Mechanical Impedance of Pickups-see page 19
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BALANCED

14Dt Marg

PERFORMANCE

gives you highest overall sound recording quality
...af no extra cost

.

has been designed, formulated and
perfected to meet the most exacting requirements for
modern, professional sound recording. Its mechanical
and magnetic properties are carefully balanced to
assure optimum overall performance in your record-
ing machines.

OQutput, frequency response, noise level and distor-
tion are correctly proportioned for the most satisfac-
tory end result —with no compromise on quality
anywhere along the line.

Perfected manufacturing techniques and high pro-
duction volume enable this premium-quality tape to
be offered to you at no increase in price.

Here are some of Audiotape’s extra-value features:

More Uniform Frequency Response — Audiotape’s out-
put does not tend to fall off at the higher frequencies.
Response remains excellent throughout the com-
plete range of audible sound, requiring no special
equalization.

Low Noise Level —Extremely uniform dispersion of
magnetic particles results in exceptionally low noise
level — completely free from troublesome ticks and
pops. Overall signal-to-noise ratio is entirely com-
parable to that obtainable with average production
of any premium price tape on the market.

Low Distortion — Highest quality magnetic oxide, in a
coating of precisely controlled uniform thickness,
results in exceptionally low distortion over a wide
range of bias settings,

AUDIO DEVICES, Inc.

444 Madison Avenue, New York 22, N.Y.
Export Dept.: 13 East 40th St., New York 16, N. Y, Cables “ARLAB"

Maximum Uniformity — All 7" and 10” reels of plastic
base Audiotape are guaranteed to have an output
uniformity within the reel of *%; db or better —and
a reel-to-reel variation of less than *1% db. What’s
more, there’s an actual output curve in every 5-reel
package to prove it.

Complete Interchangeability — Since Audiotape re-
quires no special equalization adjustments, Audio~
tape recordings can be interchanged freely between
radio stations and studios — played back perfectly
on any machine.

Highest Coating Adhesion —keeps the magnetic oxide
coating from rubbing or flaking off. No danger of
fouling heads and guides.

Guaranteed Splice-Free — Plastic base Audiotape, in
both 1200 and 2500 ft reels, is positively guaranteed
to be free from splices.

Low-Tension Reel Design — with 234" hub now stand-
ard for all 1200 foot, 7” reels. By eliminating the high
tension zone encountered at smaller hub diameters,
this reel assures more accurate timing, more constant
pitch, slower maximum reel speeds and reduced
wear on heads and tape.

COMPARE AUDIOTAPE in an end-to-end run
with any other sound recording tape available. Com-
pare the prices, too.You'll find that Audiotape speaks
for itself —in performance and in cost!

WWW ammernceanadioRistery com
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In this illustration we symbolize the binding relationship which links artistry and
science in the world of Audio. In no other branch of electronics is the success
of scientific achievement measured so thoroughly by the ability to inter-
pret aethestic values of composition and performance. There is no
better example of such intermingling of practical science and
creative thinking than Pickering & Co., all of whose prod-
ucts are designed for reproduction of recorded sound
in the finest sense, and to whom we are grateful
for the preparation of this expressive audio
montage.
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LISTEN

TRIAD “HS" Series Output Transformers
represent the application of the most modern
techniques in the design of fine audio
equipment. Use of the very best core materiats,
combined with interleaved coil structures,

have resulted in an open circuit inductance

to leakage inductance ratio of 10,000;
representing a frequency response range of
better than 13 octaves.
These transformers will
deliver full rated power
output within 1 db. from
7-50000 cycles. Hermeti-
cally sealed. “Climatite”
treated. Listed below
are outputs devel-

oped especially for
Williamson type circuit.

Type Applieation Impedance Max, Levei.
_ Ne Prmary Secondary  Watts
MSMm-18% P.p. KT-66'3, 807's. 10000 16814 25

etc.—for Williamson  Sptrl primary
cireu
Hsm-19¢ As sbove—toline. 10000 00/2%M125 25
Selit primary.

T HSM- 189 | [~
poeat—— ITf — fowa
bt ; L I ——
vafpt—t [ ] -t

| | [ ]
oe - B

2030 % 10 § 000 SR (0K 15K 208 30K 0K
L cvcies 3

Triad also offers a group ot low-cost high level
outputs, second only in performance to Triad’s
famous "HS" Series. These transformers have a
frequency response
linear within 1 db. from
15-45000 cycles. May .
be used with feedback
loops employing as high
as 30 db. of negative
feedback. Specifica-
tions and frequency
response curve on the
S-1484, for Williamson
type circuit, is shown.

Type _ Impedance Output
Ne. _ Application Frimary Secondary  Warts
S-143A  P.p. KT-66. 807, etc. triodes 10000 C.7. 4816 3
TL 1T L[ T IO
l Ll sizea gt
| o= L= /\
|
o [ JiL
= [ =
W 2030 % 100 ".‘5 K INAHMM*"
L3 1 -

WRITE FOR CATALOG TR-S3F

TRANSFORMER CORP,
4055 Redwood Ave. » Venice, Calif.
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‘'Yari-Slope'*
Pre-Amplifier
far sale only
with Leak
amplifiers.

LEAK POINT ONE
AMPLIFIER
WITH NEW

VARI-SLOPE
PRE-AMPLIFIER

DISTORTION CERTIFIED TD BE NO MORE THAN 0.1%
Frequency Response 20-20,000 cycles, = 0.7 db.
Intermodulation Distortion 0.4%, 40 and 7000 c.p.s.

Oniy $192.00 net for amplifier and pre-amplifier!

Audibly better
Listen and
compare!
exceptional
performance
and reliability,
Remote control
Vari-Slope
Pre-Amplifier
sets the pattern
for future
high-fidellty
amplifiers.

A unique feed-
back circuit
development . .
No inductors
{chokes) are
used . .. their
disadvantages
are complelely
eliminated.
New compen.
sated settings
for all types

of records

No loudspeaker
bass boom . . .
transient
reproduction
astonishingiy
improved!

WHARFEDALE

SUPER 12 CS/AL

Aluminum

J voice coil
A single extenced range

speaker that ouzperforms
many multi-speaker
combinetions!

“peaking”

Cloth
A compete range of speakers
is available for every
applicaion . . . all built by
Wharfesale Wirzless Works
under tae perscnal
direction of

G. A. Briggs,
world-renowned

audio eagineer

reduced

improved
transients

Bakelized
cone apex

amazingly
clear “highs”

Amplifiers

Phase Splitters—Push
Pull-Negative Feedback
—Tone Compensation—
Circuits, etc.

Loudspeakers
Speakers—Baffles
Acoustics—Frequency
r2sponse, 3tc.

ON DISPLAY AT CHICAGO ELECTRONIC PARTS SHOW, MAY 18-21 INCLUSIVE, CONRAD HILTON HOTEL, BOOTH 871

. extended
range without

resonance —

suspension . . .

Piano, Pianists, Somcs
70uch and tone-—Tunmg
-Toning—Oscillograms
of sounds, etc.

BRITISH IN

77 /// viice.,)

DUSTRIES CORPORATION takes gleasure in

offering to disgriminating Americam music listeners, engineers and
manufacturegs, the finest sound and'giectronic equipment produced

in Great Brita

BRITISH 1

in!

You may purchase evéry British Inddsifies
product with confidence, knowing. ..

That it has been rigorsusly testad and chosen
as the best of fis kind

That it is fully guaranieed

That a complete stock of spare components is
maintained throughout the United Stales

That factory trained British Industries service
facilities insure years aof excellent performance
and your continued satisfaction:

NDUSTRIES CORP. - 164 DUANE ST., NEW YORK 13

BRITAIN'S
FINEST

LOUDSPEAKERS

Costs only
$61.95 net

Send your name
for free fact sheet
telling why it will per-
form so well in your home.

S

“MAXIMUM BASS—MINIMUM SPACE”

NON-TECHNICAL
SIMPLE LANGUAGE
Practical  Informative
Only books of their kind
written expressly for the
layman. Simple, easy-to-
understand  language.
Many iflustrations and
diagrams. At your jobber
or send check or money
order.

800K SHELF AND FLOOR
MODELS AVAILABLE
WITH FINISHED AND

UNFINISHED SURFACES.

USE WITH

ANY LOUDSPEAKER
FOR FINEST PERFORMANCE

A new trend! R-J enclosures will amaze you, as they
did thousands at the Audlo Falrs! Three models, each
only slightly larger than the 3”, 12” or 15” speaker it
fits. Yet, you’ll hear clean, smooth bass fundamentals,
down to low organ pedal nctes. Clean, unobstructed
"*highs®’, too. No distorting cabinet resonances. Versa-
tile, Jow [n price . . . especlally adaptable to normal-
slze rooms. Mahogany or blonde Korina, fine furniture
construction. Avaliable for first time, at leading sound

departments.

WWW_aimerieaniadimhistary com
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HEAVY DRIVE
SHAFT:

A unique feature!
Exclusive with
Garrard!

Drive shaft for
3315 pm and 45
rpm Is heavy, thus
obtaining more con-
sistent quality at
critical low speeds.
Wwows and wavers
eliminated.

TRIPLE SPEED
SWITCH:

Speed changes are
clearly marked, eas-
ily made. The RC-80
plays 3334, 45 and
78 rpm. Records are
placed on the play-
er and simple set-
tings made. Action
Is then completely
automatic, includ-
ing automatic shut-
off after last record
of any size.

CONVENIENT
START-STOP-REJECT
LEVER:

Start, stop and re-
ject lever are com-
bined and focated
conveniently away
irom tone arm,

FUSHER TYPE PLATFORM:

Adjusts simply to 77-107-12” records regardless of dlam-
eter or size of spindie hole.

Me record changing hanism has been developed to equgl‘
the performance of the precision pusher platforni, Fi
recofds with standard center hoies, the pusher piatform

SLLL-AWAY

{DLER WHEEL
Aunids flattening o1
dnve wheel when
Changer is nct op-
arating.

AUTIMATIC STOP:
insures pasitive and
unfailing action at
end ofany type rec-
ord.

WEIGHTED
TURNTABLE:

RC-80 turntable [s
heavily weighted to
give flywheet action
so that any varia-
tions in the drive
motor are not re-
tflected in record
reproduction. No
turntable rumble.

Pictured here are the compelling reasons why discriminating listeners insist upon
Garrard, world's finest 3-speed record changer. Take this page to your favorite sound
department and compare for yourself!
$42,30 net — less cartridges

Is the only method that gives positive gentie record

operation.

BALANCE-MOUNTED
TONE ARM:

Parallel 1ift tone
arm construction
guarantees true
tangent tracking.
Disturbing resos
nance eliminated.

INTERCHANGEABLE
PLUG-IN HEADS:
Carefully engli-
neered to accommo-
date user’s cholce
of crystal or mag-
netlc cartridges for
standard and micro-
groove reproduc-
tion, such as Asta-
tic, Pickering, Au-
dak and GE twisg
models.

6}1{

WORLD’S
FINEST
RECORD
CHANGER

HEAVY DUTY SILENT
4-PCLE MOTOR WITH
ABSOLUTELY NO
RUVELE:

Spee¢ maintalned
throsghout a wide
vatlation in line
voliage. There is no
apgreciable speed
variat-on operating
unit *cold'’ with a
ful? load or *‘hot"”
with ane record, re-
garcless of welght,
thickress or diams

eter cf records.

IMPORTANT!
Ouly a 4-pole motor can assure no hum
when used with sensitive magnetic pickups..

TWO {NTERCHANGEABLE SPINDLES:
Easily inserted, the two Garrard Spindies accommodate all
records as they were made to be played. (I user Pre'ers
on2 spindle can be usea tnroughout simply byf ugging
center hole of 45 rpm records.) a: Typical Garrard spindie
for standard center holes. b: Easll{ nserted wide spindle,
for 45 rpm records, remains stationary when record is
faved Only a small collar revolves, assuring fonger center
ole and record wear,

|
MAIL COUPON

| Neme.
Adcress.
Clty

PRECISION GROUND
SELRI

Perfectly meshed o
insure <onstaat
smeoth aztlon and
years of zervice.,

MUTING SWITCH:

Ne sound white:

changer cperates cn
rug-in er rur-oft
graaves. Continulty
of music undis.
twebed by nalsas,

WATCH-LIKE CONSTRUCTION

All parts are precision made, fas-
tidlously assembled and simple ta
adjust.

A complete stock of replacement
parts is readily available to ail
Garrard owners.

For an excellent desciiption of what to look for In
a record changer, we recommend the section devoted
to chanzars in the rew book **High-Fidelity Sim-
plified™, putlished by Jchn F, Rider.

| Garrard Sales Corporation, Bept. No. AE-8

Zene. .

164 Buane Street, New York 13, N. Y,
Send GARRARD Fact Sheet

State. ..
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to the
E.E. or
PHYSICS GRADUATE

with an interest
or experience in

RADAR o~
ELECTRONICS

lHughes Research and
Development Laboratories. one
of the nation’s lurge electronic
organizations, are now creating a
number of new openings in an
imporiunt phase of operations.

Here is

what one of
these

positions offers
you

OUR COMPANY
located in Southern California, is presently
engaged in the development of advanced
radar devices, electronic computers and
guided missiles.

THESE NEW POSITIONS
are for men who will serve as technical ad-
visors 1o the companies and government
agencies purchasing Hughes equipment.

YOU wiLL BE TRAINED
(at full pay) in our Laboratories for several
months until you are thoroughly familiar
with the equipment that you will later help
the Services to understand and properly
employ.

AFTER TRAINING
you may (1) remain with the Laboratories
i Southern California in an instruction or
administrative capacity. (2) become the
Hughes representative at a company where
our equipment is being installed. or (3) be
the Hughes representative at a military base
in this country—or overseas (single men
only). Adequate traveling allowances are
given, and married men keep their families
with them at all times.

YOUR FUTURE
in the expanding electronics field will be
enhanced by the all-around experience
gained. As the employnient of commercial
electronic systems increases, you will find
this training in the most advanced tech-
niques extremely valuable.

How
to

apply

1f you are under 35 years of age
and have an E.E. or Physics
degree und un inrerest or
experience in radar or electronics,

write

o HUGHES

RESEARCH AND DEVELOPMENT
LABORATORIES

Scientific and Engineering Staff

Culver City,
Los Angeles County, California

: Assurance is required that the relocation of the
| applicant will not cause the disruption of an
| urgent mititary project.

splitters we add this month another note,

this time not in the form of a new type
of splitter, but of a slight circuit change
which tends to get rid of hum. The hum
problem is less than severe in the highly
developed amplifiers which most & readers
seem to want and huild, but there is still a
hard core of the electronic engineering pro-
fession working with what we can only name
“department - store  audio.”  Department-
store audio (consisting of radio-phono-
graphs and combination TV-radio-phono-
graph sets, built for and sold to the
ordinary, unsuspecting consumer to whom
high-quality audio is mentally on a par
with space travel) occasionally. does in-
dulge in push-pull amplifier circuitry. The
push-pull amplifier is usually combined with
a 50-cent output transformer and nothing
resembling an adequate speaker enclosure,
so its chief function is to provide advertis-
ing copy.

There are a few quality-omission sins
which keep designers out of heaven in de-
partment-store audio, all of them being of
the sort to which a d-s consumer can point
out with no mental exercise. One, for in-
stance, is rattle, as from a loose speaker

To the voluminous lore of audio phase

| cone. Another is excessive huin; for while

no product of d-s-a is complete without a
treble suppressor. who would dare take
away that delightful tom-tom effect by in-
cluding a hass control! Coupled with hum’s
obvious character is the usual desire for a
cost saving by using resistors in place of
chokes in the power-supply filter.

Wen Yuan Pan has apparently thought
enough of the problem to come up with a
small circuit revision in a standard phase
splitter, which he claims can reduce hum
level by as much as 10 to 1. His patent is
No. 2,626,321, and it is assigned to RCA.

* 255 W. 84th St., New York 24, N. V.

A UDLIO
EANDINTAS

RICHARD H. DORF*

Figure 1 is the circuit of a very old
(1927) type of phase splitter. Signal is fed
to I, the first half of the splitter. Its plate
load is R; and the following grid resistor is
the series combination of K—R, From the
latter a voltage is tapped and {ed to the
grid of | ., as a result of which 5 has an
output opposite in phase to that of ¥ and
(if the tap between K. and R, is chosen
right) equal in amplitude.

The push-pull stage is balanced and is
therefore relatively insensitive to hum. Dis-
regarding hum originating from the signal
source fed to the grid of Vs, hum from the
power supply appears at he grid of V,, its
amplitude depending on the voltage-divider
action of R, and RsR;. If the splitter cir-
cuit is synunetrical the same hum appears
on the grid of V. Since these two are in
phase, they cancel in the output stage.

However, a part of the hum appearing on
the grid of V', is amplified by V', and ap-
pears at the grid of V/, out of phase; the
algebraic addition of the component arriving
at ¥, through R, and the amplified output
of V', just mentioned gives a resultant which
is in phase with the net hum at ¥ but of
smaller value. The difference is, of course,
amplified by the final stage and appears at
the output.

The inventor reasons that if the hum
component at the grid of ¥, is simply in-
creased in amplitude, the two grids will
again be balanced for the ripple and it will
cancel. This he does by making R: smaller
in value than R. In this way, the voltage
divider R—R: from power supply to V; grid
has a larger output leg (R:) than its coun-
terpart, R—RsR,.

The values given are for a typical circuit
designed by the inventor.

Tone control circuits

Audio equalizer circuits are always useful
to know about and the ones diagrammed in
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Be Sure of Your Installations -

Get the @WW Belden's Golden Anniversary Means

—product performance that
RG/U TRANSMISSION\‘\ A
LINE CABLES

how’' that has grown through

L 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 Belden Radio Wires.

Belden Manufacturing Co. 4689-R ®. Van Buren St., Chicago 44, Ill,

—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—

/

APTITUDE RATING APTITUDE RATING APTITUDE RATING APTITUDE RATING APTITUDE RA

No. 8236 No. 8237 No. 8238 No. £239 No. 8241 —T0 BE CONTINUED
Frequency  Attenvotion Frequency Attenuation Frequency  Attenuation Frequency At i Freq y At i
(Mc)  per 100 ft (Me) per 100 ft Mc) per 100 f1 (Mc) pes 100 1 (Mc) per 100 ft
19D, 2.65 100. 210 100, 1.90 100. 3.10 10€. 375
200, 3.85 200. 3.30 200. 285 200. 440 20C. 5.60
300. 4.80 300. 4.10 300. 3.60 300. 570 300. 1.10
400. 5.60 400. 450 400. 4.35 400. 6.70 400. 8.30

AUDIO ENGINEERING e JUNE, 1953 7
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YOUR PRODUCTION DESERVES

Precision
Prints

PROFESSIONAL PREVIEW
VISUAL and AURAL

The final result of all motion pic-
ture production is the image on
the screen and that is why the final
inspection of prints at Precision is
carried out by checking under ac-
tual projection. conditions, both
visual and aural, and with modern
equipment,

YOUR ASSURANCE OF
BETTER 16~ PRINTS

15 Years Research and Spe-
cialization in every phase of
16mm processing, visual and
aural. So organized and equip-
ped that all Precision jobs are
of the highest quality.

Individual Attention is given
each film, each reel, each scene,
each frame — through every
phase of the complex business of
processing — assuring you of the
very best results.

Our Advanced Methods and
our constant checking and adop-
tion of up-to-the-minute tech-
niques, plus new engineering
principles and special machinery

Precision Film Laboratories — a di-
vision of J. A. Maurer, Inc., has 14
years of specialization in the 16mm
field, consistently meets the latest de-
mands for higher quality and speed.

enable us to offer service un-
equalled anywhere!

Newest Facilities in the 16mm
field are available to customers
of Precision, including the most
modern applications of elec-
tronics, chemistry, physics, optics,
sensitometry and densitometry—
including exclusive Maurer-
designed equipment—your guar-
antee that only the best is yours
at Precision!

PRECISION

FiLM LABORATORIES, INC.
21 West 46th St.,
New York 19, N. Y.

JU 2-3970

WWW amerieantadiahigtary com

ing response for this circuit is the upper
one of Fig. 4.

30|

FIG 3
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-
>

GAIN

FIG. 2

30 400 1000 40000
FREQUENCY IN CYCLES PER SECOND

fig. 4
Too Many Patents?

In looking over a large number of patents,
especially those covering circuits, the writer
is often moved to wonder on what basis the
patents were granted. Even laying aside for
the moment the patents covering obviously
impractical circuits, it appears that a large
percentage of grants cover circuits which do
not represent what a reasonable engineer
would probably call anything but routinely
ingenious practice of the profession of engi
neering. This is, of course, a legal question
of interpretation of the letter and spirit of
patent law, and it has been discussed volum-
inously by people who are qualificd. But
even speaking as a non-legally-qualified en-
gineer, it seems that the patent law must
have been promulgated to protect those with
new ideas representing originality of
thought and concept, not those who have
used existing knowledge and procedure to
juggle components into slightly different
form.

The effect of what appears to be rather
indiscriminate granting of letters patent
would be, without other checks, to deprive
engineers in general of the right to use
many circuits which they would design as
a matter of routine, rather than to secure
to those of inventive and original mind the
results of their particular geniuses.

The lack of discrimination in the Patent
Office is the more surprising in view of the
fact that the examiners take every possible
precauntion to comply with that part of the
law which prohibits granting of patents
where there has been anticipation. It rarely
takes less than two years—and usually much
longer—to obtain a patent; and in the
course of it the examiner almost always
interposes objections on the basis of prior
art. Why, then, is not that provision of the
law covering what is patentable more often
applied?

Part of the answer is probably that ex-
aminers do not feel that they ought to sit in
judgment of this kind. Another part is in-
ability to examine as closely as desirable
because of the tremendous volume of appti-
cations. But in any case, we fortunately have
the courts, which every day sit in patent
cases and invalidate a very large number of
patents. The hitch is that sometimes mere
threat of an infringement suit is enough to
cause a defendant of less substantial re-
sources than the patent-holding company
to validate the patent in effect by ceasing to
use it lest he lose his shirt in expensive
legal proceedings.

On the bright side. anyway, is the fact
that patent specifications provide an inter-
esting and useful source of information for
the engineering public. Twenty-five cents
will bring you any patent; address your re-
quest to The Commissioner of Patents,
Washington 25, D. C.
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in tone arm design in
many decades!

The entirely new suspension principle of
the Gray 108-B makes it hug the grooves . . .
prevents stylus skidding on worn records —
overcomes groove-jumping caused by floor

vibrations. Tts “viscous-damped” design pro-
vides perfect tracking, virtually eliminates

tone arm resonances, and prevents any pos-

sibility of record damage if the arm is dropped.

Here is the first basic advance

Gives you perfect contact and tracking on all records at
lowest stylus pressure —virtually eliminates tone arm reso-

nances—cannot damage record if accidentally dropped.

) The GRAY "Viscous-Damped”

108-B Tone Arm

The 108-B satisfies every requirement of
high fidelity reproduction. A plug-in feature
permits instant change from 78-rpm to 3314-
rpny or 45-rpm, with automatic adjustment to
the correct stylus pressure. See and try this
“viscous-damped” arm soon — solve all your
transeription problems with this revolutionary,

versatile arm!

I Gray Research & Development Co., Inc.
| Hilliard Street, Manchester, Conn.
|
[}

“Viscous-Damped” 108-B Tone Arm.

Please send me your Bulletin RF-6 on the new Gray

NAME
AND DEVELOPMENT (0., INC., HILLIARD STREET, MANCHESTER, CONN. ADBRESS
Division of The GRAY MANUFACTURING COMPANY—Originators of the
Gray Telephone Pay Station and the Gray Audograph and PhonAudograph —
| CITY STATE
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The complete M S (Military Standard) line of
Hermetically-Sealed Power & Filament Transformers

CHICAGO TRANSFORMER now offers all
units in the Military Standard (Ms)
line, as established jointly by the
three armed forces (Army Signal
Corps, Navy Bureau of Ships, and
Air Force) working through AsgEsa
(Armed Services Electronic Standards
Agency) and in cooperation with the
transformer industry. The complete
line is housed in CHICAGO’S one-piece
drawn-steel cases. Outside case di-
mensions and mounting dimensions
are within the tolerances of the Mili-
tary Standard specification. Terminal
arrangements and markings are also
in accordance with the same specifi-
cation. Tests conducted in theCHICAGO
TRANSFORMER laboratories indicate
that all units will meet the require-
ments of Grade 1, MIL-T-27 specifica-
tions for Class A operation. The Mili-
tary Standard line should find wide
usage in military airborne, marine,
and ground communication equip-
ment, and particularly for research
and development applications, pilot
runs and pre-production models.

POWER TRANSFORMERS — INPUT REACTOR SYSTEMS (PRIMARY—105,115/125 V.—Frequency 54-66 cycles)

CATALOG | MIL-T-27 | HIGH VOLTAGE SECONDARY{ 0-C V RECT. FIit. | FIL. NO. 2 wT.
NUMBER | PART NO. A-C Volts D-C MA. | OUTPUT | Valts Amps.| Volts Amps. | LBS.
PMS-70 MS-90026 | 200-100-0-100-200 70 385 | 83/5] 2 6.3 3 4
PMS-70A | MS-90027 325-0-325 70 260 | 63/5| 2 6.3 7
PMS-150 MS-90028 325-0-325 150 245 |63 5 5 3 7%
PMS-175 MS-90029 400-0-400 175 318 |5 o] 6.3 8 10
PMS-250 M$.90030 450-0-450 250 345 |5 3 6.3 8 13
PMS-350 MS-90031 350-0-350 250 255 7%
PMS-550 MS-90032 550-0-550 250 419 n
PMS-800 MS-90036 800-0-800 250 640 16Y2
FILAMENT TRANSFORMERS (PRIMARY:—105/115/125 V.—Frequency 54-66 cycles)
CATALOG MIL-T-27 SECONDARY INSULATION
NUMBER PART NO. Volts Amps VOLTS RMS WT. LBS.
FMS-23 MS-90016 2.5 30 2500 a
FMS-210 MS-90017 2.5 10 2500 2%
FMS-53 MS-920018 5.0 3.0 2500 1%
FMS-510 MS-90019 50 10 2500 4
EMS-62 MS-90020 6.3 2.0 2500 1%
FMS-65 MS-90021 6.3 5.0 2500 2%
FMS-610 MS-90022 63CT 10 2500 5
FMS-620 MS-90023 6.3 20 2500 8
FMS-210H MS-90024 28] 10 10000 4%
FMS-510H MS-90025 5.0 10 10000 7

electronic parts distributor.

10

3501 ADDISON.STREET,

Free ""New Equipment” Catalog

You'll also want the full details on CHICAGO'S
New Equipment line of famous "Sealed-in-Steel” Transformers.
Write for Free Catalog CT-153 today, or get it fram your

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

CHICAGO 18, ILL.

WWW. asknefrieaniadiahigstory. com

LETTERS

Merit vs. Demerit

| Sir

The proposed Figure of Merit for output
tubes has much value for the circuit engi-
neer. 1 find that some realistic comparison
of the many types available is important
for preliminary design considerations.

The items your equation includes give ad-
vantage 10 the pentode types. For most
audio considerations, unless special circuits
are used, the value of the triode with its
inherently lower impedance, is masked by

| the other factors. 1 would suggest that the

effect of plate resistance should be included.
One method would be to consider twice the

| tube resistance in parallel with the load

resistance. This would make factors for

| 2A3 of 5.0 and 11.3, while the 6V6 pentode

factors would be 4.05 and 3.67 instead of the
lower values your equation gives.

The revised merit equation would be as
follows :

P, (100-D) (R1-2Rp)
le Rp Ey

For some few applications it is probable
that your figure may be more accurate.
However, since pentodes will need negative
feedback to obtain triode characteristics,
the suggested revision should take this into

F.M.

account.
G. B. Houck, Jr..
63 Bedford Road
Pleasantville, N. Y.
Sikr:

I am indebted to Mr. Houck for his sug-
gested revision in my Figure of Merit which
takes the effect of plate resistance into ac-
count, making a comparison which includes
both pentodes and triodes more impartial.

On the other hand, I feel compelled to
disagrec with the points made by Mr.
Garner (&, May 1953). It was clearly
stated that the application was to high-
quality home amplifiers. Since the cost of
power tubes is a small part of the expense
of a home amplifier and since electrical
power is cheap. the omission of these factors
seems reasonahle. Most Golden Ears of my
acquaintance would be happy to provide 1.6
amps in their living rooms if they felt the
quality of reproduction were really im-
proved by so doing.

The proposed incorporation of the distor-

| tion percentage directly 1n the denominator

AUDIO ENGINEERING e

would be silly. since the barely—if at all—
perceptible difference between. say, 0.1 and
0.5 per cent distortion would result in a
five-to-one difference and swamp out the
other much more important factors.
WarreN G. BENDER
62 Park Street,
Tenafly, N. J.

High Futility
Sir

1 am not in complete agreement with one
of the statements made by Mr. Dickey in
his essay “High Futility,” (A, April 1953).

In this essay. Mr. Dickey states that

the pitch of a constant-frequency tone
varies with amplitude. The artist will per-
form so as to produce the correct pitch
initially, but when the level is changed upon
reproduction (the frequency remaining con-
stant), there is a change in pitch. .

Certainly it's true that the pilch of a
constant-frequency tone will vary with
amplitude—but I think this will be true
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[£s the exclusive

BLC w1 oat on0

COTCH

BRAND

V" SLOT
7° PLASTIC REEL

Now—enjoy the ultimate in easy
handling, in smooth performance on all
machines with the all new, all improved
“Scotch” Brand "V slot 7 reel. It’s the
first truly functional plastic reel. 1200 ft.
lengths of 111A and the sensational new
120 “*High-Outpur™ “Scotch™ Brand
Magnetic Tape are wound on this new
“V” slot 7 reel —splice free.

Check these exclusive features:

"V SLOT. Say goodbye to threading
problems with the easiest, quickest thread-
ing device yet perfected.

@ LARGE 2%‘ HUB. The only reel that
accommodates standard lengths of all mag-
netic tapes and minimizes timing errors.

Eliminates tape spillage in rewind,

WIDE SPOKES. 459, more plastic has
been added for extra rigidity. Runs true,
balanced to a whisper.

TAPERED FLANGES eliminate frayed tape
edges. Get o smoother wind with this
precision feature.

@ EASIER LABELING. Extra lorge unobstruc-
ted writing and labeling surface for added
convenience.

Your electronic parts distributor has it!
Order today!

® 111-AP Mcgnetic Tape also availnble on the “"SCOTCH” Brand prefessional reel.

Cosis no more than ordinary reels

SCOTCH Magnetic Tape

BRAND
Laz s High Ouipur and Tg) TM 3M Co. The term “SCOTCI” and the plaid design are registered trade- Magnetic Tape
4 A« marks for Sound Recording Tape made in U.S.A. by MINNESOTA MINING & MFG. CO.. St. Paul High T
%) v Minn.—also makers of “Scoich™ Brand Pressure-Sensitive Tapes, **Underseal” Rubberized Coating.
S~ “Scaichlite” Refiective Sheeting, “*Safety-Walk’ Non-slip Surfacing, “3M™ Abrasives, "3M" Adhesives.
General Export: 122 E. 42nd St., New York 17, N.Y. In Canada: London, Ont., Can.
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NEW BLOOD
IN THE PULSE RACKET

It is gratifying to note that within a
month of our attack on relays for the
pulse market, a favorite competitor has
done the impossible and brought out an
impulse relay. It is improbable that our
implications impelled him to such an
important step, but the impression,
though implausible, adds impetus to

our plans.

The purpose of a pulse (or impulse)
relay is either to make round pulses
square or to make little square pulses
big. Relays are not usually used to
make narrow pulses wide or wide pulses

narrow, although some do, willy nilly.

Ml
U £255%

Relays like our Type 7, which eat a
couple of milliseconds off a pulse and
then bite out a nick in the form of a

half- millisecond bounce,

S

B e B R P 0 B
'||'||

are no better than rumor- mongers as
repeaters of information. That new
impulse relay certainly beats it all
hollow because it operates twenty times

as fast, and doesn’t bounce.

If our new relay could do that, as well
as what it already does, we wouldn’t
have to advertise for long. To be
specific, it is SPDT, and it will operate

in about .0006 seconds, transfer taking

as little as .00025 seconds off your pulse.
It never bounces, of course, and will
handle substantial contact loads such
as a teleprinter for over 100,000,000

operations, It looks like this:

Both these wonderful relays are pretty
hard to get. You can have one of ours
right away, if you convince us that you
need something a lot better than our
‘7" (if not, that's what you'll get).
Furthermore, you’ll have to answer a lot
of questions about your gadget and its
purpose (how else can we learn about
"new frontiers ' 2). Finally, you’ll have
to settle for commercial quality and
finish; no leak proof, salt proof, fire
proof, fungus proof; so far all we've

tried is to make it goof proof.

FEATURES OF THE NEW PULSE RELAYS

SIGMA COMPETITOR
Operating characteristics Two coll Single coll
polarized nevtral
Contact Arrangement SPOT SPST
Contact ioad and life rating 108 @ 60 ma  5x10° @
{conracts 075 ma
easily
replaced!
Contact separation .004" 0005
Max. Aperiodic pulse rote 400 cps 1000 cps
Max. fFollowing pulse rate 1200 cps 2500 cps
Signal for good operation 420, =20, 40, 0, 40 ma
+20 ma
Coll resistance 150 each 1350
Helght and diameter obove 2 |/2 x 121/32"
octal plug 9/32" 115/16"

SIGMA INSTRUMENTS, INC.

106 Pearl Street, So. Braintree, Boston 85, Mass.
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only if the tone is pure. For example, in
one of the standard college physics text-
books (F. A. Saunders: 4 Swrvey of
Physics, pp. 290-291) it is stated that a
pure 200-cps tone will appear to drop in
pitch if the sound level is increased, but if
the tone is not pure this change will not be
heard. It is also stated that because of
harmonics a complex tone will remain fixed
in pitch,

If this information is correct. then the
remainder of Mr. Dickey’s statement cannot
be true. Since orchestral instruments are
rich in harmonics, we should therefore ex-
pect to have no change in pitch if, for ex-
ample, a solo violin is recorded and then
replayed at a higher sound level.

It may also be of interest to note that this
mformation is in direct contradiction to
the comment made by Villchur in a footnote
on page 40 of the November 1952 issuc of
A, in which the author states that the
change in pitch with sound intensity “i
very much greater with rich tones than
with pure tones.”

Now the question is, who is right?

A. A. SCHULKE,
Departinent of Physics,
Washington University,
St. Louis 5, Mo.
(A $64 question, too, we think. Makes us
wonder who the authorities are in this
business. Incidentally, the italicized word
wiolin was substituted for the word “flute”
originalty written by Mr. Schulke. The
substitution was made because the flute
comes most closely—among orchestral in-
struments—to being a pure tone, and might
further cloud the issue. Anyway, here'’s
Mr. Villchur’s reply. Ep.)

Sir:

I believe Mr. Schulke’s point is well
taken, and he has caught me in two errors.
One is a reversed meaning——the footnote
should have read: “This ‘normal illusion’
is very much greater with pure tones than
with rich tones.” The other is that, as in
earlier chapters, I have neglected to supply
references for such points.

Tests to determine the effect of timbre
on the pitch-intensity relationship were
conducted by Harvey Fletcher and described
in J. Acous, Soc. Am. in October, 1934.
The change in pitch produced by the varia-
tion of intensity was in general only one-
fifth as great for complex tones as for pure
tones. A direct study of this effect in musi-
cal instruments was reported by Lewis and
Cowan in “The Influence of Intensity on
the Pitch of Violin and ‘Cello Tones,” J.
Acous. Soc. Am. in July 1936. Expert
musicians were asked to play certain pitch
intervals, first very softly and then very
loudly. Measurement of the physical fre-
quencies which they produced showed little
if any significant compensation for the in-
fluence of intensity on pitch.—E.AM.V

COMING EVENTS,

July 13-16—Music InpustrY TRADE SHOW.
Palmer House, Chicago, Il

August 19-21-—1953 Wescon (Western
Electronic Show and Convention), Civic
Auditorium, San Francisco, California.

September 1-3—INTERNATION AL SIGHT AND
éoum) ExposiTioN, combhined with the

House,

CHicago Aupio Fair. Palmer
Chicago, I1I.

October 14-17—Fifth Annual Convention
of the Aupio ENGINEERING SocieTy, and
Tae Avupio Fair. Hotel New Yorker,

New York City.
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RTA Type BQ-l4 Fine-Groove Tran-
scription Tumtakle, There is arple room
for a bcoster zrmplifier—and plenty
o° shelt spcce fo- program records.

i / T~ /" / ~
RADIO CORPORATION of AMERIC"?Z i
ENGINEERING PRODUCTS DEPARTMENTY . /| CAMDEN.N.J.
, \\\ - /

/

The ONLY professional turntable
tailored specifically for
“fine groove” 33% or 45

New, smaller size . .. oaly 28"
high, 20" wide, 1614 de2p
Faster starts. Full speec m less
than Y4 turn

Easier cving . . . through Zaster
starts and disengaging of driver
idlers

Goodbye operating etrors.
Center hole diameter changes

automatically with speed
changes

® No record slippage. The cen.
ter of the platter is recessed tc
handle the inside shoulder of
45’s. Easy to handle

Wow and flutter as low as
RCA 70 series turntables

SMALLER than any Professional Broadcast turntable . . . yet
capable of delivering the same high-quality output as RCA’s
famous 70 series . . . T¥pe BQ-1A is your answer for a simple-
design turntable matched and styled to meet the trend in
transcription requirements. [t enables you to take full advan-
1age of the vast library of 25 and 33%:’s now available. It takes
up less space in your contrcl room. It enables you to take ad-
vantage of the imporsent space-saving features offered by
“fine-groove.”” AND NoTE Tei1s Facrt: The price is right!

Type BQ-1A is reac) for immediate deliverv, complete—or
mechanism only. For cdecils, call your RCA Broadcast Sales
Representative.

\ ~ /,\\\

/
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BLACK
MAGIC!

ROYAL BLUE SPEAKERS

T.S. C.* an exclusive Permoflux
development and the result of many
years of laboratory research—truly a
touch of “Black Magic”—increases
cone compliance, adds octaves of fre-
quency response, and gives startling
realism to reproduction,

Royal Blue Speakers will bring you
undreamed of fidelity—the Royal
Eight comparable to any 12-inch
speaker and the Royal Twelve superior
to larger reproducers. Hear them both
at your nearest Sound demonstration
room. Look for the Blue cone—the
emblem of high fidelity.

*Treated, Slotted Cone with permanently soft
plastic impregnant.

Folded-Horn Enclosures

Home-level reproduction
at its finest is achieved by
Roya! Blue Speakers in
Folded-Horn corner en-
closures. Two sizes are
available: Model CH-8 for
a single Royal Eight speak-
er and Model CH-15 for
two Royal Eights or one
Royal Twelve. Both sizes
arc offered in mahogany or
blonde to suit your taste
and your room decor.

See your Permoflux Distributor or ask us for
literature.

SOUND INDESIGN

PERMOFLUX CORPORATION

4902 W. GRAND AVE., CHICAGO 39, U.S.A
236 SO.VERDUGO RD., GLENDALE 5, CALIF

Canadian Licensce
Campbell Mfg. Co., Toronto, Conada

W. R. AYRES*

Hum Reduction
in Amplifier Development

listening tests, noise and signal-to-

noise ratio are subject to varied
interpretation as regards acceptability.
Narrow spikes and random noise, or the
so-called hiss, may be quite noticeable over
the frequency range m wluch the ecar is
sensitive, and audible under no-signal con-
litions though the effective magnitude is

PARTICULARLY among the exponents of

| quite small as read on a meter. On the

other hand, the ear is rather insensitive at
60 cps, so that by listening tests a sound
system might be pronounced hum-frec even
though a monitoring oscilloscope shows
the hum to be materially larger than the
hiss. Thus the unqualified meter reading
for specification or test is helpful but not
conclusive.

In quality equipment as for studio use,
hiss magnitude within a few decibels of
thermal agitation noise is not uncomnion,
with hum amplitude roughly equal to the
hiss. Using now common techniques and
particularly with a type 1620 input tube,
this can he accomplished in production
with a.c. heater operation and no hum-
balancing potentiometers. Often, however,
unusual requirements necessitate the design
of new or special equipment, and hum re-
duction may be quite a problem.

When developing audio amplifiers for
low hum traceable to a.c. power source,
the following considerations (not neces-
sarily listed in the order of their impor-
tance) will be found useful. Power supply
vipple reduction is not considered here,
as it is usually the easiest (though not the
cheapest) to accomplish.

I. Bypass the cathode resistor in the
stage contributing most greatly to the out-
put hum amplitude. This is usually, but
not necessarily, the first stage. In ampli-
fiers of high power output or low gam,
the output stage may be the most serious
offeader.

2. Bias the heater-supply relative to the
cathodes of tubes having unbypassed cath-
ode resistors. A positive biasing potential
of 15 to 30 volts is recommended, with
preferably no more than a few thousand
ohms impedance to ground at power-line
frequencey. One plan, usually satisfactory
and requiring no additional components, is
connection of the heater winding center-
tap to the cathode lead of a cathode-biased

| power output stage.

3. Keep heater and other power wiring
close to the chassis, and keep low-level

* 311 West Qakland Ave., Oaklyn 6, New
Jersey.
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high-impedance components and wiring
separate therefrom. When lowest possible
hum is sought in a stage with high-imped-
ance input, a metal tube with top grid-cap
(like type 1620) is usually preferable.

4. Particularly for single-ended tubes
(mcluding mimature types), use nuca-
filled or ceramic sockets rather than those
of simple molded plastic material, to re-
duce leakage across the socket from heater
to grid or plate pins.

Try d.c. heater operation. Often the
heater winding of the first stage may be
included as part of the cathode biasing
resistance of the power amplifier stage,
with adequate circuit bypassing ‘to prevent
objectionable signal feedback.

6. To minimize signal lead lengths, use
point-to-point rather than terminal board
wiring in low-level stages.

7. Use a heavy ground bus (or at least
interconnected signal grounds) rather than
random chassis grounding, to avoid the
so-called ground loops. This is commonly
done in high-quality apparatus, though for
simplified presentation the schematic dia-
gram may indicate random grounds.

8. Use adequate magnetic shielding at
the input transformer, magnetic pickup,
tape playback head, etc, and maximum
practicable separation between these and
power supply components. Objectionable
hum may be induced in the output trans-
former, due to proximity of the power
transformer or choke of a choke-input
power supply filter. Orient the signal trans-
formers for minimum hum pickup, which
usually means positioning the induction
sensitive component so that the axis of its
coil is perpendicular to the direction of
hum field. Sometimes a hum-bucking wind-
ing arrangement may be used to advantage
in input transformers, pickup heads, equal-
izer coils, etc. In this winding plan, coils
are divided into pairs, and connected to be
series-aiding for circulating maguetic
(wanted) fields, but series-opposing for
the parallel (unwanted) fields of remote
origin. Ordinarily, however, simple shields
are more effective and less costly. Nickel
alloys such as Mumetal are best in this
regard. Most successful shields for small
transformers are drawn Mumetal cans
(about 0.040 inch wall thickness), hydro-
gen-annealed after forming. Telescoping
cans with non-magnetic separators and
close-fitting covers may be used if a single
shield will not suffice. A well executed
shielding job with two Mumetal cans and
copper separator will usually make the

(Continued on page 56)
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other

fape %
recorders
in the

The ‘‘unitized”
construction of the

Presto RC-11

... allows a complete flexi-
bility in ihe manufacture
of various types of instru-
ments. By the simple rear-

rangement of components
the RC-11 becomes a high
fidelity recorder, a dual
track. bi-directional record-
er or reproducer or a long-
playing reproducer with
automatic tape reversal.

PRESTO introduces a precision-engineered tape recorder
with a radical new type of construction!

Featuring a self-contained capstan drive unit, the PRESTO
RC-11 provides durability, flexibility and rapid maintenance
heretofore unheard of in tape equipment. Motor, fly wheel,
capstan shafl, pressure pulley and solenoid are all pre-mounted on
a cast aluminum sub-assembly . . . a complete working unit

quickly removable for service or replacement.

A heavy, ribbed, cast aluminum panel designed for rack or case mounting supports all
other components. Overall durable construction gives additional reinforcement

and protection during shipping and adds years to the life of the machine.

In terms of performance and operational ease, the RC-11 also steps

out front. This new recorder, with complete push button operation,
automatic microswitch in case of tape breakage and a reel capacity of
10% inches, is an engineer’s delight.

The combination of advanced design and engineering in the RC-11
puts ordinary tape recorders in the shade . . . makes this instrument

an investinent, not an expenditure. Ask your PRESTO distributor for full
information on this impoertant development in tape recorder

design . . . the all new RC-11.

. [
LN O RECORDING CORPORATION

PARAMUS, NEW JERSEY

25 Worren Street, New York 7, N. Y.

Export Division:
Canadian Division:

WORLD'S LARGEST MANUFACTURER OF PRE

Walter P, Downs, Ltd., Dominion Square Bldg., Montreal

N RECORDING EQUIPMENT AND DISCS

WWW . akherieaniadiahi
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EDITOR'S REPORT

ENGINEERING JOBS

NE OF THE iniportant problems facing industry in
o the current years is that of a shortage of engineers

in practically all fields. Recent reports indicate
that by 1954 there will Le over 25,000 new jobs in
civilian industry for engineers, hut only about half that
many new graduates will be available to fill these posi-
tions.

At the present time, about one fourth of the graduates
are being commissioned in the Armed Forces as a re-
sult of their ROTC training. and another {ourth become
eligible for the draft. Less than ten per cent remain in
full-tinie graduate studies.

According to the American Peoples’ Encyclopedia
1953 Yearbook, to which we are indebted for this infor-
mation, one solution is for industry to use its engineers
more efficiently as engineers, and to put non-engineering
routine work in the hands of those who are not qualified
for the more rigorous engineering work.

The forward-looking young man—or young wormar,
for that matter—may well see in this statement a solu-
tion to his life worlk, although unless further along with
planning, little help to industry would result this year
or next. However, there are always more years coming
along, and engineering does offer its rewards—both
financial and in the satisfaction of doing something im-
portant in the scheme of life.

As for the immediate future, there does seem to be
considerable merit in the suggestion that engineers be
used only on technical engineering work, and that other
work should he taken away from the load assigned to the
engineers. According to the Yearbook, which states that
as much as one third of engineers’ work is not technical,
the correction of this condition would provide a hity
per cent increase in engineering time. What other
method can give immediate returns?

NOISE REDUCTION

A special summer program on noise reduction has
been announced by Massachusetts Institute of Technol-
ogy to cover a two-week period from August 24 to Sep-
tember 4. The course is designed primarily for engineers
and scientists who require a working knowledge oi
means for noise reduction in industrial plants and build-
ings. The program is to consist of ten lectures supple-
mented by field trips and round-table discussions, and
will cover the following subjects: basic terminology and
concepts, measurement of noise. psychological aspects,

room acoustics theory, noise reduction in rooms, trans-
mission of sound through structures, characteristics of
noise sources, materials and structures for noise reduc-
tion, muftlers and vibration isolators, and machinery and
ventilation-system quieting. The special program is
under the direction of Professor Leo L. Beranek, who
will e assisted by Jordan J. Baruch, Richard H. Bolt,
Robert B. Newman, and Walter A. Rosenblith. Living
accommodations are available in various units of the
MIT dormitory system, and complete information may
be obtained from the Office of the Summer Session,
M. I T., Cambridge 39, Massachusetts. If the period of
the course happens to coincide with a vacation, this
might be a good way to spend it—if you can convince
the family.

EXHIBITS, CONVENTIONS, SHOWS

Just returned from the Radio Components Show and
the British Industries Fair in London, and just having
missed both the NARTB and Acoustical Society meet-
ings in Los Angeles and Philadelphia, and with the
Radio Parts Show in Chicago just starting as this is
being written, we have now only four important affairs
of this type to look forward to in 1953—the Music Trade
Show in Chicago in July, the Western Electronic Show
and Convention in San Francisco in August, the Inter-
national Sight and Sound Exposition and the Chicago
Audio Fair in Chicago in September, and the big one
of the year—The Audio Fair in New York in October.
Incidentally, we saw the first public sign of the
ISSE&CAF in Paris on the wall of a wine cellar—as a
matter of fact, we saw the sign being put there and did
nothing about it, except cheer.

The August WESCON show in San Francisco is the
only one of those named which has to date put out any
advance publicity about its technical sessions—although
some of the shows make no claim to technicality. We
are pleased to see that the convention in San Francisco
plans a few evening sessions—one of which is scheduled
to be on audio. This may entice many who cannot attend
during the daytime hours, and may serve to bring more
attention to audio in all its aspects. Pre-convention in-
terest is being fanned by a number of evening meetings
on related subjects some time before the opening of the
Convention itself. Among these subjects is a special dis-
cussion of magnetic recording apparatus and techniques
given for the Federal Court Reporters. This meeting is
sponsored by the San Francisco Section of the Audio
Engineering Society, and could be very interesting.
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PROFESSIONAL
AUDIO
EQUIPMENT

— T —

MAXIMIZE PLAYBACK PERFORMANCE

BALANCED COMPONENTS

PICKERING CARTRIDGES. ..

are the choice of audio engineers throughout the world. They are universally
acclaimed because of their high autput, wide range performance and low distortion.
They are used wherever a fine cartridge is required in radio stations, recording studios

and for purposes of quality control by leoding record manufacturers.

MODEL 410 AUDIO INPUT SYSTEM. ..

is designed to provide o complete audio control center. Model 410 may be used

in any high quality ployback system. Three input channels are provided—one for
magnetic cartridges and 2 “flat” channels for other audio circuits. A 3-position
equalizer network is built into the magnetic cartridge channel and provides accurate
equalization for LP, AES and 78 rpm recording characteristics. Separate bass and
treble controls are also provided. These are of the step-type and permit boss ond
treble adjustments in 2 db increments. The tone control circuits are intended to
compensate for record characteristics and for listener-environment acoustical
conditions. They are not intended to compensate for amplifier and/or fovdspeaker

deficiencies. Model 410 is intended for use with the highest quality professional type
playback equipment. The autput of the Model 410 is fed from o cathode-follower
circuit and will work into any high quality audic or line amplifier having a high
impedance input. It may also be used with o transformer for the purpose of feeding
@ 500 ohm line. Because of its flexibility, low noise and low distortion level, it is ideally
svited for bridging and monitoring purposes and for critical listening applications.

° l
. .
o
. v _g & .
[ ‘~ i ‘ °
-
. .
° ‘ é .
. .
THE MODEL 190 ARM ... MODEL 132E RECORD
is d d primarily f . N ® MODEL 230H EQUALIZER-PREAMPLIFIER .. ® COMPENSATOR . ..
S designe pnm.an y for use with m.ccrogroove R — " ° is designed to be used in conjunction with a
records. Its design has been recognized by ° is unique in its accuracy of equalization and magnetic cartridge preamplifier such as the
leading audio engineers as that which f B Pickering 230H or any preamplifier wnich
incorporates all of the desirable tracking @  ficquency response.The lintermodulation ®  provides 6 db per octave bass boost. Six
characteristics. Analysls has shown that for ° distortion is .2 per cent at normal output level. o playback positions are Incorporated:
i . . 1—-European 78 rpm Records
ma:mn:m per!o'rTance w_lth LP reclords :he : ¥ 1t Is intended for use with high quality - 2-victor 45 rpm and Decca 78 rpm Recards
vertical mass of the moving arm element mus amplifiers having gain and tone controls. 3-No high frequency roll-off,
be held to a minimum and further, that the arm o : ] ] 500 cycle turnover
must be counterbalanced about the vertical When used with the Pickering Model 132€ 4-»AIIdCanEilo|[ Records, new v'g:tor 33%,
® i L] Audio Engineering Society Curve
:xls Th'; Dermll;s m.:."a'fs':"ﬁmw'"s gvut'racklng Record Compensator the 230H is ideal for 5—Columbia, London and most LP Records
t%':ehn:;el f;’;"‘\:nsembodles m’::Wa"I ex;o P | radlo station and recording studio use and tor @ 6—To remove the hiss from old noisy records
CRALILLELL icati i Precision elements a ed in its constructio
features necessary for proper microgroove o (EnpliceonsiECUIing  a it ey oW nolse > fo give accurate compensation. The 132€ 15
record playback. - and distortion free playback. @ inherently a low distortion R-C device.
- -
£ . . .
“ / / [ // / 7, 29
' S/
E 2, b ?
Hor ode why car fewr e difference
...Demonstrated and sold by Leading Radio Parts Distributors everywhere.
For the one nearest you and for detailed literature, write Dept. A-2.
@ P ICKE RING ana company incorporated ¢ Oceanside, L. 1., New York
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How would

you

hang cable

Cable lasher appears ta right of workman. As the cable and support-
ing strand feed through, the machine rotates, binding them together
with steel lashing wire. Meanwhile, o winch hauls the lashed cable

by the

Irisa job your telephone company faces every day. Thou- °
sands of miles of calle go up each year—all secured to steel m I Ie ?
strand running from pole to pole. The hest way to secure
cable is to lash it to the strand with a spiral binding of wire.

One way to do this is to raise cable and strand sepa-
rately, then lash them together by a rotating machine pulle
along by workmen on the ground. This produces a strong,
tight support for the cable. But each pole has to e climled
as many as four times. So Bell Laboratories engineers

devised an easier way.

Now, lashing can be done on the ground so that cable,
strand and lashing wire may be pulled into position as a

complete assembly. Usually workmen need make only two B e | I Te | e p h one

trips up each pole.

For telephone users, the new way means that cable can LG b oratories
be installed faster, while costs are kept down. It shows
again how work at Bell Telephone Lahoratories improves 4" m ™ IMPROVING TELEPHONE SERVICE FOR
each part of your telephone system. ‘é AMERICA PROVIDES CAREERS FOR CREATIVE

MEN {N MECHANICAL ENGINEERING

WWW. askherieaniadiahigstory. com
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The Lateral Mechanical Im-
pedance of Phonograph

Pickups

J. G. WOODWARD* AND |. B. HALTER*

Part 1. A discussion of one of the characteristics of phonograph pick-
ups which affects frequency response, as well as record and stylus wear.
The authors analyze various types, with explanations of the results.

of a phonograph pickup has come

to be regarded as one of its most
important characteristics. This is as
it should he since the lateral impedance
at the pickup stylus determines the
tracking capability of the pickup and,
consequently, the record and stylus
wear and the tracing distortion. The
stylus of a pickup having a large value
of lateral impedance will not follow the
modulation of the record groove unless
an excessively large wvertical stylus
force is used. The combination of large
vertical force and high lateral imped-
ance results in rapid wear of both the
stylus and the record.

Notable improvements have been
made in pickups during recent years
through the reduction of the lateral im-
pedance. An early and strong stimulus
for such improvement was the need for
pickups which would permit instantane-
ous playback of lacquer transcriptions
without serious wear of the record.
Once such pickups had been developed,
the design techniques were applied to
pickups for home reproducers, and the
use of commercial vinylite pressings—
with the attendant reduction in record
noise became practical. Still further re-
duction of the mechanical impedance has
made possible the use of small-radius
styli and the microgroove records which
have achieved considerable popularity.
Many of these remarks apply also to the
vertical impedance at the stylus, since
the pinch effect requires the stylus to

T HE LATERAL MECIIANICAL IMPEDANCE

_*RCA Laboratories, Princeton, N. J.

GROOVES FOR RECEIVING

STEEL REED \‘rg PICKUP STYLUS TIP
I = ELEGTRODE

U
| |J g DRIVING CURRENT
LAMINATED € —
POLE PIECE i ~ LAMINATED

POLE PIECE
SN . |

= PERMANENT
MAGNET

BAKELITE =~
SPACERS

Fig. 1. Diagram of electromagnetic vibrator used
to drive a pickup stylus in a controlled manner.

vibrate in a vertical as well as a hori-
zontal plane for acceptable phonograph
reproduction. However, the following
discussion will be restricted to the con-
sideration of the lateral impedance.
Some phonograph pickups are char-
acterized as having a high compliance.
While a large value of lateral com-
pliance, i.e, a low impedance. is un-
dentably desirable, such a characteriza-
tion does not tell the whole story, for
in some frequency ranges a pickup may
exhibit a mass reactance of significant
magnitude. Insofar as the adverse effects
of too large a mechanical impedance are
concerned. a large mass reactance may
be just as troublesome as a stiffness re-
actance of cqual magnitude. It is ap-
parent that a complete characterization
of a pickup requires the measurement
of the mechanical impedance over a wide
range of frequencies—preferably over
the entire audio-frequency range.
While the desirability of a complete
knowledge of the mechanical impedance

Fig. 2. External appearance of the four vibrators used to cover the entire frequency spectrum
under observation.
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of a pickup has been recognized for
some time, the actual measurement of
mechanical impedance has been and
continues to be a difficult matter. Vari-
ous investigators have constructed de-
vicest* for the measurement of pickup
mechanical impedance, but these have
generally been used only within a rela-
tively narrow range of lower audio fre-
quencies. By using the apparatus and
techniques to be described in the follow-
ing section we have been able to meas-
ure the lateral impedance of pickups
throughout the range between 30 and
10,000 cps. Since the complex imped-
ance was measured, the results may be
expressed in terms of mechanical re-
sistance and reactance.

Experimental Method

Since a more detailed presentation of
the theory of operation and of the con-
struction of the apparatus has been given
elsewhere,® we shall confine our de-
scription here to the basic principles
necessary for an understanding of the
method. The experimental technique is
based on the use of a set of four electro-
magnetic vibrators. The construction of
the vibrators is illustrated in Fig. 1. A
flat, steel reed 010 in. thick is the arma-
ture of a balanced electromagnetic driv-
ing system. The upper end oi the reed
is bent over to provide a small platform
in which V grooves have been cut. The
stylus of a pickup being tested is set in
onc of the grooves. When an alternating
current passes through the coil of the

1 A. M. Wiggins, “Mechanical impedance
bridge,” J. Acous. Soc. 4Am., 15, 50-53;
July, 1943,

* B. B. Bauer, “Measurement of mechani-
cal compliance and damping of phonograph
pickups,” J. Acous. Soc. Am., 19, 319-321;
March, 1947,

3H. A. Pearson, R. W. Carlisle and H.
Cravis, “Vibrators for measurement of re-
sponse and compliance of phonograph pick-
ups,” J. Acous. Soc. Am., 20, 830-833; Nov.
1948.
4 A. M. Wiggins, “Compliance meter for
pickups” Electronics, 22, 94/95: Oct. 1949.

5J. G. Woodward and J. B. Haiter, “The
measurement of the lateral mechanical im-
pedance of phonograph pickups,” J. Acous.
Soc. Am., 25; March 1953.
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vibrator, the reed is set into flexural
vibration and the pickup stylus is forced
to vibrate laterally at the frequency of
the driving current.

A small capacitance-pickup electrode
is situated near the upper end of the reed
and is used to measure the motion of the
reed. The alternating voltage generated
at the electrode has the frequency and
phase of the reed vibration and has a
magnitude proportional to the amplitude
of the vibration. When the reed has no
mechanicai ioad and the driving current
is held constant, the electrode voltage
has a magnitude, |e¢|, and a phase angle,
¢0. When a phonograph pickup is in the
test position the reed motion is altered
in a manner depending on the pickup
mechanical impedance, and the electrode
voltage has a magnitude, |¢|, and a
phase angle, ¢. Phase angles are meas-
ured relative to the driving current in
every instance. It can be shown® that
the mechanical impedance, Zus, of the
pickup, referred to the stylus tip, is given
{n terms of the electrical measurements
1Y
|L’o

Z.uz,:ZAm( /(¢ L 1) 1)

Zwo is the comp]ex mechanical im-
pedance of the vibrating reed, itself.
This quantity, which must be known at
each frequency, is established for each
reed by a calibration procedure using

RUBBER Cqy (Ryy
BEARING G,g R,g

RUBBER Cgy,Rpx

/BLOCKS  Cpg Roq

- Cax 1Rax
19 cmrsnL €30 +R30
CcosMcx Mco

Cox A=

My - EFFECTIVE MASS OF PICKUP ARM
RyfLy- EFFECTIVE RESISTANGE AND COMPLIANCE OF
PICKUP ARM
Rp fip —EFFECTIVE RESISTANCE ANO COMPLIANCE OF
PICKUP ARM VERTICAL PIVOT BEARING

SUBSCRIPT “Xx" REFERS TO LATERAL ELEMENTS
SUBSCRIPT “8" REFERS TO ROTATIONAL ELEMENTS

Fig. 4. (Top) Diagram of cross section of

pickup used to obtain measurements of Fig. 3.

tcenter) Representation of mechanical system

of the same pickup, and (bottom) its complete
equivalent circuit.
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Fig. 3. Typical measurements obtained from ob-

servations on a modern microgroove crystal

pickup, using the vibrators of Fig. 2 as the
driving elements,

loads having known mechanical imped-
ances.

The procedure for measuring the me-
chanical impedance of a pickup is the
following. The pickup stylus is carefully
seated in onc of the grooves on the reed
platiorm and |e| and ¢ are measured at
each frequency of interest, using a
vacuum-tube voltmeter and a phase
meter for this purpose. Then the pickup
is removed from the vibrator and |eo|
and ¢o are measured at cach frequency.
These measured quantities are substi-
tuted in Eq. (I) together with the ap-
propriate values of Zwo, and are thus
used to compute the unknown imped-
ance, Zue, of the pickup. The impedance
computed in this way may be expressed
either as magnitude and phase angle o1
as mechanical resistance and reactance,
the choice of form being one of con-
venience or of personal preference.

Since the pickup is always mounted
in some sort of pickup arm during the
impedance measurement, the computed
impedance is not, strictly speaking, that
of the pickup, but is rather the imped-
ance of the pickup in conjunction with
the particular arm used. This is an ad-

vantage since the mechanical impedance

of a complete pickup-pickup arm assem-
Dbly as it would be used in a phonograph
system may be studied. When it is de-
sired to measure the impedance of the
pickup alone, it may be mounted in a
specially designed arm which does not
contribute to the mechanical impedance
in the frequency range of the measure-
ments.

Each of the four vibrators which con-
stitute the set previously mentioned has
a construction similar to that shown in
Fig. 1. The vibrators differ only in scale
to permit their use in different frequency
ranges. Thus, the lowest-frequency vi-
brator is used between 30 and 600 cps.
The highest-irequency vibrator is used
between 500 and 10,000 cps. The inter-
mediate vibrators are often not neces-
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sary, but are sometimes used to obtain a
check on measurements made with the
other two vibrators.

The vibrators are mounted on dural
blocks fitted with plug-in connectors to
permit a rapid and easy interchange of
vibrators during a test. The four vi-
brators are shown in Fig. 2

Typical Result

The mechanical impedance has been
measured for a number of pickups of
various types. The measured impedance
of a crystal microgroove pickup is shown
in the lower part of Fig. 3. Measure-
ments were made with the pickup
mounted on two different pickup arms.
Pickup arm “A” was the arm supplied
with a record player in which the pickup
was customarily used. Pickup arm “B”
was a special laboratory model. The im-
pedance data are plotted as resistance
and reactance in mechanical kilohms,
Resistance values are, of course, always
positive. Reactance values may be either
positive or negative. A positive react-
ance means that the effective impedance
at the stylus tip is a mass. A negative
reactance means that the effective im-
pedance at the stylus tip is a compliance.

The response-frequency characteris-
tics for the pickup mounted on the two
arms are shown in the upper part of Fig.
3. This characteristic was obtained by
means of a pickup calibrator.® During a
test the calibrator forces the pickup
stylus to vibrate laterally with an ac-
curately known and controllable ampli-
tude and at any desired frequency within
the audio range, thus permitting rapid
and convenient measurements of the
pickup response. The stylus is driven
at constant amplitude below and con-
stant velocity above 500 cps with a
smooth transition in the crossover re-
gion. An idealized response of a crystal

6]. G. Woodward, “A {eedback-con-
trolled calibrator for phonograph pickups,”
RCA Review 11, 301-309; June, 1950,

(Continued on page 52)
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Fig. 5. The curves at the top show the re-

sistance and reactance of a typical mechanical
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Simplified Push-Pull Theory

JULIUS POSTAL"

Part 2. Continuing the discussion of push-pull operation and why second-harmonic distor-
tion is reduced or cancelled completely whereas third-harmonic distortion is not affected.

push-pull output stage was dis-

cussed in Part 1 of this paper last
month, and the voltage relations ob-
taining in the two tube circuits were
shown to produce two equal and op-
posite signals of increased amplitude
when the grids were fed with signals
of equal amplitude and opposite phase.

Up to this point, this discussion has
given us no indication as to why such
a stage cancels out second-harmonic
distortion which is generated within
the stage itself. The reasons for this
will become apparent as we examine
what happens when we apply to the
push-pull grids a pair of signals which
are identical in frequency, waveform,
and amplitude, and of the same phase,

Using the push-pull circuit as before,
suppose we apply a pair of identical -
phase sine-waves, eacli having an ampli-
tude of 1 volt, to the two grids. This
is the situation set forth in Fig. 10.

At 0 deg. of the input signal to each
tube (Fig. 11), the voltage pattern will
be that of the now familiar quiescent
state.

At 90 deg., the fact that the signal
at cach grid rises by 1 volt brings about
a 14 volt fall in the voltage at each
plate. This is shown in Fig. 12. But
what does our zero-center voltmeter
indicate? It indicates mnothing. The
needle does not even budge. Why?
Since, with respect to ground, the volt-
age on both plates have moved down-
ward in wunison, they are both at the
same potential with respect to ground.
In short, there is no difference of po-
tential across them. Since there is also
no difference of potential across the
phones, no current flows through them.

At 180 deg., the mid-point of both
input cycles, the voltage pattern is as
given in Fig. 13.

At 270 deg., both input waves are at
their negative peaks. Both control grids

* 435 Warwick St., Brooklyn 7, N. V.

FUA\'DA.\IENT,\L FUNCTIONING of the
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Fig. 12. Two in-phase signals at 90 deg. Note
that the voltmeter indicates zero potential
difference across the two plates.

SIGNAL INPUT TO
THE GRID OF
THE UPPER TUBE _¢

SIGNAL INPUT TO
THE GRID OF
THE LOWER TUBE

Fig. 10. Two identical in-phase waves, each
having the same amplitude, are applied to the
grids of the push-pull stage.

have become negative by | volt and
both plates have gone up by 14 volts
to 214 volts. (Fig. 14) Once more, we
must face the fact that no difference
of potential exists between the two
plates.

At 360 deg., the tail-end of both in-
put cycles, Fig. 15 applies.

2ERQ
CENTER
VOLTMETER

iy

Or

NO
CURRENT
FLOWS
THROUGH

THE
PHONES

Fig. 11. Two identical signals are applied,
with the relations shown for the 0-deg. point
of the cycle.

The conclusion to be drawn from all
this is that when a pair of equal and
in-phase signals is applied to the grids
of a balanced push-pull stage, both
plates rise and fall in unison.

No matter what point in the input
signal cycle we choose, and regardless
of what the voltage across cach plate
and ground happens to be at any par-
ticular instant, both plates are always
at the same potential with respect to
ground.

Therefore, there is absolutely no dif-
ference of potential at any time between
the two plates themselves. The voltmeter
between the plates reads zero voltage
and no current whatever flows in the
carphones. The foregoing is summarized
in Table IL.

In short, if a pair of equal, in-phase
signals are fed to the control grids of
a balanced push-pull stage, the voltage
at each plate will swing with respect
to ground, but there will be no volt-

AUDIO ENGINEERING e JUNE, 1953

]
WWW amedceatiadioRistery com

age swing between the two plates and
therefore no output voltage across the
plates.

The same applies to any signal—hum,
or other disturbance—which reaches
both of the push-pull tubes in-phase,
whether it arrives via the control grid
circuit or from the power supply via
the plate circuit.

Over-biased Operation

We shall now try to prove graphically
that when we deliberately operate a
push-pull amplifier in such a way that
the bias on each of the push-pull tubes
is greater than Class A bias (as in class
AB: or class AB:), we are, in_effect,
guaranteeing that on large signals (i.e.,
signals large enough to swing each tube
off the straight-line portion of its char-
acteristic and onto the curved portion)
a greater or lesser amount of second-
harmonic energy will be generated in
each one of the push-pull tubes. /n each
case, this second harmonic component
will be added vectorially to the funda-
mental. )

A scope (preferably one with a bal-
anced input circuit) or a harmonic
analyzer (if one happens to be availa-
ble)  will show that this second har-
monic energy is present between each
push-pull plate and ground or between
each push-pull plate and the B+ con-
nection point.* ]

On the other hand, if the indicating
instrument is connected across the two
push-pull plates, there will be no sign
of a second harmonic.

If the earphones are connected from
either plate to ground or from either
plate to the center-tap of the transformer

4The B+ point is practically at a.c.
ground potential—to all but the lowest
audio frequencies—because of the output
filter capacitor of the power supply. This
capacitor is usually connected between the
B+ point and ground.

+200v
v
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Fig. 13. When the two signals are at 180 deg.
the situation is the same as during the quies-
cent state.
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Fig. 14. At 270 deg. the voltage at each plate

has increased by the same amount, but there

is still no difference of potential between the

plates. The pointer of the meter remains sta-

tionary and no current flows through the
phones.

primary, the current flowing in the
phones will immediately show evidence
of a second harmonic. And the latter
may be of appreciable magnitude.

But if the phones are connected be-
tween the two plates and if the stage
is perfcctly balanced, no second har-
monic energy will flow in the phones.

Since hardly any push-pull stage is
perfectly balanced in practice, the sec-
ond-harmonic component will never be
completely absent in the final output;
it will tend generally to be rather small
in amplitude, however, even under prac-
tical operating conditions.

A strong fundamental will be present
regardless of whether the output volt-
age is taken off single-ended or push-
pull. The second harmonic energy which

A \ .

Fig. 16. Output waveform of a stage which

is operating non-linearly and into which a

pure sine wave was originally fed. This is a
distorted or complex wave.

has been generated in each half of the
push-pull stage will not be noted if the
output signal is taken off between one
push-pull plate and the other.

Graphical Analysis

Why this happens can be explained
very neatly by Fourier analysis. Let
us see, however, what can be done with-
out mathematics—by simple graphical
analysis:

First, suppose we fix firmly in mind
the well known fact that the only wave-
form consisting of just one single fre-
quency and no other is a pure sine wave.

Any time a pure sine wave is fed into
an amplifier and comes out altered in
any way, it can be shown that new fre-
quencies not originally present in the
input signal have been added to it dur-
ing its passage through the amplifier.
The same applies whenever we declare
that a sine wave has undergone distor-
tion; we are saying, in effect, that new
frequency components have been added
to it.

By definition, a sine wave to which
other frequency components have been

22

added, is considered a “complex” wave.

Assume now that we are feeding a
pure sine wave into an amplifier and
that an oscilloscope shows the output
wave-shape to be the *“distorted” or
compiex wave of fig. 6.

This type of distortion—namely, the
flattening of one hali-cycle and the
elongation of the other—is quite com-
mon when a stage or a series of stages
is operating non-linearly.

Morc specifically, such distortion oc-
curs when for some reason, like incor-
rect bias, the operating point of a tube
has been shifted away from the center
of the straight-line portion of its char-
acteristic and, at the same time, the
strength of the applied signal is great
enough to swing the tube on to one of
the curved or non-linear portions of the
characteristic.

How this distortion—or change in
the original wave shape—comes about
can be shown graphically by simple
algebraic addition.

Figure 17 shows the pair of wave-
forms which are to be added. The
fundamental is a sine wave of frequency
f. The shorter waveform, 2f, has twice
the frequency of the fundamental and
is therefore its second harmonic. The
amplitude of the second harmonic shown
here is approximately 20 per cent that
of the fundamental. If the phase rela-
tionship of these two waves is that
shown in Fig. 17, we can expect them
to add vectorially as depicted in Fig. 18.
The resultant is the waveform drawn
in dotted line. It will have a more or
less flattened positive half cycle and an
elongated negative half cycle. When the
amplitude of the second harmonic with
respect to the fundamental exceeds a
value of approximately 20 per cent, the
resultant will tend to develop a dip or
valley in that half cycle which here ap-
pears flattened.

It should e noted that whenever a
stage is operating nonlinearly—i.e.,
generating second and other even-order
harmonic distortion—its plate current
will show evidence of a so-called “d.c.
component” which is not present during
linear amplification.

This d.c. component (also known as
the steady or rectified component, de-
pending on the particular nomenclature
used) 1s omitted in the accompanying
waveform drawings for the simple rea-

Fig. 17. Two sine-wave components com-
prising the complex wave of Fig. 16. The
signals shown are the fundamental, f, and the
second harmonic, 2f, which has an amplitude
approximately 20 per cent of the fundamental.
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Fig. 15. At 360 deg. the voltage picture is
the same as during the quiescent state, At
no time during the cycle has the meter reg-
istered any potential difference, nor has any
current flowed through the phones.

son that these diagrams are predicated
on the use of an ordinary oscilloscope—
that is, one which is not direct-coupled.
Such an oscilloscope will not pass the
d.c. component. (FFor that matter, neither
will any R-C coupled amplifier or any
interstage or output transformer.)

A complete treatment of the d.c. com-
ponent is outside the scope of this dis-
cussion. Suffice to say that the d.c. com-
ponents which arise in the two halves of
a balanced push-pull stage that is operat-
ing nonlinearly are always of equal
magnitude and in the same dircction, at
any given moment, with respect to the
quiescent-state place-current axis; there-
fore, they produce no difference of po-
tential at any time across the push-pull
plates. Although these d.c. components
are present in the serics current of the
power supply, they do not appear in the
output signal which is taken off across
the two pushpull plates.

Fig. 18. Vectorial addition of the fundamental
and its second harmonic. The dotted line is
the resultant,

Ii the distorted output waveform in
Fig. 16 (one flattened half cycle and one
elongated half cycle) is seen on an
oscilloscope connected across the upper
plate of our push-pull stage and ground
or the center-tap, we may also expect
to find the same kind of distorted signal
across the lower plate and ground, ex-
cept that there will be a 180-deg. phase
ditference. (£ig. 19) The complex wave
present between the lower plate and
ground or CT can also be shown to be
made up of a fundamental and a second
harmonic in the phase relationship
shown in Fig. 20. (Note that it is once
again equal to about 20 per cent of the
fundamental.) Vectorial addition of the
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Fig. 19. Waveform between the lower push-
pull plate and ground when the distorted
wave of Fig. 16 appears at the upper plate.

two waves is represented in Fig. 21.
Once again the dotted line indicates the
resultant.

The waveform information for both
halves of the push-puil stage is sum-
marized diagrammatically in Fig. 22.
Observe that in each case the funda-
mental frequency components are ont
of phase; they will therefore yield ampli-
fied signal output voltage across the
push-pull plates and across the head-
phones, too. This amplified signal will
naturally have the same frequency as
the fundamental.

Now cxamine the phase relationship
of the second harmonic components of

2f

Fig. 20. Vectorial addition of waveforms on

the lower plate. Note that while the funda-

mental is 180 deg. out of phase with that of

Fig. 19, the second-harmonic components of
the two diagrams are in phase.

the two complex waves. The second
harmonics. interestingly enough, are
in-phase. Moreover, they are tidentical
in shape and have exactly the same
amplitude. They will therefore “get
lost” across the two push-pull plates
and there will be no second-harmonic
component in the currents flowing
through the phones.

\What holds true for the second
harmonics of the two complex waves
will hold equally true for their 4th
harmonics, 6th harmonics, 8th har-
monics—in  fact for any ewven-order
frequency components which are added
to the fundamental during its passage

Y resarant
=

Fig. 21. Complex wave of Fig. 20 can be shown

to be made up of fundamental, f, and second

harmonic, 2f, with the amplitude of the latter
approximately 20 per cent of the former.

AUDIO ENGINEERING e

through the push-pull stage. All these
even-order components will be ¢n-phase
and will therefore cancel out and disap-
pear.

In all this reasoning we have as-
sumed that each one of our push-pull
tubes has a straight-line portion. The
truth of the matter is that this so-called
straight-line portion is only an idealiza-
tion of something that does not really
exist in reality. Fortunately, however,
the departure from genuine linearity is
not too serious in most cases.

The gratifying thing about the push-
pull connection is that it tends to cancel
out or reduce even-order components

f

Y— RESULTANT

RESULTANT

Fig. 22. (A) analyzes the waveform on the

upper plate, while (B) shows that on the

lower plate. The fundamentals are opposite

in polarity, but the second harmonics are in
phase, and thus cancel out.

caused not only by deliberate operation
on the lower bend of each tube’s char-
acteristic. but also those which arise
due to the inherent irregularities in
this so-called “straight-line portion”.
The only thing needed in practice for
the dramatic reduction of such distor-
tion is the best possible balance at-
tainable in the two halves of the stage.

Odd-order Harmonics

Thus far we have considered what
happens to even-order components of
the fundamental frequency in a push-
pull stage. Let us now turn to the mat-
ter of third and other odd-order har-
nmonics.

Assume a vacuum tube biased exactly

Fig. 23. Typical distorted or complex wave-

form of over-driven output stage. For sym-

mertical overloading, the tube must be biased

at the center of the straight-line portion of
its characteristic.

at the center of the truly straight
straight-line portion of an ideal char-
acteristic.

Assume a sine-wave signal of such
magnitude as to overload the amplifier
and yield the famitiar waveform of Fig.
23, which is reminiscent of over-driven
amplifiers.

Notice that this present waveform is
symmetrical both above and below the
horizontal axis. This can occur only
if the tube 1s biased to operate at the
cenier of the straight-line portion of
its characteristic. Under such circum-
stances, if too large a signal is applied,
the amplifier overloads, as expected,
but—symmetrically.

Obviously, the resultant is no longer
the pure sine wave with which we be-
gan. Rather, it is a compler wave con-
sisting of a fundamental plus its third
harmonic. The two halves of the wave-
form—that is, the portions of the wave-
form which lie on either side of the
horizontal axis—are actually “mirror
images” of each other. This is typical
of any wave made up exclusively of

(Continued on paze 58)

I RESULTANT

Fig. 24. Graphical representation of the fre-

quency components which comprise the wave-

form of Fig. 23. The fundamental is f, and its

third harmonic is 3f. The resultant is shown
as a dotted line.

TABLE |l

Summary of the voltage distribution pattern at five different instants for a pair
of in-phase input signals having the same amplitude and waveform.

Phase Etnet Etnet Einst Einst . .
. 5 Einst Which plate Which way
ngle actin actin bet n betwee H P
ofcach atthe  afthe thaplate  theplate  between  ispositive  doos current
s':‘gp:a'l gn\}l‘of grl‘gzof o;"::‘:r&d °gfr‘°/:"‘"3d plates to the other? the phones?
0 Ov. Ov. +200v. + 200 v. Ov. Neither No flow
90° +1v. + 1w +186v. + 186 v. Ov. Neither No flow
180° Ov. Ov. +200v. +200 v. Ov. Neither No flow
270° Tv. Tv. 4214w, +214v. Ov. Neither No flow
360° Ov. Ov. +200v. 200 v. Ov. Neither No flow
23
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The Pass Band of a
Transformer-Coupled Amplifier

J. F. SODARO*

A discussion of the transmission characteristics of an audio transformer and the param-
eters which affect it. The author reduces calculations to a minimum by the use of an abac.

the problem of rapidly determining

the pass band of a transformer-
coupled amplifier. Straightforward ap-
plication of the pertinent formulas is a
tinie-consuming process even with the
aid of a slide rule. It is the purpose of
this article to furnish a rapid, direct-
reading calculator for the one- and
three-decibel attenuation frequencies.
The calculator may also be used to select
combinations of circuit parameters
which afford a specified band width.

To review quickly the equivalent cir-
cuits which are used for this type of
calculation, refer to Fig. 1. In these
simplified schematics for an output
transformer, primary capacitance, hys-
teresis. and eddy-current resistance are
neglected. and the turns ratio is reduced
to unity. The leakage reactance at low
frequencies and the shunt inductance at
high frequencies are disregarded. Sec-
ondary circuit parameters are referred
to the primary side by using the turns
squared factor.?

The relative gain at low and high fre-
quencies as compared with mid-fre-
quency gain depends upon the values of
the effective circuit resistance »* and 7’
as compared with the corresponding
inductive reactances. Thus, at low fre-
quencies 7’, which is Rp and Ro in paral-
lel, is compared with the primary induc-
tive reactance to determine relative gain.
At high frequencies #/, which is Rp and
Ro in series, is compared with the leak-
age inductive reactance.

Tm-: DESIGNER is often confronted with

* 2924 Selby Ave., Los Angeles 64, Calif.
1F. E. Terman, Radio Engincers Hand-
book, New York: McGraw-Hill Book Co.,
1943; pp. 385-388.

Equivalent Circuit Components

Circuit component values correspond-
ing to those in Fig. 1 can be measured
easily if these data are not available
from the manufacturer. The required
parameters are primary and secondary
winding resistance, primary incremental
inductance, leakage inductance, and the
turns ratio. Load resistance is generally
known and plate resistance is dependent
upon tube operation. With this informa-
tion on hand the equations in Fig. 1 can
be utilized.

Winding resistance is generally meas-
ured with a resistance bridge. Although
the a.c. resistance is desired, the d.c.
resistance can be substituted in the
audio-frequency range. When multiple
windings are involved care must be
taken to group properly those windings
which constitute the complete primary
or secondary.

It is tmportant that the primary in-
ductance be measured at a suitable fre-
quency with adequate applied voltage.
By this method the measured inductance
is more representative of circuit condi-
tions in the lower cut-off region. The
usual values are 10 volts applied at 60
cps. This is minimum voltage which
will produce a core flux density rep-
resentative of normal operation for most
transformers. The Hay inductance
bridge may be used and the transformer
secondary should be open-circuited.

If the circuit being designed is single-
ended, the d.c. magnetization current
must also flow through the primary
winding (assuming series feed) when
incremental inductance is measured. The
amount of current should be the antici-
pated plate current plus that current

LOW-FREQUENCY CIRCUIT

€, - INPUT  VOLTAGE

€0 - OUTPUT VOLTAGE

Tp - PLATE (OR SOURCE} RESISTANCE
fo - LOAD RESISTANGE

Iy - PRIMARY WINDING RESISTANCE

My - SECONDARY WINDING RESISTANGE

u
Iz Rys Ry

[ nre

HIGH- FREQUENCY CIRCUIT

N - TRANSFORMER TURNS RATIO
15~ PRIMARY INDUCTANCE
|y = LEAKAGE INDUGCTANCE
Roxlg 4 My

2
R NP 1)

r= n,n,/('. A00

Fig. 1. Equivalent circuits of on audio tronsformer for low and high frequencies.
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drawn through the primary winding by
any other clement such as the screen
grid of a triode-connected pentode.

Leakage inductance is determined by
the measurement of primary inductance
when the secondary is short-circuited.
An inductance bridge may be used. This
measurement can be made at any con-
venient frequency and without passing
direct current through the winding.

Finally, the turns ratio is measured
by applving an a.c. voltage from a signal
generator to the primary and measuring
the resulting secondary voltage with a
vacuum-tube voltmeter. The signal gen-
erator should be adjusted to a mid-band
frequency in order to avoid high- or low-
frequency attenuation.

Graphical Calculations

The 1- and 3-db attenuation frequen-
cies can be determined rapidly for a
given circuit by reference to the nomo-
gram of Fig. 2. Low-frequency cutoff
can be read on the left portion and high-
frequency cutoff on the right portion of
the chart. Thus. to determine the low-
frequency cutoff, select the value of ef-
fective resistance on the » scale and the
value of primary inductance on the Lp
scale. Join these points with a straight
line and find the 1- and 3-db attenuation
frequencies at the intersection of this
line with the f scale.

To determine the upper limits of the
pass band, enter with the effective re-
sistance /. Join this point and the leak-
age inductance value on the Ls scale
with a straight line. Once more the at-
tenuation frequencies are found at the
intersection of this line with the cor-
responding f scale.

Both of the above procedures are
reversible. In this way a specified fre-
quency can be selected, a straight-edge
can be pivoted about this point, and
combinations of inductance and resist-
ance observed which will yield the de-
sired frequency.

In the case of push-pull class A and
class AB amplifiers, the same procedure
can be used provided that the plate re-
sistance is taken as twice the value for
a single tube.

When applying this method to pen-
todes and beam power tubes the calcu-
lated upper cutoff may be high due to
the large source resistance. In these
cases the measured attenuation may be
controlled by circuit capacitance rather
than source and load resistances as
shown in Fig. 1. Another precaution
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which should be kept in mind is that the
application of negative feedback will in-
crease the pass band and decrease the
amplification of all stages within the
feed-back loop

Example

Consider the Triad HSM-89 trans-
former coupling push-pull KT-66's as
Class A triodes to a 16-ohm voice coil.
For this application the total plate re-
sistance is 10,000 ohms (twice the single

tube value). Primary resistance is 265
ohms and secondary resistance is 0.489
ohms. Primary inductance is approxi-
mately 233 henries and leakage induct-
ance is 357 millihenries. The turns
ratio is 23 and n* is 529,

The load resistance referred to the
primary is 529(16+0.489) or 8720
ohms. The effective resistance » is
8720 x 10.265/(8720 + 10.265) or 4720
ohims. and #” is 8720 + 10,265 or 18,985
(use 19,000) ohms.

Construct a straight line from 4720
on the v’ scale to 0.0357 on the Ls scale.
Read 3.2 and 6.3 on the f scale. Thus,
the lower 3-db frequency is 3.2 cps and
the 1-db frequency is 6.3 cps.

Next, draw a straight line from 19,000
on the 7 scale to 0.0357 on the Ls scale.
Read 43,000 and 85,000 on the f scale.
Thus, the upper 1-db frequency is
43,000 cps and the 3-db frequency is
85,000 cps.
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Fig. 2. Nomogram for determining the 1- and 3-db attenuation frequencies of an audio transformer.
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Top Tape Recording Performance

HAROLD REED*

A discussion of some of the non-electronic factors
affecting quality recording and reproduction of sound.

tronic section of a tape recorder in

such condition that it will give the
most efficient performance of which it
is capable, it is of the utmost impor-
tance—in the interest of faithful record-
g and reproduction of sound—that
the mechanical system be kept in peak
operating status. This entails checking
and testing of the various component
parts of the mechanical layout, and
especially—if the equipment is sub-
jected to long hours of use, such as
occurs in radio broadcasting and re-
cording studios—this inspection and
ivestigation into the competency of the
system to approach recognized stand-
ards must be frequent.

One of the most important considera-
tions is the alignment of the recording
and playback heads. When only one re-
corder ts being used and this machine
is employed both to record and to repro-
duce the program material, and pro-
vided the recorder utilizes one head for
both recording and reproduction, then
some misalignment of the lhead does
not necessarily result in sub-standard
performance. In this circumstance the
tape is drawn over the same head dur-
ing both the recording and playback
operations and, as the misalignment
factor is identical for each operation,
quality reproduction response may be
obtained. This harmonious state of
affairs is not in evidence when several
recorders are in service and reproduc-
tion may be assigned to any one of the
machines, nor when the mechanism
employs separate record/playback

I N ADDITION TO maintaining the elec-

* Chief Engineer WOL, 1000 Connecticut
Ave., Washington 6, D. C.

[}
Fig. 1. A collection
of several useful

items needed in the
maintenance of a
tape recorder.

heads. unless all heads are in proper
alignment. Further, inferior results may
be obtained when playing tapes received
from outside sources.

Incorrvect head alignment manifests
itself in poor quality in the form of
muddy, distorted response, lacking in
brilliance due 1o deficiency in repro-
duction of the higher audio frequencies
present in the original program mate-
rial.

In the moderate price range, Magne-
cord recording equipment has proven
to be quite popular and considerable
thought and attention has been given to
maintaiming its mechanism in a high
state of cfficiency. The procedures out-
lined in this discussion, although based
on tests with this particular mechanism,
may generally be applied to other re-
corders.

Fig. 2. Stand-
mounted Veeder
counter is coupled
to the capstan by
means of a flexible
shaft and the fitting
described.
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““Standard’’ Tape

To afford interchangeability of tapes
between recorders the head gaps must
necessarily be in alignment with each
other. One suggested procedure, for a
recorder with a single record/playback
head. is to feed the signal output from
an audio oscillator at about 7500 cps
for 71z-in. machines, or 15,000 cps for
15-in. machines, into one of the ampli-
fiers, recording this signal for use as
a “standard” for all others. This so-
called standard tape is then reproduced
on each of the other machines and the
head adjusted to obtain maximum out-
put from each recorder by observing the
volume indicator or other signal level
indicating device. The head adjustment
consists simply in turning an adjust-
ment screw in or out with a screwdriver
to change the physical position of the
head gap with respect to the tape, until
maximum response is acquired. This
procedure will ensure good high-fre-
quency response for all the machines
aligned in this manner, even if the unit
used as a standard is in nusalignment.
However, as indicated previously, tapes
received from outside sources that may
have been recorded on a mechanism in
perfect alignment may not {faithiully
reproduce the program material when
played on recorders aligned as indicated
above.

A more satisfactory way to accom-
plish head alignment is to employ a
standard alignment tape such as is used
in the factories of recorder manufac-
turers, and obtainable from most large
jobbers. It is simply then a matter of
adjusting ecach machine for maximum
output as the standard tape moves over
the head.
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So far we have considered the re-
corder containing a single head for re-
cording and reproducing, and of course,
an erase head. In the case of machines
containing a three-head assembly—that
i~ separate record, reproduce, and erase
heads—the same standard alignment
tape is used but the procedure is not
quite a> simple as with the single head
anit.

The playback head is aligned first.
These assemblies contain locking screws
at the bottom of both heads, which must
first be loo~ened. Then with the re-
corder set on playback, and the align-
ment tape running over the assembly,
back off the alignment screw—accessi-
ble through a small hole in the front of
the case of the head—to establish defi-
nitely that the head is out of alignment,
as indicated by the volume indicator.
The locking screw under the playback
head is then tightened, and the align-
ment screw turned in a clockwise direc-
tion to bring the head into alignment,
as noted by maximum indication on
the meter. If the alignment screw is
turned too far—that is, beyvond the peak
response indication on the volume indi-
cator—it will be necessary to start again
at the beginning of the process.

The record head must now be brought
into alignment. The standard tape is
removed from the recorder and a blank
tape installed on the machine. With the
standard alignment tape on another re-
corder. its output is fed into the ma-
chine being adjusted, which is now set
In RECORD position. Adjustment pro-
cedure as described for the playback
head is followed, again obtaining maxi-
mum indication on the volume indicator
connected so as to measure the ouput
of the machine being adjusted. This
completes adjustment of the three-head
assembly. If the second recorder is not
available. an audio oscillator can he
used as the source of the high-frequency
signal for this alignment procedure. On
heads without locking screws it is ad-
visable. after alignment, to place a small
dab of speaker cement on the adjusting
screw head where it rests against the
head case, to prevent changes due to
vibration of the machine. This cement
is casily Dbroken loose when further
alignments are to be made.

Worn heads will result in poor fre-
quency response, this condition mani-
festing itself in a falling off of the
higher audio frequencies. The heads can
he expected to give satisfactory service
for about 1000 hours or more, depend-
ing upon such factors as the care with
which the mechanism is handled and
the opcrating speed employed. Tape
should never be in contact with the
heads during the high speed rewinding
process. Dirty heads also contribute to
a los~ of the higher audio frequencies.
Some of the minute particles of the
tape coating wear off and cling to the
head laminations. Thus the heads should
be cleaned frequently with a lintless
cloth and absolutely clean carbon tetra-
chloride.

Erase heads have

normally con-
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Fig. 3. Method of using string and spring

balance to measure the pull of the mechanism

in ounces. for later transformation to torque
in inch-ounces.

siderably greater life than the record/
playback heads and usually require no
physical adjustment. If the bias oscil-
lator is supplving the proper crase volt-
age and the tape is not being erased
completely, the erase head should be
replaced. Ieads may be obtained on a
revolving stock basis, credit being given
for return of the worn head to the
factory.

Speed Accuracy

To obtain top performance, the re-
corder ntechanism must be maintained
at the correct rotational speed. With-
ont close speed control, not only will
timing errors in reproduction occur, but
pitch variations may become noticeable.
Several methods were tried in an at-
tempt to determine casily the speed of
any recorder, to correct speed dis-
crepancies, and to keep timing errors
within a reasonable tolerance.

It was estimated that at the popular
7V in./sec. tape speed. 562.5 feet of tape
should pass over the heads in 15 min-
utes, 1125 feet passing over in 30 min-
utes. Ior this test a new recording tape
was marked off with a steel tape meas-
ure, and white splicing-tape markers

Fig. 4. Take-up assembly of Magnecorder,
showing the clutch with the knurled split
adjustment nut at the end of the shaft.
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were attached at 187.5, 375, 562.5, and
1125 feet, corresponding respectively to
5, 10, 15, and 30 minutes. In normal
operation of the mechanism the marker
of any particular footage should be
drawn over the head at the correspond-
ing time required to pass this amount
of tape.

Another method is to employ a leader
and timing tape which is available in
150-ft. reels in various forms to indi-
cate  known lengths, with marking
means at fixed intervals. Several of
these tinting tapes can be spliced to-
gether and markers attached at any
time intervals desired. Figure 1 shows
a typical timing tape, a marker on a
piece of standard tape, and several other
aids to recorder maintenance.

An interesting technique tried in this
speed control problem consisted of
counting the revolutions per minute of
the recorder capstan. In testing new
Magnecorders it was learned that the
rotational speed of the capstan was
about 6.35 revolutions per second, 381
per minute, 5715 per 15 minutes and,
11430 per 30 minutes. A tachometer
was used to clock the capstan speed
and although a practical method, there
was concern about the accuracy because
of the possibility of reducing the speed
due to the pressure required to engage
the tachometer to the capstan.

What was considered a more satis-
factory method was in the use of a
\eeder counter. The torque necessary
to turn the counter is negligible so
that no appreciable cerror occurs when
it is connected to the capstan. A short
length of )4-in. copper tubing was used
to couple the flexible shait from the
counter to the capstan. \With a hack
saw, a slot was cut across the tubing
diameter so that it fitted in the cou-
pling at the end of the counter tlexible
drive. A machine screw with the cor-
rect thread to fit the capstan shaft, was
soldered into the opposite end of the
copper tubing. This affords direct drive
between the capstan and Veeder coun-
ter. \WVith the recorder and counter run-
ning. the rotational speed in revolutions
per minute is clocked with a stop watch.
The counter was fitted with two small
banana plugs, which in turn fit into
banana jacks mounted on a metal sup-
port. This assembly is attached to a
wooden base, which rests on the bench
or table and eliminates the need for
holding the counter during the check-
ing. The arrangement is shown in
Fig. 2.

Tape Tension

A number of factors contribute to
timing errors and speed variations.
Clutehes at the rear of both the supply
and take-up reel spindles are employed
1o produce the proper tape tension to
prevent cither throwing or stalling of
the tape. Clutch {riction on the supply
reel shoukd be just great enough to pre-
vent throwing the tape when the mecha-
nism is stopped. Fxcessive resistance at

(Continued on page 59)
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Left: Charles Edison, Chairman of the Board of Thomas A. Edison, Incorporated, receives dictating machine award from & editor C. G. McProud.
Center: Dr..l~rving I. Schachtel, president of Sonotone Corporation, accepts hearing aid award. Right: Dave Oppenheim, director of Masterworks
Division, Columbia Records, Inc., being tendered classical award certificate won by Columbia‘s president, James B. Conkling.

Audio Engineering Awards

Reports of the various committees of judges show the reasons
for the selection of the award winners announced last month.

0INCIDENT with the delayed distribu-
tion of the May issue of A, a press
party was held at the “21” in New
York to announce the award recipients,
and to make formal presentation of the
certificates, one of which is shown he-
low. Over one hundred representatives
of the press, company officials. and
recording artists were on hand for the
occasion. Aifter the awards were pre-
sented. the reports of the various coni-
mittees of judges were made public.
Since A readers have expressed inter-
est in the complete reports, they are
being offered herewith. To a large ex-
tent, the reports indicate the methods by
which the decisions were made.
In the dictating instrument and hear-

FOR

Dance Division

5 AWARDED TO

FOR THER RECORDING OF

BRLY MAY AND M5 ORCHESTRAI

L CORDING: REPUESL £ MAIOR EFFORT N ITS DIVISICH 4

THE FIRST ANNUAL AUDIO ENGINEERING AWARD [

Capitol Records, Inc.

Big Band Bash and Selections

25

ing aid categories, the committees stud-
ied the individual units thoroughly
within the criteria by which they were
being judged. and in hoth categories
the decisions were unanimous. In the
recording categcries, there was naturally
some difference of opinion. The records
were plaved on a typical high-quality
imstallation set up by Irving Greene of
Asco Sound Corporation in a suite in
the Commocdore Hotel. All equipment
used was of well known make, and was
considered by the committee as being
satisfactory. Judging was on the basis
ot musical excellence and of technical
excellence. with separate scoring for
each. At the conclusion of the listening,
the scores were averaged to obtain the

Musical and Technical Excellence in Popular Recording

Reproduction of one
of the award certifi-
cates received by
Capitol Records, Inc.

|
|
:
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final figures. Since some of the commit-
tee members were not musicians, their
scoring was restricted solely to technical
quality. The complete reports of the
various committees follow :

Dictating Instruments

One of the major considerations in establish-
ing the Audio Engineering Awards was the nced
for a study of consumer applications of audio
engincering theory and techniques. Dictating
instruments  represent such an  application to
consumer needs and were selected as one of the
divisions for the 1953 awards.

However, to make such a study and award
realistic, functional standards had to be created.
In other words, it was the responsibility of the
Committee to determine clearly what the pri-
mary functions of dictating instruments are in
terms of the consumer, and the degree to which
the various instruments satisfy these require-
ments. With these standards in mind, the Com-
mittee could then approach the technical analysis
of the instruments from a realistic point of
view. These functional requirements included
simplicity and ease of operation, simplicity and
ease of transcription, durability, simplicity of
maintenance, a:d the degree to which the given
instrument supplied the fullest range of dictating
II“edS.

Most important of all was the necessity of
defining the audio requirements of dictating
instruments. [t goes without saying that dictat-
ing instrument recording is not to be equated
with musical or other forms of recording where
wide-range reproduction is requisite. Nor is it
intended to reproduce the human voice merely
for the sake of such reproduction. In a sense,
dictating instrument recording has one purpose:
to make it possible for the transcriber to hear
with a high degree of intelligibility the syllables
which are to be transcribed. It is especially
important that the person transcribing the rec-
orded material be able to understand every
syllable; it is not enough that she be able to
follow the meaning by the grasp of most of
the words, as is adequate in ordinary conversa-
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Left to right: Henry L. Gage, vice-president of Westminster Recording Co. Inc.;
Peter Bartok, president of Bartok Records, Inc.; William H,

tion. It is imperative, therefore. that the instru-
ment reproduce all the sounds dictated for a
rapid and efficient translation of the dictated
material to the typewritten page. Furthermore,
the dictating instrument recording should pre-
sent this material with a minimum of fatigue
factors, including surface and other background
noises.

With reference to the instrument itself, it
should be considered as a time-saving and work-
saving tool, Where it creates obstacles in the
form of difficult, complex operation, complicated
indexing, etc., it fails to supply the nceded ad-
vantages for which it was originally purchased.

It is the unanimous decision of this Committee
that the Award be given to Thomas A. Edison,
Incorporated for the V. P. Edison Voicewrizer.
Judged by all the aforementioned criteria, this
instrument is preeminently successful, Quality
of reproduction is excellent, Furthermore, the
instrument has been ingeniously designed to
provide for extreme simplicity of operation as
either a dictating or transcribing instrument.
Size and shape have been so controlled that the
instrument is not merely portable, but “carry-
able™ as well, making it possible for it to be
easily ang vconveniantly used outside the office.
Since it is a muluiduty instrument, it is partic-
ularly suitable for the small office which needs
only one instrument and thus can be equipped
for a lower cost.

Hearing Aids

The committee studying the design and con-
struction of hearing aids did not attempt to eval-
uate the performance of the instruments in the
alleviation of the hearing loss—that is the func-
tion of the otologist. Since there are many types
of hearing loss, with many of these requiring
specialized equipment to provide satisfactory
hearing, it was felt that it would be unwise to
perform the function of a research laboratory
in evaluating the various instruments. Further-
more, the scope of the award is not intended to
make any such comparison. It should be pointed
out specifically that the opinion of this com-
mittee should not be considered an endorse-
ment of the instrument as a bearmg aid, but
that it should be considered solely as an evalua-
tion of the circuit design and its embodiment in
a manufactured product.

In studying these instruments, the committee
kept in mind the various criteria by which they
should be judged. If the award were to be given
for lowest cost of operation alone, obviously one
of the all-transistor hearing aids would be
chosen. If size were to be the governing factor,
then the internal design might have to be
skimped to keep the over-all dimensions of the
instrument within the limits established. The
general points studied included both size and
cost of operation, but these were not made

AUDIO ENGINEERING e

of maximum importance.

While the all-transistor hearing aid undis-
putedly offers somewhat lower cost of operation,
it is felt that the present status of development
does not warrant the use of transistors in the
low-level first stages of a hearing aid because of
increased noise. It is considered probable that
this defect will be remedied at some time in the
near future.

Considering the mechanical and electrical fea-
tures of all of the hearing aids studied, it is the
unanimous opinion of the judges that the major
effort in hearing aid design and production has
been achieved by Sonotone Corporation in its
Model 1010, The judicious use of a transistor in
the output stage, where its high electrical effi-
ciency is most advantageous, is commended.
Cost of operation is reduced considerably below
that of the all-vacuum-tube hearing aid with-
out sacrificing quiet operation. Also noted were
desirable mechanical features such as separation
of volume control from the on-off switch, and
the sturdy plug connections between the instru-
ment and the ecarphone, the accessory micro-
phones, and the telephone pickup device. With
respect to weight and compactness, the instru-
ment compares favorably with all others studied.

Classical Records

The Committee was particularly careful to
design test conditions which would climinate any
factors which might interfere with an objective
appraisal of the musical and technical quality
of the recordings. Fine equipment was used and
the members of the Committee were all given
an opportunity to adjust themselves to the
characteristics of the equipment.

Twenty manufacturers were invited to submit
what they considered their major recording in
five categories for the year 1952. These cate-
gories were: symphonic, chamber, solo instru-
sental, vocal, and operatic. Sixteen companies
submitted recordings. The Committee determined
to ask the manufacturers to choose their major
recordings because such a device would supply
a means of determining what were the manu-
facturers’ own attitudes toward classical record-
ing in terms of performance and technique. On
this score, the Committee found that many of
the records submitted were poor both musically
and technically. These below-standard recording
efforts were marked by distortion, surface noise.
poor balance, simple inadequacy on the part of
the performer or performance, and in some cases,
sloppiness. IFurthermore, the Committee decided
that on the basis of this experience, the next
awards would consider choice of repertoire a
significant factor in scoring.

Without exception, however, the winning rec-
ordings were of an unusually distinguished na-
ture. and in each category, one or two additional
recordings were also of high caliber. It would
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George R. Marek, Director of Artists and Repertoire, RCA-Victor;
Fowler, vice president of Capitol Records, Inc.

be impossible to attribute a monopoly of quality
to cither the major companics or the smaller
and more recently organized manufacturers.
Poor quality was predominantly found in the
recordings submitted by the small manufacturers
but, at the same time, many of them produced
recordings of a superb nature. In the case of
the larger manufacturers, generally speaking,
the quality of the recording was considerably
better than that obtainable only a few years ago.
Their major deficiencies apply to the musical
aspects of the recording.

The Committee was impressed by the general
advance in 33-1/3 r.p.m. microgroove recording
and dismayed by the prevalence of such obvious
technical blunders as tape noise and poor sur-
faces. These were limited, however, to a minority.

Popular Records

Of an extremely large quantity of records
submitted to this Committee, it was necessary to
disqualify over 90 per cent in each of the
popular categories. These categories were: dance,
jazz, vocal, musical comedy, and novelty, with a
scparate category devoted to folk music in gen-
eral. The Committee was well aware of the prac-
tical problems faced by the popular recording
manufacturer. His major markets are the juke
box and the home consumer with an inexpensive
and low-grade record player. Therefore, he feels
the need to manufacture records for consumers
who will ordinarily turn the bass control, if
they have one, all the way up and the treble all
the way down. His products, thercfore, are net
designed for superior instruments and this is the
justification for the low-quality recordings that
ensue. High distortion is only one of many
unsatisfactory conditions found throughout. We
should cite especially some of the radical peak-
ing techniques employed.

Of the remaining records that were submitted
to the final Committee, quality was somecwhat
better, but in no sense up to acceptable record-
ing standards if we are to eliminate the practical
considerations faced by the popular recording
manufacturer.

Musically, most of the material was sub-
standard, as is common knowledge. It is certainly
not news to recognize that this is not a period
of great popular music or of great popular per-
formance. In the jazz category, it was the older
distinguished veterans who aroused attention.
It would be unfair to place all the blame on the
shoulders of the popular record manufacturer
who is forced to submit to the many market
conditions which affect his final product. It
must be pointed out, however, that it was the
opinion of the Committee that the winning rec-
ordings unquestionably represent considerable
superiority over every other single recording
submitted.
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Chapter 11, Part Il. Loudspeakers (Cont'd).

Continuing the discussion of loudspeaker performance in
relation to the enclosure in which the speaker unit is mounted.

The "*R-J"" Enclosure

The “R-J” enclosure! (see Fig. 11—
10), a fairly recent commercial device,
makes use of the same type of Helm-
holtz acoustical resonance as the bass-
reflex cabinet. The small volume in back
of the cone miakes the air cavity stiff-
ness very great, but this stitfiness is
counterbalanced through the duct ar-
rangement which injects a large amount
of inertance and viscosity into the sys-
tem. The acoustical resonator is not
tuned to the exact resonant frequency
of the speaker mechanism. However, the
acoustical resonant peak is reduced by
the high viscosity in the duct spaces.
This viscosity reduces the mechanical as
well as the aconstical resonant peak. Un-
like the bass-reflex cabinet, the R-]J en-
closnre imposes an added inertance-re-
sistance load to the front of the cone as
well as to the back.

It will be seen, in Fig. 11—10, that
the electrical analogy of the R-J enclo-

* Contributing Editor, Aupio ENGINEER-

ING.

1 William Joseph and Frank Robbins,
“Practical aspects of the R-] speaker en-
closure,” Aupio ENGINEERING, V. 37, No.
1, p. 19, Jan. 1953.

sure is the same as that of the bass-reflex

cabmet. The differences lie mn the high

values of M and R, and the low value

of C.

The R-] enclosure was designed with
the particular purpose of reducing the
size of an arlequate speaker enclosure.
Reduction of size also entails simplifica-
tion of other problems, such as those
concerning vibration of the cabinet
walls.

The Acoustical Labyrinth

In the original design of the acousti-
cal labyrinth? (Fig. 11—11) the back of
the speaker faces into a column whiclh
is half a wave length at some low fre-
quency at which the speaker is deficient.
The required dimensions of such a col-
ummn are so large that it must be folded
hack on itself for practical application.
Sound emitted from the end of the col-
umn into the room at the half-wave-

2 Benjamin Olney, “A method of elimi-
nating cavity resonance, extending low fre-
quency response and increasing acoustic
damping in cabinet type loudspeakers,” J.
Acous. Soc. Am.. V. 8, p. 104, Oct., 1936.

length frequency will be in phase with
sound frim the front of the cone, and
total output will be increased in this
frequency region. The walls of the col-
umn are lined with sound absorbent
material so that higher f{frequencies,
above 150 cps or so, are not transmitted.

The anti-resonant characteristics of
this device may also be used, as in the
tuned port enclosure, to inhibit voice-
coil travel at speaker resonance. In this
case, however, the mode of air reso-
nance involved is that of the air column.
The length of folded conduit must be an
odd multiple of a quarter wave length
of the speaker resonant frequency, that
1s, Y4. 34, etc. of the wave length. An
odd-quarter-wave column returns sotind
to the speaker out of phase with motion
of the back of the cone. Reflection from
the end of an open pipe suffers a 180-
deg. phase reversal, and the reflected
wave, having gone through a reversal
of both phase and direction, returns to
apply a pressure to the back of the cone
which opposes motion induced by the
input signal.

If the 14 wave-length anti-resonant
characteristics of a labyrinth enclosure

SECT "a-A"
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Fig. 11—10. Left. The R-J enclosure, and electrical analogy. M, R,
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and C represent the acoustical moss of the ducts, the viscosity of the ducts, and the complionce of the enclosure, respectively. Fig. 11—11, Right.
The acoustical labyrinth (drawing from the original U. S. patent, No. 2,031,500).
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Fig. 11—12. (A) the acoustical horn as an im-

pedance matching device (B) the same prin-

ciple used in matching an antenna to a trans-
mission line. (Delta match)

are to be used, the frequency corre-
sponding to the conduit half wave length
falls an octave above speaker resonance,
where no speaker deficiency is to be ex-
pected. Uncalled for acoustical emphasis
at this frequency must thereiore be
guarded against.

General Considerations in Design and
Construction of Cabinet Enclosures

The stiffness contributed by the air
space behind the speaker is not the only
problem which is encountered in cabinet
design. The design precautions appear-
ing below apply to all of the enclosed
cabinet types that have so far been dis-
cussed.

Independent standing-wave resonances,
created by internal reflections between
parallel surfaces, may be set up within
the enclosure. Such resonances are par-
ticularly annoying because they occur
at higher frequencies. They may be
eliminated or reduced by lining the in-
side of the cabinet with sound absorbent
material (preferably with a small air
space between the material and the
cabinet wall) to damp out oscillatory
reflections. The same effect is produced
by filling the entire volume with some
soft cotton-like substance. Special lin-

ing material such as Kimsul or Fiber-
glas is made for this purpose, although
ordinary rug cushioning. tacked loosely
to all inside surfaces, is usually ade-
quate. Certain cabinets have been de-
signed with curved internal surfaces in
order to make the conditions for air-
column resonance unfavorable.

The walls of the cabinet are another
source of unwanted resonance. Unlike
a stringed instrument’s wooden belly,
which ts vital to the tone of the sound.
a good cabinet does not vibrate in sym-
pathy with the music. Concrete or brick
enclosures are ideal, but involve ol-
vious 1nconvemences. Wooden cabinets
must be sturdily built, with joints glued
and reinforced. No material thinner
than 34-in. stock should be used any-
where, including the back, and the
builder should attach crossbars firmly
to the larger panels in order to increase
rigidity. Since totally enclosed cabinets
have greater pressure exerted against
their walls than cabinets which are
partly open, they must be particularly
well braced. The writer once saw a
case where a pronounced acoustical
peak, at about 175 cps, cleared up comi-
pletely when the 4 in. plywood cabinet
back wits replaced by one of sturdier
construction.

The grille cloth in iront of the speaker
may also affect performance. This cloth
must be of very loosely-woven material,
such as burlap. A simple check of the
suitability of a cloth may be made by
stretching it across one’s lips and blow-
ing through it; there should be no ap-
preciable resistance to the flow of air.
A metal grille for decoration and pro-
tection does no harm if it ¢cannot rattle
and if it does not obstruct any appre-
ciable area of the speaker cone.

Additional elements of cabinet design
which have an effect on speaker per-
formance have been pointed out.® One
of these is the short air column formed
by the thickness of the baffle into which
the cone faces. It has been demon-
strated that the evenness of high-fre-

3 Harry F. Olson, “Cabinets for high-
quality direct-radiator loudspeakers.” Radio
and Television News, V. 45, p. 53, May,
1951.

TABLE 1

Optimum reverberation time vs. frequency
and room volume. (Values from Olson) .

Room Volume,

cu. ft. 1,000 2,500 5,000
Optimum

reverberation

time at

50 cps 0.8 sec. 0.9sec. 1.0 sec.
Optimum

reverberation

time above

1,000 cps 0.7 sec. 0.79 sec. 0.85 sec

quency response is improved if the
speaker is mounted almost tlush with the
front suriace of the baffle. The points of
speaker support may be insct. by an
amount consistent with mechanical
strength.

Performance is also improved by de-
signing the cabinet so that the front
does not form a right angle with the
sides.* Diagonal or curved corners may
be used instead, which mitigate irregu-
larities in frequency response caused by
diffractive effects around the cabinet
edges. The diffracted waves have a
phase relation to the directly radiated
sound which varies with wave length,
producing reinforcement at some ire-
quencies and cancellation at others.

These last two design factors are usu-
ally considered to be less important than
the ones preceding, and many cabinets
do not take them into consideration.

Horns

One of the most ancient of all acousti-
cal couplers is the horn, the principle of
which 1s used in as simple a procedure
as putting a cupped hand to the mouth.
A Thorn is not a generator of sound, but
an inert coupling device which enables
a relatively small vibrating source to
engage large volumes of air.

The air in a horn may be conceived
of as a succession of cross-sectional
layers. A vibrating body (such as a dia-
phragm) at the narrow end, or throat,
1s in immediate contact with the first of
these layers. Air movement resulting
from the vibrations is confined by the

4 Ibid.

TABLE 2
Absorption coefficient vs. frequency for various materials. (After Olson)

Frequency, cps. 128 512 1024 4096
1 in. Fiberglas tile 22 .97 .90 .52
Cotton Draperies

(10 oz. per sq. yd.)

hung straight, in

contact with wall .04 1 .18 .44
Same as above, but velour,

18 oz. per sq. yd. .05 .35 .45 .44
Velour, hung 4 in. from wall .09 .45 52 44
0.4-in. carpet, on Ve-in.

felt, on concrete NR .37 .43 .27
0.8-in. wood sheathing, pine .10 10 .08 RA
Unpainted brick wall .024 .031 .042 .07
Painted brick wall .012 017 .020 .025
Plaster on wood lath,

rough finish .039 .061 .089 .07
34 -in. Ozite .09 .28 51 .47
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Fig. 11—13, tllustration of independence of

cut-off frequency from horn length, Horns

terminating at A or B will have the same cut-

off frequency as will the complete unit, since

the rate of flare is the same. Reflections from

the smaller diameter mouths, however, will be
much worse.
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Fig. 11—14. Development of the horn in re-

producer design (A) rigidly coupled to repro-

ducer (Edison); (B) attached by flexible tub-

ing (Berliner); (C) curved to conserve space,

and with exponential fHlare; and (D) modern

folded bass horn for use with direct-radiator
driver

walls of the horn to each successive
layer, and since there is only a small
change in area from one layer to the
next, very little energy is wasted in the
transfer. The result is that the vibrat-
ing source is strongly coupled to, and
moves, all of the air in the horn, and
the effective radiating area of the source,
as seen from the point of view of the
room receiving the sound, is increased
towards the area of the large end, or
mouth of the horn. The increased air-
load impedance raises the mechanico-
acoustical efficiency of the source
through the resistive component, and
lowers the resonant frequency of the
source through the acoustical mass com-
ponent. The acoustical mass reflected
into the mechanical system of the source
may be so great as to overshadow the
mechanical mass at lower frequencies.

The horn as an impedance-matching
device is illustrated at (A) in Fig.
11—12. The condition of high pressure
and low volume velocity of the air in
immediate contact with the vibrating
source is gradually transformed to the
low pressure and high volume velocity
at the horn’s mouth. The impedance dis-
continuity between each layer of air in
the horn is very small, so that reflection
does not occur.

In Fig. 11—12, (B) is an electrical
“horn” whose operation is analogous to
the acoustical device. This horn is an
actual impedance matching device used
in connection with matching an antenna
to its transmission line; the increased
spacing between conductors changes the
capacitance, and hence the total line inm-
pedance, and at such a gradual rate that

32

reflection and energy losses are avoided.

The three most significant charac-
teristics of horn design that determine
its performance are: (1) type of flare
(i.e. conical, exponential, etc.) (2) rate
of flare and (3) diameter of mouth.

The conical horn was used in early
phonographs, and is still to be seen in
the megaphones employed by cheer-
leaders. Modern reproducing horns,
however, are almost all of an expo-
nential or related type, that is, the cross-
sectional area increases as a function
of an exponential variable.

The exponential horn flare may be ex-
pressed by the equation:

AR YT
where S =cross-sectional arca at point X
So = cross-sectional area at throat
e =2718+
K =a constant
X =distance along horn axis. (Note
that at the throat, where X =0,
So =S)
This type of horn is considered as in-
creasing the effective area of the vi-
brating diaphragm at its throat approxi-
mately to that of its mouth.

A horn has a low-frequency cut-off
which is determined by its rate of flare,
below which trequency the diaphragm
is unloaded and the acoustical radiation
is practically zero. The more gradual
this rate the lower the cut-off frequency,
so that bass horns require a very slow
flare. A horn with a given flare will ex-
hibit the same cut-off point regardless of
its length, as shown in Fig. 11—13, al-
though the decreased mouth diameters
associated with the shorter lengths will
affect performance in other ways.

KC

Feut-oft = 7n

C =constant of flare equation
where X (above)

=velocity of sound

The size of the horn mouth determines
the degree of impedance discontinuity

between the mouth and the area into
which the horn radiates. The smaller the
mouth diameter in relation to the wave
length of the sound the greater will be
the reflection of sound from the mouth
back to the throat, and the greater the
irregularities, especially near the cut-
off frequency. For relatively smooth re-
production the mouth diameter is gen-
erally made equal to at least one-third
the wave length of the lowest frequency
to be reproduced. A low-frequency horn,
combining a slow flare with a large
mouth diameter, must thus be very long.
The size of the horn throat is also
significant, aside from questions of flare.
The smaller the throat area the greater
will be the acoustical pressures built up.
Air is itself non-linear—the change of
volume velocity is not exactly propor-
tional to pressure changes—hut this
effect is negligible except when very
large pressures are built up. The abso-
lute diameter of the throat area, there-
fore, is a limiting factor in the power
handling capability of a horn when a
given percentage of distortion is postu-
lated. The larger the throat area the
greater the power handling capability.
Because of the large increase of air-
load mpedance that properly designed
horns make possible they are the most
efficient of acoustical couplers (efficien-
cies of from 25 to 50 per cent for horn
systems are usual); they lower the
resonant frequency of the mechanical
system of the driver by the greatest
amount; and they enable a given speaker
to perform with least distortion and fre-
quency irregularities. The diaphragm
excursion is severely reduced for the
same acoustical power, and mechanical
resonances are highly damped by the
air resistance engaged Dby the horn
mouth and reflected back to the throat.
The disadvantages of horns lie in their
size and difficulty of construction. The

(Continued on page 33)

Fig. 11—15. McProud corner cabinet, combining reflex ports and horn loading.
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sharpness of the horn radiation pattern.
as in the case of direct-radiator loud-
speakers, is inversely proportional to the
frequency being reproduced and to the
effective radiating area at the mouth.

Horn-type londspeakers are made as
a unit in certain models, notably tweet-
ers (where the high frequencies in-
volved make possible small mouth diam-
eters and relatively fast rates of tlare)
and public-address speakers. Where the
horn is thin-walled for economy, a
damping ring is usually applied to the
rim of its mouth for the purpose of
dissipating wall vibrations and to pre-
vent reflection in the material itself.
This is comparable to the edge damp-
ing employed in some cone speakers.

Horns are also used as separate cou-
pling devices. driven by speakers de-
signed as direct radiators. [For practical
use at bass {requencies the horn must
be folded by rcason of the required
length.® Figure 11—I14 illustrates the
development of reproducer horn design
over the past seventy-five years,

Variations in Basic Design

Many variations and combinations of
the basic speaker mounting systems de-
scribed in this chapter are possible.
Horn-loading on the rear of the cone,
for example, may Dbe combined with
haffled direct radiation from the front.
Another design variation appears in the
Mci’roud corner cabinet,® a reflex en-
closure whose ports are horn-loaded by
the cabinet and room walls (see Fig.
11—I15). The ports of this enclosure
are highly damped by the radiation re-
sistance of the horns, and the resistive
component introduced into the Helm-
holtz resonator is so great that critical
tuning is no longer necessary.

Mounting Location and Room Acoustics

There is not too much that can be
done about room acoustics, but the
mounting locationt of the speaker can be
chosen to counteract acoustical disad-
vantages:

1. The high-frequency speaker should
command as much of the room as pos-
sible, so as not to have the treble con-
fined to a relatively narrow beam. Trchle
dispersion may also be achieved by using
indirect sound; onec enclosure design’

3 The “Klipschorn,” which uses the room
walls as part of the horn, is an example
of this type—see Paul W. Klipsch, “A low
frequency horn of small dimensions,” J.
Acous. Soc. Am., V. 13, Oct., 1941,

6 C. (5. McProud, “A new corner speaker
design,” AtUplo IENGINEERING, v, 33, Nos.
1 and 2, Jan-I<eh., 1949.

7 Philippe Forestier, “A step towards
higlt-fidelity reproduction: the ‘IFocalizing
Baftle’.” (in French) TSF et TI” No. 280,
IFeh,, 1952

makes use of a section of an ellipsoid of
revolution to retlect and disperse sound
in many directions,

2. [ possible the bass speaker should
face into a reduced solid angle in order
to increase the efficiency of the acousti-
cal “bite.”

3. Efforts should be made to avoid
the formation of standing waves be-
tween parallel reflecting surfaces.

Catercornered mounting is thus ideal
on all of the three counts above. The
room itself can also be treated acousti-
cally. but aside from a few hard-bitten
bachelor acousticians this is not a prac-
tical procedure, except to a very limited
extent. The reflection characteristics of
the room surfaces are very important,
affeeting  reverberation time and  the
tendency to room resonances. The re-
verberation time. relative to room vol-
ume and frequency, that is considered
optimum is listed in Table 1. Too low a
reverberation time creates a “dead” tone.
If taste runs to heavy rugs and wall
drapes. overstuffed furniture, and an
acoustically treated ceiling, this result
may be expected. Such room charac-
teristics have an additional significance
beyond the direct effect on reverberation

—the absorption coefficient of most ma- |

terials varies with frequency (sce Table
2), and the intensity levels to which the
higher frequencies huild up may be dis-
criminated against more than they would
be in the typical concert hall.

When the room is too reverberant, on
the other hand. musical tones are
smeared rather than blended, and the
distinctness of orchestral voices is im-
paired. This effect is likely to he found
i modern-style rooms with bare, pol
ished surfaces, no upholstered furniture.
and a severe regularity of shape which
encourages standing waves. The use of
rugs, drapes, and screens to make the
reflecting surfaces more absorbent and
to hreak them up, all serve to alleviate
the situation. An open window, of
course. may he considered as a perfectly
absorbent hody, since it returns prac-
tically no sound,

Reverberation time has heen measured
roughly by ear and stop-watch. hut ac-
curate measurement involves much more
complicated equipment, Since the opti-
mum time cannot he rigorously deter-
mined anyhow, the general subjective
impression of musical quality may serve
to give soime indication of the reverbera-
tion characteristics of the living room.
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Patentable Features in Radio

Inventions

ALBERT WOODRUFF GRAY*

Patentability of an invention is based upon a number of specified require-
ments—all of which must be fulfilled to warrant the granting of a patent.
The author lists these reqiurements, and cites examples of familiar devices.

FEW YEARs Ao the Federal Court
in Michigan said in a decision

holding two radio patents invalid,
“Where, as here, it appears that a patent
has merely accomplished an old result
by a combination of means which, singly
or in a similar combination, were dis-
closed by a prior art, and the patent has
made no advance over the prior art be-
vond that which would be accomplished
by a mechanical skill in the art, there is
no patentahble invention.”

In this instance the inventor of a
“peak detector™ and an “amplifier vol-
ume control” suffered the same disap-
pointment he did in another adverse de-
cision relating to a radio patent where
Judge Learned Hand. of the IFederal
Appellate Court said of radio patents,

“Especially in the radio art is it
dangerous to he impressed by new de-
tails: the subject is all very unfamiliar
to us: we must proceed quite in the dark
guided only by the interested advice of
those whose conclusions we are person-
ally unable to check as we sometimes
can in the mechanical arts. The industry
has Dbeen the object of an amazingly
assiduous ingenuity and we are to sup-
pose that many permutations will appear
spontancously from the constant efforts
of numerous competitive experimenters.
True, this may be used as special evi-
dence of mvention when the need is old
and the success striking, but it counts
strongly against the novelty merely as
such.

“We put this patent down as one of
those step by step advances not beyond
the compass of capable investigators
who run down cvery lead and cull out
those which appear advantageous, [t
might he desirable to promote such ac-
tivities by limited monopolies, but that
is not the law, Patents do not go to
patient and exhaustive experiment. they
are the reward of exceptional talent.”

The taw by which the Federal Court
measured these discoveries for the quali-
fications required for patent protection.
provides, "Any person who has invented
or discovered any new and useful art,
machine, manufacture or composition of
matter or any new and useful improve-
ment  thercof . . . may .. . obtain a
patent therefor,” In this statute, changed
by the 1932 amendment, “process” is
now substituted for the word “art.”

*35-36 76th St., Juckson Heights, N. Y.
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Criteria for Validity

These three words, “invented.” "new”
and ‘'useful,” measure the right of an
inventor to patent protection for his dis-
covery. In a lawsuit last year before the
IFederal Court in Texas, the role of these
three terms clearly appeared.

A manufacturer for a number of years
had been producing a housed opaque
picture projector in which a pointed
arrow was thrown on a sereen as a sub-
stitute for the pointer long used by
speakers in designating objects on the
sereen to which they referred.

The patent specifications as detailed
by the court were, "A complete housing
of lights and retlecting mirrors and a
bed upon which the opaque object is
placed for projection, and an outside
knol for the operation of the pointed
arrow  to follow the object as it is
thrown upon the screen.”

This invention had been exhibited in
Chicago in 1950 and six months later
one of those to whom this invention had
been displayed undertook the production
of the same apparatus, merely substitut-
ing a dot for the arrow of the inventor.

The action for infringement was met
by the usual defense—the invalidity of
the patent. In its decision the IFederal
Court said of these essential features,
the three key words of the statute de-
fining the right of an inventor to a
patent,

“The subject matter of a patent must
he new and useful. It must call for the
exercise of an inventive or creative
function of the mind as distinguished
from the mere cxercise of knowledge
and judgment expected of those skilled
in the particular art. This is true
whether the invention claim consists of
an entire machine or improvement of a
machine or a combination of several
mechanical powers. Patent rights of this
sort are given to inventors of some new
and useful machine or some new and
uscful improvement thereof.”

This the court supplemented with a
comment on the interpretation of the es-
sential in the statute that the invention
must be "new.”

“Changes of shape or form to produce
new inventions or results must be pat-
entable but patentable novelty inclndes
more than mere changes of prior inven-
tions, since the changes must amount to
invention. Mere novelty of form is in-
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sufficient. Novelty may reside in the ar-
rangement or combination of old ele-
ments whereby an advantageous result
is accomplished.”

Then of the defense that the invention
on which this infringement suit was
based had heen anticipated by an earlier
discovery the court added.

“Anticipation  prevents invention if
betore the date when the patentee made
it. Such invention may consist of prior
patents or publications and it is of no
consequence that the patentee made the
invention of his own efforts and thoughts
and in ignorance of the prior invention
of another, since prior invention is what
controls.”

An action in the Federal Court in
New Jersey a few years ago involved
the validity of a patent relating to radio
receivers. Inits decision that here there
was o patentable invention but merely
an aggregation of elements “each old
and each functioning in their well known
orbits of influence,” the court referred to
the authority of a ruling of the United
States Supreme Court in which a patent
for the improvement of protective de-
vices for clectric cable joints was denied
validity,

“The fact that the combination with-
out it was old does not prevent inven-
tion by the addition of a new and useful
clement.” said that court, “but the addi-
tion must be the result of invention, not
the mere excercise of the skill of a calling
and not one plainly indicated by the
prior art.”

Improvements Not Necessarily Invention

The validity of a patent on a slide rule
was challenged a few years ago in an
infringement suit. Holding that patent
invalid as neither novel nor an inven-
tion, the court outlined the distinction
between improvements and patentable
discoveries.

“An ordinary carpenter’s square is
nothing more than a right angle picce of
steel with calibrations inside and outside
of cach arm. The same is also true of
other common tools such as the plumb,
the level and the compass, going back
to the days of the building of King
Solomon's Temple. So it is with the
slide rule.

*“It is a marvellously ingenious hasic
invention but it has been in the public

(Continued on page 55)
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THE AMPEX 350 TAPE RECORDER

—AMPEX MODEL 350
Tape speeds —7 ' & 15in/sec.or3% &7 V2
in/sec.

Frequency response

15in/sec. — == 2 dbfrom 30 to 15,00C cycles

7 Va2 in/sec. — == 2 db from 30 to 10,000 cycles
=+ 4 db from 30 to 15,00C cycles

3% in/sec. — = 2 db from 50to 750G cycles

-

If you plan for tomorrow, buy AMPEX today

* A NEW MODEL by the

leader in tape recording

Ever since the first AMPEX {the Model 200} set
a milestone in progress by making recorded
sound *‘come to life,"” the broadcasting and
recording industries have rightly expected new
AMPEX models to set the pace.

A NEW SLAN

on operating convenience

With introduction of the AMPEX 350, a new
30° slant on the top plate puts the reels,
editing knobs and all controls within easier
reach of any operator —tall or short, standing
or sitting. Tape editing is faster and less
tedious. Servicing is simplified by pivoting of
the top plate and sliding out of the internal
assemblies.

A
of reliability

In precision of timing, response to controls and
freedom from breakdowns and repairs, AMPEX
Tape Recorders have consistently led the indus-
try. For utmost reliability, this new Model 350
has a three motor tape transport mechanism
{previously used in the AMPEX 300, but now
available in this lower priced machine).

to change to the best

Ultra high fidelity recording is now priced within
reach of discriminating users in every field —
radio stations, home high fidelity systems,
schocls, industry and professional music. And
because the AMPEX 350 is built to last, it will
cost the least per hour, per week and per year.

-

| 4 .

For further details write today to Dept. BI228A
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AE Goes to London and Paris

C. G. McPROUD

Combining business with a vacation, the “Party Trip to Eng-
land” visits factories, castles, the Radio Components Show,
the British Industry Fair—and both banks of the Seine.

was shining brightly over New
York International Airport—but all
the sunshine was intercepted long before
it reached the rain-drenched aluminum
eagles waiting to be loaded. But the
spirits of the sixteen members of the
“Party Trip to England” were not
dampened at all. Arranged by leonard
Carduner of British Industries Corpora-
tion in the United States and Richard
Arbib. H. V. Slade. Harold lLeak.
George Marriott, and G. A, Briggs—all
of England—the trip was a delight from
the first meeting at the airport until the
entire group was back hone again.
Getting together with others in the
industry is the basic reason behind all
the shows. Audio [Fairs. and other
gatherings of those who participate in
the audio business, but it is not oiten
that we are able to meet more than one
of two of our opposite numbers from
other countries at the same time. Recog-
nizing this, Mr. Carduner—Leonard—
fathered the idea that it would he good
for everyone if we actually made an ef-
fort to he good neighbors—even though
we were three to six thousand miles

o.\' THE TENTIC of April 1933, the sun

— ——

apart normally. On this premise alone.
the trip was a complete success: judged
solely as a vacation, it would he rated as
equally successful. In England. our hosts
regularly referred to us as “Our Ameri-
can Friends,” which undoubtedly contri-
buted much to the feeling of good fellow-
ship throughout the trip. We only hope
that our hosts and many others we met
on the trip will consider themselves our
British friends.

Take-0Off Day

On the afternoon of the aforemen-
tioned April 10, four people from l.os
Angeles. six from Chicago, and six from
New York—along with a few well-
wishing friends—foregathered in a small
private room at the airport to get ac-
quainted and to get in the proper spirit
for an overseas trip. After a suitable
interval, they went aboard Pan Ameri-
can’s  President  Special—the  actual
hoarding being interrupted long enough
to take the picture shown on this page.
Upon arrival at London Airport around
11:00 the next morning. the group was
met by Dick Arbib (Multicore Solder)
and @ Heet of cars which delivered every-

3

They're off! Left to right: C. G. McProud, Mrs. McProud, Adolph Gross (Pilot Radio national

distributor) Mrs. Gross, Sam Poncher (Newark CElectric Co.) Clancy Nystrom (Kierulff, Los

Angeles), Mrs. Poncher, Leonard Carduner (British Industries Corp.), Mrs. Nystrom, Mrs.

Carduner, Harry A. Lasure (Mfgrs. Rep., Los Angeles), Mrs. Lasure, S. I. Neiman, (Int'l Sight

and Sound Exp'n president, Chicago), Ken Prince (Parts Show entrepreneur, Chicago), Mrs.
Neiman, and Mrs. Prince
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one at the Dorchester Hotel. Following
an afternoon’s rest and a big and excel-
lent dinner. the party broke up for that
day. But only long enough to catch up
on sleep, for bright and early on Sunday
morning, the cars appeared and provided
a day's sightsceing which concluded with
a visit to Harold Leak’s home and din-
ner as Mr. Arbil’s guests again.
Monday morning was all for sight-
seeing again. with lunch and dinner as
guests of Hector V. Slade (Garrard
changers). interspersed with a very
thorough inspection trip throngh the two
Garrard plants at Swindon. Tuesday—
except for a short evening party as G.
A. DBriggs' guests—\Vednesday, and
Thursday were given over to the Radio
Components Show—the tenth annual af-
fair given by the Radio and Electronic
Component Manufacturers Federation.
The men were guests of the RECMFT for
Tuesday’s lunch, and again of Multicore
for Wednesday’s, after which we went
out to Wembley to visit the research
laboratories of General Electric Co. Ltd..
for a inside view of two of its specialized
departments and a demonstration of a
new metal-cone loudspeaker which was
shown monaurally as a single unit and
binaurally using two groups of three
speakers each with tape-recorded mate-
rial and with a live program which
originated in a small studio elsewhere in
the building. This observer, after coming
to conclusions as to the relative positions
of the various instruments, made a quick
sprint to the studio to see if the orienta-
tion was like it sounded. Except for the
fact that the violinist was on the opposite
side of a ribbon microphone from the
other instruments located near it, the
position was exactly as it bhad been
pictured in the mind. After tea—a daily
occurence in lingland, of course—we
took another trip to an old (1135 A.D.)
inn on the Thames for dinner as the
guests of GEC’s George Marriott—the
ladies having joined us en roufe.
Thursday was spent in further visits
to the Components show—iollowed by
the Grand Ball on the concluding night
of the show. To Paris by plane the next
day, and a few days spent in sightseeing.
followed by the writer's visits to audio
spots of interest which included the
radio studios, the Audax plant to hear
the Tonophone, Film et Radio to hear
the Focalizer Baffle, and the offices of
the the French radio magazine Toute la
Radio, where we met Editor Aisherg:
and later to Editions Chiron where we
met Georges Giniaux, publisher ol
TSF et TV, L’Onde Electrique, and
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Pilctuncy AF-£24
$115.50

PILOT

runs an ad for Hi-Fidelity
Pilotuners and Amplifiers
without listing features!

Yes, — listing of features on hi-fi equipment
1S important. But — il would take a good four pages of fine
type to list all the outstanding features of these
supzrb PILOT instruments.

PILOTONE AMFLIFIER AA-901 So ray we suggest,. — send
$99.50 in the cospon below for our beautifully illustrated.
completely descriptive color folder. Read it in camfort, at your
leisure. Compa-e PILOTUNERS and AMPLIFIERS,
feature for feature_ with any others on the market. See
PILOT's superiority for yourself. You'll be glad you did!
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At the RECMF show—left to right: Ken Prince, Adolph Gross, Richard Arbib of Multicore
Solders, Sam Poncher, Leonard Carduner, Clancy Nystrom, “SI’” Neiman, Harry Lasure, and
the writer.

the new sound magazine La Rewie de
Son, which made its bow with the
April issue. For an interesting din-
ner some time, try being the guest of a
French publisher who speaks only a few
words of English (assuming yvou can
speak less than half that many words of
I‘rench), and an interpreter who speaks
both, To make it interesting, add two
wives—one who speaks only French and
one who speaks only English, Such was
our experience with M. Giniaux, but we
all made out satisfactorily, with rela-
tively little misunderstanding.

Temporary Breakup

On Tuesday April 21, the party broke
up for a few days—some went further
cast to Rome and Switzerland, some
staved in France, while the writer re-
turned to England for a short motor trip
through the south counties, returning to
London the following Monday. Tuesday
was devoted to a visit to the plant of
Goodmans Industries, Ltd,, in Wembley,
and to a farewell dinner given by the
Carduners at the Savoy. Most of the
group left England on Wednesday, but
this observer felt there were still a few
things that should be seen. such as the
EMI studios, the BRBC studios, the
Tower of London, the British Industries
Fair, and the changing of the guard at
Buckingham DPalace. In Detween, we
were the guests of the Radio Industry
Club. which meets monthly, and of a few
other British friends at various events.
Among these were H. A, Hartley, whom
we had met at various Audio IFairs in
New York: Andrew Reid. press officer
for the Radio Industry Council from
whom we have received many communi-
cations and British Radio Standards:
William T. Ash, RECMF Secretary;
H. F. Smith and Hugh S. Pocock, editor
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and  managing  cditor respectively  of
Iircless 1orld; and . G. Foster.
managing editor of Elecironic Enginecr-
ing. The case in making friends in Eng-
land indicates that if we were to stay
long enough to spend a few hours with
cach we would be there forever,
Impressions from England

Differences in manufacturing  prac-
tices in Englind and in the United
States appear to be the result of the dii-
ferences in the cconomies of the two
countries. While the U. S. practice is
to “farm out” as much of the construc-
tion work as possible—at least in many
plants—the exact opposite seems to pre-
vail in England, Garrard, for example,
makes all the individual “bits and pieces”
used in the assembly of its record
changers—including  such  specialized
units as the motors. Laminations for
both rotor and stator are punched out.
assembled, and mounted to complete the
motor ; the large panel for the top as-
sembly is punched out and shaped. turn-
tables are stamped. all of the various
intricate  parts are made—with close
quality control—in the same plants. The
same condition obtains  at  Goodmans,
where all the loudspeaker punchings and
stampings are made, and where even the
cones are made right in the speaker
plant, The differences in U.N, and Brit-
1sh manufacturing processes were partic-
ularly noticeable in these two factories,

Interest in audio is well developed in
Iingland, but, again because of the dif-
ference in the economies of the two
countries, there has not yet developed
the wide public interest that is prevalent
in the U. S. Those who have a highly
developed sense of interest in audio are
serious and  very quality-consciotis—
perhaps even more so than here, but
there are not so many of them.
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A rather large number of tape decks
made their appearance at the RECMF
show—most being in the category of the
medium-priced U. S models: the EMI
cquipment  rivals  the finest produced
here, and for original recording these
machines are still heing operated at 30 in.
per see. Workmanship appears to be uni-
formly excellent, especially with me-
chanical assemblies, While we are ac-
customed to a certain range of control-
knob varieties in this country, we noted
another  range—entirely  ditferent—on
British equipment.

The French Picture

One of the principal reasons for visit-
ing Paris—azide from the better known
ones—was to see and hear the lono-
phone. which has received so much
glowing publicity in the popular press.
In our opinion. this equipment undoubt-
edly provides an cfficient method for
coupling ultrasonic frequencies to the air,
since it ix claimed to work well up to
100 ke, However, as a speaker in the
higher audio ranges—say, from 300 to
20,000 cps—we were not  impressed.
especially considering the equipment re-
quired for its operation and the continu-
ous power consumption of around 30
watts. As 15 well known, this power is
fed—as r.f.—to the unit to ionize the air.
the modutation heing applied to the oscil-
lator unit. The hiss that was noted by
carlier observers has been eliminated
in the more recent models and is no
longer a disadvantage. But it remains
the opinion of the writer that for audio
use—as a tweeter and/or super-tweeter
—the Tonophone offers no advantages
over a high-quality dynamic reproducer.
and that it has the disadvantage of
higher initial cost as well as a continuing
operating cost.

The Focalizer Baffle—previously men-
tioned in these pages at times—is also
viewed with mixed opinions. Con-
structed. in its present form, of staff—
but realizable it molded plastic in large
quantities—this unit can be made with
almost any desired directional pattern,
TFor many applications. this would pre-
sent a considerable advantage, where, it
was desired to provide sound coverage
over a limited area, for example. How-
ever, as a  single-unit  high-quality
speaker, it does not appear to have ade-
quate low- or high-frequency response.

Broadcasting and Recording Studios
Several interesting hours were spent
in visiting the studios of Radiodiffusion
Francaise, the British  Broadcasting
Corporation, and M I—which does the
recording for many of our imported
fabels. One outstanding difference noted
in Paris was the use of cream-colored
equipment. Racks, panels. control con-
soles, and tape and disc recorders were
all of a pleasant cream color—providing
somewhat more light in operating
quarters. Studios were decorated in a
pleasing manner—with suitable and in-
teresting ornamentation—and in many
instances arranged so as to provide for
controllable acoustics within the same
area. One studio was equipped with a

(Continued on page 62)
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SPECIALIZATION

MAKES THE DIFFERENCE

Specialization may be defined as the concentration of
all effort to a special or specific course of action

Even a mechanical device concerned with the function of record
reproduction should possess all the advantages of such specialization.

Most units undertake ta do much more. They change records,
mix records, flip records, reject records, and assume a multitude of other
functions. This is ‘generalization” as distinguished from ‘specialization’.

The REK-O-KUT turntable, on the other hand, is devoted

entirely to playing records. And every design feature, every fragment
of engineering know-how has been devoted and restricted

to the all-important job of playing records . .. to provide the
constant, steady, unwavering record motion necessary for

the faithful reproduction of records free of mechanical distortion.

Specialization makes that difference. And all of the

efforts and facilities of the manufacturer shall continue

to be intensively devoted to that one objective . ..

that one aim: To make the finest turntables in the world.

There Is a REK-O-KUT Turntable for your specific discriminating
requirement. Seven models are available at prices ranging from $59.50.
At Leading Radio Parts Distributors and at Sound and Music Dealers.

Write for Descriptive Literature

TURNTABLES

REK-O-KUT COMPANY, 38-03M Queens Boulevard, Long Island City 1, New York
Export Division: 458 Broadway, New York 13, U. S. A, Cables—torhanex
In Canada: Atlas Radio Corp., Ltd., 560 King Street, W., Toronto 2B
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Equipment Report

LEAK TL-12 AMPLIFIER with VARI-SLOPE CONTROL

ped with any means for varying the
slope of the treble roll-off obtained by
the use of the high-frequency tone control
is the Leak Vari-Slope preamplifier, which
was studied with the lLeak TIL-12 triple-
loop “Point One” power amplifier. Both
sections incorpurate some interesting fea-
tures which differ in design principles from
most Amwerican circuits. The Leak ampli-
fier. as is well known, is British built.
The preamplifier employs only one tuhe—
a dual triode. It is equipped with type
ECC81, which is replaceable with the
American 12AT7. All inputs are channeled
through both stages of this tube, with
differing amounts of feedback over the first
stage being employed to adjust for the
different input-signal levels. The input

o.\'r: or TuE FEW amplifiers to be equip-

selector switch provides one position for
high-impedance microphone, three positions
for phonograph with equalization for mag-
netic pickups, and one position for radio.
Input voltages for one watt output, with
the gain control at maximum, are .001, .003,
and 010 volts, respectively. This is some-
what higher sensitivity than required on
the radio channel where a voltage divider
may be required to permit satisfactory
operation of the volume control, or at least
to balance the tuner and pickup levels ap-
proximately.

The phono positions of the preamplifier
provide a bass turnover of approximately
400 cps (it differs only slightly between the
three positions) and a choice between flat
and roll-off response. The LP and 78A
positions are uniform, with a 15-db droop
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at 10,000 cps; 78B is essentially flat on the
high end. The tone controls operate in steps,
and serve to vary the inflection point on
both bass and treble ends. The Vari-Slope
feature provides a range between 5- and
50-db per octave roll-offs above the high-
frequency intlection points, which are 9000,
7000, and 5000 respectively. The slope con-
trol has no effect on the boost positions,
nor upon the bass control. Measured curves
are shown in Fig. 3, page 54.

The control unit 1s easily mounted on
panels not exceeding 34-in. thick in a cut-
out 3 x 104 in. When it is desired to
operate the preamplifier as an integral part
of the power amplifier, it may be attached
to predrilled holes on one end of the ampli-
fier chassis, electrical connections being
made with a short cable which is obtainable
A4S AN ACCESSOry.

The power amplifier is of a design which
has not been publicized appreciably. It con-
sists of a pentode first stage feeding a
“long-tailed pair” of triodes (in a single
envelop) which drive a pair of pentodes
which are separately cathode biased. Tubes
employed in the first two sockets are 1XF-36
and ECC-33, which may be replaced by
6J7 and 6SN7 respectively. The output
tubes may be replaced by 3880's or 61.0°s if
the specified KT-66's are not at hand. The
over-all {feedback loop covers all three
stages, and is fed from the secondary of
the output transformer. The secondary may
be connected so as to provide impedances
ranging from 1.7 to 36 ohms.

The Leak amplifier has long claimed
distortion figures below 0.1 per cent—hence
the name “Point One”"—which are borne
out by measurement. Intermodulation dis-
tortion is less than 0.3 per cent at normal
operating levels. Despite the unusual con-
nection of the output stage whereby the
two tubes derive their bias from independ-
ent resistors, no change in either output

(Continued on page 54)

Fig. 1 (left). Schematic of Leak TL-12 ampli-
fier and power supply. Fig. 2 (below) Sche-
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Perfect reproduction — that’s the
reason why more and more engineers
today demand Sounderaft
Professional Recording Tape.

Soundcraft is the only professional
tzpe that is Micro-Polished. The only
tape that is polished, buffed and
re-polished by a special process to
produce a surface that is mirror-
smooth, completely free of even the
most minute irregularity. The results
of Micro-Polishing are apparent

to any sound engineer:

Lower distertion

Uniformity of output

Improved high frequency response
Better head contact

Less friction, longer head life

*PATENT APPLIED FOR

WRITE FOR FREE INFORMATION-——DEPT. B-6

Soundcraft Recording Tape
e

Soundecratt Professional Recording
Tape incorporates all the features
developed by Sounderaft research
engineers during the last two years:
pre-coating to insure better adhesion,
prevent curb:ng and cupping

dry lubrication to eliminate squeals.
The 7" reel has the 235" hub,
eliminating torque problems and
resulting in better timing. All this,
plus a splice-free guarantee on all
1200’ and 2500’ reels.

Why settle for less than the best?
Next time, insist on Soundcraft
Professional Recording Tape.

1t’s Micro-Polished e
- SU U N D c HAFT
CORP.

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

\ nousslonu‘usmnc
RECORDING TAPE
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of Beethoven violin sonatas, thanks to the

Decea company. The solid album, re-
viewed on page 48, in which the cmnplmte
set of ten sonatas for violin and planu is
issued contains not one, but two equally im-
portant and cnmplcmcntary recordmg: of
the music. Five plastic discs constitute the
audio record. Forty-odd shiny pages of
musical notation in an album-sized booklet
constitute the complete visual record. These
two, between them, are the present-day es-
sentials in the preservation of that nebulous
thing, the original work of music—which of
all forms of human expression is the most
transitory, an intelligence that is of the
moment, gone with each instant of living
performance.

Music is preserved in another way, too,
passed on from one artist to another as a
living tradition. F “olk music has always been
sc. Composed music, more than most of us
realize, depends very largely too, upon the
audible passing-on of the ways of perform-
ance from one person  to another, by
imitation and embroidery. But this endless
chain of shared experience is not a record-
ing. It operates fluidly, with freedom, the
<harcd expericnce shifting. changing, grow-
ing, ebbing, according to its passage from
une person and one group to another,

This is the process of legend, of folk lore,
and it is a vital thing in human life—but it
is, again, no record. We all rcmember the
children's game where a message is passed
by whispering from one child to the next
around a large circle—to emerge fantasti-

cally garbled at the starting point. We all
know the power of gossip and the unreli-
ability of the eyc-witness, after the fact.

Until recently, there was, then, only one
way in w huh music could be e\actl\' pre-
served even in any aspect of nulf Since
the Middle Ages., music has been “coded”
into those complex hen tracks we call
notes, and with a remarkably good level of
accuracy. One cannot measure it mathe-
matically, but I would suggest a figure of
20 per cent for our very early written music,
perhaps 60 per cent for the age of Bach, in
the 18th century. That is good—since notes
are not music itself, but a mere coding of
the gist of music.

By the time we get to Beethoven, in the
last century, the puwer of passed-on aural

*780 Greenwich St., Newo York 14, N, Y,

I\l-. JUsT BEEN audio-visualizing a couple
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EDWARD TATNALL CANBY

Keeping the Score—I

tradition becomes more immediate. We
have a fairly good idea of the actual sound
and the expressive intentions of such music,
Our musical elder statesmen have heard
famous performers who, in turn, had heard
those who were alive in the time of DBee-
thoven. Even so—we cannot rate today’s
Beethoven at anvwhere near 100 per cent
as a record of the original, even including
the known traditions along with the cryptic
code. A high figure would be 85 per cent
for the aural tradition plus the written
notes,

The Visual Library

Music has been preserved in the coded
ferm for roughly a thousand years in recog-
nizable modern notation, The library of
music is an august and awesome collective
institution, second only—in the way of
codes—to the still greater and older library
of written-down language. Printed music,
new and old, thus has the sanction of cen-
turies of scholarship and of the cumposmg
art. In its vastness of organization it is
nothing less than one of the very rocks upon
which the know lulgc of the continuity of
our Western culture is founded. A priceless
herite 1s the old saying goes. It's hardly
surprising that for many an expertly trained
musician, many a collector and many a
trained librarian, the printed music is
music itseli, And yet the plain fact is that
it is not. Nor, today. is it the sole infallible
means of preserving the thing itscli—the
audible art.

Platitudes > Sometimes things are so ob-
vious that we don't see them. I don’t think
enough of us realize the significance of the
audible recorded sound as a record, it is
so new in the face of the ancient and es-
tablished visual method of recording. 1 am
not for an instant suggesting that printed
music should be thrown out of our thou-
sand-year libraries, and plastic discs filed
away instead! But 1 cannot help feeling
that, aiter a thousand years of the visual
system, we have come to place somewhat
more emphasis on the sacredness of the
printed note than is called for. Musical
notation remains, for alt our scholarship, a
code, and a hn:hly ambiguous and flexible
one at that, in more respects than most
musicians like to admit. That is no criticism

AUDIO ENGINEERING o
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- music is by nature,

system”—for
by its very need for constant re-creation, a

of the
flexible and adaptable art, Nevertheless—a
code it is, this notation,

We must, then, learn to treat our present
two methods of musical preservation as
('(|ll.l]~—llll]ll\c equals, complementing each
other. There is a_tremendous need for our
professional musicians and our music li-
brarians to accept the audible record on a
par with the visual, so that a begiuning
may be made towards working out a sys-
tematic filing and working method that
can equal the international book-Hbrary
vistal systems that have developed over
centuri Musicians, librarians, and teach-
ers especially, must learn to value the au-
dible record as highly, in its place, as the
visual record. That is far from the case in
many areas of music right now.

The Audio Listener

But—and here we come to a perhaps un-
expected point—what of the other side of
the coin? There are vast numbers of music
listeners today, many of them highly skilled
in their knowledge of audible music. of
performance  values, styles and  taste—
genuine connoisseurs in plain fact, who
nevertheless have not the slightest knowl-
edge of the musical coding system, and
profess to want none of it. Recently the
hi-fi iraternity (as it is more and more
commonly called, in a derogatory sense) has
espec:allv distinguished itself by its ignor-
ance of the one method of preserving sound,
in favor of a highly technical knowledge
of the other method. T am here to suggest,
then, that the hi-fi hobbyist and the re-
corded music enthusiast alike should learn
the fundamentals of the written msical
language—{or their own higher enjoyment.
I am here to congratulate Decca for its
superb dual Beethoven recording—offering
both kinds of musical record in the most
convenient and economical form that cach
can assume, Also Westminster, for similar
dual recordings of the Bach English and
French Suites for harpsichord, and several
other companies who have already released,
or plan to release dual albums with record-
ing and musical score. A fine idea. We all
should follow secores.

But how? It would be scarcely cricket
for me to “cease fire” at this crucial point,
having delivered my sermon on the moral
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mahes of pickups.

For it is a fact, that of the thousands of AUDAN
u=ers, more than 50% bought the AUDAX POLY-
PHASE—even though they already owned other

The revolutionary new records are so tene 1o the

original that almost any pickup is bound to give

BUT . .. only You can decide what sounds hest

| K
some results o . bit—it takes a reproducer of
the highest order, one sensitized to the nth degree
. ocan AUDAN CIIROMATIC—i0 bring out every
subtle shading, every nnance so essential 1o the real
musie of which these dishs are capable. . . .

to vou. See and Hear the AUDAX CHROMATIC
and Yon be the judge . . . Yet AUDAX ecosts no

wore than ordinary pickups,

@
Ounly AUDAN provides replaceability at home—on
cither stivlus—independently of the other,
¢ o O

One single magnetic pickup
plays all home records

New Stylus Test Dish now available at vour dealer,

or wrilte us.

—
= "g
. L -

Available with the new Compass-Pivoted Audax
arms and to fit the high quality record changers

1953 ELECTRONIC PHONO FACTS now
available at your favorite store.

or write us,

AUDAK COMPANY
500 Fifth Avenue Dept. AE  New York 36, \. Y.

Creators of Fine Audio-Electronic apparatus for over 25 years
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The NEW

Delivers MBRE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specially engineered for pro«
fessi } cial applications re-
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage bhatteries or from DC line
It Three tom’ models, del
ing 300, 400, or 500 watts 115 or 220 V.
Wide range of input voltage, 12, 24, 32, 64,
110 or 230 V. DC. Unequalled capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
frequency control feature.

|

HOW
USE

Photo shows Tommy Bartiett, star of NBEC

LEADING MNETWORKS
CARTER CONVERTERS

“Weleome Travellers”™ program, aboard
H.¥Y.C. BR.R. "Twilight Limited.” His Carter
“Custom” Converter makes recerding pos-
sibile on board the train, from regular train
current converted to 110 V. AC. Radio nel-
works, stations, program producers use
Carter Converlers for all sorts of on-the-
spot recording.

MAIL COUPON FOR CATALOG
e

@Ju’ﬂ@ﬁ' MOTOR CO. ‘g
2648 N. Maplewood Ave.
Chicago 47

e —— e RS
— ]
| Carter Moter Co. $ 0
I 2648 N. Maplewood Ave., Chicago 47 :
: Please send new catalogs containing com- |
1 plete information on Carter *'Custom’ Con. 1
| verters and other Rotary Power Supplies. :
1
| Name ]
| Address i
LCi!y State, ]
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obligation we all have to learn to follow
musical notation!

Four Ways to Read Music

First of all, get it clear in your mind
that there are four ways in which musical
notation may he read; you will be involved
in only one and that by far the simplest.

(1) Musical sound may he directly pro-
duced by first reference to the score, This
is active reading. Actually, sight-reading-
the translation at first sight—is relatively
wnimportant  and  seldom  produces  real
music, except from a few near-geninses who
can get a maximum of sense and execution
simultaneously at the very first look. Most
sight reading. even when it is technically
courrect as to pitch and rhythm, is soulless
and wmmusical, because the real sense of
music must be felt and understood before
it can be played intelligibly. Sight reading,
therefore. is used widely in music as a
derogatory term—*mere sight reading,” is
very acid criticism,

(2) By far the more common use of
musical notation is as a reminder, a
prompter. Thus, after adequate rehearsal—
many playings and much study—an orches-
tra player “reads” his part at a concert,
following it exactly, but with a foreknowl-
edge of what is to come that usually keeps
him mentally well ahead of the actual music.
When a page is turned suddenly, yvour con-
cert performer can usually go on for a good
distance before his memory-of-the-mornent
fails him. This sort of reading extends all
the way from the end of sight reading to
thie heginning of straight memory work, It
is the largest direct usage of the printed
note,

(3) There is an clusive sort of reading
that produces music only inside the head of
the reader, without outward somd. This
sort of reading is hard to assess hecause it
is seldom outwardly put to the test; many a
musician picks up a score, casually looks it
over and announces, “yves, ves—quite inter-
esting.” or a suitable variant; how much
a.ctnall,\' does he hear? An interesting ques-
tion,

It's surprisingly casy, with practice, to
get a good idea of the general style and
sense and even sound of a musical score
without hearing the tones in their exact
pitch relationship. (Rhythm is easier, on
the whole,) One can even judge. to some
extent. the worth of a piece of music in
this fashion. This is entirely legitimate.
But. since it's not casy to challenge this
kind of reading, a lot of cocksure people
get away with impressive murder, some-
times not even consciously. They think
they are hearing the music, inside.

Many of us can hear written music with
reasonable accuracy but not necessarily at
its correct absolute pitch. A few experts
can go so far as to pitch the music uner-
ringly, simply through vast experience
rather than any inhorn special sense of
absolute pitch. I'll have to say, modestly,
tliat on occasion I can do this—hit the right
pitch. I don’t have absolute pitch. Instead.
[ am familiar enough with the sound of
scme types of music to he able to reproduce
in my mind even the proper pitch of the
notes, as printed.

As a choral conductor I know that a
leader can rehearse a strange piece with
only a slight knowledge of its sound before-
hand. The instant the actual sound begins
to come forth in reality, such a person can
jump far ahead of the individual perform-
ers and keep ahead throughout the study
process, That applies to conductors of or-
chestras, too—not to the big ones, hut
many an inexperienced beginner, who gets

AUDIO ENGINEERING e
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his start by this sort of quick mind and
clever bluff.

(4) Finally, there is the extremely simple
kind of scorce reading that consists merely
in following the printed music as someone
clse plays it. That is the kind that is of
importance to listeners of audible record-
ings. It involves an absolute minimum of
technical understanding. The music is
played for you and the only “mistake” you
can make is to lose your place! The work
is nine tenths done for you, but the pleas-
ure and detailed knowledge of the musjc as
it progresses is cquivalent to the satisfac-
tiont had from a good map of a strange city
or a floor plan of a large building. You can
see where you are and how things are
organized, as they appear before you. The
eye, in music, thus aids the ear in as-
sembling the large audible time-picture.

I propose to do here, from time to time
in future issues, what is perhaps a Dbit
novel in a periodical of this sort, give some
specific directions as to score reading. let's
begin, briefly, with the following:

Pitch and Rhythm

The two basic written-down elements of
musical notation are pitch and rhythm. Both
depend on mathematical relationships that
are largely relative—i.e, they are propor-
tions. There is an element of fixedness in
pitch, but it is occasioned mainly by the
needs of the instruments; it is not an es-
sential of music; for a work of music is
recognizably the same even when the en-
tire pitch is changed—so long as the rela-
tive values remain constant. In pitch, these
values are frequency proportions. The same
is true with rhythm. There is a roughly
“right” speed for any work, but if the inner
time proportions remain constant, the music
may he slowed down or speeded up and
still remain quite recognizable.

These basic relativities have directly to
do with the latitude of musical interpreta-
tion that we know is accepted in the musical
world. The score itseli is rigid and must
he so by its nature. But the music made
from it may vary in many ways, yet still
ramain within the reasonable bounds of per-
formance.

Two basic assumptions must be made in
order to write down music—and it took
many centuries of thought before these ob-
vious concepts were worked out.

(1) Pitch must be conceived of as lying
in & wertical plane. A progression towards
faster frequencies (“higher”) is up, to-
wards lower frequencies is powN. This as-
sumed relationship is so graphed on paper.
(A similar conception, equally arbitrary,
is the idea of “north” in a map. Note that
we speak map-north as “up” or at the
“top” of the page, when actually the top
may be facing south.)

(2) Rhythm, the time relationship in
music, must be conceived as extending from
left to right, right being towards the future.
(Another simple idea that, however, took
whole ages of time to develop before writ-
ing could be perfected.) The vertical plane
equals simultaneity, in this respect.

Given this much, as anyone can plainly
sec, the creating of a score—and the reading
of it—is basically a matter of dividing up
the page in two dimensions to correspond to
the patterns of the music. One reads
rhythm somewhat as one reads priptcd
words, progressively from left to right.
One reads the associated pitch (or recog-
nizes it as it is being played) by the verti-
cal position, up or down, of the printed
notes. Simple!

Secondary matters—volume, the required
instrument or voice and the type of playing
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The ORIGINAL

WILLIAMSON

HR-15
Amplifier Kit
o

The famous, original L ]
Witliamson HR-15 . . . i
still acclaimed the i e
leader . . . in kit form,
with the Partridge Out-
put Transformer specified by Williamsan in his original design. Assemble
this kit, and in 3 hours or less, enfay the finest sound you ever heord.
Operotes from a tuner, phono-preomp, ¢rystal pick-up, ar .other signal
source. Absolute gain is 70.8 db with 20 db of feedbock. Frequency
response: —.5 db, fram 10 to 100,000 ¢ps. Output impedonces to motch
all speckers from 1.7 to 109 ahms. Kit is complete with 5 tubes: 1.5V4,
2-65N7, and 2-5881 [or 807 if requested), 2-Punched Chassis, 2-Resistor
Mounting Strips, Sockets, Partridge WWFB Output Tronsformer, Assembly
Instructions, ond All Other Necessary Parts for Amplifier ond Power
Supply $76.50

HR-15 as above, but with Partridge CFB Output Transformers [hermetic.
ally seated) $90.00
PARTRIDGE OUTPUT TRANSFORMERS ovailable seporotely.
WWFB $26.00 crs $40.00

NOTE: HR-15 and Kits may be had with British
KT-66 Output tubes for $3.00 odditional.

PARTRIDGE

Audio Output Transformers

Fomous in England for their use in the original
design of the Williamson Amplifier, Partridge
Output Transformers are now made available in
this country in four different primary impedonces
for other amplifier applications. These tronsformers are built to the
very highest standards ond are intended for equipment reproducing the
full oudio bands with the lowest possible distortion. All Model CF8
transformers ore hermetically sealed and will withstand <limatic extremes.
Power rating is 80 watts from 30 to 30,000 ¢ps with less than 1%
distortion without negative feedback.

Secondary windings furnish outputs to match the following loads: .95,

3.8, 8.5, 15.2, etc., to 60 ohms.
Each $40.00

5% x 57 x 5" high. Weight: 10 Ibs.
Specify Primary Impedance desired: 4,000, 5,000, 10,000 or 12,000
ohms.

Visit the HARVEY AUDIOtorium

If you want to See and Hear the finest . . . the widest selection of
high fidelity equipment . . . be sure to visit the HARVEY AUDIOtorium.
It will thrill you.

Dimensions

NOTE: Prices Net, F.O.B., N.Y.C. Subject to change without notice

S = o) -
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Harvey is proud to announce

its appoin

AMPEX

Precision Magnetic Recording Equipment

All models are on Demonstration
e Available for Immediate D

tment as a distributor of

at the Harvey AUDIOtorinm,
eliveries directly from Stock.

Write for Complete Details

Miniature, Portable
WIRE

RECORDER )

Measuring only 13 x 43 x 6%, and weighing only 2 Ibs.
7 ozs., the Minifon is just about the world’s smallest sound
recording instrument. Records, rewinds, erases, and ploys back
through either a pair of stethoscope type earphones ar an
external amplifier. Capacity 2% hours uninterrupted recording.
Powered by 1% v. A battery, standard 30 v. B battery, and 7
Mallory RM-47 mercury batteries. An ideal tool for executives,
engineers, doctors, and wherever there is need for recording

notes, interviews, and other data.
$289.50

Complete with microphone, stethoscope type earphones,
1 hour spoot of wire, tubes, batteries, cnd instructions.

Morocco Leather Zipper Case $10.00
Transformer-rectifier Unit for operation of motor from
117 v. AC line $20.00

RECORD'NG WIRE On spools, in dust-proof plastic

conlainers, suitable for mailing.

Ys hour $5.00

2 hour 7.00
2%, hour

$9.00
17.00

1 hour
2 hour
21.50

In Stock for Immediate Delivery

SCOTCH Brand No. 120A
High Output MAGNETIC TAPE

A new, improved coating providing ot leost 8db
more output than conventional mognetic tapes, with
no increase in harmonic distortion. Retains otl phy-
sical ond magnetic properties: high tensile strength,
freedom from elongation, stable anchorage, low
noise level, ond ease of eraseability.

Size List Price
600 {1, on plostic reel 4.00
1200 #t. on plastic reel 6.50
1200 ft. on plastic prof. reel 7.00
2400 ft. on NARTS hub. 13.00
2400 ft. on NARTS reel 15.85
4800 f1. on NARTS hub 26.00
4800 f1. on NARTS reel. 32.00

Consumer and Industriol Discounts Applicable

7277222

RADIO COMPANY, INC.

103 W. 43rd S, N.Y. 36 - JUdson 2-1500

ot

%
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vitra-fidelity |}

vitra-wtility wish vltra-smart

"LIBRETTO"

remote
control

HEAR the difference, SEE the difference

in the 792202 726f model 1826

vitra-fidelity ensemble

= + The proof of unprecedented
— l | superiority of the new RAULAND
s Ultra-Fidelity Ensemble is in

its unmatched performance.
: That proof awaits you now at
o “u your Hi-Fi dealer. The Master
"L Amplifier is of matchless

. quality. The unique self-powered
*“*Libretto” Remote Control-Preamp,
. with its amazing flexibility,
is an ingenious innovation, The
_laboratory tests are a revela-
tion, but the ultimate proof of
superiority is in the thrilling P
listening and operating experience. ‘“——i["

The specifications summarized LR
below can only hint of the quality

of this new dimension in sound.

=

the master amplifier

W A truly superb instrument

with frequency response of
+0.3 db, 20 to 40,000 cps at rated 20
walts output. Harmonic distortion less than
0.5% at rated output, less than 0.3% at 10
watts. Intermodulation distortion less than
0.4 at 1 watt (home level), 0.7% at rated
output (measured at 60 and 7,000 cycles 4 to |
ratio). Qutput imp., 8 and 16 ohms. 4-posi-
tion input selector—for magnetic pickup, crys-
tal pickup and 2 auxiliary. Dimensions: 14*

x 9” x 8” high.
the LIBRETTO
e remote control

3>

A trueremote control, com-
pletely self-powered and capa-
ble of operation several hundred feet from
amplifier. Uniquely fashioned in the form of
a luxuriously bound book (only 8% x 11 x 2"
thick), Backbone lifts to provide easy access
to tuning controls. Operates flexibly in either
horizontal or vertical positions.

CONTROL FUNCTIONS

1. 6-position crossover control (flat, 150, 300,
450, 700, 1000 cycles). 2. 6-position roll-off con-
trol (flat, —5, — 8, — 12, — 16, — 24 db at 10,000
cps}. 3.Volume Control—instant choice of convention-
al control or loudness control. 4, Bass Tone, +24 db
to —20db at 20 cps (db calibrated). 5. Treble Tone,
+18 db to — 30 db at 10,000 cps [db calibrated).

Custom-Engineered, Custom-Styled
For Avdio Connoisseurs

Ses the RAULAND

1826 Ultra-Fidelity

ensemble at your Hi-Fi 1
dealer, or write for

full details,

RAULAND-BORG CORPORATION
3515 W. Addison St., Dept. AD, Chicago 18, Nk
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| wanted, are all taken care of within this

Iramework. Words, when used, are added in
thie proper time-spaces. For the rest, all
sorts of subtleties of language and coding
take care of that 20-to-83 per cent accuracy
that I've already suggested as optimum in
notation.

* *

With only this much knowledge—and
many readers know a lot more—vou can
folloze a printed score without too much
trouble, or learn to follow one by simple
direct observation allowing the sight and

{ sound to reach you simultancously, I'll go

on, in a later installment. ta give more
speeific information for thase who wish to
use it

RECORDS

Beethoven: The Ten Sonatas for Violin and
Piano. Joseph Fuchs, violin; Artur Balsam,
Piano. Complete miniature score included.

Decca DX 150 (5)

A monumental and well executed job, this,
though nnt what T would call a display of super-
brillianee. The performers are first class, especially
the excellent Fuchs, Lut they do not reach the
peaks of cxcitement and emotional intensity that,
for example, the memorable team of Busch and
Serkin could manage. No matter; these players
are more accurate and, over such a long streteh,
decidedly preferable, (Busch was highly erratic
and even Serkin conld scarcely sustain his best
intensity for so long.)

Recording, in my copies, is  variahle, from
fairly good to very good. The best seems to he
the disc with the famous ‘“Kreutzer” sonata.
plus the short first sonata; some of the others
seem less clean and sharp and at least one—thanks
to Beethoven —-puts ton mueh on an LT side,
with consequent distortion at the inner grooves
Violin is close, piano at a little distance, but the
blend is aceeptable. Decca’s sarfaces remain cr-
ractic,

The included score. a reprint of a reprint of
an authoritative  German  edition. is a snperh
addition. especially for this music which, with its
two clear-cut clements, is unusually casy to fol
low on the printed page. For those with cven a
bit of piano under their fingers, the pleasure in
hearing and <eeing is great—how smoothly aml
competently those complex masses of notes come
forth. a~ the pages tur.

Borodin: Prince lgor. (Acts 1, Il. IV).

Russian soloists; Chorus and Orchestra
GABT of USSR. Russ-Engl. text.

Period SPL 552

1§ you have enjoyed the familiar " Puolovtsian

Dances” music—or if you find Russian singing

and Russian opera exciting, you'll e curious
about this, among numerous recent Russian
operatic offeriugs. Well worth ite cost, if you

don’t mind »ome distortion in the sound; but it
won't de for hi-fi fans, that’s my verdict,

More specifieally, the muaic is that blend of the
Tlilting and tuneful and the dark. solid Russian
folk music that one might expeet from this school.
More lyric, less rugged than “Boris Godunoff™
of Moussorgsky, but far more «incere and lik-
able than the slick stuff of Rim<ky-Korsakotf,
The Russian wvoices here are a~ good as they
usually are. which i< extremely fine, notably the
two bas--haritones in leading roles.

The distortion is almost entirely the sort which
is due to overloading, somewhere along the re-
cording process. The softer parts are nicely clear,
with acceptably wide tonal range, but at the
slightest suggestion of climax the sound gues
into a tailspin of unpleasant confusion.

Why, 1 wonder, is this often a characteristic
of Russian recording? Is there an engineering
generalization that might account for it? Same

thing is true with Vanguard's recordings of
I'rokoffieff and Shostakoviteh cantatas, recently
issued.

The Russian text is printed in Western letters

a procedure 1 haven’t scen hefore. Wonder why,
1¥ you know any Russian you can read it. Good
answer: yon can at least follow the spoken words
phonetically in this way, understanding or no.

Mahler: Das Lied von der Erde. Kathleen
Ferrier, Julius Patzak ; Vienna Philharmonic,
Bruno Walter. London LL 625/626 (2)

AUDIO ENGINEERING e
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I have not heard the rival Vox version of this.
but here, at least, we have the greatest oi Mahler
orchestral interpreters, Walter, plus the contralto
of his own perennial choice and a leading German
tenor, plos a beautifully clean and goklen  ffrr
recording. That makes it a top job, though there
are some interesting reservations to be made. I'm
still not  convinced that  Ferrier s the ideal
Mahler singer, with lrer diction, thongh
she is certainly a great artist and well sited to
these  philosophic songs  of  tragic  resignation
Patzak is not a stroug tenor, though 1yric. and
unsteady  here with some

SO0

his  performance s
muffed high notes,
What is of special interest to the technician is
the extraordinary balance hetween the solo singers
(who alternate in the seven songs) and the large
orchestra-—for here, apparently, is an attempt ty
restore the literal concert hall balance of londuess
that i~ so seldom heard in thday's close-up re
cordings, In place of the expected  loud  ~olo
wound, these two soloists are surprisingly {aint,
rising to good volume in their lomlest passage-
but almost inaudible in the midst of the orchestral
sound when their notes are less than forte,
Strange—hecause it is so nnsatisfactory. cven
thongh this is surely very close to the halance

that might be heard from a concert hall ~eat.
The reasons are not hard to pin down. .
The ineffectiveness of these literally miked

solo voices is partly due to association—we have
hecome so familiar with the prevailing close-up
technignes, using solo mikes for selective ampli-
fication of the solo, that we cannot immediately
adjust to this thin vocal sownd, "midst the huge
orchestra,

But there is a deeper reason. This i~
monaural recording. The monaural melium can-
not afford to lose immediacy and direct contact
witlt the soloist to thc extent that is possible
binaurally in a concert hall—with the aid of the
two teamed ears and the visual sense.

Tn concert we hear with two ears and sce with
two eves, Reduced to the monaural sitnation. with
but one recorded channel and no eyes, the stage.
soumd of a solo voice i~ too faint, too ont-of-touch,
We must necessarily resort to the synthetic selec-
tive amplification of the ~olo that is now standard
technique. 1low much of it to use is a nice ques-
tion—hut some there muost be. We cannot be
literal, in monaural reproduction. (For further
study of this interesting question, try RCA’s
reissue LP of Lehmann in Stranss’ “Rosen.
kavalier,”” LCT 6005. See A, March 1953)

UUHF

. v 5
The —————. Turntable HF-1 (10" 78
m'groove)

The publisher of this extraordinary new In-fi
disc sent me test pressings, accompaunicd by a
long letter describing the infinite care which was
taken in order to produce the finest possible qual-
ity—and so enthusiastic was the account, that he
completely forgot to mention the musical contents,
Nor dild the pressings help; the eulightening ine
formation thereon consisted of the words TEST
PRESSING and not a thing else! Ilence the
above somewhat cryptic listing. (Mlso omitted
was the groove size and recording speed. T figured
that out by the look-and-listen method.)

For vour information, the musie is jazz (using
that term loosely) and it is not only good jazz.
to my ear at least, but is extremely well chosen
for the purpose—top quality hi-fi reproduction
from every angle, The recording is done with
exactly the right semi-intimate, cloce-up warm
liveness, ml the balance of the several instru-
ments, including piano, percussion hattery, clari-
net, trumpet, tromhone, is first class.

This is more, then, than a technically high-
quality disc; it is a true hi-fi recording all over,
from choice of material, acoustics and micro
phoning right on through, I'roof of this is that it
will make any phonograph sound its best, includ-
ing the cheapest home sqnawk box. I've tried it.

This material represents to my mind an excel-
Ient example of the optimum musical sound for
the recording medium. It is, of course, strictly
“chamber music.” played closesto in a relatively
small place no ’*concert hall’”’ liveness. It is un
ensemble of sharply contrasted soluists, each re-
produced at the optimum distance for good cffect.
The same physical principles of desirability apply
to other types of music with a similar make-up
Bach trio sonatas, Schubert’s “Trout” Quintet
(with piano and double bass), Stravinsky’s *‘His-
toire du Soldat,” Varese's “Ionisation”’—to name
a few examples, There is much to be learned
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attractively styled
| permanently plated

ruggedly built

Goeb: Symphony #3. Bartck: Sonata for
Two Pianos and Percussion. Leopold Sto-
kowski & His Orch.; G. Yessin and R. Vi
ola, pianos, E. Jones and A. Howard, per-
cussion RCA Victor LM 1727

The New TURNER 90
fng conceives 10,4 Carbon
b Mobile Microphone

Ideal for your mobile rig. A permanently plated
microphone with real eye appeal. Designed and

Size. 3-11/16 by 2-1/2 by 1.5/16

built to comfortably fit the hand . . . engineered
lus er for maximum response to voice, minimum distor-
liding tion. Rugged zinc die cast case plated with durable
satin chrome.
1 = You have vour choice of a heavy-duty, push-to-

talk switch, an on-off relay circuit switch, or an
rring on-off microphone and external relay switch. Equip-
ped with 2 or 4 conductor cable depending upon
the switching arrangement you order, regular cord
(5 feet) or Koiled Kord (11 inches — 5 feet ex-
tended). Choice of hook for hanging or bracket
for wall or dashboard mounting. Frequency re-
sponse, 200 to 4,000 cps; output level, —42 db;
200 ohins nominal DC resistance.

STm | a new slim, modern
| low cost dynamic

C

Crieg: Symphonic Dances, op. 35; Nor-
wegian Dances, op. 64. Danish National

Orch., Tuxen Mercury MC 10132 The TURNER ADA 95D
v ( | Speakers are seen as well as heard with this new,
] . v popularly priced dynamic. Its excellent sound char-
it t t.

acteristics make it ideal for high quality P.A. and
recording work. Maximum sensitivity to voice and

tl

Respighi: Pines of Rome: Fountains of
Rome. Minneapolis Symphony, Dorati
Mcrcury MG SOOII

music with Alnico V magnets and moving coils;
frequency response, 70 to 10,000 cps; output level,

t have Westminste
ai I E 58 db; standard 5/8”—27 coupler swings micro-
5 g ‘ - phone in 60° arc; satin chrome finish; 20 ft. remov-
2 o NA it 5 v
h ghs. It teresting tc able cable set; choice of 50, 200, 500 ohms or high
: impedance: switch models also available.
t Ti 929 17th Street N.E., Cedar Rapids, lowa
vit 1ine at
P Mig| b i
was tl 1re s gly hasize t In Canada: Canadian Marconi Co., Toronto, Ont. and Branches
\Westminste ol 1 Export: Ad. Auriema, Inc., 89 Broad Street, New York 4, N. Y.
'S. That n i
Pines w
e 4 cury’s.
AUDIO ENGINEERING ® JUNE, 1953 #

WWW amerdncaaradioRistery com


www.americanradiohistory.com

| Bartok: Dance Suite. Kodaly: Dances from
Calanta. London Philharmonic, Solti.
| London LL 709

Bartok and Kodaly were liie-long Hungarian
co-workers and are often coupled musically, as
here. Kodaly, however, is far more the conserva-
tive traditional composer at heart in spite of a
good modern tonal palette. Therciore we find
here a difference not unlike that between Bartok
and Geob on the RCA disc, above.

The Galanta dances, nostalgic and Hungarian
in a familiar manner, are beautifully snited to
the typical firr golden liveness (though 1 will
never get to like the too-shiny close-up strings
of this technique—that’s the way strings sound
when you sit too close to them in concert.) Rut
the Bartok, a more powerial and more modern
~et of dances, is somewhat lost in the very samce
liveness; it has the feel for a closer, drier space.
Before acquiring this, try Deter Bartok’s ver-
swn; it’s hi-fi and as I remember, done with less
of the golden acoustie.

FREE!!

COMPLETE VOLUME CONTROL
and ATTENUATOR
CATALOG SECTION

as reprinted from Radio’s Master

Glazounov: Raymonda; Suite. Paris Phil-
harmonic, Rosenthal. Capitol P-8184

A beautifully plastic performance of this color-
ful and innocuous ballet music, heantifully re-
corded—though its instrumental texture is not
particularly of the hi-Ai sort, Sounds like an-
other one-mike job. at an even more pronounced
distance than the Grieg recording from Denmark.
above. Wholly appropriate in  this case; the
music is big. romantic, intended for public display
in the ballet tradition. and goes perfectly mto
this pleasingly live sound environment.

e Potentiometers e Volume Controls
e Attenuators e Rheostats

Send coupon today!

Bruch: Violin Concerto; Kol Nidrei.
Michele Auclair, violin; Austrian Sym-
phony, Loibler.

Remington R 199 27

A soit, amiable, feminine work of violin Ro-
mance. and this performance is warm and aimable
itself. The lovely Michele Auclair is nicely suited
to the music though 1'd say her tendency to slide
once and awhile goes bheyond the nced of the
mu~ic -it’s not that sentimental. (Similarly in
Kol Nidrei she tries awfully hard to sound mm-
POTENTIOMETER and VOLUME CON. fatlmmul)l_v_ _Ilelurcw in |'I|c_ n_pelliug _lamentatio_n
TROL Booklet are the products of of the traditional chant.) This is the kind of music

where the orchestra is no more than a fine, in.

the following manufactarers: spiring fuzzy background and Remington has

placed it exactly right in the recorded balance,

A nice, soft sound, with indifferent highs, where

m]:m:ml sharp, steely highs would be musically out of
place anyhow. Good.

.:Q.H Mu T E Remington’s present ,furface is almost silent and
very free of irregular ticks and bumps. For most
purposes you can discount it cutirely as a dis-

. turbing factor. The low prices now ahbout match
&I'I'l.ﬂi]ﬂ.b those of the Columbia Entre, RCA Blue Rird,
and similar “second” hnes.

MUSIC WITH CELLO

Represented In RADIG’S MASTER

[sHaLLCROSS] Be;rhonen:.CeJIIo.Sona::as IOpias SF\'#IG and
{ #4. Antonio Janigro, Carlo Zecchi, pf.

S | Westminster WL 5170

Get _lhls big Volume Control and Attenuator catalog @ Beethoven: Cello Sonata op. #69; Varia-

f,“','“'! aobigh.“fly free! Reprmt_ed’ from the In- tions on Mozart’s ‘‘Bei Mannern”. Janigro,

e:;isli:));ls cial 1220 page Radio’s Master, 17th Zecchi. Westminster WL 5173

) Summary of Contents Four excellent sides of Beethoven in his cello

Whether you buy, ell, r specify, you will ind this S o
handy booklet extremely helpful f ick ref e cello s mice ;

. 24 P or quick reter- « Control Kits | but the cello is nicely contrived, unfortunately,
ence. It catalogs in detail the products of the lead- o Exact Factory Replacements | to cover the tomal area where the most trouble-
ing Potentiometer, Volume Control, and Audio « Audlo Attenvators some acoustical resonances occur in most phono-
Attenuator manufacturers with complete descrip- * Rheostats graph situations. Its middle tones set small cabi-
tions, specifications and illustrations. + Potentiometers nets buzzing. its medium bass may hit off unpleas-

ant peaks in bass reflex speaker cabinets and oth-

ers that tend towards resonance—and the lowest

MAIL TODAY cello notes are ideal for setting up huge standing

waves in small to medium listening rooms. Thus

. . e ———————— == | muany a cello in recorded form sounds more like a

Ill;lse()ﬁe: i;:le | AUDIO ENGINEERING double bass in a juke box.

b po s. l Westminster's big liveness makes this cello-
y a special i piano combination sound huge. Good highs miti-
arrangement [ P.O-B L T DR te the relatively b d of the inst t
» . . . 03 giate the relatively bassy sound o the mmstrument;

beiween Audio | Please send me, without cost or obligation, the VOLUME CQI\’- on really good equipment it should come through
Engineering | TROL and ATTENUATOR Booklet reprinted from Radio’s beautifully. But these are fine discs for energiz-
and the | Master. ing vour resonaut peaks and some experimenters
publishers of | may be inclined to blame the recording. Blame
RADIO’S Name ............0ieiieeeeeeceencncnennnenana. | that last—the room comes first, the speaker en-
| closure next in likelihood, along with loose boards,

MASTER. ! Address ...........itiiiiiit ittt tteaens.. | chinaware, etc., even such unlikely annoyances as

| tone arm or motor board resonances may be

1 City ottt it i it e i e i eaa e oo, | touched off by the potency of rich, low cello tone.
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A useful kind of test record for your over-all sys-
tem-in-action—listening room included.

Virgil Thomson: Suite from ‘‘The Mother
of Us All""; Cello Concerto. Luigi Silva;
Janssen Symphony of Los Angeles, Janssen,

Columbia ML 4468

An interesting , Mr. Th ! He
is onr very best music critic and a penetrating
analyzer of musical style and content in many an
ultra-modern idiom as wetl as the older traditions,
vet his own music is remarkably consistent and
comfortably conservative—if that is the word for
music which uses harmonies sometimes about as
complex as a good gospel hymn, yet manages to
hit a modern feeling even so. I find him more
pleasing in the “Mother” music, built largely on
gospel-hymn and old-fashioned American musical
slang, than in the more pretentiouns cello concerto,
which must necessarily, as a concerto, take on
some of the concert hall conventions of virtuosity
and “highbrowism.”

This cello is uoticeably thinner, less bassy in
tone than the Westminster and for good recasons.
It is heard as an orchestral solo, and so is prop-
erly at a distance and relatively thin sounding.
The Beethoven sonatas are properly more closc.
A cello in an orchestra and a cello in a small
room are two utterly ditferent instruments to the
rightly placed listening car.

Schubert: Trio #1 in B Flat. Jean Fournier,
violin, A, Janigro, cello, P. Badura-Skoda,
pf. Westminster WL 5188

This is one of Schubert’s most infectuously
light and melodic works, with a wealth of fine
rhythms, ecatchy bits of tunc, superh high treble
piano. The performance is not as lightfooted as
some, though it is highly musical, and the same
big liveness a~ the cello sonatas above perhaps
adds a trace of clephantism to the music. For
many listeners this “higness™ will please, since it
mitigates the ‘“‘chamber niusic” sound, but the
fact remains that the music is not big, pompous
stutf by nature. It needs a thinner, more intimate
acoustic.

Interesting technical point here: this is evi-
dently one of Westminster's RCA pressings. Most
dises from this company are Columbia-made, with
the sharp NAB pre-emphasis; but the RCA items,
as I understand it, have a different curve with
less sharply boosted highs, nearer the AES curve
—or perhaps the “New Orthophonic.”” The differ-
ence is immeidiately noticeable on this dise. You'll
need less roll-off of the highs, to mateh it to the
similar sound of the Columbia-pressed cello so-
natas above, (Columbia-inade \Vestminsters have
an TV in the imprinted master number on
the dise face.)

Some day we'll have just one nice, broad curve
for all LI records, When?

American Folk Music, vols 1, 2, 3 (2 LP’s
each}, Folkways Records.

])on'! miss this enlightening and amusing re-
print series. Each L1® contains 14 ancient 10-inch
record faces, copied (and very micely) from discs
ismcd.back in the very earliest days of electrical
recording. The variety is amazing, the musical
content varies from negligible to significant, and
the entertainment is innmense. Hill billy, mountain
ballads, ncgro songs, revival and other *‘sacred”
affairs, dance music—it is hard to believe that
thesc were standard commercial records many of
which sold in large numbers, mostly, we can guess,
to a local clientele,

Don’t ask me how Folkways gets all of these.
permission-wise, but the origin of every ome is
given in black and white, catalogue number and
label, for all to see in an interesting accompany-
ing brochure, No hi-f here, but, aside from miss-
ing highs, some of the carlier recording is re-
markably good.

American Organ Music (Bingham, Edmund-
son, Haines, Sowerby, Simonds). Catharine
Crozier. Sowerby, Organ Symphony in G.
Crozier.

Kendall LP 2554, 2555

An organist's organist plays organists’ organ
music. None of this pretty-pretty Baroque stuff
here—this is the sort that (every so often) swells
out to blow the roof off; it has that grand and
heady blur to its sound that thrills some people
and bores others to death.

Frankly, 1'm mostly in the latter y here.

Nor can I promise yon more than the average
number of bottom low notes, (After all. an organ
composer has a lot of other notes to attend to.)
Still—this is grand organ recording of its sort
and it shonld please many owners of large speaker
~et-ups.

Voices of Haiti. Recorded by Maya Deren.
Elektra EKLP-5

The fact that the convineing sounds on this
record were made on a wire recorder, powered hy
a car battery, is only one aspect of its nterest,
Among all the flood of “‘ethnic”’ and otherwise
exotic recorded material this stands out as un-
usually genuine. One can gather that ot anly
from the obvious intensity of the wild religious
ritual dance and music, but from the excellent
notes by Maya Deren who made the recordings;
she points out that this is no show for forcigners
or for employers, or for the performers’ amuse-
ment and relaxation—it is the serions business of
working, according to prescribed ritual, in the
presence of divinity itself, in order to deserve
blessing from the only powers that are conceived

BEST VALUE

a~ more potent than any man or group of men. A
serious, life-and-death business this, and it sounds
it. The recording is really extraordinary, its only
major defect being a hum in the bass, possibly
exaggerated by equalization in the copying process.
Odd items such as a police whistle, adopted as
part of the ritual, and a stepped-on chicken add
to the bizarre quality.

MORE ODDIANA

Music and Bird Songs. James H. Fassett,
commentator. (CBS intermission feature).
Comstock Publ. Co. (Cornell Univ.)
Ithaca, N. Y.

A ten-inch LI (Cornell's first. after much urg-
ing) of the tricks with recorded bird songs that
Mr. Fassett produced last spring during an inter-
mission of the New York Philharmonic concert.
The birdies are slowed to half, quarter, and eighth
speed with some very strange and interesting re-
<ults. Seems they often sing two or three things
at once, a chamber music ensemble within the
avian voice box! Good quality throughout.

IN TAPE

| RECORDING HISTORY!

NEW Zreszwood 303

Nothing like it at the price
—little like it at many times
the price! Unusual high-
fidelity performance—50 to
10,000 cycles trequency re-
sponse at 7%" per second
tape-speed—for only $199.50
(taxes not included). Smart
styling, too.

| BY DAYSTROM

m=mmmmmm—mm—e—=== SEND IN COUPON TODAY-——-—-c-mommm—mmmm

HiFi @reatwooa 400's

Crestwood engineering
makes tape recorder history!
Matches the finest profes-
sional equipment in hi-h
performance—frequency re-
sponse of 40 to 12,000 cycles
at 7%." per second tape-
speed. Yet costs only $199.50
to $299.50 (taxes not in-
cluded). All Crestwoods ex-
ceed NARTB standards.

TAPE RECORDERS

Open a Brand New
World of Recorded Sound

i
: Crestwood Division of Daystrom Electric Corp., Dept. AE-6, Poughkeepsie, N. Y. :
H Please send me complete nformation about the new Crestwood models. .
1 '
1 I
f My nome 1
1 ]
[} Address ~ :
1

| : City - .Zone State - :

I L J
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malters...

THERMADOR

Transformers for Television
e..Radar. .. Aircraft ...
Geopbhysics. .. Radio

You will find Thermador ready, willing
and fully qualified to handle your trans-
former requirements. Engincering
experience and manufacturing know-
how, developed over a period of 35
years, form the hard core that makes
Thermador today’s largest West Coast
manufacturer of electrical appliances and
transformers. We would like to work
with you on your next project involving
the design and production of transform.-
ers for specific requirements...including
joint Army-Navy specifications.

transformers:

Avdio Avuto
Driver Filament

Geophysical
High-Fidelity Audio
Midget Plug-In
Television

Input-Output
Plate Power
Tube to Line

...also Chokes and Reactors

THERMADOR ELECTRICAL
MANUFACTURING CO.

3-320
5110 District Boulevard « Los Angeles 22, Calif.
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PHONOGRAPH PICKUP (/... e 20)

pickup to this driving characteristic is
also sketched in the higure. The actual
response curves were measured with the
pickup output terminals connected to
an effectively infinite electrical imped-
ance.

The measured impedances for a num-
her of pickups indicate that most pickup-
pickup arm combinations have one sim-
ple. series mechanical resonance  and
from one to several series-parallel reson-
ances in the range between 30 and 10.000
cps. The data of Fiy. 3 illustrate this
finding. The scries resonance oceurs
near 1800 eps where the reactance curve
passes through zero. Two series-parallel
resonances are observed with pickup-
arm “A"—one near 35 and the other
near 105 cps. A third resonance which
occurs near 12000 cps is heing ap-
proached at 10.000 cps, the upper fre-
quenicy limit of the measurements. When
the impedance and response characteris-
tics are compared it hecomes apparent
that a complete correspondence hetween
the two does not exist. That is. irregu-
larities in the response characteristic are
not necessarily accompanied by com-
parable variations in the mechanical im-
pedance at the styvlus, and vice versa.

Mechanical Circuit

A qualitative explanation of the vari-
ous observed features of the impedance
characteristic of Fig. 3 can be given in
terms of the mechanical systenr of the
pickup and pickup arm. The construc-
tion typical of many crystal pickups is
illustrated at the top of Fig. 4, and the
principal mechanical elements are la-
beled. Lateral motion of the stylus as
produced by the modulation of a record
groove is converted into a combination
of lateral bending of elements within
the pickup and pickup arm (not shown)
and rotational twisting about a hori-
zontal axis through the crystal. Thus,
the mechanical system is one having
both torsional and lateral degrees of
freedom and it may be represented by
the block diagram at the center of Fig.
4. The input terminals represent the
stylus tip of the pickup. Mex is the mass
of the stylus and Cszx is the lateral com-
pliance of the stylus arm. The blocks.
Zy and Zs, represent. respectively. the
mechanical impedances due to lateral
bending and rotational twisting of the
mechanical elements of the pickup and
pickup arm. These impedances are re-
ferred to the point of application of the
drivine force, namely. the stylus tip.

Since the axis about which the erystai
twists does not pass through the styvlus
tip, the torque causing the twisting s
the product of the lateral force at the
styvlus tip and the perpendicular distance
between the stylus tip and the axis of
twisting. The conversion from lateral to
rotational motion can be represented hy

| an ideal mechanical transformer, and the

effective lateral impedance due to rota-
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tional impedance referred to the stylus
cait be found in a manner analogous to
tinding the secondary load impedance
reflected into the primary circuit of an
ideal electrical  transformer. The im-
pedance. Zs, at the stvlus is this reflected
rotational mechanical impedance.

When the individual mechanical cle-
ments composing Zy and Zs are con-
sidered, the more complete mechanical
circuit shown at the bottom of Fig. 4
results. The mass, compliance, and me-
chanical resistance clements are repre-
sented by the symbols of their clectrical
analogs, namely, inductance, capacitance,
and electrical resistance.  Mechanical
force is taken to be analogous to elec-
trical voltage and velocity is analogous
to electrical current. We shall suppose
that a constant-velocity generator drives
the svstem. This is equivalent to assum-
ing that the device which drives the
stylus has an infinite mechanical im-
pedance. While this assumption is not
alwayvs justified when a record groove
drives the stylus, it is probably valid
when impedance measurements are made
witlt the stylus seated in 2 groove on a
steel vibrator.

The circnit of Fig. 4 can, of course.
be made as complicated as one pleases
by allowing for higher-order modes of
vibration (breakup) of the mechanical
clements and by using distributed rather
than lumped elements. However, the
circnit as shown is capable of explaining
the salient features of the impedance
characteristic given in Fiy. 3.

The series-parallel resonances c¢x-
hibited in the neighborhood of 55 and
105 ¢ps by the pickup impedance char-
acteristic in [7ig. 3 may be produced by
combinations of clements in the con-
figuration shown in Fig. 3. The imped-
ance caleulated for this circuit is plotted
above the schematic. When an estimate
is made of the relative magnitudes of
the elements in the picknp circuit of Fig.
+ it is seen that at low frequencies the
circuit can be simplified to two series-
parallel combinations, each of the type
shown in [7ig. 5. One of these is Mrr in
series with Cee and Kex, shunted by C.r.
This combination gives the resonance at
35 ¢ps. This resonance is often referred
to as the lateral pickup-arm resonance.
The other series-parallel combination is
Mra in series with Cry and Rrs, shunted
by Cex. This gives the torsional pickup-
arm resonance at 105 cps.

An explanation must be given for
including the compliance, Crs, in series
with the pickup-arm mass, Mre. While
we have been referring repeatedly to
lateral motion of the pickup styvlus, the
motion is actually rotational, with the
axis of rotation for low frequencies
being vertical and passing through the
pickup-arm vertical pivot. However. the
distance from the stylus to the pickup-
arm vertical pivot is so great in com-
parison with the amplitude of the stvlus
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vibration that the arc through which
the stylus moves is practically a straight
line. and the vibratory motion may prop-
erly he described as lateral. Since the
arm mnst be able to rotate freely about
its vertical pivot as the pickup iollows
the spiralling groove across the record.
a d.c. path must he provided from the
input terminals through M.r, Mev and
Mrein Fig. 4. This means that Crx must
be an iniinite compliance—that is. a
direct conmection from the lower end of
Mrx to the input terminal.

When sufficiently large forces are
applied to the stylus. Cex is, indeed. in-
finite. But when relatively small forees
are applied to the stylus, the pickup-arm
verticial pivot does not rotate. There is
sufficient static friction and binding in
the pivot bearing to make it hehave like
a rigid member for forces too small to
avercome the friction. Hence, for the
forces due to groove modulation or due
to actuation of the stylus hy a vibrator.
Cry is large but is not infinite. Conse-
quently, instead of a mechanical react-
ance  characteristic  approaching  zero
with decreasing low frequency as would
oceur with a perfect pivot bearing, a
reactance value of minus infinity is ap-
proached. This is demonstrated in Fig. 3.

Looking once more at the reactance
characteristic in iy, 3 we see that as
the frequency inereases above the lateral
and torsional resonances near 53 and
105 ¢cps. the reactance remains negative
up to about 1800 cps. Near this ire-
quency the reactance passes through
zero and becomes positive. In the {re-
quency range near 1800 cps the mechani-
cal system has a resonance due to a mass
and a compliance in series. The prin-
cipal elements involved in this case are
the stylus mass, Mav, and the stylus-arm
compliance, (s,

The resonance approached at 12,000
cps in IYig. 3 is known to he due to
break-up of the stylus arm. At these high

irec < the i buted mass of tl

juencies the uted mas
stylus arm must be taken into account.
and the representation of the stylus arm
by a single element, C-x, in Fig. 5 is no
longer adequuate.

As Fig. 3 shows. the resistive com-
ponent of the mechanical impedance of
the pickup is negligible except near
parallel resonances. At parallel reson-
ances very large circulating currents
(velocities) flow in the parallel circuits.
and the cffect of any small resistance
is greatly magnified.

In the type of crystal pickup sketched

in Fig. 4 the voltage output is generated |

by twisting the crystal. In terms of the
schematic, the output voltage is pro-
portional to the strain in Cre. It is evi-
dent that this circuit element is not
closely coupled to the input terminals
at all frequencies. Consequently it 1s
not surprising that a complete corre-
spondence does not exist between the
pickup response and the impedance char-
acteristics.

Recapitulation

Thus far we have described and dem-
onstrated a means for measuring the
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cffective lateral mechanical impedance
at the stylus of a phonograph pickup
and over a relatively wide range of fre-
quencies. The impedance measurements
made by this means are generally accu-
rate within 15 per cent. The measured
impedance and response characteristics
of the crystal pickup chosen for purposes
of illustration are seen to be qualitatively
consistent with the mechanical circuit
of the pickup. The mechanical circuit of
this twister type of crystal pickup is
more complicated than almost any other
type in current use. Many modern pick-
ups are, in fact, little more than a can-
tilever heam in simple tlexure, and the
analogous circuit in such cases is ex-
tremely simple for most of the audio
range.

In Part IT of this presentation we
shall show the measured lateral im-
pedances for a number of typical phono-
graph pickups,

Equipment Report

(from page 423

H t TREBLE /|
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C E e E
POWER OUTPUT - warTs

Fig. 3. Measured response and performance
curves for the Leak amplifier,

or distortion was observed when the two
cathodes were connected together by a clip
lead, which may appear strange to students
of'typical push-pull amplifier stages.

The power amplifier is well built, employ-
ing paper capacitors for plate-supply filter-
ing and assembled in a manner which pro-
vides casy access to all capacitors and resis-
tors for replacement. Wiring is cabled
wherever possible, the entire construction is
a model of neat constuction. The over-all
quality of the amplifier is attested by its
use in many professional applications in its
native country,
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RADIO INVENTIONS \V ask your dis’(ri]ou.tor

(from page 36)

domain for hundreds of years and the
extension of its use has been through
the discovery of new mathematical prin-
iples to whieh it has so readily lent it-
self. The development however, has been
in the science of mathematics rather
than the mechanics of the rule. Certainty
no one has or can claim a patent on
well known mathematical tables.

“It may he that new tables will be
developed concerning the theory of rela-
tivity. a quantum theory of mechanics or
perhiaps concerning fissionable material
or atomic energy, and if mathematics . ° 5
succeed is reducing these to different
formulae they \\'illgprobal)ly be put on p 1 C ke r 1 ng'S n eW
scales to be used with slide rules.

“It hias been held many times that for
a patent to be valid a patentee must have r u R “ - ov E R
invented or discovered a new and useful
art, machine, manufacture. or composi-
tion of matter or a new and useful im c A R T R l D G E
provement thercof, not known or used

by others prior thereto; that there must

be a novelty and utility and originality. e Minimum mass
The very act of invention must be an . .
application in a new and useful way N o maximum compliance
of something not previously known.” o minimum tracking pressure
\ decision of the Federal Circuit
Court of Appeals summarized these es- —_— - I

“The statute defines what inventions
are patentable and novelty is only one
of the ultimate facts required. 1t one

construets something new he has in-
vented it but that does not mean that
it is patentable, Frequently an inven-
tion ix the result of mere mechanical +Llwe/ ‘bm

skill or it may be anticipated by a prior
art although not preciscly the same. or
it may not be useful.

“In each of such events the device or
product is not a patentable invention but
it i» an invention nevertheless. This is |
not merely a fanciful discrimination |
with respect to the meaning of words,
for the statute authorizing patents is
clearly based upon it. |

“Generally speaking with reference to
the subject matter permitted to be pat-
ented there are four ultimate facts which
must exist before an inevntion is pat-
entable—authorship, ownership, novelty,
not as a result of mere mechanical skill,
and wility, If they exist concurrently
the disclosure is patentable; if one is |
lacking it is not patentable.”

ials for patenting an invention, I 7. CLE ¥ % k
sentials for patenting an mvention | | @ PI{:“E“ING and company inc. s Qecansid NY. .
| ; - |
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AUDIOLOGY
(from page 14)

transformer hum pickup less than pickup in
the connecting leads,

9. Particularly if mechanical considera-
tions dlictate the use of a steel chassis,
mount the power transformer  with  the
plane of laminations perpendicular to the
chassis  rather than parallel thereto. In
general, the higher the a.c. flux density
at which the power transformer operates,
the stronger will be the magnetic ficld
surrounding it, and the more complex the
waveform of voltage induced in suscepta-
ble portions of the circuit. Some reduction
of external field may be had by suitably
wrapping the power transformer core and
coil with a low-resistance, shorting hand.
Often over-all power transiormer per-
tornance, inchiding reduction of surround-
ing magnetic field, may be improved by
stacking the laminations in alternate eroups
of two, instead of 100 per cent interleaved.
Enclosing the entire power transformer in
a_ magnetic  shield of high-permeability
nickel alloy is sometimes done, but is costly
due to the large amomnt of material re-
quired. Also, the fickt close to the power
transtormer core is usually strong enough
to saturate a close fitting shield and render
it relatively ineffective. Then two shields
vith non-magnetic separator may be used,
the inner shield to reduce the field to in-
tensity small cnough that the outer shicld
can be cffective,

10. Mount power supply and  amplifier
circuits on separate chassis, An annoyance
sometimes encountered in amplifiers, espe-
cially those using choke-input power-stip-
ply filters, is in the form of short-duration
spikes at power line frequency. A commion
cause of this interference is coupling of
the very laree rectificd sinusoid at the
rectifier filament, via  stray  capacitance,
into low-level portions of the amplifier
circuit. Sudden irregularity in the recti-
fied waveform at the instant current shifts
from one rectifier plate to the other, is
differentiated by stray capacitance connec-
tion to form complex interference with a
narrow spike predominating,  Interference
due to this cause sounds in the loudspeaker
like the huzz associated with  nearby
fluorescent lamps. It tends to be worse with
ligh leakage inductance in the plate trans-
former, and  with filter-choke inductance
less than the so-called critical value for
prevailing load conditions. Simply operat-
ing amplifier heaters from a separate trans-
former may not be very helpiul in this re-
gard, due to coupling with the rectifier
transformer via the common primary con-
nection,

Means individually or collectively cffec-
tive in reducing this interference to negligi-
hility arc: a small capacitance (such as
(1L03 pi) from rectifier filament to ground;
grounded clectrostatic shield between recti-
fier filament and amplifier heater windings,
or preferably a grounded shield separating
high-voltage and rectifier filament windings
from all other windings ; shiclding rectifier
filament leads and the input lead to the
filter choke.

Perhaps the best arrangement with single
power transformer is an clectrostatic shield
separating the amplifier heater winding
from all other windings, and a second shield
separating the primary winding from all
other windings. The latter shield reduces
interference either to, or due to other
equipment,

In a related way, capacitor-input filters
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are sometimes troublesome, though to ’

lesser cxtent. In this type of filter, ripple p E R r o R M A N c E
at the input is customarily only a few
per cent of the d.c. voltage. But the recti-
fiers are biased by the potential to which
the input filter capacitor is charged, with
the result that any one rectifier conducts
only during the portion of the mput cycle
that this bias potential is exceeded by the
alternating voltage on the rectifier anode.
Thus successive current pulses in the trans-
former high-voltage winding are the tops
f sine waves. Differentiation of this cur-
rent waveform by the transiormer leakage
inductance produces steep wavefronts o
voltage riding on the sine wave at the recti
fier plate. Differentiated a second time by
stray capacitance coupling, the interference
becomes short-duration spikes in the sig-
nal circuits, and may result in audible buzz
i the loudsneaker.
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curate program timing with certain re-
corders
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Retirement of Neely Enterprises, Los
Angeles factory representatives, from the
sound equipment industry after 20 years o
specialization, was announced last month
by Norman B. Neely, president. In the
future. the Neely organization will devote
its facilities to the sale of electronic instru-
mentation and industrial control equipment
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INPUT SELECTOR SWITCH —2ifopsmetes to be switched co
ILLUMI NATED METER— Standard 415" meter has two scales:

Upper scale —0-100 percent; Lower
scale— VU from —20 to 3.

COMPACT—]:E)"‘?:";";/?;}( space required. The panel measures

LOW COST—only $70.00*

*Prices subject to
change without notice

———

AUDIO EQUIPMENT FOR AM-FM TELEVISION

For information write: General Electric Company,
Section 4463, Electronics Purk, Syracuse, New York

GENERAL @D ELECTRIC

The 2nd Audio Anthology

No bigger, no better than the original Audio
Anthology—in fact, it's just the same size and
a perfect companion to the most authoritative
book you now have on the subject of home
music systems, But it contains all new mate-
rial—reprints of over forty of the valuable ar-
ticles which have most interested &'s readers
during the past two and a half years.

Customary discounts to distributors.

.... $3.00 Paper Cover .. ..$2.00

Features—
o Amplifiers
® Preamplifiers
® Tone Controls
® Phonograph Equipment
o Loudspeakers
® Speaker Enclosures

o Tape Recorder Amplifiers

Board Cover

Book Division,
Radio Magazines, Inc.,
P. O. Box 629, Mineola, N. Y.

Sirs: Enclosed is my [J check [J money order for ........ copies of the
2nd Audio Anthology.

(Please check one) [ Board Cover O Paper Cover
Name (print carefully) ... ... . . ittt e i

AdAress ..o e e e e
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PUSH-PULL

(from page 23)

odd-order components. (Remember that
the fundamental is an odd-order com-
ponent, too.)

Figure 24 is a graphical representa-
tion of the frequency components which
comprise our complex wave. The funda-
mental is labelled f and its third har-
monic 3f. The waveform which results
from the vectorial addition of the two
is the dotted line labelled *“‘resultant.”

Fig. 25. Simultaneous presentation of the wave-

forms on the two plates of a push-pull stage.

(A) is that on the upper plate, and (B) is
that on the lower plate.

If an electronic switch is now used
to permit simultaneous inspection of the
output wave-forms of both halves of
the push-pull stage on a scope, we will
sce the two complex waveforms of Fig.
25, Graphically analyzing them into
their component frequencies, we get the
picture of Fig. 26. (In this diagram,
too, each fundamental is labelled f and
its third harmonic 3f.) The dotted lines
represent the respective resultants.

t

RESULTANT

O\

3 f, \/

——
—
at
RESULTANT
-

Fig. 26. Waveforms of Fig. 25 analyzed into
their components. Fundamentals are 180 deg.
out of phase, as would be expected, and so
are their third harmonics. Therefore, both
would appear in the output of the stage.
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It is plain that the fundamental com-
onents of the two complex waves repre-
senting the original input voltages are
180 deg. out of phase with each other.
But so are their third harmonics.

This means that both the funda-
mentals and the third harmonics will
produce output voltages which will be
lieard in the earphones. The same will
apply to any odd-order components of
the fundamental frequency.

As we already know, any second and
other even-order harmonic components
generated in the stage itseli tend to be
cancelled out. On the other hand, odd-
order-components produced within the
stage are amiplified and delivered to the
phones as part of the output voltage.

A subsequent article will extend the
above presentation to the Class B case

and also to the case of the inductive

load.
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TAPE RECORDING PERFORMANCE

(from page 27)

this point results in the mechanism run-
ning slow. The friction supplied by the
take-up reel ciutch should allow the
tape to move at normal speed and pre-
vent tape throwing when the machine is
stopped after the rewinding operation.
These adjustments can be made by using
a small spring balance. With an empty
standard reel on the take-up spindle, a
length of string should be wound around
the reel hub, the other end of the string
being attached to the balance. With the
spring balance held in a vertical posi-
tion, as shown in the Fig. 3, start the
recorder and read the pull of the mecha-
nism in ounces. It is recommended that
this tension be from 5 to 6 ounces, and
this may be obtained by adjustment of
the clutch at the rear of the spindle,
Fig. 4, to obtain more or less friction,
as required. The supply rcel clutch
should be similiarly adjusted, except
that the motor is not used, but the
tension is found by placing the empty
reel and string on the supply spindle
and pulling the spring balance upward,
observing the reading in ounces at the
instant the reel begins to turn.

These tension values are in inch-
ounces, which can be ascertained by
multiplying the value indicated by the
spring balance by the distance in inches
from the center of the reel spindle to
the tangency of the string where it
leaves the reel hub. In the case of the
standard 7-in. reel, this distance is very
close to one inch, so that the absolute
indication on the spring balance can be
taken as being correct. When using the
new larger hub reels, the tension in
inch-ounces can be obtained by multi-
plying the pull in ounces as indicated
on the spring balance by a factor of
1.375, since the radius of the new hub
is approximately 133 in.

The spring attached to the rubber
pressurc roller that holds the tape in
contact with the capstan must also sup-
ply the correct tension. Too little pull
from this spring results in slippage and
may even cause complete stoppage of
tape movement. Extreme care must be
exercised in oiling the mechanism. The

AUDIO ENGINEERING e

smallest amount of oil on the rubber
idler wheels produces serious slippage.
with resulting wows and timing dis-
crepancies. Both the pressure roller and
idler wheels should be kept clean by
wiping with a cloth just dampened with
carbon tetrachloride.

Sticky tapes have contributed to
speeds ~variations and, in extremely
humid climates, have actually stopped
the mechanism. Most presently availa-
Dble tapes are being produced with ade-
quate lubricant in the coating which is

Rider, and Seymour D. Uslan, |

resistant to high humidity and tem- |

perature. The newer tapes climinate the
squeal often heard as the tape moves
over the heads.

The new 7-in. professional reel is
another step toward eliminating speed
variations and timing discrepancies.
This new reel has a hub diameter of
23; in. which approaches the NARTD

standardized 2%%-to-1 ratio specified for |
the 10%-in. professional reel. In the |

normal operation of a tape recorder
there is less tapc tension with a full
tape on the supply reel than when the
reel is almost empty, and tape speed is
faster at the beginning, becoming slower
as the end of the tape is reached. The
larger hub reduces the differences in
tape tension and speed between the be-
ginning and end of the reel, resulting
in greater timing accuracy and reduc-
tion in pitch changes, noticeable par-
ticularly on classical musical selections
when, due to the length of the composi-
tion. more than one recorder is ¢m-
ployved.

Using the techniques outlined, the re-
corders have been adjusted to a timing
accuracy within 5 scconds or less in
30 minutes. To hold this close timing
in mechanisms without synchronization,
constant surveillance of the mechanism
performance is required. It has been
observed that greater accuracy results
when speed checks are made over longer
periods than just a minute or so. It is
interesting to compare the results ob-
tained when scveral methods are em-
ployed in any particular test.
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BROOK AMPLIFIERS

chievement in Audi

at TERMINAL

BROOK DE LUXE
30 WATT INSTRUMENT

B Model 10C Basic Amplifier . . ... 228.

k. Model 1004 Remote
Contro)  Amplifier
{ combines Model
10C above with
Model 48 Pre-Am-

plifier) 33]50

Sounds incredibly lifelike, thanks to new
onc-octave extension of low-frequency
range, and 9-position playback character-
istic control matching the characteristics
of all type records. Frequency range 20-
20,000 cps. Pre.Amp unit in de luxe
gold-finished consolertte.

BROOK All-Triode 10 Watt Amplifier
Model 12A Basic Amplifier . . . . . "8”
plifier combines
Pre-Amplifier) r- =

Model 1244 Re-

R
Model 124 above
222.

mote (ontrol Am-
| gl g
with Model 48 '
ST

20000

A medium-priced amplifier which, ex-
cept for lower power rating, equals the
famous Model 10C4. Transient peak cir-
cuit permits distorcion-free power peaks
coansiderably higher than 10 waccs. Fre.
quency response from 20-20,000 cps. Pre-
Amp unit in smart, gold-tone consolette.

NEW! BROOK Model 7 Pr(_empliﬁer

cesecsy

Has all features of Model 4B Pre-Ampli-
fier, PLUS BUILT-IN POWER SUPPLY.
May be used in combination with your
present wide-range basic ampliﬁer..lulqn

Smart, gold-finished consolette,

Hear these BROOK instruments in
TERMINAL’s complete audio dept.

FREE!
Terminal’s 130-page AUDIO CATALOG
Your Complete High Fidelity Guide

Investigate
TERMINAL'S LIBERAL TRADE-IN PLAN
for your used, standard brand equipment

#% Open Thursday Eve’s 1ill 8 PM
. Ample Free Parking after 6 P

erminal
Radio Corp.

85 Cortlandt St., MNew York 7, N.Y.
WOrth 4-3311
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NEW PRODUCTS

@ Studio Turntable for Fine-Groove Rec-
ords. I'isc jockeys will welcome this new
unit recently announced by ROCA, beciuse
it has been designed especially for their
convenience. Designated the Type BQ-1A
finc-groove turntable for 45 and 33 1/3-

r.p.m. reeords, it has several novel fea-
tures, including a  spindle hub  which
changes diameter simultaneously with op-
eriition of the speed control knob, and a
quick-starting mechanism which attains
full speed in Y% revolution. Operation of
the oN-0FF mercury switch also disen-
gages the driving idlers when not in use.
Lightweight 12-in. tone arm accommodates
plug-in heads and will play records with
warp up to s in. A 4-position flter is in-
cluded for record compensation. RCA Vie-
tor Division, Radio Corporation of Anter-
ica, Canden, N, J.

¢ Binaural-Monaural Speaker System.
Equally well-suited for use with single-
or two-channel audio systems, the new
iozak B3-204 speaker includes two woofers
and two dual tweete all of which are
mounted in a heavily-constructed enclo-
sure of unique design. Although the
woofers are mounted in the usual fashion,
the tweeters depart from the conventional

in the fact that the two sets are mounted
back-to-hack, each set radiating through a
port in the side of the cabinet on which
it iIs mounted. Hinged deflectors at each
side, which fold flat when not in use, are
used to provide improved high frequency
dispers=ion when the systent is used mon-
aurally, and to enhance dimensional ef-
fect when binaural sound is being repro-
duced. The two sound sources are sep-
arated by more than three feet. Manufae-
turer’s published specifications state that
the frequency range of the B-204 is 35
to 20,000 cps, power rating is 25 watts
per chunnel, and impedances are 8 ohms
when used with bhinaural equipment and
4 ohms when all drivers are paralleled for
connection to a single-channel system. A
rhase-reversing switch is provided, and
the crossover network is included in the
cabinet. Further information may be ob-
tained by writing R. T. Bozak Company,
114 Manhattan St, Stamford, Cvnn.

60

e Tape Carrying Case. Tupe recording en-
thusiusts  will  welcome the new  vinyl
Mastie earrying case which has heen de-
veloped by Reeves Sounderaft Corpo
tion, 10 K. 52nd St., New York 22, N

5 A

for transporting 5- and 7-in. rolls of mag-
netie recording tape. heveloped primarily
for use with the Sounderaft Tape-Cliest,
the case is equally desirable for carryving
spools of tape in sepuariate containers.

e Tiny High-Fidelity Transformers. il-
though gealed and potted in aluminum
cases, only T3 oin. square, Stancor's new
fans have  exceptional  frequency

o

range of 30-15000 eps within + 1 dbh.
Total height, including terminals, is 1%
in. and n imum tevel is zero db. Weight
is only ounces, The case is euipped
with two i threaded ingerts tor easy
chassis  mounting.  Laminations are of
nickel steel. Rtandard Fransformer Cor-
poration, 3380 Klston Ave, Chicago 185, 111

—_

o Turnover-Type Ceramic Pickup. Unique
nstruction of the new Titone cartridge
is emphasized in the fact that the stylus
alone is rotated to accommodate various
types of rvecordings. Using a high-com-
pliance highly-sensitive ceramic element,

&

the unit has an output approaching one
volt and does not require pre-amplifici-
tion or equatlization. It is unaffected by
moisture or temperature. Tracking force
i= 9 grams and reconmended load is 1

to 10 megohms, Mounts in place of any
standard cartridge using !s-in. mounting
centers. Manufactured by Sonotone Cor-
poration, Elmsford, N. Y.

¢ Speaker Enclosures. \While designed pri-
marily  for housing Tannoy full-range
dual-concentric  loudspeakers, two hew
I- and corner-type Tannoy bass-retlex
enclogsures will provide optimumn weoustie
loading and balance for many other makes

—-.._______

ot 12- and 15-in. speakers as well. Con-
structional features of the enclosures in-
ctude the use of 2 -in. lumber with all
joints close battened, screwed and ghued,
and complete internal lining ot sound ab-
sorbent materinl. The corner enclosgre is
kuown as the 'arliament, while the wall
model is named the Westminster. Mainu-
factured by Beam Instruments Corpora-
tion, 330 Fifth Ave, New York 1, N. Y.

® Portable Tape Recorder. Exceptionul
audio quality is attained along with small
size and portability in the Magnematic,
a new 110-volt . tape recorder recently
placed in full-s e production by Ampli-
fier Corp. of Ameriea, 398 Broadway, New
York 13, N. Y. Although weight of the
Magnematic is only 1% Ibs., it contains

many features normally associnted with
standard profe tape recorders. Fre-
gueney response i N—15,000 cps at 7ls
in./sec. tape speed. Completely operated
by push-button control, the unit features
a solenoid-operated cluteh-controlled cap-
stan drive to start and stop tape travel
in 1/20 sec. Incorpmates relayv-operated
modified Geneva movement to cantrol
60-in./sec. rewind and fast forward. Has
5-in. reel capacity. Headphone monitaring.
A built-in preamplifier provides for low-
level Dhw-impedance microphone input,
Dimensions are 81 x11x9 in, Meeting
primary NARTB standards, the Magne-
matic is designed specitically to produce
tapes in the tield which equal in quality
those usually recorded on studio equip-
ment.
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@ Three-Speed Manual Record Player. Ex-
cellent speed stability and virtual free-
dom from induced hum when used with
magnetic cartridges are among the fea-
tures of the unew Gorrard  single-play
turntable. Designateidl Model T, the new
unit embodies a number of performance
standards  which  have retofore been
confined to the field of expensive profes-

knurled knoh
mear of the

equl]lnn-nl A =mall
conveniently at the

permits acceurate
<ure. The tone arin shell fits
all papula makes  of  pickups and s
equipped with a professional-type finger
lift, also a clip lock ‘e hold the arm in
place when not in u Another principal
feature is automatic vt and ~lnp whl(‘h

sional
focated
tone arm
stylus pr

operies with records of all nel
specds. brual-voltage (100/130 .md 2007250
volts, 60 cyeles) motor is ol the 4-pole
type and the unit employs 0 heavily

turntable, Garrard

weighted N
Duane N1, New

poralion, 164
N. Y.

s or-

York 13,

® Super Tweeter. The ncw
T-35 driver-horn asseinbly is a complete
high-frequency reproducer which can he
added o t-nl]ollll(.l“_\' toany existing speaker
system. 14 installed in & few minutes,

Electro-Voice

the 1T-35 has a fregueney range extending
from 3500 eps to the limit of .uulllnlu\
when used with the E-V Type X

crossover network, llorizontal disper .n
is 180 deg. A companion aecessory is the
AT-37 level control for adjusting cutput
level to individual r1astes. The T-25 may
be used with an tem up to fu-watt
rating. Impedince 16 ohms. Horn di-
mensions are 4. in. lnm_ by 1Y in. hu.'h

Over-all depth is 312 in
tbs. Cumplete  infroamation  is
from Electro-Voice, Ine,

available
Buclhim, Mich.

¢ Heavy-Duty Rotary Switches.
detent mechinism  which  provides non-
shorting action is featured in two new
single-deck single-pole rotary switches re-
cently announced by Shalleross Mannfac-
turing Company, ¢ ullmzd:\le Pa Available

in 60- and 36-position models, the \\vn(he&
are designed for complicated range or cir-
cuit switehing of heavy-duty test equip-
ment. In action the rotor arm is actually

AUDIO ENGINEERING e

adjustment of |

and weight is 2 |

A unique |

it moves from one contact to
another, thus providing non-shorting op-
eration in the smallest possible =pace.
Large ]\ or contacts provide average con-
tact resistance of less than 0.006 ohm,
Current-carrying capacity of the 60 and
36-poxition types is 30 and 40 amps, re-
spectively, while respective breaxdown
voltages are 1500 and 2500. Further de-
tails will be supplied upon letterhead re-
| quest to the manufacturer.

lifted as

NEW LITERATURE

o Standard Transformer Corp. 2380 EIl-

ston Ave, Chicago 18, I, ix now pub-
lishing a transformer replacement guide
tor tape and wire recorders—Ilisting 63

models for

companies which manufac-
Manutfaeturer and
T weturer’s part num-
cor lespnndlm: Stancor number
are listed for adl maodels included in the
guide, the first of its kind available to
distributors and service engineers.

model
her,

e Sorensen & Co., Inc., 37i Jairfield Ave.,
Stamford, Conn., ineludes full information
on the company’s exXtensive line of elee-
nmnc a. . line regulato in Catalog Nao.
i handsomely-prep hooklet which
leav little to he desired in both attrae-
[tiveness sind effectiveness, Also contained
in 1he eatalog ix an abundance of infor-
mation on the gelection and use of regu-
Litors in general, May he obtained by writ-
| ing General Sales Department.

e Minnesota Mining and Manufacturing
Co., 00 Iiuquier Nt., St Paul 6, Minn,
digcusses the properties for four basic
types of magnetie coatings in “"Sound
Talk” technical hnlletin No. 22, Also de-
seribed are 14 different magnetic tape
constructions. Four graphs are included,
which show typical
magnetization cury Tor the oxides
cussed. Availulle upnn request.

hysterexis loops and
dis-

500 T7ifth Ave.,

e Audak company.
York 34 Y. is distributing a new
tiem of * Aronic Mono Faets™ by Maxi-
milinn Weil, Made up of 20 pages, the new
edition is twice the size of the former
ixsue. of  which approximately 100,000
copies have been distributed. Contained
Are answer to more than 100 commonly
asked questions on i-fi mnsic systems.
Available free from Audak dealers, or by
writing direct to the address shown above,

e D. W. Onan & Scns, Inc., Minncapolis 14,

Minn, is issuing a 2-¢olor folder which
shows exanmples of portable and mobile
electric plants pn-\ullm.: Power

standhy
n Al

for communication  syst o de-
seribed and illustrated are units which
provide primary  power for anobile TV

studios, Requests for copy should specify
Form A-307,

e Insulation Manufacturers Corporation,
265 W Washington Blvd., Chicago 6, 111,
includes a great deal of helpful informa-
tion on the featuy and nses of fibre and
plastic for elect Al insalation in two
ne catalogs w Innh are aviilable free of
(-hunzo An S-page hooklet is devoted to
hicor reinforced plasti while Thenolite
laminated plasties, National vuleanized
fibre, and Peerles: ﬁ~hp||w| re covered
in a 22-pige companion pnl i

e Methode
2021 W, Churchill 8t
publishing a new

Chicago 7. M1,
1dbook on printed
cireuits  titled  “Utilization of Prerabri-
cated Wiring,” which provides detiiled
engineering data to those interested in ap-
plying printed circuit techniques to elec-
tronic  equipment. The 2-page hooklet
deals with present applications of printed
circuitry, layout of schematics, compno-

nent selection, Underwriter redauire-
ments, service techniques, ete. Available
to those requesting on business letter-

heads,

e Cornell-Dubilier Electric Corp., South
Plainfield, N. J. has just completed Bulle-
tin NB-148, a 12-page catalog of descrip-
tions, illustrations, and technical data
covering the company’'s wide line of
Quietone interference filters. Included in
the catalog are Quietones for virtually
every type of electrical and electronic
equipment. In addition to electrical ch
acteristics, there are shown outline draw-
ings, circuit diagrams, and photographs.
Available without cost from nearest C-D
distributor.
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Manufacturing Corporation, |

Latest Hi-Fi Releases

NEW
Rouland 1826 Amplifier & Remote Control

New, uniquely styled 20-watt remote-control
high-fidelity amplifier. Self-powered remote-
control unit is covered inrich, brown leatherette
with gold trim—looks just like o beautifully
bound book. Controls are accessible under
hinged backbone. Remarkable authentic music
reproduction, versotility and neat instoliotion.
Remote unit controls: Boss, Treble, Volume, 6-
position Crossover, 6-position High-Frequency
Cut-off. Also Input Selector switch and AC
switch with separate remote-control cables.
For 8 and 16 ohm speakers.

93-805. Net........o..vvinnnnn $232.26

NEW Mcintosh A-116
Basic Amplifier
New 30-wott basic
amplifier superseding
the renowned 20W2
—but ot a new low
price! A brilliont per-
former.Usesthe famous Mcintosh-patented output
transformer. Exceedingly wide response— =+ 1
db, 10-100,000 cps ot 15 watts; + 0.1 db,
20-30,000 cps at 30 watts. Only Y2 volt for

full output. Output Impedance: 4, 8, 16 and
600 ohms.
93-895. Net..ooooviiiininnnnnns $139.50

NEW Browning RJ-42 FM-AM Tuner

For the finest hi-fi systems. Only two panel con-
trols {Tuning and FM-AM) to permit complete
control of volume and tone with amplifier or
remote preamp. Superb response and sensi-
tivity — Armstrong detection and all-triode FM
front-end. Avtomatic frequency control and
drift compensation; AFC can be switched off.
Cathode-follower output. AM whistle filter. 13
tubes, tuning eye and rectifler.

97-931. Net. ..o ten ....$166.50
NEW! Scotch High-Output Tape

MMM Type 120A Mognetic
Tope—pravides 8-12 db high-
er output, with no increase in
distortion or noise ond no in-
crease in tape thickness. Output
uniformity ot | kc does not ex-
ceed = Y db within a reel;
=+ .5db fromreeltoreel. Splice-
free, ond *'dry-lubricoted.”

l 12 0ot
No. Size Reel 1-11, EA. [ More, EA.
96-555 | %x1200° | Std. 7 (2%” hub) 3467 $34.20
96-558 | Y%x1200° | Prot 77 (2%” hub) 434 390
96-556 Y4x2400 NARTB hub 867 1.80
96-557 Y%422400° | NARTB reel 10.57 9.51

ALLIED RADIO

833 W. Jacksan Blvd., Dept.
Chieago 7, lllinais

17-F-3
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MEASURE ALL

3’

w FLUTTER
* Wow
# DRIFT

New, Sensitive

FLUTTER METER

First Aid for the sound engineer — the ACA
Flutter Meterl Accurate, sensitive instrument
designed for rapid visual indication of flutter,
waw, cnd drift content of discs (all speeds),
sound film mechamsms, film recarders, on
magnetic wire and tape recorders.

Three distinct and simultoneous reodings
may be made of flutter, wow, and drift,
Large. sensitive 4" meter has Ohree scales:
0.3%, 1.0%, ond 3.0%, calibrated for flutter,
waw, and drift readings. Accuracy within 2%
of full scale volue, independent of wave-form,
amplitude variation, hum. naise, etc.

Flutter Meter complies with tentative
standards set by Society of Motion Picture

: Engineers. Recommended for schools, labs,
broadcast stations, recording equipment
manufacturers, and studios.

‘Write todoy for circulor 5036

AMFI.IFIEH CORP. of AMERICA

J98 BROADWEY « NEW YORK 13 N, T,

5

GROMMES

AMPLIFIERS

) PRICISION ELECTRONICS, Inc.

':u' 3107 King Avenue, Franklin Farh I,
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LONDON & PARIS
(from page 40)

circular staircase in a concrete tower
s0 as to provide realism of sound effects
when used in dramatic works laid in
castles or chateaux.

Fcho chambers at BBC were rela-
tively simple, but differ from U. S, prac-
tice in that most of the studios had an
echo chamber permanently assigned to
them. and located adjacent so set-up
changes could be made rcadily. New
switching facilities are being provided so
that multiarm stepping switches will
transfer all of the circuits of a given
studio at the same time—simply by
actuating one control button.

Audio—and this certainly means the
important part of radio broadcasting. for
it 15 the audio portion of the signal that
is of interest to the listener—is no less
important in England or France than
it is here. Were it possible for engineers
to be exchanged for periods of two or
three months between the broadcasting
companies and between manufacturers,
it is certain that improvements would re-
sult on both sides of the Atlantic. IFor
our part, we certainly would have liked
to spend much more time in both London
and Paris, and to have heen able to ex-
tend the trip to Rome, Vienna, Switzer-
land, Germany, Norway, Sweden, and
Denmark. Perhaps next year—

PosiTioNs oPEN and AVAILAELE
PERSONNEL may be listed here at no
charge to industry or to members of
the Society. For insertion in this col-
umn, brief announcements should be in
the hands of the Secretary, Audio En-
gineering Society, P. O. Box 12, Oid
Chelsea Station, N. Y. 11, N. Y., before
the fifth of the month preceding he
date of issue.

¥ Positions Open ® Positions Wanted

% LNGINEER, for acoustic and audio re-
search laboratory of progressive manufac-
turer located in pleasant New York submur-
ban area. Must have good background in
loudspeakers, microphones, transducers, and
physics of moving systems. Challenging
opportunity and attractive salary comuown-
surate with expedience and past achieve-
ments Box 601, Aupio EXGINEERING.

® CoLLEGE SENIOR, specializing in mwusical
mstrumcntatlon, well grounded in physics,
with C\perlence in many phases of the rec-
ord pressing industry, the recording process,
and the construction and operation of audio
and video equipment desires summer em-
ployment from mid-June through mid-
September, within Metropolitan New York.
Enmerson Boardmann, 5533 Whitty Lane,
Brooklyn 3, N. Y. Telephone: ULster
6-6414.

Binaural Phonograph Records

In response to many inquiries as to the
availability of binaural recordings and the
titles alrcady recorded in this new medium,
we are pleased to list below the entire
catalog available from Cook Laboratories,
114 Manhattan St., Stamiord. Conn. The
recording companies responsible for the
originals are indicated. Most of these
recordings may also be obtained from local
audio jobbers.

Inside Vienna—A quartet of two violins,
accordion, and the zither-like contra-
guitar with close microphone technique.

Cook 1026-BN

Fiesta Flamenca—Carlos Montoya and four
dancers, with castanets, heel and toe,
clapping, etc. Transients distinctly domi-
nant, motion of dancers evident.

Cook 1027-BN

Paganini Variation—Piano studies, Frank
Clazer. Single piano.

Polymusic 1036-BN

Two Famous European Pianos—Ballade for
Flute with Orchestra. Hindemith and
Frank Martin, coupled for variety in
modern music—instrumental and or-
chestral on the same disc. The Hinde-
mith employs two 13-foot matched
concert grands.

Cook 1037-BN

The Pipe Organ in the Mosque, Parts | and
Il. Michael Cheshire. Theatre acoustics
are recreated in the listening environ-
ment, 32-cps pedal notes.

Cook 1050-BN, 1051-BN

Percussion and Pedal. Reginald Foort, BBC
organist. Reveals the entire instrumenta-
tion of the theatre organ, including bells

and all the percussives.
Cook 1052-EN
Vienna String Symphony (Collegium Musi-
cum Wien). Kleine Symphony, Opus 44,
Hans Pfitzner, cond. 35-piece orchestra
in Vienna Concert Hall acoustics.
Audio Collector 1061-BN
Hufstader Singers—performing madrigals
and modern song in the Engineering
Auditorium acoustics.
Cook 1092-BN

Voices from Vienna—136 massed vaices
sing with orchestral accompaniment.
Audio Collector 1093 -BN
New Orleans Jazz—Wilbur deParis (Rim-
part St. Ramblers). Dixie, with sHarp
division between ensemble and brass, in
auditorium acoustics.
Atlantic Binaural 1208-BN
Masterpieces from the Theatre, Oche:tral
Society of Boston. Bizet: Introduction to
Act |, Carmen; Rossini: Overture td La
Gazza Ladra; Mendelssohn: Scharzo
from Midsummer Night’'s Dream; pon
Weber: Overture to Euryanthe.
Cook 2064.BN
Mozart, Symphony No. 40 in G Minor.
Orchestral Society of Boston.
Cook 2065 :BN
Masterpieces of the Dance, Orchestral So-
ciety of Boston. Rimsky-Korsakov: Dance
of the Buffoons; Strauss: Emperor Waltz;
Saint-Saens: Danse Macabre; Brahms:
Hungarian Dance No. 6.
Cook 2065 88N
The last three records listed may alsfl be
obtained as normal recordings—that is ot

binaural—by omitting the letters ™"
from the number,
AUDIO ENGINEERING e JUNE, 1§53
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PRE-RECORDED TAPES

worthy of your

Hi Fi equipment

2%1 . . . and listen to
HACK SWAIN’S

Super-Medley of
“MUSICAL COMEDY
HITS THRU THE YEARS”
(positeevly no vocal)

Technically perfe:!'° Rare renditions and
arrangements on unique Organ-piano
combo that has made "Hack’ a popular
radio program rersonam 30 minutes of
sheer joy on 714” or 334" Scotch,
“AMPEX RECORD D!
Sent postpaid (with complete
tist of other unusual med-
ley’s) for ONLY s
paid

Satisfaction guaranteed or your money
back. Send check or money-order, specify-

85

post

mg whether 33/4 or 7'/»" is desired
ﬁM P. O, BOX 2384-A
SARASOTA, FLORIDA

put 'er here,
partner!

500,000 Mail boxes in
the United States are your part.
ners in the fight against cancer.
A contribution addressed to
“Cancer” in care of your local
post office will help guard your
family, yourself and your com.
munity.

Next time you see a mail box,
“put “er there, partner!” . ., as
generously as you can.

Sovxn Repropverion, by G. A, Briggs.
Third editiom, rul:ul and enlarged. 368 |
pages, 315 illustrations, Wharfedale Wire- |
less Works, Ltd., 1953, Price $3.50. (In
L. S.. Pritish Industries Corp., 164
Duane St., New York 7, N. Y.)

;. \. Briggs has done it again, in giving
us here a book that will be invaluable to
everyone seeking the ultimate in sound
reproduction from a home music system.
\nd in the telling, Mr. Priggs has lost
none of his inimitable style, for he is a man
pussessed of the gift of GAB,

Dividing into two sections, loudspeakers
and  recording, much of the fundamental
material on reproducers has appeared in
carlier editions, but the new oscillographic
illustrations make this presentation more
interesting and informative. Mr. Briggs
goes into many of the peculiarities of en-
closures, roor acoustics, and the speaker
mechanisims themselves. But always there
is the diagram to substantiate his premise.

To this reviewer, the section on recording
is less mtcn\tmg, not because of the mate

i rial which it contams nor its prc<cm.mnn.
| but because this is not the author’s main

flair. Outstandingly interesting are the
photomicrographs by C. 15, Watts on the
relations hetween dise wear and stylus con-
dition. It is signiticant indeed that in
America, where the amount of hi-fi appari-
tus sold far outdistances that of the British
market, that no one has ever dared attempt
such a book. Livery one of us is in Mr.
Briggs’ debt, and will be for a long time,
for a careful following of his fundamentals
will assure the optimum sound from a given
speaker and enclosure combination,

[.. B. Keim

Erectrortiysiotacicar. TECuNIQUue, by C.
J. Dickinson: vii + 141 pp. London: Flee-
tronic Engincering, 82,75,

The methods employed in the investiga-
tion of clectrical phenomena accompanying
hiological activity are quite similar in many
respects to those of the audio engineer.
Indeed, the frequencies of interest to the
clectrophiysiologist cover the range from
d.e. to 10,000 eps. Because the amplitude of
the signals under consideration is of the
arder of 50 v, and often less, the workers
i this field have become quite concerned
with such {actors as tube noise, thermal
agitation, and stability of circuits.

Because of the low level of signal input,
much emphasis is placed on the elimination
of in-phase siznals and for this reason dif-
fcrential amplifiers and methods of en-
hancing signal to noise ratio are shown,

The author. a graduate of Oxford Uni-
versity, covers such subjects as power
supplies, voltage stabilization, effect of
power supply impedance on low-frequency
amplification, .c. amplifiers, and low-ire-
quency capacitance-coupled amplifiers. Also
of interest are the sections concerned with
long-duration-sweep time hases, time
markers, and methods of recording me-
chanical movetent and changes in pressure,
volume, heat and light.

]

: AMERICAN GANCER SOCIETY : The hook is a collection of accepted
H ] A i mcthmlalogy employed by British investiga-
1 Here is my conirilnnion of § 1 tors and citations are made in the text to
: in support of the Cancer Crusade. 1 references in both British and  American
1 : journals. \Workers in the audio field will
[P ——— — 1 find it interesting as a cross section of the
H P I “state of the art” in Great Britain and will
s - - : find it especially valuable as a reference in
Vi State ] the field of low frequency amplification.

e -] Cullen I1. Macpherson
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7~ BOOK REVIEWS AMPERITE

(For the NEWEST in Hi-Fi . . .

Ideal for
BROADCASTING
RECORDING
PUBLIC ADDRESS

The ultimote in micro-
phone quality,” says
Evan Rushing, sound
engineer of the Hotel
New Yorker.

o Shout right into the
new Amperite Micro-
phone—or stand 2 feet
awoy—reproduction is
olwoys perfect,

o Not offected by todels

any climotic conditions.

* Guoronteed 1o with- —200 ohms
stond severe “knocking RBHG—Hi-imp,
around.”

542.00
- e |
4 “Kontak’’ Mikes
Model SKH, list $12.00
Model KKH, list $18.00
-
i o Infroductary Ofter,

for SP"' sirated folder-

58:::;!' Wm. Pl Mo

AMPERI

@Empany. jsc

& MEW YORK 1T M. T

561 BROADWAY
Canoola; Aflos Bodio Carp., Lid., 560 King 51. W., Terenis

SEE LEONARD TODAY!

HIGH
FDELITY

AL AL v
s 7

READY NOW . . .
THE NEW LEONARD CATALOGUE!

Yes . . . featuring only the finest in
High Fidelity, Radio, TV and Tape
Recorders . . . presenting the great-
cst values you’ve ever seen . . . the
NEW Leconard catalogue is ready
now. A complete fully illustrated
guide to High Fidelity, “Music of
the Masters” is yours FREE! Send
for your copy today!

LEONARD RADIO, INC.
Dept. AE-6, 69 Cortlandt St.,, N. Y. 7, N. ¥,
COrttandt 7-0315
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This is our
GROUP SUBSCRIPTION PLAN

You and your friends and co-workers
can now save up to $1.00 on each sub-
scription to AUDIO ENGINEERING,
The more men in a Group, the more
each saves. If you send 6 or more sub-
scriptions for the U.S.A, and Canada,
they will cost each subscriber $2.00,
1/3 less than the price of a regular
l-year subscription. Present subscrip-
tions may be renewed or extonded as
part of 2 Group.

AUDIO ENGINEERING is still

® The only publication devoted
entirely to Audio—

® Recording

® Broadcasting equipment

® Acoustics

® Home reproduction systems

® PA systems

® Psychoacoustics

(Please print)

Address . ... ... ... ....

Position ... . ... ..

. Company ..........

Name ....
Address . . .

Pesition .

Name ..................

Address .. ..... 00G000006006000
Position .. ... .. . Company ..........
Name ............ 0300650600000
Address 5 ve 0000 5

Position . ... ... ... Company ...... .
Name . 5000000000 s ceererasianae
Address .. ... 500060000000000 5000 D00o0D
Position . . ... .. Company ..... 00006
[ 58 860000000000000000000068008
Positlon .......... Company ..........
Add $.50 to each Foreign subscription

ordered

RADIO MAGAZINES, INC.
P. 0. Box 629, Mineola, N. Y.
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MONTHLY SUMMARY of product develop-
ments and price changes of radlo elec-
tronic-television parts and equipment,
supplied by United Catalog Publishers, Ine.,

A

110 Lnfayette Street, New York City,
lishers of Radlo's Master.

These REPORTS will keep you up-to-date in
this e\'er-clnnglng industry. They will also
belp you to buy and specify to best advantage,
A complete description of most products will
be found in the Official Buying Guide, Radlo's
Master—available through local radio parts
wholesalers.

pub-

Miscellaneous Radio, TV, and Electronic
Parts
AMERICAN PHENOLIC —Temporarily

discontinned remote

conrol - wire No. 14-3160I001,  14-3161500),
A16010000 Discontinmed  remote  control  wire  No.
14-317: twin-lead (ransmission line No. 14.318.

BARKER & WILLIAMSON-—Divcontinned induetor material
enamcled wire No. 3905. No. 3906, No. 3¢07.
ERY SALES--Added Insulated terminal strips No.
at $2.10 net: Noo T22 at $3.00 net: No.

210 net: No. T2 at $2.10 net; No. T29 at §2
JOKNSON C E. F.—Discontinued comncrueld wire No
144348 ) 144-350; No. 144-:

MALLORY & CO.—Added No. 2600 \lldxelro] Control  Kit
at 15 60 net. Decreased prices on vibrators No, /59
(o $2.82 net: No. W8GY to §2.94 net; No. G874 to
$2.04 net

0AK ELECTRONICS —Added 4-way multipurpose switeh <t
£0.90 net

OHMITE MFG, CO. -Added Type ABR(Stock No. CCI') 2
watl meldal composition potentiometer at $4.20 nel

VAR! CORP.—Added R-115-B  Vari-Tot eleeiric
saldering iron at $7. Dlseontinued Model R-115 A
Nuri-lot eleetrie soldering leon,

Recording Equipment, Speakers,

Amplifiers, Needles, Tape, etc.

BOGEN CO.—Added: Model M31Y high-impedance amplifier
with  three-speed  phonogeaph at $102,13  net: Model
HL30Y  Jow-impedance ampliffier with  (hree-speed  phono
graph at §) N0 net: Model ¥ corner haffle for <™

I speaker at $7.50 nel; Model B eortier baffle fur 127

speiker at $7.50 net: Model ET16G three-speed transcrip-
tion plnyer at §74.25 net
BROWNING LABS.—Added Model RJ-42 FM-AM tuner at
Fla6.50 net.
DUOTONE CO.

Added  Columbia  replacement needles No,
360 at $1.75 net; No, 360D at $14.00 net.

GARRARD SALES -Added Maodel T thre-speed  mannal
player at 4935 net. DIscomimied Model M three-specd
mannal player,

MILLER CO0., M. A.—Added o number of new replaee
ment needles for American Mierophone, Audak, Astatie,
Gleneral Eleetrie, Magnavox. RCA, Webster Electrie.

REK-0-KUT—nNiseon{inued Model TR-12 dual speed ree-
ouding turntable. Increased prices: Mudel LP-T43 three
speed  transeripiion  turntable 1o 5 net:  Model
1"-43-¢ three-speed record player 1o § 0 pet: Model
P-43-M three-speed tecord player to $104.50 net; Chal-
lenger Deluxe dise recorder to 15095 net.

STEELMAN PHONOGRAPH & RADIO- Discontinued:
3D4  three-speed ponuhle phonograph;  Model
transeription  pla ¢! 3K1  three-speed
portable phonograph; \Iﬂdll 3RP2 radio-phonograph.

WEBSTER ELECTRIC - Increased prices on publle address
amplifiers Model 31-15 to $74.25 net; Model 82-25 to
$89.25 net

"

Mol
3ET2
electric

Test Equipment

JACKSON ELECTRICAL INSTRUMENT
A48-¢" dynamie tibe fester with counter hase. Increaseil
prires: Model 648-B bLeneh type steel  ense ynamic
tube tester to $104.50 net; Model CB48 ecounter-base
for dynamic tube tester to $8.50 net: Model 64%-I'
portable tester in wolen case to 109 50 pet.

SIMPSON ELECTRIC -Diseontinired  Model 266 vaenm
tube voltmeter. Inereasel prices: Model 303 vacunm-tuiw
solt-ohmmeter to $65.00 net,

Diseontinued Modet

ADDITIONAL CLASSIFIED
SALE : MeIntosh 50W2 amplifier, K190 ;
preamplifier and equatizer for Melnte
Leeds & Northrop decade resistance hox,
99,4 ohms in 1/10-ohin steps, $24; Pilot
1A FMAM tuner, $70; Kl r»chnrn Tod
$200; Hirommes 10-watt basic ampli-
§ Hea(hkit A-1° generitor, sine and
square wave, 20 to 20,000 cps, very well con-
structed, X Write for full details; Jac
Holzman, 184 W. 10th &t, New York 14,
N. Y. I'hone OR 5-7137,

AUDIO ENGINEERING e
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—CLASSIFIED—

Rates: 10¢ per word per insertion for moRcommer,
advertisements; 25¢ per word for commaercial adv
tissments. Rates are net, and no discounts witl
allowed. Copy must be accompanied by remittancs
full, and must reash the New York effice by
first of the month preceding the date of Issus,

THE INC,
sells qualiry
1lilllll1lll1'lll\
nwar,
Avel Jnaien 32,

AUDIO EXCHANGE.
hu.h fidlelity
Guarantesd v
Dept,
N.Y.

buys

)-
’l‘c-lephnne ()I. R-0)

Special P'ockage 'urchase : Ampex port
recorder, 40( ries, S0-watt Melntosh an

ther, Eleety with stand, 30
15-in.  Lansing l<-r|noﬂux hjghd-
phones, all for 2 Mr, Ross,
70T hetween 95530 and

UNUSUAL O'PORTUNITY FOR MAN
FACTURERS REPRESENTATIVES
CINMUNTCATION DEALERS
Well known, long established leader in t
nanufaeture of  complete  communicati

equipment  offers wide-awake, aggress
mannfacturers’ representaliv and e

ion dealers an excellent oppm
tnnity to handle a new, complete line
nmd«ln intercommunieating xystems, T
Tine 1 be bucked by a hard-hitting &
ny, sales promotion  and publie
progritm, using leading nittiont] conxun
and trade publieations. The equiment
the mwost up-toddate aml  complete  t)
money can buy, yet will sell in an attr
tive price range, Unlimited earning poty
tials  for qgualified representatives o
dealers whio have solid established repu
tions in this or similar ficlds.
Send  resnme  of quulinr.nmns and

mee to Box CK-1, AUDIO ENGINEKE
. O Iox Mineola, N, Y

DISC RECORDING SERVICE
Itighest quality dises cut from your tap
record, all . oall speeds, PPrice, 10-in
records,  § Also monitoring  off-th
1 recording on loeation. Unifa, Ine., 8
133th 8t Kew (ardens, No Y. LIggert 4-1

7

ED: Presta o ot rqual.  Dexdiibe
comdition,  give hest ice. Chief  Engifier,
WHOER, Sonth Blend, Indiana.

SAVE YOURSELFE plenty on all new [ligh
fideliny oumwm-m Write for (Iul.nl\~ 1RFi

Guild, 1507 Grave 8t,, \1-\\ York 14 Y
FOR Ampex 400 dual-track
recorder, ¢ icated by distributor, §
leetra- Voice 635 nncrophmw and aceessg
:osix 1010n .\. B reels Neoteh 1110
npty roec &35 University 4410 ¢
5844 Ral

over, GI-eps, .QIO. . D, Little,
bres, Indianapolis 20, 1nd,

WANTED: Complete  hi-ti  outfit-——tifller,
awmplitier. changer, ete, Prefer Craftsmegl or
oqual, George Wentz, Box 26, San Majos,
Toxas,

ALLIED  overhead  lathe and  tarnt
perfeet  condition, with  new  ove
synehronons  moter  amd mereary

rehild 542 arm with 2.5 mil <I|
Ige mounted in exeeption,

plywond  console cabinet .m] less  the 1
cear, S830. Ampex 401, used T omonths, th
A 77D mike. in perfeet eondition, ]
Ly distributor. £790. Qriginnl owner ng
conntry lul\ 1 vew Yor only, B
8 G3IRT, Box CK 2 AUDIO ENGINEERIN
FoR .\'.\l.l~): Never used, Melntosh 2
with (=104, $185. Drowning RV IR
U'sed one montl Ttee 601N, 878 n-
closure F-12-M, 1. Wi, Dongherty, N.
l'n-u‘,\ St Philadelphia 10, 1'a.
FINEST l\'ll'l’l{\ll\l AR WILLIAMSENS
ND COMPLETE SYSTEMS
Nicely Associates Kenton, dhio
307, DISCOUNT oun factory-fresh, goagan-
feed LEP records, Send for free eatalog fand
literature, SOPTHWERT RECORD SARRS,

Dept. AR, 4710 Caroline, Hmmnn 4, Tex:

H11A1 cutter,
attach-

NALE or TRADE—PFairchild
1
Albans,

microgroove  themostylux
for Hickok 288X, Box 101, S1,

&
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78 RPM MICROGROOVE
for Hi-Fi Fans

From the famous
JUMP Records’ library.

Critics and sound engineers believe this is
the ultimate mechanically.

10” Record-—$4.00—including tax, pack-
ing, shipping and complete technical data.

Money Back Guarantee
No COD’s

Order from

The TURNTABLE
P. O. Box 622
Hollywood 28, Cal.

GIFT...

from America's
most advanced
Hi-Fi studios

Come in or write
for your copy of
*Sound Advice” by
1rving Greene, I'-i
pages of vital Hi-Fi
data ... lc's FREE!

o Corroration

STREET, MEW YORK 346

PROFESSIONAL
DIRECTORY

Custom-Built Equipment

U. S. Recording Co.

1121 Vermont Ave., Washington 5, D, C.
Lincoln 3-2705

“EVERYTHING IN HIGH FIDELITY"
Fram Primary Componenis
to Compleled Custom Awdio Equipment

KIE F
Sound

820 West Olymplc Blvd, «
Rlchmond 7-0271

_.il"P.

Angeles 15, Calif.

In Southern California it's

| HOLLYWOOD ELECTRONICS
(in The Audio Mile)

r Distributors of Hi Fidelity
Components Exclusively
Webster 3-8208
7460 Melrose Ave. Hollywood 46, Calif.

AUDIO ENGINEERING e

Industry Notes ...

Combined operations of Triad Trans-
former Manufacturing Co. and Tetrad
Company, Inc. hoth of Venice, calif., have
been merged under corporate name  of
Tetrad Transformer Corporation- -offic
are L. W, Howard, president: (L D, Derry,
cutive vice-president: Thomas .
Iker, vice-president; Alluh Wahlgren,
Secretaryv-treasurer: George Clark, assist-
ant to the president rnest Clover, mian-
er of jobher and Charles Shaw,
director of purc 5 Fourth store in
Arrow Electronics chain wis apened May
1 at Hen d, N. Y.——will he managed
by Frank Gallagher, 25-yvear veteran in
the electronics field.

AMareh 13 marked start of production in
International Resistance Company’s ncw
Asheville, N. C. plint——facilities will he
under management of 1. I MeCoully, for
nerly an official in IRC'S home plant in
lTadelphia . . . G & H Wood Products,
Inc.,, Brooklyn, N. Y. is newest manufae-
turing licensee of Klipsch & Associates,
Hope, Ark.,—speanker enclosures will be ad-
vertised and promoted as the Klipsch
Rebel IV by Cabinart, G & H's hi-fi trade
name . .. New atidwestern representitive
for Brook Electronics, Inc.,, I 1heth,
N. J. is Ray R. Hutmacher Associates,
Inc,, hicago

The Turner Company, Cedar Napids
Towa, and Pickering & Company, ( )
side, N. Y. bhoth entertained  vi g
group of Furopean imlustrialists :n this
country on canducted tour under auspices
of Ad. Auriema, Inc,, New Yuork, export
representative for more than 30 U7, 8. elecs
tronic eqiiipment manufactirers . . . Am-
pex Electric Corporation hLas completed
arcingemsents with Magna Theaters and
Todd-A-0 Corporation to  develop and
ninufiacture special  stereophonic seund
cquipment for use with new Todd-A-O
system of wide-screen movies . Sun
Radio and Electronics Co., Inc., celebrated
opening of headqurters at £50 §th
Ave, New April 17-—will be known
st Ameri first electronie supermar-

Industry People ...

Robert L. Stephens, president, Stephens
AManufacturing Corporation, Culver ity,
Calif,, anunounces appointment of Steve
Van Roekel as general sales manager
comes to new post from Omaha, Nelb.,
where he owned Midwest Sound Company

. Dr. Burton Browne, head of Burton
Rrowne Advertising, Chicago, hack from
special cruise to Pearl Harbor as civilian
guest of the Navy Department . . . Peter
L. Jensen, niresident, Jensen Industries,
honored with luncheon at Chicago's Mer-
chimdise  Mart by Electronie  Iarts &
FEquipment  manutfaecturers for contribu-
tions to the industry.

Albert F. Watters, whose first jnb with
RCA was as spot welder's attendant in
P35, 1 been clected vice-president in
ge of personnel of RCA Vietor Divi-
siom . Bernie Cutler i= new U to
sales staff of Adotph L. Gre _ tes,
e New York Manufacturers rep . .
M. M. Newman, general manager, Lidin
.\'_h:_u k Corporation, Boston, announee 1-
dition of three new members to conmpany’s
staff- -Alton B. Bccles, wha will devote
effarts  to industrial sales and market
analys nd William €. Allen and Frank
Duplissa, hoth of whom will work in :d-
vertising and sales promotion,

F. Sumner Hall, president, AES, has
entire industry’s bhest wishes for rapid
recovery from painful hospital siege . . |
Jack Karms, exccutive vice-president, Hec-
oton Corporation, New Yoark, announces
advancement of Barney Edwards to -
tional sales manager, and Hank Miller and
Vic Smiley to nunager of sales for Mid-
west and Pacitie Const, respectively

FOR YOUR HI-FIDELITY
REQUIREMENTS YISIT OUR
NEW S0OUND STUDIO!

OLYMPIC ELECTRONICS
SUPPLY

Fhamg: HOly d #-F144
Samfa Menica Bivd, Los Angeles 46, Calif,
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|Cn|laro == TapeMaster = Brociner — Fisher — National Hollywood — Rek-0-Ket — Superhorn — Hi-Fi

EASY-HANDLING

Compeo

MAGNETIC TAPE REELS

Precision manufaclured in accordance
with the exocting standards set by the
N.A.B.

TAPE REELS STORAGE CANS AND SHIPPING
CASES FOR EVERY PROFESSIONAL REQUIRE
MENT ALWAYS IN STOCK

Wreite for descesprice literature and price list

COMPCO CORPORATION

{ fine products for the Audio-
Vitual industry.

2251 W. St. Paul Ave. Chicago 47, lllinois

Mansl sctur gy

Itee = V.M == Brook — Bell — Jensen

TEXAS-TV

est Sound Hq.”

A corner of one of the Vexas-TV air-conditioned
Hi-Fi demonstration rooms in which all major
lines of sound and recording equipment ean be
demonstrated “at the flick of a switeh™”

WEATHERS FM PICKUP
gram stylus ressure eliminates record
wear, 20-20,000 response with negligible
distortion. Supplied with oscillator deliver-
ng .5 volt into high impedance. $37.50
"*HOME MUSIC SYSTEMS” | new
book by Edward Tatnal. Canby explains
Hi-Fi, recommends brands & models, tells
how to test and repair equipment. build
baffles, install units. Gives list of nearest

dealers, $3.95

HORN LOADED SPEAKER KIT . .
by Cabinart. Gain a full octave of smooth
bass. All panels pre-cut and sanded ready
for finishing. Kit includes everying needed.
For 15-inch speakers $23.95 . 12-inch
$19.95
$SAVE—We Prepay Between
Alleghenies & Rockies

TEXAS-TV

506 W. Hildebrand Avenue
San Antonio 12, Texas

One-

Clarkstan — Unlversity — Ampex — Cabina

— YOI — Suaydas — NOI§ — 0)sud — 9310A-04329)] |

~— JusSiel = AOuue] = SJYITIM -— JOfId
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SOUND WITHOUT FATIGUE

ADVERTISING
INDEX

®
. wﬂ‘b l‘be H A R T I_ E Y 2 I 5 Allied Radio Corp. . .......... 61
Amperite Co., Inc. ........... 63
LOUDSPEAKE R Ampex Electric Corp. . ........ 37
Amplifier Corp. of America .... 62
A loudspeaker converts eleetrieal impulses into sound energy. Arnold Engineering Co. ........ 5
Any sound contributed by the speaker itsclf appears as distortion. Asco Sound Corp. . ........... 65
While the ear cannot be relied upon for accurate wmeasurements of Audak Co. ................ 45
distortion, the reaction of the human ear and nervous system to such Audio Devices, Inc. ........ Cover 2
distortion is unmistakable. This scnsation is known as listening
fatigue. Belden Mfg. Co. ............ i3
. . . Bell Telephone Laboratories .... 18
When audio enthusiasts say that the ten inch HARTLEY 215 .
X Bogen, David, Co., Inc. ........ 35
<ounds smooth and natural and can be listened to for hours, they
mean that it does not produce fatigue. Instrument measurements Carter Motor Co. .. .......... 46
confirm the 213°s remarkable freedom from resonant peaks and Chicago Transformer Co. . ...... 10
other forms of distortion. It reproduces music and speech with life- Cinema Engineering Co. ...... 56
like realism, and wi!h()‘ul imposi.ng upon the lisl.m.ler- an awareness Classified Advertisements .. . ... 64
that a lo:ldspcnk(‘r is in operation. The Hartley 215 is priced at N o 65
LA Concertone Recorders ..... .. 53
Hartley Products are now available in America Cook Labs, Inc. ............. 54
through franchised Hartley dealers. Daven CO. +wnoo Cover 3
For complete information regarding the Hartley 215. and the | | Daystrom Electric Corp. . ....... 51
new Bofle Speaker Enclosure, Preamplifier, and Main Am- | Diacoustic Laboratory ........ 54
lifier, write to Depart AE- |
plifier, write to Department AE-6 Garrard Sales Corp. .. .. 23
Prices slightly higher West of the Rockies General Electric Co. . ..o on. .. 58
Cray Research & Dev. Co., Inc. .. 9
H. A. HARTLEY CO., INC. Hartley, H. A. Co., Ltd. . ... ... 66
521 East 162nd Street, Bronx 51, N. Y. Harvey Radio Co., Inc. ........ 47
Heath Co. .................. 53
Hollywood Electronics ........ 65
= | ) Hughes Research & Dev. Co. . ... 4
Kellogg Switchboard & Supply Co. 55
| | Kierultf Sound Corp. . ......... 65
IN ORDER TO FIND IT— ! | Leonard Radio, Inc. .. ......... 63
WHY NOT BIND IT? | | Magnecord, Inc. ............. 6
O | Minnesota Mining & Mtfg. Co. .. 11
Your reference library lc:f AUDIO ENGINEERING can be up-to-the-minute Olympic Electronics Supply Co. .. 65
by kecping your copies in an AUDIO Binder. Permoflux COrp. - oo oer 14
APPEARANCE . . . Your den, workshop . . . or wherever you do your experi- P!ckermg.& Co, fnc. ... Lt 35
mentation can be kept in “apple-pie”’ order when all your copies of { | Pilot Radio Corp. ............ 9
AUDIO ENGINEERING are within easy reach. The deep, blue cover Precision Electronics, Inc. ...... 62
will harmonize with any color scheme and . . . in addition, the backbone Precision Film Laboratories .... 8
will be gold-stamped with AUDIO ENGINEERING and any year you Presto Recording Corp. ... ..... 15
specify. Professional Directory ........ 65
CONVENIENCE . . . No more wondering what happened to last month’s issue i . 13
.. or the month before . . . Just reach for your Binder and no time is Radio Corp. of America ........
lost finding the information you need . . . AT ONCE. Radio’'s Master . ............. 50
WORKMANSHIP . . . Dupont Fabricord . . . stainproof and washable . . . rigid Rauland-Borg Corp. .......... :8
backbone with bound-in metal support . . . center channel to keep Reeves Soundcraft Corp. ....... 3
magazines securely in position. Rek-O-Kut Co. . .......ooono 41
COST . . . For only $2.75 you can have this handsome binder for your ready Rockbar Corp. .............- 51
reference.” Si Instruments, Inc. ... ... .. 12
__________ * (Foreign orders add 50¢ per binder) Swain, Hack -~ ... 63
Audio Engineering Terminal Radio Corp. ......... 59
P. O. Box 629, Mineola, N. Y. Texas TV Stores . ............ 65
) Thermador Electrical Mfg. Co. .. 52
Enclosed find $ . ............... ... for ... ... Binders Triad Transformer Mfg. Co. .. .. 1
N Turner Co. . oo v 49
1Yo 1= T T AR Turntable CO. o 65
AT ci e = 5 N R L L L R LR L L EELE University Loudspeakers ....... 57
Gity o U. S. Recording Co. . ......... 65
"ty zone SELeEEeoEaa0aRE United Transformer Co. . Cover 4
Year Wanted [J 1951 [J 1952 [J 1953 []1954.
V-M Corporation .......... 33, 34
i
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ULTRA COMPACT UNITS...OUNCER UNITS

HIGH FIDELITY .... SMALL SIZE.... FROM STOCK

UTC Uitra compact audio units are small and Jight in weight, ideally suited to remote amplifier and
similar cumpact equipment. High fidelity is obtainable in all individual units, the frequency response
being == 2 DB from 30 to 20,000 cycles.

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good
inductive shieiding.

Type Secondary List
No.  Appllcation  Primary Impedance Impedance Price

A-10  Low impedance mike, pickup, 50, 125,150, 200/250, 50 ohms $16.00
_____or multiple line to grid 333, 500600 ohms

A-11  Low impedance mike pickup, 50, 200, 500 50,000 ohms 18.00

or line to 1 or 2 grids (multiple alloy shields for low hum pickup.
A-12 Low impedance mike pickup, S0, 125,150, 200/250, 80,000 ohms overall,

or multiple line to grids 333, 500/600 ohms in two sections 16.00
A-14  Dynamic microphone to one 30 ohms 50,000 ohms overall,
____or two grids - ~ fn_two sections 17.00 1
A-20  Mixing, mike, pickup, or mul- 50, 125,150, 200/250, 50, 125150, 200/250, E |
tiple line to line 333, 500/600 ohms 333, 500/600 ohms 16.00 2 i
A-21  Mixing, low impedance mike, 50, 200,250, 500/600 200/250, 500/60) 18.00
___opickup, or line to tine (mulliple alloy shields for low hum pickup)
A-16  Single plate to single grid 15,000 chms 60,000 ohms, 2:1 ratio 15.00
A-17 Single plate to single grid  As above As above 17.00
8 MA unbalanced D.C. % 3
A-18  Singte plate to two grids. 15,000 ohms 80,000 ohms overall - |
__Spiit primary.  23ltumcatio 15.00 — :
A-13  Single plate to two grids. 15,000 ohms 80,000 ohms overall,
8 MA unbalanced D.C. 2.3:1 turn ratio 19.00
A-24 Single plate to multiple line 15,000 ohms 5051330133620.,0"250' i TYPE A CASE
333. ohms d 12" x 1%” x 2 1igh
A.25 Single plate to muitiple line 15,000 ohms 50, 125,150, 200,250, “ £ |
8 MA unbalanced D.C. 333, 500/600 ohr' s 17.00 I
A-26 Push pull low level plates to 30,000 ohms 50, 125,150, 200,250,
multipte line plate to plate 333, 500 /600 ohms 16.00 il
A-27 Crystal microphone to mul- 100,000 ochms 50, 125,150, 200,250, |
__ tiple line 333, 500600 ohms 16.00 |

-30__ Audio choke, 250 henrys ¢ 5 MA6000 ohms D.C., 65 henrys & 10MA15000hnsD.C._12.00 !
Filter choke 60 henrys «» 15 MA 20000hms D.C., 15 henrys ¢ 30 MA 5000hms D.C. 10.00

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh
ane eance, are fully impregnated and sealed in a drawn aluminum housing 7" diameter ... mounting
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
excepl for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4,000 cycles. Maximum level 0 DB.

Type
No Application ~ Pri. lmp. E— Sec. Imp. Price
0-1 Mike, pickup or line to 50, 200,250 50,000 $14.00
1 grid 500/600
0-2 Mike, pickup or line to 50, 200,250 50,000 14.00
_ 2grids ______500/600 H B = = =
0-3 Dynamic mike to 1 grid 7.5/30 50,000 13.00
0-4  Single plate to 1 grid 15,000 60,000 11.00
0-5 Plate to grid, D.C. in Pri. 15000 60,000 ~11.00
0.6  Single plate to 2 grids 15,000 95,000 13.00
0-7 Slacte ton grids, 15,000 95,000 13.00
.C.in Prt
Ol[;lgEER 0-8  Single plate to line 15,000 50. 200250, 500600 14.00
T i Vot b 0-9  Plate to line, D.C. in Pri. 15,000 50, 200250, 500/600 14.00
%" Dia x 1%" high 536 Fush pui plates to line 30,000 ohms 50, 200,250, 500,600 14.00
plate to plate
0-11  Crystal mike to line 50,000 50, 200,250, 500/600 14.00
0-12  Mixing and matching 50, 200250 50, 200,250, 500 600 13.00
0-13 Reactor, 300 Hys.--no D.C.; 50 Hys.—-3 MA. D.C. 6000 ohms 10.00
0-14  50:1 mike or line to grid 200 Y2 megohm 14.00
0-15 10:1 single plate to grid 15,000 1 megohm 14.00

~d
&L «

150 VARICK STREET * NEW YORK 13, N. Y.

EXPORT DIVISION: 13 EAST 40th Sﬂ’t[ ET, NEW YORK 16, N. Y. CABLES: ""ARLABY
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