York), we encountered one box of
tape which didn’t fit the tape splicer as easily as pre-
vious rolls, and in one instance, the tape would bind in
the recorder guides.

Mention of this to the manufacturer resulted in his
making complete measurements on the tape, which
proved to be within the allowable tolerance for width—
not greater than 0.250 in. and not less than 0.244 in.
This particular roll measured 0.2485. In the discussion
of this problem, we learned that some manufacturers
started making tape within the allowable limits, then—
because tape heads develop a groove from continued
passage of tape—the width was gradually decreased in
small steps so that continued good performance could
be obtained with succeeding shipments of tape.

All of which brings us to the point of this story. As
tape heads wear, performance of the machine may be de-
graded—slightly, perhaps, but measurably. Honing may
be resorted to in order to restore the performance to
normal, and in professional applications it would be
desirable that monthly maintenance checks should in-
clude some means of determining if the grooves which
wear gradually are contributing to a loss of highs to an
objectionable degree.

CONGRATULATIONS

The good-music listener gets little enough to keep him
happy from the programming of most radio stations
these days, so the recent addition of WNBC (New
York) to the ranks of all-night stations six nights a
week is received with open arms. Broadcasting on both
AM and FM, NBC’s flagship is now bringing all types
of good music from midnight to six. We may not be
the first to congratulate WNBC in print, but Z'’s read-
ers in the New York area will undoubtedly be among
those who derive the greatest pleasure from “Music
Through the Night.”

So far, New Yorkers have been fortunate in having
the city-owned station WNYC on the air on FM until
three, with classical music, We are unable to figure out
why all three of the “good-music” stations in this area—
WOXR, WNYC, and WABF—all elect to play cham-
ber music from eleven until midnight. Such a lack of
originality in programming is surprising in this day of
strong competition. Please, couldn’t one of them deviate
from this standardization ?

While we are at it, we should also congratulate CFRB
of Toronto on its 25th anniversary, celebrated on Feb-
ruary 19. Unique in that it was the first “batteryless”
station, CFBR went on the air in 1927, pouring music
into the airways with power and clarity that was revo-
lutionary in those days. The power on the opening night
was 1000 watts—it is now 50,000. Again we say, “Con-
gratulations, CFBR.”
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Aﬂ fém r You May Necd in

TAPE -WOMVD CORES

RANGE OF MATERIALS

Depending upon the specific
properties required by the applica-
tion, Arnold Tape-Wound Cores
are available made of DELTAMAX
. . .4-79 MO-PERMALLOY . . .
SUPERMALLOY . . . MUMETAL
... 4750 ELECTRICAL METAL. ..
or SELECTRON (grain-oriented
silicon steel).

RANGE OF SIZES

Practically any size Tape-Wound
Core can be supplied, from a frac-
tion of a gram to several hundred
pounds in weight. Toroidal cores
are available in fifteen standard
sizes with protective nylon cases.
Special sizes of toroidal cores—and
all cut cores, square or rectangular

AUDIO ENGINEERING o

MARCH,

cores—are manufactured to meet
your individual requirements.

RANGE OF TYPES

In each of the magnetic materials
named, Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: .012",
.008", .004", .002", .001", .0005",
or .00025", as required.

Applizitions

MAGNETIC AMPLIFIERS
PULSE TRANSFORMERS
CURRENT TRANSFORMERS
WIDE-BAND TRANSFORMERS
NON-LINEAR RETARD COILS
PEAKING STRIPS. ..

REACTORS.

wabD 3963

THE ARNOLD [ NGINEERING ( OMPANY

SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
General Office & Plant: Marengo, lllinois

1952
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ALL NEW PORTABLE

MULTI-SPEED

PENTRON

TAPE RECORDER

Sclected by broadcasters and sound studios
as the best portable tape recorder for hi-fi
recording.

Range—50 to 8000 cycles at 7%;”

50 to 5000 cycles at 334"
Push-Button Control for spced change.
Rewind ® Forward—70 sec. for 1200 fr.
Amplifier— Auto. equalization at both speeds.
Heads—Single or dual track.

Edlting Key—Erases or corrects recordings.
Weight—Only 27 pounds.

$179.50

Complete
Write for Complete Specifications Today!

THE PENTRON CORPORATION

221-AE EAST CULLERTON ST., CHICAGO 16, [LL.
IN CANADA @ ATLAS RADIO CORP, LTD.. TORONTO
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A UDIANA

How Good is an
Audio Transformer

HILE THE USE of audio transformers
Win a modern home-music-system am-

plifier is generally restricted to the
one between the output stage and the loud-
speaker, the consideration of the quality of
this important component must take into
account all of the general characteristics
of transformers as a class.

In order to study the effect of various
parameters of the design and construction
of a transformer—or of practically any
other unit of electronic equipment or trans-
ducers (pickups, speakers, microphones,
etc.)—engineers make use of equivalent
circuits. By this means, the performance
characteristics can be determined with a
fair degree of accuracy throughout the en-
tire audio spectrum, and corgections may
be applied to improve the product.

Equivalent circuits for transformers usu-
ally ignore the step-up or step-down ratio
of the winding, with the assumption that
this job is done perfectly—which is prac-
tically the case. Thus it is possible to draw
a circuit which has all of the characterist-
ics of a transformer except that of voltage
raising or lowering, and to assume that the
output voltage is equal to the input volt-
age, modified by the characteristics of the
transformer itself, multiplied by the step-up
or step-down ratio of the number of turns.
In doing this, all of the qualities of the

| secondary winding are ‘“referred” to the

primary.

If a capacitor of a certain value is con-
nected across the primary of a transformer,
it will have a given effect upon the per-
formance. If the same capacitor is con-
nected across the secondary, its effect will
be multiplied by the impedance ratio of the
windings—the impedance ratio being the
square of the turns ratio. In a similar man-
ner, all of the characteristics of the sec-
ondary may be referred to the primary for
ease in making the calculations. This re-
ferral is much like converting dimensions
into the same terms—if we are speaking of
two packages on a comparative basis, we
do not say that one weighs sixteen ounces
and the other weighs two pounds, but in-
stead, we say that one weighs sixteen
ounces and the other thirty-two, so that
the weights can be compared readily.

The important characteristics of a trans-
former are: core loss, which means the
energy consumed in magnetizing and de-
magnetizing the core with each cycle;

| winding resistance, or the losses due to the
| actual resistance of the copper wire mak-

ing up the windings; interwinding capaci-
tance, or the effect of capacitance between

| adjacent layers of the primary and second-

ary windings; capacitance to ground or

core, which affects high-frequency per-
formance; and leakage reactance, which is
a factor based on the degree of coupling
between the two windings—in effect, a
measure of the lack of perfection in trans-
former action.

While the performance of a transformer
may be considered perfect (almost) at mid-
frequencies, the performance at the high
and low frequencies is what makes the im-
portant difference between a good unit and
a poor one. In order to have good logw-
frequency response, the primary must have
a high value of inductance. This is likely
to increase winding resistance appreciably,
and so makes a large transformer neces-
sary. A high step-up ratio makes a greater
number of turns on the secondary, with
greater capacitance to ground, which re-
duces high-frequency response unless ex-
ceptional care is taken in the construction.
And, unless windings are interleaved, it is
probable that the leakage inductance will
be high, also affecting high-frequency re-
sponse adversely. Leakage inductance ap-
pears as a series inductance in the second-
ary circuit—having little effect upon lows
but decreasing the highs appreciably.

This article is the first of a series of
three which will deal with transformers,
and particularly with their uses in audio
applications, since power transformers have
fewer problems of design—mainly because
they work at only one frequency.

Pickup Tracking Error

Phonograph performance is affected by
a large number of factors—not the least of
which is the imperfect position of the stylus
with respect to the groove. Almost with-
out exception, phonograph records are cut
by a stylus which moves laterally along a
radius of the disc, thus remaining per-
fectly tangent to the groove at all times.
However, in practically no instance does
the pickup move along the same radial line,
but instead it moves along the arc of a
circle which is planned to lie as close to a
radius as possible. If the pickup arm were
infinite in length, the stylus would follow
a straight line, but this is certainly not
practical for the average phonograph. Sev-
eral patents have been issued over the past
twenty years or so on devices which would
cause the pickup to track on a straight
line, but most of these involved highly
complicated structures which would un-
doubtedly introduce more troubles than
the one they would cure.

An inspection of the geometry of the
pickup will show that when a straight arm
is used the axis of the arm is not tangent
to the groove at more than one place, and

[Continued on page 49]

AUDIO ENGINEERING e MARCH, 1952

WWW. aknefrieainiadiahigstory.com



www.americanradiohistory.com

20° BELOW ZERO!

3 Climate does not cripple
THE MAURER 16mm.

THE MAURER 16MM., designed specifieally

for prolessional use, equipped with preci.

This remarkable photo shows the Maurer 16mm. Professional e R L e
Camera shooting a scene at twenty degrees below zero . .. one hun- s ! equi includes: 235° dis:

] ] solving shutter, automatic fade control,
dred and ﬁfty feet down 108 marble quanbyl view-finder, sunshade and filter holder,

But that Maurer is getting perfect pictures. .. it was designed not el dO0tiot feeni-drty ea gl Lfdexdine 2.
“ 2 3 o b, 60.eycle 115.voit synchronous motor. one

to “freeze up.” The Maurer 16’s dependability under all condi- e trimel Handetan R N

tions is only one of many reasons why the nation’s top professionals lightweight carrying case.

choose this fine camera for all phases of professional motion pic-

ture production.

Hair-line accuracy ... precise high-power focusing...the 235°
dissolving shutter . . . and many special exclusive features all add
up to finer motion pictures with the
Maurer 16mm. Top results mean
economical results too!

Write us for more information
about how the Maurer 16mm. can

4

answer your motion picture pro- THE Mopgy F Pring
duction problems. ﬁ:f"" AND sALVAna::rcgmm‘ OPTiCAL | THE1GMM. SOUND-ON-FILM RECORGING
Ny Modulating R a €omplete SYSTEM combines the highest fidelity in

phm"“"nhiu;,y unit for recordin

maurer
Incand fenot molon Pilires!

g AURE T m

JAMAURER

Quireg p, Y upon 44, g sound 16mm. recording practice with wide flexi-
(oth © speciaf serviej; dard film, re. bility and extreme simplicity of operation.
er thap record;, N2 or apare b
ing lamp), arts

37-01 31st Street, Long Island City 1, New York UVU[/ T
1107 South Robertson Blvd., Los“Angeles 35, California l/L/ ”
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What kind of men are the 2500 scientists and engineers of
Bell Telephone Laboratories?

They are men of many types, yet they work well together, for
all have good minds as a foundation, vears of study in the funda-
mentals of their science and in the methods of research and design.
Viltal, too, is their teamwork — for without the co-operation of many
individuals the products of research and development could never
be perfected.

Above all else these men have “the spirit to adventure, the
wit to question, and the wisdom to accept and use.”

Such men can develop the world’s finest telephone systems
and have done so.

Perhaps there is a place among them for you. Write the Employ-
ment Director, Bell Telephone Lahoratories, New York 14.

BELL TELEPHONE LABORATORI

¢ EXPLORING AND INVENTING, DEVISING AND PERFECTING
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERV

WWW. asknerieaniadiahistery.com
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ickup Tracking Error

EDCAR M. VILLCHUR®

Misconceptions on the subject of tracking error are many, and recent

articles have been sparse.

The author presents a lucid analysis of track-

ing error and its effects upon distortion in phonograph reproduction.

pickup tangent to the record grooves

at different radii has been with us
ever since manufacturers abandoned the
cylinder player, a device in which the
pivot of the overhead pickup was driven
across the record by a feed screw. \With
disc records, tracking error constitutes
a problem, and the reasons for it and the
principles involved in its solution are
here discussed.

Some years ago the most serious ef-
fect of tracking error was considered to
be undue wear of the record. The tip of
a steel needle loses its spherical shape
after a few revolutions of the turntable
and is ground to the form of a wedge,
with its long axis lying along the groove.
If the pickup then turns with respect to
the groove due to change of tracking
angle the needle tip is re-ground and
abrasion of the groove walls is increased.
Tliere has been some disagreement as
to the extent of this increase, but in any
case a jewel stylus maintains its shape
better, and turning the spherical tip in
the groove does less harm. Record wear
is therefore a minor matter in tracking
considerations when jewel styli are used.
Tone arm design even makes a degree
of sacrifice in this direction (side thrust
is allowed to increase) for the sake of
other henefits.

The main result of tracking error in
modern equipment is that the vibration
axis of the pickup is turned from the
groove, generating distortion. If the line
trom styius to arm pivot is at an angie
to the groove tangent, the stylus is also
pressed against one groove wall more
than the other. Extreme angles will
cause an increase in record wear and in
the chances of groove jumping. None of
these effects was very noticeable on older
phonographs because pickups were quite
heavy and tracking distortion was rela-
tively small compared to other types of
distortion.

T HE PrOBLEM of keeping a phonograph

Side Thrust

Figure 1 shows the forces acting on
the stylus under two conditions of track-
ing error. The stylus at rest is subject
only to the weight of the pickup and sup-
port of the groove, and will always be
seated correctly, no matter what the
tracking angle. When the groove is
moved past the stylus, however, the tip is
subjected to two additional forces equal

* 136-03 70th Road, Flushing 67, N. Y.
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to each other in magnitude, the frictional
force Fo of the groove which tries to
drag the stylus with it in a tangential di-
rection, and the force resisting Feo in a
direction toward the pivot, shown as Fa.
When the frictional pull of the groove
and the resistance of the arm do not lie
along the same line. a resultant side force
is exerted on the stylus independent of
groove modulation, either towards the
center of the record, as at (A) in Fig. ]
or away from the center, as at (B). The
slope of the groove walls directs some
of this force upward. and so if pressure
against the sidewall is great enough the
stylus will climb towards and possibly
over the top of the wall.

The force resisting frictional drag of
the groove is applied along the straight
line from arm pivot to stylus, coupled
from the pivot by means of the arm.
Since the arm is rigid the direction of
the line of force is formed by the stylus
and pivot independent of the particular
shape of the arm. The tendency of the
stylus to ride up on the walls of the
groove cannot, therefore, be made less
by the use of a bent arm.

Contrary to  occasional  popular
opinion this tendency is actually some-
what greater in offset arms, not because
of their shape but because of the way
in which they must be mounted. The
imaginary line connecting the pivot and
stylus of an offset arm makes a larger
angle with the groove tangent than the
corresponding line of a properly mounted
straight arm. The greater the angle of
offset the worse the offending nature
of the pivot location in this respect, and
the more the side thrust on the stylus.
This is one of the reasons that studio-
tvpe offset arms are long, requiring only
a small angle. even though an eight-inch
arm with a larger angle may be designed
to have almost negligible tracking error.
The increased side thrust of bent arms
is accepted as a far lesser evil than
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tracking error. Since the side thrust of
bent arms is always directed toward the
center of the record, a moderate amount
serves to overcome frictional resistance
of the arm pivot.

Tracking Error Distortion

It is evident that an arm which main-
tains tangency well due to its offset
design may actually produce more side
thrust than an arm with greater tracking
error, and distortion generated by non-
tangency cannot be laid primarily at the
door of improper seating of the stylus
in the groove. Even if the arm holds
the pickup at an angle to the groove
tangent, the stylus may follow the
groove convolutions without error.
Stylus motion in an oblique, pickup
however, will not be perpendicular
to the groove, and instantaneous stylus
displacement relative to the longitudinal
axis of the pickup will not correspond
to the recorded signal. Figure 2 shows
consecutive positions of styli in two
identically modulated grooves. In (A)
there is no tracking error. Displacement
of the stylus relative to the pickup,
plotted against time, is a copy of the
groove's wave form. In (B), with the
stylus tip still following the groove, a
tracking ervor of a results in a distorted
shape of the same graph. As can be seen,
maximum stylus displacement relative
to the center line of the pickup occurs
first too soon and then too late within
the recorded period. Maximum stylus
displacement across the pickup is also
greater in amplitude than maximum dis:
placement relative to the center line of
the groove.

This effect is aggravated when groove
modulations are heavier or closer to-
gether. The distortion generated is there-
fore inversely proportional to groove
radius and turntable r.p.m,, and directly
proportional to the amplitude and fre-
quency of the recorded sound.

Another source of possible tracking
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distortion is the offset angle of the
cartridge in bent arms?. The force trying
to carry the stylus away from the arm
pivot tends to turn a swivel-tvpe stylus
assembly to face the pivot. But the
cartridge held by a bent arm cannot, by
the nature of its mounting, ever face
the pivot. Thus the lateral position of the
stylus following an unmodulated groove
is not along the center line of the cart-
ridge, and the stylus at lateral rest is
not at the center of its normal play.
Figure 3 illustrates this angular bias mn
a pickup and in an analogaus system
made up of two linked rods.

The amount of has is directly pro-
portional to the compliance of the coup-
ling between stylus and pickup and to
the angle of offset of the cartridge. It
will become significant only if the mov-
ing element of the cartridge is driven
into a non-linear region of operation,
in which case asymmetrical or even-
harmonic distortion is generated. It is
far less consequence than the first type
of tracking distortion, or offset arm
design would offer no advantage, but
it constitutes a second reason for making
offset arms as long as possible and with
a small angle.

Arm Design and Mounting

The approximate solution to the track-
ing problem is to use a tone arm as long
as can be afforded, to locate the pivot
in that position which produces the least
variation of angle Detween arm and
groove (ignoring the absolute values of
the angles) and to then offset the pickup
from the arm to bring the center line
of the cartridge or element to tangency
with the grooves at selected radii. The
most popular misconception about the
offset arm is the belief that it is the hend
in the arm which produces the reduction
in tracking angle variation, due to a
“virtual pivot” or other fancied cause.
The variation in groove-pickup angle
for any arm of given length, mounted

*G. A. Briggs, Sound Reproduction, 2nd
ed., Wharfedale Wireless \Works, Bradford,
Yorks. Quote on page 206 from a paper by
W. J. Lloyd.

at a specified point, must be the same
whether the arm is straight, bent, or
shaped like one of the snakes of an
ancient Egvptian head-dress. This be-
comes clear if we think of a bent arm
forming a rigid triangle with the line
from pivot to stvlus. The angle hetween
this line and grooves of, different radi
representing tne tracking of a straight
arm, must vary exactly the same amount
as the angle between the grooves and the
offset pickup. Improvement in tracking
can only result irom the shift in pivot
mounting which the offset allows us to
make.

It 1s possible to choose a mounting
point for a given arm such that the arc
swept across the record intersects the
grooves with minimum varation of
angle. Figure 4 shows the arcs produced
by the same arm from different pivots.
Considering only the variation in angle
at which the arc encounters each groove
it will be seen that arc 3 has the best
tracking. The graph of tracking angle
versus radius indicates that arcs 1 and 2
decrease their angles of intersection
with each groove as they approach the
center, while arc 3, representing a posi-
tion of the pivot which “overhangs” the
stylus past the turntable spindle, de-
creases its intersecting angle only up
to a minimum point and then increases
the angle again as further progress to-
ward the center is made. The fact that
the intersecting angle goes through a
minimum point means that for some
angle values before the minimum there
will be an equal value after the mini-
mum.

It would not be feasible to mount a
straight arm to sweep arc 3, because al-
though the variation in angle is small
the actual angle at which the pickup
would be held is far from the tangent. A
positional bias is therefore applied to the
pickup element by offsetting it 3. We
have already seen that the variation in
intersecting angle is independent of arm
shape. and so we will not lose the ad-
vantage of minimum variation by this
offset, while we gain correction by this
method for the absolute value ahout
which the tracking angle varies.

OF PICKUP

CENTER LiNE

Fig. 2. Distortion
caused by tracking
error arrows indicate
maximum stylus dis-
placement relative to
pickup.

Zero tracking error may be achieved
at two. points: at the groove for which
the oftset miakes a periect correction,
and at its mate on the other side of mini-
mum. The points of zero tracking error
(determined by the angle of offset) and
the groove radius at which the minimum
intersection angle occurs (determined
by the pivot mounting) are adjusted
for optimum performance. These ad-
justments are concerned with keeping

%
= rather than 2 alone as small as pos-

sible.

Tracking Equations

The tracking equations of most inter-
est are those which furnish information
on optimum offset angle, correct pivot
mounting for a given arm, and the track-
ing error and distortion of a given sys-
tem. B. B. Bauer? has derived general
forms of some of the foregoing equations
in a clear and interesting article to which
the reader is referred. The equations
below apply only to twelve-inch records,
and have had small decimals of no sig-
nificance dropped.

s A
/
/
Jfers= UNMODULATED GROOVE
7,
NEEDLE TIP
NEEDLE PIVOT
S»
“PICKUP
CARTRIOGE
~—
A} te}

Fig. 3. {A) Pickup bias due to cartridge offset,
and (B) analogous mechanical system illustrat-
ing pickup bias.

Optimum offset angle 8 for an arm of
length I inches (pivot to stylus tip) is:

1
8 ‘[/9 degrees

The overhang D (the distance from
spindle to stylus) of such an arm, or of
an arm with a larger angle of offset
(some designs have considered mini-
mum tracking error without reference

*B. B. Bauer, “Tracking angle in phono-
graph pickups,” Electronics, March 1945,
p. 110.
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to the need for better tracking at the
inner grooves) should be:

3 ].8|
57371

(B/57.3)¢
NI+ (8/57.3-1.8/17¢

s

+ 1 [inches

and when 8 is equal to ihe optimum
179
&

The eauations for D are inaccurate
for arms whose angle of offset is less
than the optimum 8. For arms in which

deg., the expression simplifies to:

D=42/1

oM

i

ik 3 -
g‘: ~ ]

s
GROQVE
AADIUS
(INCHES) (] 45 58 [3 178

b ) B ey S I N

~10]

v

Fig. 4. Tracking angle variation of the same arm
at different pivot mountings.®

8 is between 2/3 of optimum and opti-
mum we must change the expression to:

58 g

b=25\7-53

[ (8/573)°
l N+ (5818573 | I

And for arms whose offset angle is
less than 2/3 of optimum we use:

D=0138-1

i
36

The egnation for a straight arm, with
8 equal to zero, becomes:

1
De—v

* Values from Ralph P, Glover, “A record
saving pickup,” Electronics Feb. 1937, p. 31.
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Fig. 5. Basic oblique

triangle used in de-

termining  tracking
characteristics.

As would be expected from the track-
ing curves of Fig. 4 optimum mounting
of the straight arm requires that the
needle be underhung by an amount
which places the point of perfect track-
ing at the inner grooves.

The tracking error « of a given sys-
tem at a groove of radius r is equal to:

r+21D-D
2ly 8

2 =sin-!

The derivation is simple and interest-
ing enough to be included in the appen-
dix. Maximum « over the record may
be found by checking at the three radius
values at which maximum error could
occur: the inner groove, the outer
groove, and the groove at which the
angle of intersection with the arc of the
tone arm reaches a minimum and begins
to increase again. Tracking error at the
first two points is found by using 1.75
inches and 5.75 inches, respectively, for
the value of r. The radius at the third
point can be solved for after setting the

Oy,
partial derivative 3r equal to zero, and

is equal to:
re=ND(2l-D)

The main tracking distortion is sec-
ond harmonic. On a basis of stylus
velocity change, the per cent distortion
i8:

1.05 fA~
H=’ I_/'-fr x 100 | per cent

where f= frequency of the signal in cps

A= amplitude of maximum
groove modulation in
inches (.004 inches at 250
cps would be typical of 78
r.p.m. commercial records
containing loud passages.)

2= tracking error in degrees

V = r.p.m. of turntable

r = radius of groove
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The tracking distortion produced in a
standard commercial pressing by a prop-
erly mounted 8-inch straight arm (17-
deg. maximum error at the outer
grooves, 8-deg. maximum at the inner)
may be expected to be of the order of 6
per cent on loud passages. A correctly
designed offset tone arm of the same
length will reduce the tracking error and
the distortion by a factor of six.

APPENDIX

From the trigonometric formula for
oblique triangles (see Fig. 5):

(I-D)t=l+t-21lrcos A4

£A+£3t L4 =90°
2= (90° - A) - B

i 2 +2 1D - D?
u:sm"-[’ i P L

The ability of a pickup and tone armi to
maintain good stylus-groove contact is
often referred to as tracking capability,
and the weight required to keep the stylus
properly seated is called tracking pressure.
These expressions would seem to have
something to do with pickup tangency, but
they do not. Stylus seating at normnal track-
ing errors is almost independent of tan-
gency. The term “tracking” is used in two
different ways in relation to tone arms: it
has a literal meaning which relates to seat-
ing of the stylus in the track of the groove;
and a technical or mathematical one, which
refers to maintenance of a constant tan-
gency relationship bhetween two variables,
the pickup axis and the groove at the point
of stylus contact. In the latter application
the word is used in the same way as when
it describes the behavior of one section of
a variable capacitor, which “tracks” or
keeps a constant capacitance relationship
to another section with which it is ganged.
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How Good is an Audio
Transformer?

N. H. CROWHURST*

A thorough understanding of transformers is essential to the selection of the proper type
for any particular application. The fundamentals are here presented by the author to intro-
duce the series on one of the most important components in high-quality audio equipment.

HERE WAS A TIME when audio trans-
T formers were specified simply by

turns ratio. An interstage trans-
former would be designated, according
to ratio, eg,, 3: 1 or 5: 1. But one com-
ponent would give much better per-
tormance, although having the same
turns ratio as another. The modern
transformer manufacturer knows that
there is far more to designing a good
transformer than just putting windings
on a core so as to have the correct turns
ratio. Each design must in fact be suited
for the particular job in hand. To help
the prospective user, the component is
generally specified by the circuit for
which it is intended, e.g. “10,000-ohm
plate to single grid,” together with some
statement of frequency range. This is
much mort informative, but a still fur-
ther and more detailed understanding of
audio transformers will enable them to
be used to best advantage in every ap-
plication.

Any audio transformer is essentially
a matching device, but no transformer
is a perfect matching device because it
introduces its own losses and defects.
It is the designer’s job to see that these
losses and defects are kept to suitable
proportions. If he has done a good job,
then the nser can get the best perform-
ance from the component by following
the manufacturer’s recommendations as
to circuit values. But it would not be
economic to design a different trans-
former to suit every possible application
or circuit, so a standardized design often
has to c