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Here’s the

RECORD-MAKING COMBINATION

Today’s trend to high fidelity phonograph reproduction demands
higher quality than ever before — in both the original sound record-
ings and the masters from which pressings are made. And the
country’s leading manufacturers of fine phonograph records have
found that Audiotape and Audiodiscs are the ideal combination
for meeting these exacting requirements.

Master Audiodiscs —the choice of record-makers for more than a
decade —are now used for the vast majority of all phonograph
records produced in this country. That’s because their outstanding
performance is a matter of record — known throughout the industry
for consistent uniform quality, freedom from humidity effects, and
exceptionally low surface noise at all diameters.

Although magnetic recording is relatively new in the record-mak-
ing field, Audiotape is already widely used for recording the original
sound. Here, too, its preference is the result of proved performance.
For professional recordists know that they can always depend on
Audiotape for the finest in magnetic recording — with unequalled
uniformity and minimum distortion at maximum output.

that brings fine music to millions

...and you get the same
unsurpassed performance when you
use Audiotape and Audiodiscs

in your recording work

There’s nothing special about the Audio products
used by the phonograph record industry. Except
for size, Master Audiodiscs are exactly the same
as the Red Label Audiodiscs used anywhere else
— with the same superior lacquer, applied by the
same precision coating process and meeting the
same exacting standards of flawless perfection.
And the Audiotape used in record making is
identical to that which is available for general
use by all sound recordists.

If it’s quality you want, Audiodiscs and Audio-
tape speak for themselves. Remember, too, that
Audiotape, in both 1250 and 2500 foot
reels, is guaranteed splice-free!

AUDIO DEVICES, Inc.

444 Madison Avenue, New York 22, N.Y.

Export Dept.: 13 East 40th St.,, New York 16, N. Y, Cables “ARLAB”

audiohlm o

audiodiscs o audiotape o

*Trade Mark

Lo
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Save yourself hundreds of dollars
when you buy your limiting emplifier. Specify o
BA-6A. For complete details, call your RCA Broad-
cast Sales Engineer. Or write Dept. PA-19, RCA
Engineering Products, Camden, N. J.

AUDIO BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT. CAMDEN.N.J.

I» Canada: RC A VICTOR Company Limited, Montreal
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ide Range
Reproduction
fqr the Home

Triad Hi-Fidelity
Amplifier Kit...

The Triad HF-10 Amplifier, from a circuit
designed in cooperation with J. N. A.
Hawkins, prominent sound engineer, has been
produced especially for those who like to
build their own sound reproducing systems.
When used with the high quality speakers,
tuners, turntables, and pick-ups now avail-
able, a system can be built that will meet
the requirements of even the most critical
music lover. The Triad HF-10 kit supplies
the basic engineering and solves the most
difficult mechanical Jayout problems. with
18 db. of feedback, affording a reflected
impedance of less than 2 ohms to the 16 ohm
speaker tap, within 1 db. linear frequency
response from 20 to 20,000 cycles, and with
a minimum of distortion over this same
range, the HF-10 is worthy of use in the very
finest home music installations.

*
Features...

Wide Frequency Respoense: Within one db.
from 20-20,000 cycles.

Low Distortion: Less than 2% from 50-18,000
cycles at full 10 watts output. Less than 1%
from 20-20,000 cycles at 5 watts.

Heavy Speaker Damping: Reflects less than
2 ohms to speaker from 16 ohm tap.
Equalization: Continuously variable to +12
db. or 30 db. at 50 or 8000 cycles.

High Gain: 74 db. from crystal microphone
or radio receiver; 96 db. (equalized for
magnetic pickup) through preamplifier.
Low Noise: Hum and other noise 60 db. below
maximum output. A-74) equalizing coil has
70 db. shieiding.

Beautiful Appearance: Gray hammertone
chassis with ivory silk-screened lettering,
matching gray Triad transformers.

*Prices

HF-10 Kit—Includes S-31A, R-14A, A-74J, and
C-10X Triad transformers, chassis, prints and
assembly instructions. List Price $43.00
HF-10A Kit—Same as above except for sub-
stitution of HS-81 output transformer for
S-31A. List Price y63.50

Also available with 500/250/150 ohm
secondary output transformers.
Write for Catalog TR-51

TR&

NSFORMER MFG CO

2254 Sepulveda Blvd.
Los Angeles 64, Calif.

IRECT-COUPLED AMPLIFIERS are niore or
D less passé these days in audio work,
probably largely because they were so
difficult to adjust and keep in adjustment,
what with the complex power-supply bleeder
systems commonly used and the high
B-voltage necessary. There is still, however,
a distinct need for d.c. amplifiers in many
instrumentation applications and some audio
men are stll enamoured (and justly so)
with the hass response they make possible.
Onc way to avoid the complicated bleeder
is to supply B-plus to each stage, in the
usual R-C-amplifier manner, through a load
resistor and ground the cathode, but place a
battery between the plate of one stage and
the grid of the next to cancel the positive
voltage transfer. This requires a number of
batteries or independent voltage sources and
is too cumbersome. Raymond A. Minzer of
Watertown, Mass., has come up with a sys-
tem which uses this basic philosophy but
uses only one, or at the most, two power
supplies for the entire amplifier. His simple

B+

B+

Output
o

Fig. 1.

circuit, the subject of Patent No. 2,554,469,
ts diagrammed in /g, 1.

Vi, the first amplifier stage, is conven-
tional, using any convenient bias method
(not shown) and having a plate-load re-
sistor connected to B-plus. s, the sccond
stage, is also conventional. K, is placed in
series between the two stages.

P, is a pentode, called the “d.c. level
changer.” Its cathode is connected to a
source of negative power, which mnay either
be separate from the main B-supply or may
be obtained by a standard bleeder system.
Current in V', passes from the negative sup-
ply through the tube, R, the load resistor
of V), and back to ground through the
B-plus supply. In passing through R,

| which may have a high value, it creates a

d.c. voltage drop which makes the grid end
of R: negative with respect to the plate

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

’ AUDIO

WWW akhrerieaniadiahictary com

RICHARD H. DORF*

end. The value of R, and the positive grid
bias for V. (adjusted with R;) are made
large enough so that the net potential at
the plate of V.—and therefore the grid of
Vi—is actually somewhat negative with re-
spect to ground, thus giving Vs the correct
operating bias.

All this, however, does not cause any ap-
preciable audio voltage loss, for the combi-
nation of K.V, does not act as an audio
voltage divider. The reason is that V., being
a pentode with constant screen and control-
grid potentials, is essentially a constant-
current device. The audio-voltage variations
at its plate do not produce appreciable varia-
tions of currvent. Thus the current through
R, remains unvaried and there is no a.lf.
voltage drop across it. Both because Iy may
have a rather high value and because the
plate resistance of a pentode is high, the
arrangement does not appreciably shunt ¥
to reduce its gain. The result is direct
coupling with all its advantage, with, at the
samce time, conventional operation of the
amplifier stages.

As many stages as necessary can be
handled in exactly this same way, a level-
changer tube being inserted between each
pair, a1l operated from the same negative
supply. In operation, the only adjustment is
setting R, for the correct bias on Vi A
triode may also be used for Vi with a
value for R. of 0.5 to 1.0 meg. With the
pentode, R. is present to introduce some
degeneration to make the circuit more
stable; the high value used with a triode,
normally a constant-voltage source, makes
it the equivalent of the constant-current
pentode.

Calibrating Sound-Level Meters

Building and using sound-level meters is
among the more frustrating aspects of the

= —r— =
| MICROPHONE |

I %5550 |

Fig. 2.

audio art, largely because calibration of the
instrument as a whole is so difficult. Micro-
phones (especially the crystals ordinarily
used) and amplifiers vary in sensitivity and
gain with weather and age, and unfortu-

[Continued on page 4]
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REK-0-KUT
Specialists in Sound
Equipment for Broad-
casting and Public Use!
The World's Finest!

THE
«Challenger”’
Professional 13% DISC
RECORDER for Standard
and Micro-Groove
Recording

3'NSTRUMENTS IN ONE

1. A Professional Recorder
2. A High-Fidelity Phonograph
3. A High-Fidelity P.A. System

The Challenger, America’s finest 1314 Disc Recorder, is
built to meat the respective needs of the professional
recordist. musician, educator and recording enthusiast
who wants to make permanent, professional recordings.
Embodies tie most advanced design, engineering and
production techniques in the disc recording industry.
The Challenger’'s many exclusive operating features
simplify and improve the art of disc recording. NOTE:
Tape recording enthusiasts need the ‘‘Challenger’ to
re-record their finished tape after it has been edited. . .
input jack available, no special attachments required.

RECORDS disc from 6” to 13Y4” masters,
PLAYS back disc from 6” to 16” transcriptions, standard
or micro-groove,

With heavy duty synchronous motor.......$439.95
* * *

CONTINUOQUSLY VARIABLE-
SPEED TURNTABLE OF
BROADCAST QUALITY

Plays at ANY speed from 25 to
100 R.P.M....without distor-
tion. Ideal .for record collec-
tors, musicians, singers, disc
jockeys, music schools, dance
studios, general schools,
broadcast studios, etc., wher-
ever controlling pitch and
tempo is required.

Model CV3-12, (illustrated) chassis, motor and turn-
table, aSSEMDIY ........coveeivvcierimsiressnesinen: $84.95 net

Model CVS-12P, mounted in portable case with 16"
dual stylus pick-up... ..$124.95 net

*

MODEL LP-743
3-SPEED 12 INCH
TRANSCRIPTION

TURNTABLE

Recommended by leading
sound critics. Induction
type motor, designed for
smooth, quiet, vibration-
free operation. Instantane-
ous speed changes — 78
45 and 3313 — without
stopping turntable or res
moving disc.

*

*x *

* * K Kk K

$54.95 net,

See...hear.. compare REK-O-KUT products at iead-
Ing music slore;, audio-visual dealers and radio parts
jobbers...or write for iiterature.

REK-0-KUT CO.

J8-01 Queens
Long lsland City 1,

Boulevard
M. Y.
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nately there is almost no reliable way of
recalibrating except with a standard sound
source in a completely dead room. This is
done at the factory but is usually impossible
for the user.

Augustus H. Fiske, Jr., assignor of Patent
No. 2,538,550 to General Electric, has
attacked the field recalibration problem in
a neat and simple way, as Figs. 2 and 3
illustrate. A measure of the sensitivity and
gain of an entire system involving ampli-
fication is the threshold of oscillation. As
Fig. 2 shows in block manner, an ordinary
sound-level meter consists of a microphone,
amplitier, and level indicator. When the
microphone has a certain sensitivity and the
amplifier a certain gain, the meter is cali-
brated to indicate sound levels in decibels
(or phons in elaborate instruments). Mr.
Fiske adds a calibration circuit consisting
of a dynamic speaker connected through an
attenuator and possibly a filter to the ampli-
fier output, in parallel with the meter.

With the microphone and speaker tightly
coupled acoustically, the system will begin
to oscillate when the combined sensitivity of
the microphone and amplifier is at a certain
point. If a gain control is provided in the
amplifier, and if it is set during each cali-
bration so that the system just begins to
oscillate, the total sensitivity of microphone
and amplifier to measured sounds will al-
ways be the same, assuming (with justice)
that the efficiency of the speaker and the loss
in the attenuator do not change appreciably.
The filter, tuned to a single frequency, may
be inserted for greater calibration accuracy.

In use, then, the microphone, amplifier,
and meter are initially calibrated at the
factory against a standard sound source in
the usual way. Then the microphone and
speaker are coupled and the attenuator is
adjusted so that the system just breaks into
oscillation. In the field, the system can be
recalibrated whenever the operator wishes,
simply by coupling microphone and speaker
and adjusting the amplifier’s gain control so
that oscillation begins. This is a calibration
of the whole meter, since any change in
microphone sensitivity—or of amplifier gain
—will be offset by the adjustment of ampli-
fier gain. The speaker and attenuator can be
expected to keep their initial characteristics
for a good long time, so remain reliahle.

Figure 3 shows how the microphone and

“*Studio A”...to TIMBUKTU! ¥

The famed traveler, Art Alberts, recently used Mag-
necord Tape Recorders in his search for African tribal
music — never before recorded. His Magnecorders
underwent 140 degrees temperature, relative humidi-
ty ranging from 8 to 99, and 5,000 miles of grueling,
jouncing desert and jungle trails. Operating perfectly
all the way, Magnecorders brought home faithfully
accurate reproductions from the court of the Mossi
Emperor, south of Timbuktu.

Whether in Timbuktu or in Studio A at KRSC, Seattle,
Wash., Magnecorders handle delayed programs and
“on location” recordings with constant dependability.
Easy portability, precision and fidelity make Magne-
corder the first choice of radio engineers everywhere.

MORE FEATURES
PT7 accommodates 10Y;” reels
and offers 3 heads, positiva tim-
ing and pushbutton control. PT7
shown in console is ovcilahte for
portable or rack mount.

GREATER FLEXIBILITY
In rack or console, or in its really
portable cases, the Magnecorder
will suit every purpose. PTé is

available with 3 speeds (334",
72", 15”) if preferred.

HIGHER FIDELITY
Lifelike tone quality, low distortion,
meet N.A.B. standards — ond at a
moderate price. PT63 shown in rack
mount offers 3 heads to erase, record
and play back to monitor from the

Spring

[+— Metol Housing

tape while recording. Speaker

L

)

Rubber Pads

N — Rubber Ring

\ /
- % 7
1 ~ e
WRITE FOR NEW CATALOG Heiosiaes) WY
AN}
360 North Michigan Avenue Fig. 3.

Chicago 1, llinois, Dept. A-10
Send me latest catalog of Magnecord equipment.

speaker can be coupled acoustically for full
sound transfer, uniform from one time to the
next, and eliminating any effects of sur-
rounding acoustics. A metal housing with a
shelf holds the speaker upside down, with
the rim of the speaker lying on rubber pads
and being held by the spring. The micro-
phone is inserted in the bottom of the

[Continued on page 51)
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Brain power,

experience,
superb facilities
all in one package at
GRAY

RESEARCH

® Television

® Video and display systems

® Audio and communications
® Teleprinter techniques

@ Precise electro-mechanisms
® Acronautic control devices
@ Data transmission and recording

® Facsimile

In each of the defense-important fields listed here, the Gray organization has recently solved important
problems. These facilities are available to prime contractors and to the military services as our contribution
to the national effort in furtherance of communications, engineering or electro-mechanical designing. A

booklet telling more of the Gray story will be sent for the asking.

. Please write for Bulletin RA-10 describing the above equipnient

| fubiT Oidre
‘ President
Division of The GRAY MANUFACTURING COMPANY—
Originators of the Gray Telephone Pay Station and the Gray Audograph
AUDIO ENGINEERING e OCTOBER, 1951 5
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High: Fidelity

“THE NEW MAGAZINE FOR AUDIO-PHILES*

*People who enjoy fine Audio reproduction

shows latest improvements in the remarkable
TGS oo

IT’S HARD TO BELIEVE... NEVERTHELESS, IT’S TRUE!

An amazing
improvement in
the reproduction
of sound

... including full
20-cycle response
from a speaker
people can’t see
...or locate

One expert after another has listened to the FAS
Audio System, and summarized its performance as
one of the greatest advances since headphones and
mechanical phonographs were superseded by loud-
speakers and electrical pickups. Since the original
Fowler-Allison-Sleeper design was first announced
thousands of hi-fi enthusiasts have built FAS systems,
using standard parts, readily available. Next, HIGH-
FIDELITY will describe important furtherimprovements.

Typical comments
(with explanatory
notes) from those
who heard FAS
performance for
the first time...

HI-FI ENTHUSIAST: “'The bass
doesn't drop out when the
volume is turned away down.
Now | can enjoy music late at
night without waking the
baby, or disturbing folks in
the next apartment.” (You
don't have to crank up the
volyme to hear bass in the
FAS system)

AUDIO CONSULTANT: “I'm
satisfied thatthe only speakers
in this room are the 12-in.
and tweeter types set up in
plain view, but it's impossible
for them to deliver the qual-
ity | am hearingl" (There is
more to the FAS than meets
the eye)

MUSIC CRITIC: ") can feel the
vibration from low organ
notes just as | do in the big
churches.” (That is quite true,
down to the 32-ft. pipes}''And
| still feel them with the vol-
ume just above audibility.”
(An important feature of FAS
performance)

VIOLINIST: "This is the first
time | have been able to dis-
tinguish reproduction of a
violin from a viola.," (That
realism, plus an amazing
presence effect are character-
istic of the FAS)

ORCHESTRA  CONDUCTOR:
"Ordinary radio and phono-
graph music always tired me
very quickly. | have listened
fo the FAS all evening. There
is something decidedly differ-
ent about it." (You, too, will
enjoy that difference)

AUDIO ENGINEER: "You must
have a new kind of speaker
with flat efficiency down to
20 cycles, or an amplifier with
enormous bass boost.” {Only
standard speakers are used,
with no bass boost atany part
of the system)

RADIO MANUFACTURER:
"“This is luxury performance.
Few people can afford such
installations.” {The cost is as
pleasingly low as the quality
is surprisingly high)

CUSTOM DESIGNER: "I can
sell any number of jobs like
this. Is it difficult to get the
ports?” (They are readily
available from yourlocal parts
jobber, or by mail)

A complete review
of experiments and
construction details
to enable you to
build your own

FAS system

A large-size magazine,
with over 100 illustrations,
handsomely printed on fine paper

[ A= o [
High: sidelity
Published by Milton B. Sleeper
15 Audio Building, Great Barrington, Mass.

Complete data on the construction and installation of the
FAS System, including the out-of-sight Air-Coupler, was
published in the Summer Issue of HIGH-FIDELITY. (You can
still get a copy if you subscribe at once.) The Fall Issue, with
a 13-page section on tape, is being mailed now. The Winter
Issue, mailed November 15, will show the improved FAS
Reflex Air-Coupler. ORDER NOW!

Name..

Address.. . e
Add 50¢ per yeor in Conoda, $1.00 foreign 2

T - - -
Mr. Charles Fowler, Editor, High-Fidelity g
15 Audio Bldg., Great Barrington, Mass.
Pleose enter my subscription to High-Fidelity:
(] $6.00 for three years (SAVE $6.00)

] $3.00 for one yeor (SAVE $1.00)
{Published Sept. 15, Nov. 15, Feb. 1, Apr 15}

LETTERS

] Record Lists
Sir:

I would like to express my appreciation
for the abbreviated evaluation of new
records which now appears in Mr. Canby’s
column. By all means continue and expand
this work. When audio is a serious hobby,
the demand for good records also becomes
scrious, for a good system is of little value
without good records as source material.
! At some time in the future, may we have
a listing of suitable recordings for “back-
ground music”? There are many of us
whose devotion to symphonic music does
not include 100 per cent of our listening
time, and it is difficult to select this type of
music simply from titles in catalogues. In
order to obtain even a dozen such records,
| I have already procured over fifty and I am

still unsatisfied. T would like a library of
| records of the type used by the wired music
| services—those with no great crescendoces

or changes of tempo which would distract

a person’s attention from other occupations.

’ Neil MacCoull,
Fishkill, New York

| Intelligent Correction

| Sir:

| Permit me to call your attention to a
I mistake in  Jerome Goodman’s article
| “Music and Mass Production” (4, Sept.
’51). In this article, the author gives the
impression that 1.Q). 1s measured in per cent.
The letters I. 0. are an abbreviation for
intelligence quotient, or the ratio between
mental age and chronological age. This
| ratio, multiplied by 100, gives the I1.Q.,
which we in the social sciences usually term
an index of hrightness. Perhaps this is a
minor point, but I think it important that
technical terms, whether native to one’s
field or not, be used correctly. The probable
unfamiliarity of most readers with this
technical definition of 1.Q. makes it all the
more important that any discussion of it
be correct to preclude any further miscon-
| ception about the notion.

D. E. Clark

| (Thus wsn’t mental age a percentage of
| chronological age? Ed.)

| Credit to Co-Author
‘ Sir:
Many thanks for your presentation of
[ the article on the Space Charge Amplifier
l (/E, Sept. ’51). While I am grateful for the
“plug” in the sub-heading, but I feel it is
| only fair to call attention to the true status
| of the work on the original Musician’s
Ainplifier. The bulk of the layout and
arrangement work was done by David
Sarser, while I contributed suggestions and
ideas to eliminate some of the troubles
encountered in adapting it to American
| parts. Therefore, I feel that Mr. Sarser is
entitled to equal recognition or possibly
| even sole recognition for his work in mak-
ing the amplifier the success that it has
become. Dave and I have always worked
together as a team and it is not my in-
tention that he be slighted in any way.

Melvin C, Sprinkle,
Altec Lansing Corp.,
161 Sixth Ave.,
New York 13, N. Y,

(That's one on us—we wrote the subhead.

Ed.)
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best results . . .tape it with presto, the best buy in tape recorders today.

PRESTO AMPLIFIER 900-A2
The recommended amplifier for the
RC-10/24 tape recorder, has a frequency
response of 50 to 15,000 cps.. a low level
three mike mixer and a bridging input.
Five-way switch for recording, playback,
remote, erase current and bias current.

PRESTO MODEL RC-10/24

World favorite for relay rack mounting. Aceom-

modates 10Y%” reels, three magnetic heads, push-

button controls, response up to 15,000 cps. Panel
size 19” x 2414”. Also available in console unit.

PRESTO PORTABLE PT-920

Brand new and improved successor to the
famous PT-900. Three mators. no friction
clutch or tension adjustmenis. Fast forward
and rewind speeds, instantaneous monitoring
from tape. Compact case contains 10 wait
amplifier, two speakers, power supply.

PRESTO PORTABLE BC-10/14

Portable version of the RC-10/24 with smaller
panel size (19" x 14”) and rotary switch
selector. Weighs only 68 1bs. Superb audic
quality, speed control and relability.

DRESTO

WORLD'S LARGEST MANUFACTURER OF PRECISION RECORDING EQUIPMENT AND DiISCS
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EDITOR'S REPORT

THE PACIFIC ELECTRONIC EXHIBIT

ELD IN CONJUNCTION with the 1951 Western Con-
H vention of the Institute of Radio Engineers, the

7th Annual Pacific LElectronic 1ixhibit has come
and gone—and a bang-up exhibit it was. Lxcellently at-
tended, and in a convention hall admirably suited to
such an affair, it was somewhat of a surprise to those of
us who have succumbed to the average New Yorker’s
provincialism. The many booths were crowded from
opening to closing for the three days of the show, and
it was necessary to darken the hall to get the visitors to
go home on the final evening. And with nearly sixty
papers on a wide variety of subjects—presented in thir-
teen sections in eight periods so that no one could pos-
sibly attend all of the papers—the convention itself was
a huge success.

We consider ourselves fortunate to have heen able
to attend this convention and exhibit for a number of
reasons—we were able to meet and discuss audio with
many old friends, we saw and heard a number of new
developments, and we learned that the Pacific Coast is
well on its way toward besting the Fast in electronic
developments,

THE AUDIO FAIR

While the AES Convention is held at the same time
as the Audio [Fair, it is the IFair which attracts the
greatest attention and attendance. For the benefit of
those who are not professionally engaged in the Audio
profession, the convention papers which are of greatest
interest to this group—the hobbyists—are scheduled
for the session on Saturday morning, November 3,
beginning at 10:00 a.m. Friday morning’s session will be
devoted to industrial aspects of audio, and the afternoon
session on the second day will cover recording. The
opening day’s sessions will be devoted to components,
instrumentation, and related subjects.

Two floors of Hotel New Yorker—the fifth and sixth
—will be filled with exhibitors with all types of devices
of interest to anyone whose vocation or avocation in-
volves audio. Several new speakers are due to be un-
veiled—both woofers and tweeters; new amplifiers
will make their debut; magnetic recorders, both profes-
sional and non-professional will be watched with in-
terest. Above all, the Audio Fair will permit these de-
velopments to be fieard, as well as seen. It is this one
feature which has made the Fair of nation-wide interest
in so short a time. Audio as a separate industry and a
separate profession has certainly become recognized.

This year, for the first time, wives of audio people
are being recognized. Announcements of the convention
being sent to members list a number of activities avail-
able for those wives who may wish to accompany their
husbands to New York for the gala affair. This addi-
tion will probably bring out some who would not other-
wise come—and vice versa.

INTERNATIONAL STANDARDIZATION

The Sixth Plenary Assembly of the International
Radio Consultative Committee (C.C.I.R.) met in Gen-
eva, Switzerland during the month of June and made
considerable progress toward standardizing record-
ing characteristics for radio programs destined for in-
ternational exchange. Departing from the AES recom-
mendation that no disc recording characteristic be stand-
ardized—only that for a standard playback system—the
committee presented for further study a number of
existing recording characteristics with the recommenda-
tion that such compromises be made by the various coun-
tries represented as would permit complete agreement
upon one standard curve.

The proposed compromise characteristic provides for
a 450-microsecond curve below 1000 cps and a 50-micro-
second curve above 1000 cps. This corresponds to a low-
frequency turnover of approximately 360 cps and a
high-frequency turnover of approximately 2800 cps,
as compared to the AES Playback Characteristic of
400 and 2500 cps respectively. While our preference
still remains for the ALLS curve—Dboth as to frequency
of turnover and as to its specification as a playback char-
acteristic instead of a recording standard—it appears
that the proposed curve would fall within the tolerance
allowed by the ALS curve and would thus provide sat-
isfactory reproduction when played on equipment en-
gineered to AES standards. The Society’s recommenda-
tions have already been forwarded to Neal McNaughten,
the member of the Preparatory Group from the U. S.,
and it is to be hoped that his influence may help to
swing the other members more closely to our already-
adopted standard.

The C.C.I.R. standardization is not intended to ap-
ply to any recording intended purely for use in the
individual countries, but only to those programs which
are intended for international distribution or exchange.
However, it is felt that if the equipment is made to
satisfy the standards for programs in the exchange cate-
gory, it is probable that it would be used without change
for the locally consuned recordings, with consequent
benefit to all who use them for any purpose whatsoever.

ELECTRONICS OFFICERS, AIR

Recent communications from the Public Information
Office of First Air Force Headquarters indicate that
men with a university degree and suitable qualifying
experience in electrical, communication, radio, or elec-
tronics engineering may possibly step directly from civil
into military life with a commission in the Air Force
Reserve.

Depending upon age, commissions from second
lieutenant to major may be granted those who qualify.
A master’s degree in one of the specified fields, or a
bachelor’s degree followed by at least a year of experi-
ence are prerequisite.
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Your voice

Cutaway view of deep-sea amplifier.
Tubes and other elements are housed
in plastic cases then enclosed in inter-
learved steel rings within a copper tube.
Lavers of glass tape, armor wire and
impregnated fiber complete the sheath.
Cable ship, shown right, payed out
cable over large sheave at bouw.

iIn Davy Jones’ locker

To strengthen voices in the newest
submarine cables between Key West
and Havana amplifiers had to be built
right into the cables themselves. With
the cables, these amplifiers had 1o be
laid in heaving seas; and they must
work for years under the immense
pressure of 5000 feet of water.

For this job, Bell Laboratories engi-
neers developed a new kind of ampli-
fier — cable-shaped and flexible, with
a new kind of water-tight seal.

To serve far bevond reach of repair,
they developed electron tules and other
parls, then assembled them in dust-
free rooms.

The two cables — each has but two
conductors — simultaneously carry 21

conversations as well as current to run
the eleciron tubes.

With these deep-sea amplifiers, sub-
marine cables carry more messages . . .
another example of how research in
Bell Telephone Laboratories helps im-
prove telephone service cach vear while

costs stay low.

® Exploring and inventing, devising and perfecting, for

continved improvements and economies in teleghone service.

WWW arherieaniadiahietary com
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Equivalent Circuits to Simplify
Feedback Design

RICHARD S. BURWEN™

Treating a feedback amplifier in terms of its equivalent non-feedback
type makes it easier to determine its performance characteristics.

ALCULATIONS 1may be simplified
c through the use of equivalent cir-

cuits in the application of selective
feedback to amplifier design, as will be
shown in this article.

A selective feedback amplifier circuit
is often best {and most economical)
when designing an equalizing network
or tone control system to produce a
given frequency response. Though feed-
back calculations are usually more diffi-
cult than those required for conven-
tional circuits—hecause it 1s necessary
to vary the amount and phase of feed-
back with {requency in a manner that
will result i the specified amplification
curve—the work is usually worth while.
It often results in lower distortion than
when using interstage equalization, as
well as in lower output impedance, more
efficient utilization of the available gain,
and less expensive components.

With the simple interstage resistance-
capacitance unetworks commonly used in
phonograph preamplifier and tone-con-
irol circuits, an experienced designer
can determine easily what the frequency
response will be; he can approximate
the curve with straight lines having 0
or 6 db per octave slopes and pick out
the frequencies where the slope changes.
It is apparent that when a icedback am-
plifier is reduced to a gencrator feeding

* 17 Sheffie’ld Road, Melrose 76, Mass.

such an interstage network, the task of
fitting a given response curve or of
calculating the response curve of a given
amplifier will be greatly simplified.

General Feedback Amplifier
Equivalent Circuit

The general feedback equivalent civ-
cuit is shown in Fig. 1. This cquivalent
circuit is applicable to any amplifier in-
volving voltage and current feedback.
both positive and negative.

The circuit is derived irom the two
equations shown for the gain and in-
ternal impedance of a feedback ampli-
tier. By shutting off the generator one
can sce that the mternal impedance, that
of the two branches in parallel, checks
with the formula for Z,”. Disconnecting
Z; leaves a simple voltage divider that
taps off a fraction

1
=
1 T 1-A4,8
1+—‘4()B

of the amplified input signal Ay E;, in
agreement with the formula for E, when
/1‘.7 y o

Whether or not the network is actu-
ally simple depends upon how compli-
cated the four impedances are and
whether or not the gain without feed-
hack 4, is the same at all frequencies.
In practice cach of the impedances may

and Z| disconnected.

ond Z disconnected.

lo
3 AMPLIFIER
i nd E Z
E'" - GAIN ‘A WITHOUT *" =
) FEEDBACK =
o lo
BEg
(A)
Z_ =Lood lmpedence
A = Gain of amplifier with no feedback ond Z_ connected
Ag = v " « o " w « disconnected
Zo = Internal ‘mpedance seen looking into the output terminols with no feedbock

Zo = Internol impedance seen looking into the output terminals with feedbock

Fig. 1. General feed-
back amplifier equiv-
alent circuit.

AEin
-A(p+ %L)
. 25— Apgax

Zo = 77 Ao

Ep *

when. 2| =

Ef = olo + 3Ep = totol feedback voltage due to voltoge ond current feedbock
ond is cansidered as being directly odded to Ein

€in =input signal voltage
Eg = Output woltage acrass foad
lg = Current in the laad ) P
o = Current feedback factor = feedback voltage developed by current in load
current in load
3 * Voltage feedback factor = fraction af the output voltage fed back

A~ Ao
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(+p}Zy
> (4]
2 2
L2 €
Rp ?
- nEin

43 f

— 5 =
“Aen |

(c)
Rp (1+pu) Zg
CLE U
L
) Z.

A .
FRp+ (HRIZgrZ,

Fig. 2. Equivalent circuits for cathode current
feedback.

be a network of several elements; while
in a few very useful cases all but one or
two may be pure resistances. (The use
of these equivalent circuits assumes lin-
ear operation of all the tubes and ele-
nients ).

Equivalent Circuits For Cathode
Current Feedback

One of the most useful applications of
this equivalent circuit is to a single am-
plitier stage with cathode current degen-
eration, shown in Fig. 2. This type of
stage is useful as a treble-boost circuit
simply by shunting the proper capaci-
tance across the cathode resistor. In
event that 7, consists efiectively of the
plate resistor and the following-stage
orid resistor in parallel, and Zg is a
pure resistance it is convenient to re-
duce the entire circuit to a gencerator
and a single resistance 7, .

Plate-to-Grid Feedback

The triode with plate-to-grid voltage
feedback, shown in Fig. 3, is somewhat
more complicated. In this circuit the
icedback part is as simple as that of the
triode with cathode current degenera-
tion. But two more factors have to be
taken into account. The first is that Z,
loads the input impedance Z, causing a
loss of voltage across 7, even without

11
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feedback. The second is a direct path
from input to output through Z, and
Z, by-passing the tube. (These effects
may be observed by disconnecting the
grid of the tube from the circuit and
grounding it.) Almost every feedback
amplifier has such a path. Usually it is
neglected because the amount of signal
at the output coming directly through
the feedback network is very minute
compared to the signal from the tubes.

To take these two factors into ac-
count, the equivalent non-feedback cir-
cuit has been drawn in two parts, as at
(B). The signal is first attenuated in
the left circuit by the factor Z,/
(Z:+Z,), giving a new input voltage
E;/. Next the signal voltage E;’ is
amplified and fed into an interstage
equalizer derived from Fig. 1. The ad-
ditional branch consisting of a series
arrangement of Z,, Z,, and a generator
E,, takes care of the direct path from
input to output and the plate loading
due to Z, + Z,.

Note that in (B) of Fig. 3 the voltage

~- Ay

{with Z» |
disconnected}

(b)
WA AWA— °
1 _Z2
Lotrg) Zo (0 A|Z|) 22
A4 1, 22
(1+ e A|Z1) .
pommsd | Z o
~)-AEin S 2022
< A Z4 €in
(c)

©
(d)
WW—0o
Zo v 4 2o
ze( A|Z,) E X
— ] i Eo
b Zo
/ ::(A|+1)21£T§] l
- (E_lg LYr4 3
AM+INZy/ 2o ©
(e)
Iy
Zo * — Lot
Rp

Fig. 3. Equivalent circuits for plate-to-grid
feedback.
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Fig. 4. Combined grid
and cathode feedback
equivalent circuit.

{1+u) Zx
Rp Ro2
N J 22
22 RpZp 2 E:Z
—==< 34 E
KLy S o
-KEin z
! PCTRLE S
k pe
Ein

AL
VWAV

1, 23
Zyt+o ) 50

(b)

E, is just E,Z,/(Z,+ Z,). By taking
E,’ as the output voltage, then, the left
portion of (B} can be eliminated. (C)
in Fig. 3 shows the resulting circuit.
Another branch has been added for the
purpose of correcting the output imped-
ance Z,” back to its proper value as
seen at the output terminals in (B).

Frequently the internal impedance of
the balance of the circuit is so small
compared to Z,+Z, that the loading
effect of Z,+Z, on the output and the
amount of signal fed directly through
are negligible. In this case the circuit
can be reduced to a siniple T network,
as at (D). The impedance Z,/(A4,+1)
is an approximation of the correspond-
ing branch in (C). In calculations of
open-circuit frequency response this
branch can be completely disregarded.
It serves only to indicate the minimum
internal impedance when Z,/Z, be-
comes very small.

The approximate equivalent circuit
using a constant current generator is
shown at (E).

Combined Grid and Cathode Feedback

The circuit equivalent to a triode
with both plate-to-grid voltage feedback
and cathode current feedback is shown
in Fig. 4. On account of the complexity
of this circuit, however, it is frequently
easier to consider the two types of feed-
back separately.

This is the case when Z, and Z are
pure resistances. The procedure is to
consider first the triode with cathode
current degeneration as (A) in Fig. 2.
The circuit is then reduced to a gen-
erator — A’E;, with an internal imped-
ance Z,” as at (C) in Fig. 2, which can
now be redrawn in the form of the orig-
inal circuit, (A), but with new circuit
constants. The cathode impedance Z
is zero; the plate load Zy, is replaced by
Z," (which combines the effects of plate
resistatice Kp, degeneration across Zx,
and plate load impedance Z, ) ; and pois
replaced by — 4",

The final portion of the procedure is
to add the plate-to-grid voltage feed-
back, making the circuit the same as
(A), Fig. 3, which can then be reduced
to one of its simpler forms such as (D)
or (E) of Fig. 3.

In all of the previously mentioned
circuits the stray circuit capacitances
are combined whenever possible into the
inipedances shown; otherwise they are
neglected. For example, grid-to-plate
capacitance can become a parallel ele-
ment in Z,.

The practical advantage of using a

AUDIO
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selective feedback amplifier over a con-
ventional amplifier followed by an inter-
stage equalizer is immediately evident
from a comparison of (A) and (D) of
Fig. 3. In the former case, the tube has
to supply only the output voltage E,
while in the latter case, the tube has to
supply several times E, to make up for
loss in the equalizer. Operation at a
lower level causes the tube in the feed-
back amplifier to have less harmonic dis-
tortion by a factor of several times. In
addition this lower distortion is further
reduced by feedback. The internal im-
pedance Z,” of the feedback amplifier is
likely to be lower than that looking back
into the equalizer, which has to be kept
at a high impedance level in order that
the tube will have a sufficiently high
plate-load impedance for low-distortion
operation. Hence the feedback amplifier
has greater freedom from the effects of
external loads.

The disadvantages of using a feedback
amplifier whose feedback varies with
frequency response is more dependent
upon the gain of the tube and may
change with age. The response, how-
ever, can be stabilized to any desired
degree by using enough feedback.

Effect of a Small Amount of Feedback on
Beam Power Amplifiers

Circuit (B) of Fig. 1 and the related
formulas show the effect of a small
amount of feedback on the performance
of a pentode or tetrode power amplifier.
Without feedback, an 8-ohm loudspeaker
may look back into as much as 80 ohms
internal impedance due to the high plate
resistance of the pentode. This means
that if the load impedance were discon-
nected the output voltage would rise
20.8 db. If we were to apply just 6 db
negative voltage feedback measured
with the load connected, the loudspeaker
would look back into something less
than 8 ohms. This would be true even
if the loudspeaker had originally looked
back into 80 megohms.

The reason is plain from observation
of the shunt impedance Z,/-— 4,8. (The
— Ay and o/f impedances are zero.)
When negative voltage feedback is ap-
plied it is the loading effect of this im-
pedance that reduces the output voltage.
To reduce the output voltage to one
half its value before feedback the value
of this impedance must be equal to Z,
in parallel with Z;. Therefore, with
6 db of feedback the loudspeaker looks
back into less than its own impedance.
This is because 6 db feedback with the

[Continued on page 42]
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Expressions for the Reduction of
Distortion and Output Impedance in

Terms of db of Feedback

WILLIAM J. KESSLER* and SYDNEY E. SMITH*

The authors simplify the calculation of amplifier char-
by employing easily measured parameters.

acteristics

URING TIiE PAST DECADE, it has be-
D comie increasingly common to ex-

press the degree of inverse feed-
back employed in audio output amplifiers
in terms of the gain reduction due to the
addition of the feedback loop rather than
the feedback factor AB. In many feed-
back applications the value of B cannot
be readily determined unless the feed-
back signal is derived from a divider
network wlere the values of all the im-
pedances are known. In contrast, the
degree of inverse feedback expressed in
decibels may be readily determined
simply by measuring the reduction in
output level due to the addition of the
feedback loop. This measurement may
be made at any frequency; however it
should be noted that the expressions for
the reduction of distortion and output
impedance arc usually applicable only
for the frequency corresponding to a
single measurement, or the frequency
range over which the measured gain
reduction is substantially constant. Ac-
cordingly, it appears desirable to rewrite
the well-known expressions for the re-
duction of distortion and output im-
pedance due to the use of negative volt-
age feedback to ecliminate the often
indeterminate 42.

The conventional expression for the
effective output impedance of a power
amplifier! incorporating negative volt-
age feedback is:

e 0
v ILAIB

where R, is the plate resistance of the
output stage without feedback, p the
amplification factor of the output tube,
A, the voitage amplification included
between the fecdback point and the grid
of the output stage and B is the feedback
fraction expressed as a decimal less than
one. A similar expression for the reduc-
tion of distortion due to the use of
negative voltage feedback is:

D
1-4p @
where D is the total harmonic distortion

in the absence of feedback, D’ the resi-
dual distortion with feedback, and A

Ry=

D=

* Engineering and Industrial Experiment
Station, University of Florida, Gainesville,
Fla.

1 Radio Engineers Handbook,
Emmons Te-man, p. 402.

Frederick

the total amplification included within
the feedback loop.
The net amplification of an amplifier

incorporating negative feedback is
known to be:
, A
A=7"45 %)

Expressing the change of amplification
in terms of decibels yields:

db =201log (1~ AB) 4)

Combining this equation with equa-
tion (2) yields the following expression
for the residual distortion in the pres-
ence of feedback free of the feedback
factor Ag:

D
“log (db/20) ()

where db is the degree of inverse feed-
back expressed in decibels and D the
initial total distortion.

In a similar manner, combining equa-
tions (1) and (4) results in an expres-
sion for the effective output impedance
also free of A3 as follows:

R

D/

4

R,=—
14505 2L pogt (ab/20y] - 1
Zy

(6)

where Z;, is the recommended load im-
pedance and R, the plate resistance of
the output stage in the absence of feed-
back. In the event the voltmeter used for
making the level measurements before
and after the addition of the fcedback
loop is not calibrated in terms of deci-
bels, the ratio of the two voltage read-
ings may be substitued for log-* (db/20)
in equations (5) and (6).

It should be observed that the value
of R, published in the tube manuals is
reliable only for the class of operation
specifically stated. The values of R, for
class AB,; and AB, are seldom given,
particularly when cathode bias is em-
ployed, because the actual plate resist-
ance varies throughout the audio cycle.
Under such circumstances, a more re-
liable “average” figure may be calcu-
lated from the expression:

Ry=Zy[u/A,—1] 7

where Z; and p are as previously de-
fined and A, is the large-signal amplifi-
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cation of the output stage.? 4, may be
obtained by dividing the peak voltage
corresponding to maximum power out-
put by the recommended grid bias., For
push-pull operation the peak plate-to-
plate voltage should be divided by twice
the recommended grid bias.

The magnitude of the effective output
impedance R’, reflected to the secondary
of the output transformer can be veri-
fied by a simple and straightforward
method previously outlined by Richter.®
This output impedance, in terms of the
open-circuited and properly-loaded out-
put voltage, is then:

2 e R G
e,

where Ry, is the recommended load re-
sistance across the secondary of the out-
put transformer. A speaker can be em-
ployed as a suitable load; however, it is
reccommended that a noninductive re-
sistance be employed to remove doubt
regarding the value of Ry, Tt is observed
that the reciprocal of the bracketed
quantity in equation (&) constitutes an
experimental determination of the damp-
ing factor (&£,/R’,) of the output stage.

2 For push-pull operation, Zi, Rp, and R
can be regarded as the plate-to-plate values.
3 Walter Richter, “Simple method of de-
termining internal resistance,” Aupro En-
GINEERING vol. 32, no. 10, pp. 19-20, October
1948.

New York AES Meeting:

Demonstration Record
Committee Presents
List of Selections

At the first fall meeting of the New York
AES group, R. D. Darrell, chairman of the
Test and Demonstration Record Commit-
tee, presented a list of sclected records
deemed suitable for demonstrating the per-
formance of home music systems. Many
of the choices were played on Mr. Darrell’s
own system, and brief descriptions of the
music and what the records were intended
to demonstrate were given. Selections
ranged from full orchestra to individual
instruments, from heavy classics to popular.
Mimeographed lists of the records were
presented to all present.

13
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Square Wave Testing Simplified

HAROLD E. BRYAN™

The determination of the practical response limits of an amplifier is reduced
to a few simple statements relating to the reproduced wave shape from a

doesn’t use square waves in mak-

ing tests ol an amplifier and he
will probably say something like,
“Square waves? Oh yes. They muke
those pretty pictures on the ’scope, and
I always wonder what they mean. It’s
a waste of time—Ill run the curves.”
Of course, running the curves point-by-
point is perfectly legitimate, and is
highly desirable in some cases.

But square waves do have their place
in testing equipment. They malke it pos-
sible to obtain the necessary information
on frequency and phase response of the
amplifier quickly and with reasonable
accuracy. Nor is the equipment expen-
sive or hard to build—a good “square-
waver” can be constructed very simply.’
In addition, square waves will give in-
formation on the transient response of
the amplifier that cannot be obtained
from point-by-point curves. Less testing
time is required than it normally takes
to obtain one or two points on the usual
curve.

Am\' THYE AVERAGE engineer why he

Single-Stage RC-Coupled Amplifiers

Since no matter what type of coupling
is used it involves time constants, the
following analysis is based on the RC
coupling.

At low frequencies, the amplifier is
essentially a high-pass device. as illus-
trated in [fig. 1. It has often been stated
that a square wave test provides no in-
formation on the characteristics of the
amplifier at irequencies below the square
wave fundamental. This is not strictly
true. According to l‘ourier’s theory, a
symmetrical square wave contains a
sinusoidal fundamental, at the repeti-
tion rate of the rectangular wave, and
odd harmonics thercoi. On the face of
things it might therefore be said that
since there are no frequencies involved
which are lower than the {fundamental
of the test wave, there can be no infor-
mation available about the performance
at such lower frequencies.

A look at the coupling circuit irom
another angle, however, will show that
there arc indeed possibilities for lower-
than-fundamental information. The ideal
symmetrical square wave rises instan-
taneously to its maxiinumni value, remains
at that point for one half its period, and
then drops imimediately to its maximum
negative value, where it remains for the
duration of the cycle. In order for the

* 552 Fern Glen, La Jolla, Califorma.
1Sce ReEFEREXCE 1.

14

given square-wave frequency.

amplifier to pass the wave as it 1s gen-
erated — remember  we're  considering
low frequencies now—the coupling cir-
cuit must pass the flat top of the wave
without alteration. This will be possible
only if the time constant of the circuit
is long compared with the time of the
flat top. If this is not true, the top will
slope off instead of remaining at a con-
stant value.

Suppose it is assumed that if the top
slopes down to no less than 93 per cent
of the maximum value the response is
suthciently good. Let's see what this
would mean in terms of the amplifier.

Ii a dc. voltage is applied to the
coupling circuit, which is essentially
what is happening in the flat top of the
wave, the voltage across the resistor will
be determined by the equation

=5

Cp= Iig T

t is the time at the point of
measure

T is the time constant of the
circuit.

wlhere

In an RC circuit the time constant is
equal to the product of resistance and
capacitance. In the example above,
where the final voltage is 95 per cent
of the maximum,

!
L’U/E =095 = el
1/T =.051

This simply says that in order to meet
the requirements set up the time con-

whence

YWWW

Fig. 1. Simplified equivalent circuit of amplifier
at low frequencies,

stant of the circuit must be 1/.051 or
19.5 times the flat-top time, which is ¢
m the equation.

I'rom the information so supplied we
can determine the frequency at which
the response is down 3 db, assuming
normal phase shifts, and in general the
response at any other frequency in be-
tween if desired. In this type of circuit
the frequency for 3-db attenuation is
that at which the reactance of the ca-

pacitor equals the coupling resistance.
That is,
] b 7
lo= 22RC = 2T
Fromabove, T=19.5¢
=975(21)=975/f
where
t is the hali-cycle, or flat-
top time
f is the {requency of the
square wave
Then, with this information, by substi-
tution the 3-db frequency

In other words, the frequency for 2 db
attenuation is obtained by dividing the
95 per cent slope square-wave frequency
by 61.3.

At a frequency approximately equal

1.0
0.5
€o
=5 o) 3
E L_ Time
1—o] e
=-0.5
- 1,04

Fig. 2. Typical output signal showing square
wave with 50 per cent slope.

to one-tenth the applied frequency
(roughly six times the 3-db frequency)
the reactance will be one-sixth the re-
sistance of the circuit and the amplifier
responsc will be down only 1.3 per cent.

Thus if the square wave obtained at
the output of the amplifier is as good as
pictured here, the amplifier—unless it is
unusual in some other particular—will
have good response down to one-tenth of
the test irequency and will be down 3
dly at approximately one-sixtieth of that
frequency. The phase response will also
be good over the same range.

Practical Aspects

While the foregoing analysis is per-
fectly valid, it may be slightly hard to
apply, since it is difficult to determine
accurately when a 95-per cent slope was
realized. However, if the square wave
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has a good flat top, it is apparent that
the amplifier will be reasonably flat to
one-tenth of the test frequency.

In order to make it easicr to deter-
mine the actual frequencies involved, it
is desirable to use something greater
than a 95 per cent slope. It is also de-
sirable to apply the square wave at a
frequency where the response of the
amplifier is still good. As a starter, let
us assume that the test frequency is ap-
plied where the amplifier is down only
2 per cent.

Working backward irom the funda-
mental equation for the amplifier re-

sponse
eo/e=1/(1-Jlo/f)
we find that for e,/c=0.98,
fo=1/4.9
or the test frequency is 4.9 times the
3-db frequency. From this figure we can

find the actual slope of the flat top. We
know that

149
T =24f," 2xf
98¢
= i
whence
t=064T

Substituting this value in the equation

o
il
n
3
©

Fig. 3. Simplified equivalent circuit of amplifier
at high frequencies.

for the voltage across the coupling re-
sistance,

=0.5275

So under these conditions the flat top
will slope down to 32.75 per cent of
maximum in the half cvcle time. This is
illustrated in Fig. 2. Thus in practice
the frequency of the square wave is
adjusted until a slope of approximately
50 per cent is realized. The 3 db fre-
quency is then calculated by dividing
the resulting test frequency by 4.9.

High-Frequency Response

The high-frequency response of the
amplifier i1s handled in much the same
manner, although it is somewhat easier.
In this case, the coupling circuit is es-
sentially that of Fig. 3, a low-pass de-
vice. The voltage output rises exponen-
tially according to the relation
Co_yq_ eT’

E

where ¢ is amy time after application of
the pulse. A typical case is illustrated
in Fig. 4. When the measurement time
is equal to the time constant of the cir-
cuit the output has risen to 63.7 per cent

of its maximum value. At high frequen-
cies. therefore, the leading edge of the
wave will be rounded due to this ex-
ponential rise of voltage. By spreading
the wave out on the scope it is possible
to determine a 64 per cent rise time with
reasonable accuracy in terms of the hali-
cvele time. From this the actual time in
seconds is obtained.

At the high frequencies the amplifier
is down 3 db when the reactance and
resistance are cqual. This is the same
equation as before, but the resistance
and reactance involved arc different.
Thus again

1
fo= 2T

Since the time for 64 per cent rise of
voltage is the time constant 7, the 3 db
frequency is easily calculated.
Multistage Amplifiers

Since the foregoing analysis is based

1.0 A

0.5 1
e
2 o4
£ —_—

64.%
-0.5 - Rise Time
=10 4 =

I-—T %Cycle

Fig. 4. Typical output signal showing deteriora-
tion of square wave due to reduced high-
frequency response.

on a single coupling circuit, its value
may be questioned. But it is the basis for
the considerations in multistage ampli-
tiers.

Consider a two-stage amplifier with
identical coupling circuits, isolated by a
tube. This can be considered at low fre-
quencies as a single circuit whose time
constant is one-half that of each of the
original couplers. It would therefore
appear that the 3-db frequency would be
twice that of one stage, since the effec-
tive time constant is half as great as a
single circuit. We find, howcver, that
the response of the two circuits to sinu-
soidal signals is not down 3 db at this
frequency. Instead,

/fo=1.55

which means that the 3-db irequency is
1.55 times that of a single stage, instead
of twice. The frequency calculated from
the 50 per cent slope frequency, by di-
viding by 4.9, will not thercfore he the
true 3-db frequency. It is instead a fre-
quency equal to twice the 3-db frequency
for a single stage. To determine the
value for the two stages, this latter value
must be divided by two and multiplied
by 1.55. Sutnmed up. for a two-stage
amplifier

1.55
fs‘”’:ijx/}.g
=0.158f

where f is the frequency for a 50 per
cent flat-top slope.
TFor three stages, the comsiderations

AUDIO ENGINEERING e OCTOBER, 1951

WWW ameraaaradiehietary com

are the same. The ratio turns out to be
1.96 instead of 1.55 and the 3-db fre-
quency

1.96
fav=f%35 40

=0.133f
For four stages,
o =0.116f

For more than four coupling circuits
the sanie reasoning applics. However,
the factor by which the 50 per cent slope
frequency is multiplied approaches a
limit and it is doubtful if the extra work
is wortih the effort. IFor example, on a
test amplifier, which actually contained
four coupling circuits plus an output
transformer, the 50 per cent irequency
was 330 cps. By assuming that the am-
plifier contained only two stages, the
3-dly frequency was calculated to be 55.4
cps. FFor three stages it was 46.6 cps and
for four stages, 41 cps. The true 3-db
frequency, by measurcment. was 43 cps.
Thus little practical error is involved if
the estimate of the number of stages is
wrong and there scems to he no point in
going beyond four stages.

The high-frequency response is ana-
lvzed in the same manner, but the calcu-
lations are somewhat more involved. It
can be shown that the equivalent single
stage, Tor a two-circuit amplifier, has a
time constant 1.585 times that of each
individual circuit. The frequency for
3-db attenuation of sinusoidal signals is
0.643 times that for onc stage. Since the
reciprocal of 0.043 is 1.55, there is not
much point in attempting to obtain an
accurate expression. If the difference is
ignored the result is still within 2 per
cent. This is closer than the time can be
read on the oscilloscope screen.

Similar results are obtained for more
stages. In the test amplifier, the 3-db
frequency was calculated as 70 ke, and
by actual measure was 65 kc.

Other Considerations

When transiormers appear in the am-
plificr, as they often will, other things
may have to be taken into account. These
may or may not invalidate the results
obtained by the above analyses, depend-
ing upon how good or how bad the trans-
forniers are. Generally speaking, if such
tests arc undertaken on an amplifier it
is because the owner considers it to be
a pretty good onc and wants a “quick
and dirty” mecthod of finding out how
good it actually is. With reasonably
good transformers no particular trouble
should be experienced.

Response peaks usually due to trans-
formers will produce transient effects,
appearing as damped waves on top of
the square wave., These may make the
high-frequency response determinations
difficult. Another ecffect which may be
noticed in some cases will appear the
same hut at a very low frequency. This
will probably e due to insufficient damp-
ing of a loudspeaker foad. It is doubt-
ful if this will be experienced. however,
since the test frequency probably will
not be low enough to show it up.

[Continned on page 46]
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More About Mismatching

ROBERT M. MITCHELL*

A discussion of the manner in which a change in the load presented to an am-
plifier can affect gain, frequency response, distortion, and other characteristics.

YWWW
@

Fig. 1. Simplified
equivalent circuits of
output transformers
at low frequencies
(A), and at high
frequencies (B).

{A) LOW FREQUENGIES

(B) HIGH

FREQUENCIES °

loads to audio amplifiers was pro-

vided in these pages some mionths
ago.! The large number of questions
about this problem shows it to be one of
the major concerns of audio construc-
tors. Many of these questions concern
power output capabhilitics, and have been
answered in the article cited. Many oth-
ers, however, concern performance
characteristics of the amplifier or sys-
tem as a whole, aside from power capa-
bilities. These are questions of quality
rather than quantity, and involve fre-
quency response, distortion, hum, damp-
ing, gain, and stability. These character-
istics will each be briefly treated in re-
spect to their relationships to load
changes.

ADVICE CONCERNING the matching of

Damping

The damping factor of an amplifier is
the ratio of the load resistance R; to the
plate resistance r, of the output stage,
both referred to the same side of the
output transformer,

p-R
p
(1) Oblviously, if a higher than rated
load impedance is used, the damp-
ing is improved.
(2) If a lower load is used, the damp-
g is poorer.

Frequency Response

Figure 1 shows the simplified equiva-
lent circuits of an output transformer
at low and at high frequencies. At (A),
for example, the value of the primary
inductance L, is chosen by the designer
so as to make the output ¢, at a fre-
quency f[r, 3 db below its mid-frequency
value when a load R; is connected to the
output. If the transformer is manipu-
lated by mismatching so as to make R,
smaller, the irequency at which L, will
produce this same loss in output is re-

* Circuit Applications Engincer, United
Transformer Company, New York.

1S, J. White, “How far can I mis-
match?” Aupio ENGINEERING, Jan. 1951.
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duced. Conscquently, the low-frequency
response is improved.

Just the opposite is true for the high-
frequency end. Diagram (B) in Fig. 1
shows that as R, is decreased, more and
more of the voltage is developed across
the leakage inductance L, and less and
less across R;. Consequently, the high-
frequency response is made poorer. The
lumped primary resistances R, and sec-

T
[ | eLs u __’_I__Jr,
Ef *» 6.3V || J !
—]Ep » 250V} — 1
Eqi®» =14V |
| Ecz® 250 V _‘_ | -
75| Egig® 14 V. (peak) s

POWER OUTPUT - WATTS
n o>
o o

THIRD HARMONIC DISTORTION - PER CENT

Kilohms

LOAD RESISTANCE R~

Fig. 2. Curves showing the effect of changing

load resistance has upon power output and dis-

tortion in a typical beam power tetrode—
the 6L6.

ondary resistances I, are assumed to be
small for Dboth cases. We may sum-
marize these results as follows:

(1) Connecting a load impedance
lower than the rated load shifts the
frequency characteristic downward,
resulting in better low-frequency
response and poorer high-frequency
response,

(2) Connecting a higher impedance
shifts the frequency characteristic
upward, resulting in poorer low-fre-
quency response and Detter high-
frequency response.

Distortion

If a push-pull amplifier is involved, as
1s almost always the case, the even-order
harmonics of the output tubes appear
considerably reduced in the output if not

completely canceled. The third har-
monic, however, is not reduced by push-
pull connection, and consequently, must
be considered when mismatching.

Figures 2 and 3 show the variation
of third harmonic distortion as the load
is changed for two representative types
of tubes. The increase of distortion with
load impedance shown in Fig. 2 for the
616 is typical of beam power tubes and
pentodes. With triodes, however, the
change is in the opposite direction, as
Fig. 3 shows for the WIE 300B. Design-
ers sometinies take advantage of this re-
lationship to reduce the distortion in
triode amplifiers when the loss in power
is not significant. It is often possible to
obtain a considerable reduction in dis-
tortion with only a slight loss in power.
This was done in the well-known Wil-
liamson amplifier, for example, where a
plate-to-plate load of 10,000 ohms was
used for tubes whose rated load as given
by the manufacturer was much lower
(4,000 ohms).

(1) Connecting a higher than rated
load tends to increase distortion for
beam power tubes.

(2) Connecting a higher load tends
to decrease distortion for triodes.

The gain of the output stage is given
by the relation

3 R, g
THERvr,

w
7
1+ 2
l
The ratio of gains with different loads
is then

"p
1+Rz,

7‘p
1+ i,

[Continued on page 54]
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Fig. 3. Load resistance vs. power output and dis-
tortion for a typical triode—the 2A3.
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Audio—Big Business

LEON WARTMAN

From an unfamiliar word to a profession, to the Society, to the Audio
Fair—Audio has become one of our fastest growing industries.

dustry and in spite of that has already

grown to be a ¥4 billion dollar enter-
prise. It’s the “sound” industry. Its mem-
bers call it “audio.” The word “audio” is
still described in modern dictionaries as an
adjective but its followers refer to it as a
proper noun, “Audio.” [t is defined as the
science of the production and reproduction
of sound through clectro-mechanical tech-
niques. It’s the design, manufacture, proc-
essing, and distribution of equipment, and
the actual plaving back of recorded music.
speech and ather sounds. Tt's the produc-
tion of equipment for making tape and
wire recordings. It's the design, manufac-
ture and sale of microphones, amplifiers,
loudspeakers, and recordings. It is the put-
ting together of these devices into an in-
tegrated system for the sheer pleasure and
esthetic delight of listening to the super-
natural repraduction of music. It even ex-
tends to other industries such as furniture,
where thousands of cabinets are scien-
tifically custom-made to contain this equip-
ment most attractively. It is an industry
that caters to the cars of lovers of music.
from Bach to BeBop. The Audio Industry
gives employment directly to an estimated
100,000 persons in the United States alone.
No one can estimate the number of peo-
ple who derive pleasure from the industry’s
efforts.

IT PROBABLY 135 America’s voungest in-

The Great Laveller

Rich man, student, and wage carner are
on one level-—and none objects—when they
meet at the local equipment supply houses
to se¢ and hear the latest audio devices
which are bLeing offered for sale. There
they find a certain camaraderie, a mutual
and rabidly devoted interest where, sur-
rounded by woofers. twecters, pickups,
turntables. tuners, amplifiers, equalizers,
and recordings, they can express their per-
sonal preferences and discuss the relative
merits of one device over the other. One
debater may have an Audio outfit in his
home costing thousands of dollars. An-
other, a youth still on a weekly allow-
ance, may have, over a period of time, ac-
cumulated a hundred or so dollars worth
of merchandise. One may have hired an
Audio Consultant to design and construct
the electronic portions and an Interior Dec-
orator for the cabinets and loudspeiaker
box. The ather may have designed his
by copying {rom magazine articles, “horse-
trading” for the components, hand-building
and home-mzking what he didn’t have the
cash for. One is just as proud as the other
and can justify the choice miade for each
unit of his Audio “system.”

So enthusiastic are these Audio en-
thusiasts that séveral magazines completely
out of the technical field are recogniz-

ing this growing factor of the buying pub-
lic and are devoting new pages and sections
to 1t.

Too, a new type of music critic has been
created, one who not only must be quali-
fied to comment on a recorded musical
performance, but who can comment on the
microphone placement, auditorium acous-
tics, and other technical aspects. This new
critic revues the record en foto and, should
he betray an unfamiliarity with the tech-
nical aspects, he might be swallowed up by
a sea of indignant Audio enthusiasts, as
well as by those among his readers who
are professional musicians.

The AES is Formed

In 1948 a society of Audio enthusiasts
was formed by a group of engincers, busi-
ness men, an editor, and an attorney. They
drew a constitution and became the Audio
Engineering Society (AES) for the “dif-
fusion and increase of educational and
scientific knowledge in Audio Engineering,
the promotion and advancement of this
science and its allied arts in both theoretical
and practical application the en-
couragement of the interchange and in-
tercourse of ideas. %A Board of
Governors was created and the temporary
officers appointed. Within less than a year,
a gencral election was held and officers
were democratically installed by direct-
mail ballot. The society now has seven ac-
tive sections holding monthly meetings in
four states. Ten foreign countries are
represented in the AES Directory of Mem-
bers.

In addition to the monthly meetings of
the local chapters, the Society holds a na-
tional meeting once each year. The first
convention, held in October of 1949 at the
Hotel New Yorker, lasted three full days
and drew so enthusiastic a response that
the AILS immediately reserved space for
October 1950 for the second annual conven-
tion. As is customary for convention times,
a manufacturers’ exhibit of equipment is
held concurrently. The exhibit held con-
currently with the AES convention is called
the Audio Fair, and is managed by Harry
N. Reizes, a member and general counsel
for the Society.

In 1949, the year of the first convention,
the manufacturers responded with mild en-
thusiasm, stating that they had to attend too
many conventions which already stretched
the budget. Yet enough manufacturers re-
sponded to lease two-thirds of the rooms
on the sixth floor of the Hotel New
Yorker for the three day convention period.
The AES convention and the. Audio Fair
were both freely publicized by the indus-

try in a joint effort. Paid advertisements

* AES Constitution; excerpt from Arti-
cle 11, “Objects.”
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were taken in the trade press by the Audio
Fair management. The AES membership
responded loyally. But the biggest surprise
of all came from the general public. Stu-
dents came in groups, Audio enthusiasts
and the inevitable convention go-ers came
singly or brought friends who quickly
caught the enthusiasm and, in turn, became
Audio enthusiasts.

In October of 1950, the second annual
convention and the Audio Fair were again
held at the Hotel New Yorker. Publicity
was extended to the daily newspapers,
literary magazines, and the radio. So
many manufacturers, publishers, and dis-
tributors of audio components expressed
their desires to participate in the Audio
IFair that the entire sixth floor and half of
the fifth floor had to be leased. Attendance
was double that of 1949 and enthusiasm
increased immeasurably.

The 1951 Convention

The third annual convention of the AES
and the Audio Fair are to be held this No-
vember 1, 2 and 3 at the Hotel New Yorker.
It is expected that the attendance will
double that of 1950 and the visitors will sce
the exhibits of about 200 members of this
750 million dollar infant industry, still
growing apace with its younger and big-
ger brother, Television. The visitors will
see items ranging in cost from a few pen-
nies to thousands of dollars. The manu-
facturers’, publishers’, and distributors’ at-
tendants will discuss and demonstrate their
wares in their private rooms to an excited
public for three days with little more than
time out for coffee and doughnuts. This
time the entire fifth and sixth floors of
the Hotel New Yorker have been leased
by the Audio Fair Management.

A friendly sort of rivalry for the visitor’s
attention has grown among the exhibitors.
All sorts of novel gimmicks and whole-
some attention-getters are used. One en-
thusiastic exhibitor is publicising a “Golden-
Ear” contest. Each visitor to this exhibi-
tor’s room will be given a hearing quality
test with a Bell Laboratories “Audio-
Meter.” The results will be recorded on a
“Golden-Ear” lapel tag for the visitor and
in a scoring book retained by the exhibitor.
This will continue during the three davs
and valuable prizes of Audio equipment
will be given to about twenty of those who
have hearing which is considered closest to
the ideal.

Exhibitors who complained they were
already attending too many conventions
have dropped out of others in favor of the
low-cost Audio Fair which gives its small
profits, after all salaries and expenses are
deducted, to the Audio Engineering Society
for the “encouragement of the: interchange
and intercourse of ideas.”
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C. Robert Fine, designer and builder of the “loca-
tion” unit, is shown using the synchronous 16mm
magazine loading Maurer camera which is being
used for color work. A Telefunken microphone is
at the end of the boom. The microphone and
camera are equipped with 200" of extension
cables. Since the recording truck can operate 600’
from the generator trailer, it is thus possible for
the microphone to be as far as 800’ from the
generator. This is quite useful for work done in
the narrow winding streets which are character-
istic of numerous historical European towns and
villages. Remote controls enable one man to op-
erate all equipment that is inside the truck while
he is at the camera or microphone boom.

The driver and his co-pilot are proviced
. . . . with seats at the front cab of the truck. The seats

The microphone and audio mixer 1s a Magne- fold forward and out of the way to allow as much floor space as is possible. The entire truck
cord PT6-P. It can be operated inside or out- and trailer can be operated while in motion.

side the truck. Below the Magnecord mixer can

be seen a small Jensen bass-reflex baffle

equipped with long extension lines so that it . [ P e aER
can be placed near the subject being photo-  For kreco|1d|ng.sound NO.A [C(] NO. 2 I‘C(]
s ) et | [
UNIT 62, UNIT_6
jacks. Inputs and qut- Lo MonTon |

puts of the separate

. . S~ BRIDGES
units in the system |ie crunpen s =
can be lifted and |mixe = . T =
. MAGMECORD)| W.E. W.E. Tyy: WEN
T ALTEC HI-LO < A
multiples are also [j._. RLTES 3 can

3 CHANNEL [#~ DIALOG [#-#MID-RANGE PASS
NETWORK| ;

provided. For wide- MIKER EQUALIZER| |EQUALIZER

-3
range recording, the / 6 5Kc-80cps >
dialog equalizer and PROGRAM BUSS ;E/-;cp 1
id- = ALTEC LIMITER FAIRCHILD FAIRCHILD
the mid range equal CONVEATENFGR PIC- SYNC PIC-SYNC
izer are ‘‘patched COMPRESS [ON et nehPE
D
around.” o3 o8

All sound tracks are recorded on two
Fairchild Pic-Sync Magnetic Tape
Recorders, operating simultaneously
for an original and a safety. The
monitor speaker is secured to the
bulkhead of the truck and just above
the Fairchild Tape Recorders. The
tape equipment is mounted on Barry
shock-mounts. Heavy coil springs,
secured to the outsides of the re-
corder cabinets, insure that they will
not “roam about” the floor of the
truck while travelling. At the same
time, these springs do not inhibit the
effectiveness of the shock-mounts.

The two racks of equipment shown in the block
diagram are mounted against the bulkhead op-
posite the Magnecord mixer location. The
racks are hinged at the bottom amd secured
at the top with wing nuts and bolts so that
they can be made to swing forward and rest
against the restraining chains, expesing their
interiors for service and imspection.
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Meet the Cinécruiser

ANY MEMORIALS to great people and
M great places have been carved in

granite, put to canvas, and in other
ways immortzlized. Too often, it has been
complained, they are artists’ conceptions
and usually idealize the mien, pose, poise
and relative stature of their noble subjects.
But no meditm portrays as realistically as
does the motion picture camera. Nothing
else preserves the great mortals for poster-
ity more completely than does the motion
picture with sts sound track.

The Jerome Hill Foundation, a philan-
thropic orgamization, is sponsoring a proj-
ect to immortalize the great through the
medium of cine-sound. Toward this end,
the foundation engaged the services of C.
Robert Fine, a prominent audio engineer.
Mr. Fine's assignment was to design and
construct a completely mobile ‘“location
unit.” With a thirty day deadline, the unit
described and illustrated on these pages
was designed and constructed, laboratory
and road tested, and driven aboard a
freighter bound for Europe and its first as-
signment. By the end of October 1951, hoth
Mr. Fine and the “location” unit will have
returned to the States and left for their
second “assignment for immortality” in
California.

The meter pamel monitors both splits of the
power line feed from the trailer. Each line is
metered for woltage, current load and fre-
quency. Should the power line frequency
fall below 59 cycles, an alarm is tripped
which warns the operator that there is danger
of out-of-sync operation. There are twelve
main-power outlets. Each is protected by an in-
dividual magnetic circuit breaker. By selecting
the proper outlets, or by manipulating the cir-
cuit breakers, the loads on the split-line feed
can be kept in balance, one side of the line
with the other. For camera, truck and trailer in-
tercommunication, a Masco system is provided.

New mobile location unit provides synchronous magnetic
tape facilities for recording motion picture sound tracks.

The “location” unit (it hasn’t been christened with a name as yet) consists of a
1-ton, 6-cylinder Chevrolet truck with an alaminum body. It is equipped with
an extra gas tank to take care of those long stretches between European re-
fuelling stations. All of the operating equipment is contained inside the truck
which has sufficient space for two operators to move about without crowding or
stooping. There is adequate floor space for sleeping cots, in case of emergencies.

The two wheel trailer contains the power gen-
erating equipment and can be quickly hitched or
unhitched by one man. It is equipped with elec-
tric brakes and signal lights. The louvres, which
can be seen on the front of the trailer, pivot
freely. Behind them is a large ventilating fan.
When the generator is started, power is sup-
plied to the fan motor and the louvres open
automatically and are raised by the air stream.
This makes certain that they will be closed
when the equipment is idle, keeping out dust
and rain.
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KOHLER
B

The power generator, contained inside the
trailer, is a 10wk Kohler driven by a 4 cylinder
gasoline engine. The trailer carries its own
gasoline supply tank. The output of the gen-
erator is 220 volts a.c., 60 cycles. The 220 volt
line is split to 110-0-110, so that all American
and scme of the European equipment encount-
ered can be operated from the one source. The
ventilating fan can be seen just above the gen-
erator, at the rear. Six hundred feet of cable,
in six 100 lengths, enable the generator to be
adeguatzly sound-separated from the truck.
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Simple Attenuator Calculations

JACK D. GALLAGHER*

Using only algebraic methods, the author presents a simple
approach to determining resistor values for T pads.

ESIGN OF ATTENUATORS for the re-
D duction of voltage, current, or

power in pre-determined amounts
is often necessary in the adjustment of
audio systems, impedance matching cir-
cutts, and other applications.

One of the most commonly used at-
tenuators is the “T” pad as shown in
Fig. 1. The computations for solving
the values of the resistive components
of the “T” pad involve the use of hyper-
bolic functions as indicated by the as-
sociated formulas.

The value of 8 is the value of the imi-
age transfer constant, or the loss in the
network in nepers—this quantity being
equal to the loss in decibels divided by
8.0806.

There are other formulas which can
be used to solve for the resistive com-
ponents of the network, but they also in-
volve the hyperbolic functions of the
image transfer constant. Perhaps the
only cumbersome feature of these for-
mulas is that a table of hyperbolic func-
tions must be used in their solution, or
a vector slide rule must be used if one
is available. ITowever, this is not the
only objectionable feature of these for-
mulas, for there is no method of prede-
termining whether or not one of the
resistive elements will become less than
zero with a desired loss until the for-
mulas in Fig. 1 have been solved. Thus,
effort is wasted in computing values for
a non-existent T pad.

Algebraic formulas for the solution of
a T-pad network are shown in Fig. 2.

In the formulas for ¢ and b, the value
of P is always less than 1, and is equal
to the antilog of the quotient of the
desired loss in decibels divided by 20, or

ab )

20"
If the right side of the equation for P”
comes out greater than 1, the reciprocal
of P’ is used as 2’ in the above formulas;
if P is less than 1, use P’ for P in the
formulas. Thus, if the desired loss is 40
db, P would be 0.01, and if the desired
loss is 10 db, P would be .316.

It can be shown that a simple approx-
tmate formula for determining the least
loss for which a T pad can be desigued
is given by the following expression:

P’ = antilog 4, (

Least loss in db == 20 log,, [0.5 \/—ﬁlJ
-2

If the quantity in the brackets is less
than 1, use the reciprocal of this value
in solving for the least loss.

Examples

The use of the formulas can he illus-
* 5438 McCommas Ave. Dallas 6, Texas.
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trated by choosing a practical example.
Suppose that Z,=225 ohmns, 7Z,=625
ohms and the required loss is to be 25 db.
The first step in the solution is to de-
termine if the T pad can be designed for
a 25 db loss.

Using the approximate formula pre-
viously given for determining the least
loss in b, we find it to be

db = 2010g; 0.5 igi

Since the value of the constant and
radical expression is less than 1, the
reciprocal must be used; thus

625

db == 20 log,, 2 \ 225

= 104

Since this value is less than 25 db, the
design can continue with the assurance
that one of the resistive components of
Fig. 2 will not become less than zero.
The exact value of the least loss as com-
puted by a slightly more cumbersome
formula was found to be 9.54 db.

Continuing with the design, the value
of P in the formulas for ¢ and b is de-
termined.

P’ =antilog 4 (;;)
=17.75.

But, since P’ is greater than 1, the
reciprocal must be used; that is, P=
0.0564. Substituting this value in the
algebraic formulas for ¢ and b, the val-
ues of the resistive components in the
network of Fig. 2 are: ¢=42.8 ohms,
b=600.2 ohms, and a=183.6 olms.

If, in the example, the required loss
were 8 db, the solution of the approxi-
mate formula for the least loss in db
would indicate that 2 T pad could not be
used with the impedances in the ex-
ample, and no {further calculations need
be made.

If the designer is frequently con-
fronted with T-pad problems, it is con-
venient to make a table of least losses

r
a b

O-—\MMF—ir—ﬂNW‘—-o

2= 5 T Z2

AAAAA
VW

g &y Z;Zz(ﬁze‘ 1)

Z2
tanh 8 C
R S
a fh 6 ©

Fig. 1. Formulas for determining resistor values
for T pads, using hyperbolic functions.

from the approximate formula previ-
ously given so that useless computations
will be avoided. If the exact least loss is
desired, the following formula can be
used to cotnpute this loss.

Least loss in db =20 log,,
NZo+NZy =2,
\/Z1

In this formula, Z, is the larger of the
two 1mpedances.

The use of hyperbolic tables or a vec-
tor slide rule is not necessary in the
foregoing discussion; however, a slide
rule containing enough scales to solve
square roots, dctermine logs, and to ac-
complish simple multiplication and divi-
sion 1s almost a necessity.

If a T pad is designed using the value
o1 least loss as given by the formula
above, the resulting network will be an
L. pad which will match the terminal
impedances.

REFERENCE

F. E. Terman: “Radio Engineer’s Hand-
book,” McGraw-Hill, New York.

AAAAA

Zy—>

2pV 7,7,
S a-pt
PYZ,

g == c(b+2z)
1 c+b+2Zp

Fig. 2. Formulas for determining resistor values
for T pads, using only the impedances and the
term P which is derived from the pad loss.
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Neat Suite

The extent to which high-quality
audio has achieved recognition in the
business world is well exemplified in
the new Manhattan offices of Mac-
Manus, John & Adams, Inc., Detroit
advertising agency.

Designed and built under the direc-
tion of v.p.-manager Ernest A. Jones,
an audio hobbyist himself, the suite
represents tasteful coordination of es-
thetic and functional influences with
superb reproduction of sound for au-
ditioning purposes.

Equipped with Altec Lansing am-
plifiers and speakers, Rek-O-Kut turn-
tables, and Pickering reproducers, the
installation offers a graphic glimpse
of what may be expected among prime
amenities in the office of tomorrow.
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Fig. 1. Flow chart for record processing in modern plant equipped for high-quality record or transcription manufacture.

Technique of Record Processing

LEWIS S. GOODFRIEND"

A review of the methods employed in the making of high-quality
transcriptions,

HE GENERAL TECHNIQUE for making
Tmodern phonograph record matrices
has been discussed at length, and its
application in one of the country’s most
modern plants will be described here?
The key to high-quality phonograph
reproduction is in the manufacture of
phonograph records. Bad recordings
and pressings can never be made to pro-
duce good quality. The discs even when
perfect have already lost some detail,
and in order to produce as fine a disc
as possible great care must be taken.
Lacquer masters or wax masters arc
received at the pressing plant in dust-
proof boxes which are not opened until
the disc is ready for metalizing. The op-
erator remcves the disc from the box,
inspects it, and if it is without defects
it is processed. The plant of the K. R.
Smith Division of Allied Record Mfg.
Co., to be described here, uses both gold
sputtering and silvering processes for
metalizing. Since the former is used al-
most nowhere else in this country it will
be considered first. The entire process-
ing operaticn is diagrammed in Fig. 1.
The object of the metalizing is to pro-
duce a metallic surface on the Jacquer
master so that a heavy metal backing
may be plated on the impression of the
grooves. After inspection in an air con-
ditioned sputtering room the lacquer
master is placed in the sputtering cham-
ber, Fig. 2. which is then sealed and

* 404 Riverside Dr., N. Y. 25, N. V.

1 Harold Harris, making phonograph
record matrices.” Aupro ENGINEERING, July
1948, p. 14

from lacquer master

evacuated. When the proper vacuum is
reached the high voltage is turned on
and the lacquer is sputtered with a
laver of gold only three molecules thick.
This process takes from 12 to 20 min-
utes depending on the lacquer volatile
content. After the sputtering 1s com-
pleted the voltage is removed and the

Fig. 2. Operator re-
moves the gold-
sputtered master
from one of the
three vacuum sput-
tering units.
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to finished

platter.

pressure in the chamber returned to at-
mospheric. The disc is then removed
and immediately placed in the copper
pre-plate room. The pre-plating is done
in a tank in which the gold-plated master
is the cathode and copper bars in the
hottom of the tank form the anode. The
disc 1s washed with distilled water just
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prior to being immersed in the acid
copper bath, Fig. 3, and is rotated in the
bath in order to increase the chemical
activity. The current density during this
pre-plating is low, about 25 ampercs per
square foot. The thickness of the pre-
plate is about .0015 in., and is deposited
in about 30 minutes. Following the pre-
plating the disc is placed in one of the
high-speed platers which deposits a
.055-in. back plate of copper in about
four hours at a current density of at
least 250 amperes per square foot, re-
quiring about 1200 amperc-hours. The
bank of nine high speed platers is shown
in Fig. 4. The heavy braided copper
leads carry the high plating current
while the pipes permit high-speed cir-
culation of the plating solution.

Silvering

When the process reaches the back-
plating stage both silvered and gold
sputtered masters follow the same proc-
essing, as the flow chart indicates. So a
quick review of silvering will show
what has been happening to the discs
that customers ordered processed by the
silvering method.

On passing inspection, the disc is
scored on the back through to the metal
base, _in a circle about a quarter of an
inch from the edge, and the edges are
scraped free of lacquer. By doing this,
the operator assures that the silver film
will not peel near the edge. Then the
disc is placed on a slowly turning table
in a plating booth and degreased with a
solution of soap bark and Oakite at
washed in a water spray under 125 psi
pressure. The lacquer surface is sensi-
tized by a spray of stannous chloride
which slightly penctrates the surface.
After further washing the disc is
sprayed by a dual jet nozzle, Fig. 5,
which simultancously feeds ammoniated
silver nitrate and a reducing agent,
either formaldehyde or dextrose. When
they come in contact with the sensitizer

22

Fig. 3. K. R. Smith
demonstrates  the
washing of a mas-
ter between the
sputtering and pre-
plating  processes.

they form a very thin layer of metallic
silver on the lacquer surface. In spray-
ing any of the solutions the spray is al-
ways done from the outside in, in order
to obtain good bonding at the edges.

Following the spraying and final
washing, the discs are placed vertically
i a nickel pre-plating tank. This tank
does not have rotating electrodes, be-
cause tco much agitation may cause sep-
araticn of the silver film from the disc.
After 15 to 20 minutes in the pre-plating
bath, the disc is ready for the high-
speed back plating operation. Figure 6
shows the operator closing the first
three high-speed platers after reloading.
The sohd copper anode may be seen in
thie plater at the left.

Up to the end of the pre-plating op-
eration the processing has included met-
alizing the original lacquer master and
adding thicknesses of various metals.
At this point the success or failure of
the plating operations is determined.
The lacquer master and the metal im-
pression are separated at the stripping
table. This is a hand operation and de-
pends on the skill of the workmen.
When the metal lavers are stripped off,
the soft gold or silver layer is outermost
and any sliding of the lacquer over the
soft metal may damage the raised groove
impressions of the wmetal master. To
strip the master, a knife blade is in-
serted between the lacquer and the met-
alized layer and carefully used as a
lever to pry the two masters apart. In
a pressing plant the metal master is
known as the master while the lacquer
original is known as the lacquer master.
The master has raised impressions of
the original recorded groove surfaces,
and inspection of the master at this
point tells whether the metalizing and
pre-plating operations were successful.

Fabrication

Following stripping and inspection,
the original center hole of the disc is
filled in with a patch. Usually the plating
around the hole has not been even so a
small section is cut away and a small
piece of copper soldered into the center
in its place. Even if the original hole had
been reproduced accurately it is usually
not desirable to use it. Many recording
tables have worn or undersized center
pins, and manufacturers allow a toler-
ance in the size of the center hole of the
lacquers that they supply. These two
factors combine to permit an original
center hole with an eccentricity of .003
to .004 in. An accurate center is located
on a centering table by rotating the disc
and watching the grooves with a mi-

Fig. 4. Back view of the high-speed plating machines. These motors rotate thg solid copper
ancdes, while similar motors on the front of the machines rotate ?he master discs. Note the
heavy braid leads necessary to carry the high plating current.
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croscope. The edge of the disc is tapped
lightly until one groove spiral may be
traced each revolution. The punch is
then operated and a new and accurate
cenfer is in the master.

After centering, the master is placed
on a trimming turntable, Fig. 7, which
has a tight fitting center pin. A circular
knife blade 1s closed on the rim of the
disc and the disc turned slowly. With
each revolution the knife pressure is in-
creased until the rim is cut. This pro-
vides the edge of the master which is
gripped by clamps in the molding
presses. All that remains now is the
back turning. This operation illustrated
in Fig. 8 is performed on a lathe wktich
has a rubber sealing ring on a soft
paper-faced vacuum chuck. The rubher
prevents air leakage and the paper pre-
vents damage 1o the groove faces while
the vacuum holds the master tightly
without clamps or screws. The back of
the master is turned until the total thick-
ness is forty thousandths of an inch. It
is then ready for the final set of chemi-
cal haths required to plate a thin layer
of tough chromium over the gold or

Fig. 7 {above). Trimming of the master follows accurate locating and
punching of center hole.

Fig. 8 (right . A vacuum chuck is used to hold the master during the

back-turning operation.

silver face of the metal master. The
chromium is strong enough to resist
plastic flow under the higih pressures in
the stamping press.

Chrome Plating

After the fabrication las been com-
pleted the disc must he thoroughly
cleaned. First grease is removed in an
electric caustic bath of sodium ortho-
silicate. It then goes to a sodium cy-
anide dip which neutralizes the alkali
and brightens the gold. After this it
is given a sulfuric acid dip that pre-
cludes contamination of the chromate
both by cyanide or alkali. Following the
chemical treatment the master is washed
and placed in the chromic acid plating
solution. It is usually mounted with an-
other disc for this part of the process.
Two sixteen inch masters are first given
a 1500-amp. “jolt* for I3 seconds, fol-
lowed by nine minutes at a current of
600 amps. When the discs are then re-
moved, washed, and dried, they are fin-
ished masters.

When it is desired to make more
pressings than a single stamper can pro-

AUDIO ENGINEERING e OCTOBER, 1951
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Fig. 5 (left). Silvering a master with a dual-jet nozzle,

Fig. 6 (below}. Operator preparing to close three high-
speed platers.

duce, a mother is made. The mother is a
metal replica of the lacquer master. That
is, the grooves are now in the disc rather
than raised from the surface as in the
master and stamper. [n this plant the
method of producing mothers is to make
a test pressing from the master, and on
approval of this pressing repeat the
process starting with the master. That
is, the master is gold sputtered over the
chrome on the master. The rest of the
mastering process is iollowed giving a
mother which separates from the master
between the gold-chrome interface. The
process may be repeated starting with
thie mother this time and ending with a
stamper. Several stampers may be made
from each mother.

Anather more common process to ob-
tain mothers is to remove the silver
from zilvered masters by a chromic acid
bath. This leaves the nickel surface. The
nickel surface is now cleaned and treated
by a separating agent or stripping solu-
tion, usually sodium or petassium di-
chromate. This pacifies the nickel and
forms a thin crystalline oxide which is

[Continued on page 46]
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The Measurement of
Audio Volume

H. A. CHINN*

Part I1—A comprehensive discussion of the problems involved and the instruments em-
ployed to indicate program level and sine-wave tones in broadcast and recording circuits.

connotations of the term “reference

volume” is fundamental to any
studio engineering endeavor. Unfortu-
nately, experience has shown that this
subject is often completely misunder-
stood. It is hoped that the following
will dispel the vague understanding that
sometimes surrounds this simple subject.

It is important to appreciate that
reference volume is a practical and use-
ful concept, but one which is quite arbi-
trary and not definable in fundamental
terms. As already mentioned, it cannot
be expressed in any single way in terms
of the ordinary electrical units of power.
potential, or current. Reference volume
is describable only in terms of the elec-
trical and dynamic characteristics of an
instrument, its sensitivity as measured by
its single-frequency calibration, and the
technique of reading it. In other words,
reference volume may be defined as that
level of program which causes a standard
volume indicator, when calibrated and
used in the accepted way, to rcad zero
vu.

The sensitivity of the standard volume
indicator is such that reference volume
corresponds to the indication of the in-
strument when it is bridged across a
600-ohm resistor? in which is flowing
one milliwatt of sine-wave power.

It is especially cautioned that refer-
ence volume should not be confused wwith
the single-frequency power used to cali-
brate the zero volume setting of the
volume indicator. If a volume indicator

485

A THOROUGH COMPREHENSION of the

* Columbia Broadcasting System,
Madison Ave., New York 22, N. Y.

3 A standard impedance of 600 ohms was
chosen originally since, keeping in mind
the telephone plant, there was more audio
equipment designed to this impedance than
to any other.

Responsibility for the contents of this
paper rests upon the author, and state-
ments contained herein are not binding

upon the Audio Engineering Society.
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is calibrated so as to read zero vu on a
sine wave power of, say, one milliwatt in
a stated impedance, a speech or program
wave in the same impedance whose in-
tensity is such as to give also a reading
of zero vu will have instantaneous peaks
of power which are several times one
milliwatt and an average power which
is only a small fraction of a milliwatt.
It is therefore erroneous to say that
reference volume is one milliwatt,
Moreover, it should be emphasized
that although it is convenient to measure
the performance of amplifiers and sys-
tems by means of single frequencies
there is no exact universal relationship
between the single-frequency load-carry-
ing capacity indicated by such measure-
ments, and the load-carrying capacity
for speech and program waves expressed
in terms of volume level. This relation-
ship depends upon a number of factors
such as the rapidity of cutoff at the over-
load point, the frequency bandwidth be-
ing transmitted, the quality of service
to be rendered, and similar factors.
The question may well be raised why
reference volume has been related to a
calibrating power rather than to a cali-

Courtesy General Electric Co.

Fig. 2. The “A” type standard volume indicator

scale emphasizes the VU markings and has an

inconspicuous voltage scale. This type of scale

is commonly used for transmission measuring
sets.

brating woltage, inasmuch as a volume
indicator is generally a high-impedance,
voltage-responsive device. A reference
level could conceivably be established
based on voltage and the unit of
measurement might be termed “volume-
volts.” However, volume measurements
are a part of the general field of trans-
mission measurements, and the same
reasons apply here for basing them on
power considerations as in the case of
ordinary transmission measurements us-
ing sine waves. If the fundamental con-
cept were voltage, apparent gains or
losses would appear wherever impedance

Courtesy General Electric Co.

Fig. 3. The “B” type standard volume indicator

scale emphasizes the percentage scale. This

scale is used extensively for program trans-
mission applications.

transforming devices (such as trans-
formers) occur in a circuit. This diffi-
culty is avoided by adopting the power
concept, making suitable corrections in
the readings when the impedance is
other than 600 ohms.

Volume Measurement Terminology

(a) VU. The terminology that is used
to express volume measurements was
created to avoid confusion as to the type
of volume indicator used and the refer-
ence level. The term “vu” (pronounced
“vee-you”) is used; the number of vu
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Fig. 4. The basic circuit for the standard volume indicator has an input impedance of 7500 ohms.

For maximum sensitivity the loss in the adjustable attenuator is reduced to zero, but in order to

maintain proper dynamic characteristics the indicating instrument itself must always face approxi-
mately 3900 ohms.

being numerically the same as the num-
ber of db above or below the reference
volume level. The use of this term is
restricted to the ASA standard volume
indicator described herein. A volume
level reading can be correctly expressed
in terms of vu only when it has been
made with an instrument having the
electrical and dynamic characteristics
described.

(b) DBM. For steady-state measure-
ments a reading in “vu” would denote a
specific single-frequency audio power,
for dynamic program indications “vu”
denotes only a volume level. This dual
meaning of “vu” is avoided by the use
of the term “dbm” for all steady-state
measurements. As defined, a reading ex-
pressed in “dbm” at once indicates the
power level of a steady, single-frequency
signal where the number of “dbm” is
equal to the number of decibels above or
below a reference power of 1 milliwatt.

(c) DBM vs. VU. It is to be noted
that a “vu” reading can be made only
on a standard volume indicator whereas
stne-wave power measured with the
standard volume indicator or with any
other suitable a.c. instrument can be
expressed in “dbm”.4

DBM is a unit of finite power whereas
“vu” is a measure of volume level and,
as already discussed, has no comnotation
of finite power level. Thus no direct re-
lationship between “dbm” and “vu’” can
be established.

From a practical standpoint, however,
some relationship is desirable between

¢ H. A. Chinn, Aupio ENGINEERING, Vol.
32, No. 3, p. 28, March 1948

the “vu” level used for program trans-
misson peaks and the “dbm” level used
for system measurements. In practice it
has been found that with typical pro-
gram material of a given crest amplitude,
the standard volume indicator reaches
an indication 8 to 14 db below that
reached with a steady tone of the same
crest amplitude. To nominally take into
account this 8 to 14 db difference in
response, the established practice is that

time, the length of time depending upon
the program material. For speech a 5 to
10 second period of observation may be
sufficient whereas for symphonic music
1 to 2 minutes may be necessary. During
this time the adjustable attenuator,
which is a part of the volume indicator,
is adjusted so that the extreme deflec-
tons of the instrument needle just reaches
the reference point; i.e., a scale reading
of zero on the vu scale or 100 on the
percent voltage scale (see Figs. 2 and
3). The volume level is then given by
the designations numbercd on the attenu-
ator. If, because of the coarseness of the
adjustments provided or for other
reasons the deflections cannot be brought
exactly to the 0 vu or 100 per cent mark,
the reading obtained from the setting of
the attenuator may, if desired, be cor-
rected by adding the departure from 0
shown on the vu scale of the instrument.
In the interests of accuracy the steps on
the adjustable attenuator should not ex-
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Fig. 6. Volume indicator circuit having low input impedance which terminates source and also
provides increased volume indicator sensitivity.

performance requirements must be met
at a single-frequency test-tone level that
is at least 10 db higher than the normal
program peaking level (for example, in
a system that is to transmit program
material at +8 vu, all single-frequency
measurements would be made at +18 dbm
test-tone level). This procedure reason-
ably insures that system performance is
within standards under normal operating
conditions.

Reading the Volume Indicator

Since program material is of a rapidly
varying nature, a reading of a volume
indicator cannot be obtained instantly.
Rather, the gyrations of the needle must
be watched for an appreciable period of
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Fig. 5. Volume indicator correction factors (to be added to volume indicator reading) for use
when instrument is bridged across circuits having iterative impedances other than 600 ohms.
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ceed 2 db. so that the departure from the
reference point never need exceed this
amount. Particular attention is called
to the fact that, unlike almost any other
electrical indicating instrument, the vol-
ume indicator reading is determined pri-
marily from the setting of the associ-
ated range switch and, in effect, only a
secondary correction is obtained by
observing the deviation of the needle
from exact coincidence with the refer-
ence point on the scale.

Features of the Standard Volume Indicator

The volume indicator that has been
described has the statute of an American
Standard.’ In the many years since it
was first placed into service there have
been no changes, whatsoever, in either
the fundamental requirements or the spe-
cific features of the instrument that was
developed to meet the basic needs. Be-
cause of the importance and the wide-
spread use of the instrument some of the
detailed characteristics that are of con-
cern to the design engineer are pre-
sented below.

(a) Response vs. Frequency Character-
tstic. The sensitivity of the volume indi-
cator instrument shall not depart from
that at 1000 cps by more than 0.2 db
between 35 and 10,000 cps nor more than
0.5 db between 25 and 16,000 cps.

(b) Input Impedance. The impedance of
the volume indicator arranged for
bridging across a line is about 7500

[Continued on page 48]

electrical
American

5 Volume measurements of
speech and program waves,
Standards Association C16.5-1942
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SOUND RECORDING TAPE engineers at work in the 3M Hollywood Engineering Laboratory.

Ask one of our 3M Service Engineers

FOR A “SOUND SOLUTION” TO
ANY TAPE RECORDING PROBLEM

Eighty 3M engineers in the field—backed
by twenty technical experts in the 3M lab-
oratories-——stand ready to help you with any
tape recording problem.

This 3M Service Organization works daily
with radio station engineers, electronic en-
gineers and industries using tape recordings
in process or quality control. The same elec-
tronic and engineering know-how that pro-
duced and perfected the famous “SCOTCH”
Sound Recording Tape offers you technical
assistance on every phase of sound recording.

“SCOTCH’ Sound Recording Tape gives
you these EXTRA construction features. ..

e REEL TO REEL UNIFORMITY —controlled coating as-
sures consistent output.

® THINNER CONSTRUCTION —resists temperature and
humidity changes.

® NO CURLING OR CUPPING—tape lies flat on re-
cording head unaffected by humidity.

® UNIFORM TAPE SURFACE —no “dropouts” on
recordings due to surface irregularities.

® LONGER TAPE LIFE—special lubricating process re-
duces friction.

® GREATER SENSITIVITY—more output on your present
machine setting.

AUDIO ENGINEERING e OCTOBER, 1951

If you are using sound recording equipment
in your radio station, laboratory or business,
call upon the 3M Service Representative in
your community. He'll be glad to help you
make better recordings - more easily. If you
are contemplating the use of tape recordings,
he’ll be glad to analyze your requirements and
aid in the selection of equipment.

Call him today—or, if you prefer, write
directly to Minnesota Mining & Mfg. Co.,
Dept. AE-101, St. Paul 6, Minn. No obliga-
tion, of course.

gcoret
“dai{em‘fd‘“g 4
Tope

The term "SCOTCH’ and the plaid design are registered irade-marks for
Sound Recording Tape made in US.A. by MINNESOTA MINING & MFPFG.

CO., St. Paul 6,
T‘]pee "Undorse'il Rubberized Coating,
“Safety-Walk’ Non-slip Surfacing, "3M” Abrasives,
eral Export: Minn, Mining & Mfg. Co.,

an —also makers of * Scotch Brand [’ressure-sensitive
“Scotchlite” Reflective Sheeting.
“3M"” Adhesives. Gen-
International Division, 270 Park

Avenue, New York 17, N. Y. In Cana ada® Mion. Mining & Mfg. of Canada,

Litd., 40nd0n Canada.
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COUPLE oF 1ssUES back I made some

cryptic remarks about a new speaker

enclosure system I had seen and
heard, small enough with a 15 in. speaker
in it for “your wife to sit on with a tight
skirt.” That somewhat risque analogy was
used deliberately  (after I had discarded
plenty of others!) to indicate that it was
small—but not how small. The basic idea
behind this new speaker system is so simple
that—at this writing still—I simply cannot
believe it. Either it's true and we have here
something quite revolutionary in its prac-
tical significance; or else the whole thing is
a large bubble of hot air. I'm willing to take
a risk, anyhow; but until this appears, it
will not have been fair to the designers of
the equipment to give the “secrct” away,
since protection was not vet secure, and
hence in my first mention [ was as vague
as could be.

Is Bigness Necessary?

The trend in the last year or so in speaker
enclosures as we all know has been towards
the monstrous. “Bigger and Better” is a
rather aecurate description of many of the
new horn-assisted systems. Yet in most
other phases of electronics and audio, the
trend has been mercifully towards smaller
and smaller. The basic elements of a phono-
graph system have shrunk astonishingly
since before the war—styli, pickups, arms,
motors, amplifiers and their tubes and ca-
pacitors, even speakers; for the potent-
magneted PM speaker gives more music for
less size than most pre-war electrodynamics.
Records too. The decrease in size-per-minute
of music is of course the biggest development
of all. Which only serves to isolate the
speaker enclosure as the glaring exception
to the happy rule of the miniature.

And the worst part of it is that with a
huge and heavy enclosure necessary for
good sound in an audio system. the rest
might just as well take up space too. Thines
as a whole. then, remain overly big partly
because it just isn’t worth fussing too much
with miniature problems. And so we have
two general alternatives these days in the
larger audio field: put out hulky equipment
an- get the hest in sound: or nut out port-
able, modestly proportioned stuff—and sacri-

*279 W. 4th St., New York 14, N. V.
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EDWARD TATNALL CANBY*
The RJ Speaker

hce heavily in the quality. Both lines of
thought arc being followed assiduously.
What we need, however, is to have this
particular cake and eat it. If we could have
a small outfit that at the same time gave
top quality, include the all-essentinl good
bass response, then we would have a bon-
anza-producer. The answer to a hundred
thousand decalers’ prayers. And a million
record owner’s equally insistent dreams. It
looks to me as though mayvbe those dreams
and prayers could be answered, by the new
speaker enclosure which T shall call, for
lack of an othcial name, “RJ”, after Frank
Robbins and William Joseph (Sales Engi-
neer, Milo Electric) the tcam who have
worked it out.

R]—for the Tight Skirt

Perhaps you will see why I have been
enthusing over RJ these several months
when I give you the bare essentials, Take a
standard high quality two-way spealker
svstem, 15-in. woofer plus tweeter. Mount
the 15 and the tweeter both together into
an RJ enclosure that is roughly 18 inches
square. Mcasure the output of the system
and discover for yourself that vou are hear-
ing sound with a cleaner, flatter “curve,”
with far better transients than the average
reflex box, with bass response flat down to
below the best in standard reflex arrange-
ments, there is no peak whatsoever. And all
this at a saerifice of about 3 db in output
etficiency, since only the frontal output of
the speaker is used.

Look at it differently. Here, coming out
of this 18-in. square hox. is sound that can
match or surpass the sound from the largest
and heaviest of bulky systems in a number
of ways. Perhaps, from the professional’s
viewpoint. it will not rate as the finest sys-
tem in all respects. Bul enough that it rates
among the hetter systems—and takes up
such an incredibly small space! What more
can vou ask?

Still another angle. Take a quality &-in.
speaker and tie it to a 6-in. as a tweeter.
Mount these two in an RJ hox 9 inches
square. (I was going to say a hat box—
but that’s too hig: call it a pill box.) You
will thereupon achieve flat hass response
down in the 70's or so, equivalent to re-
sponse of many a far larger, full-sized
cabinet and surely better than any of the

AUDIO
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usual  commercial open-backed arrange-
ments, “consoles,” as they are so euphe-
mistically called. How about a ‘“‘console”
that will sit happily on a dinner plate? This
one I've heard, in a sort of pilot hand-made
arrangement and am hoping to have one
built as soon as practicable. Hearing’s be-
lieving, with me.

Exact figures are not important in this
sort of discussion-—my intention is to give
you the gencral idea of this—in case it
proves to be as good as it looks and sounds.
Size for size all the way up and down, the
RJ type of cabinet enclosure will give vou
excellent bass response and smooth over-all
response equal to enclosures that simply
dwarf it. I{ this principle works, then we
can have our cake and eat it.

R})’s Innards

Engineering not being my profession, I
make no pretense of giving a proper techni-
cal description of the RJ principle. I can
give you plenty to go on with vourself, from
this point—the device now being adequately
protected. Back of it is the Helmholtz
resonator. To be more exact, the R] En-
closure is a modified form of Helmholtz
resonator, according to the Helmholtz prin-
ciple of bass response. The back wave of
the woofer is not used-—hence both the 3
db loss in efficiency and the smooth response,
minus the interference peaks and valleys of
systems using combined front and back wave
projection, most commonly found in the bass
reflex. Both sides of the cone are loaded—
not just the back. as in most enclosures.

Work on both sides of the cone, back and
front. Load up the back side, as in the con-
ventional fully-enclosed haflle. damping out
the back wave. But load up the front too.
and the pressure is equalized. With the front
also louded, the rise in resonant frequency
that normally occurs with smaller and
smaller enclosed air space behind a speaker
is eliminated. Thus one can use a far smaller
air volume-—-and a small space. No big box
full of air. In fact, R] has almost no rear
space at all, to speak of, and the cubic
measurement is no longer a crucial factor
in the response. Tt figures instead in the
tuning.

How to load up the front, yet let through

[Continued on page 301
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onfy vou
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decde

thasi’s what the man says...

so simple

POLYPHASE HEAD
for any arm

turn RIGHT
{er 331/, and 45 rpm

turn LEFT
for 78 1pm

One single magnetic unit plays all records—
Replaceable Sapphire or Diamond styli.

Special models for radio stations, in-
cluding Vertical-Lateral units.

You are cordially invited to

visit us at the Audio Fair
Nov. 1, 2, and 3.

“, . . thanks for shipping the stylus. It

is now in use, and serves as a constant
reminder of the electronic magic . . .
wrought in the POLYPHASE pickup. 1
am gratified. but not surprised. Mr.
Weil’s sensible views on sound reproduec-
tion, quoted in April “Atlantic Monthly”,
lead one to expect . . . artistically sat-
isfying music, which one actually gets
from POLYPHASE . . . it is refreshing
to posscss at least ONE wunit designed
with more than electrical efficiency in
mind.”

(from a letter)

Aundax

POLYPHANE

reprodueers

“The Standard by which Others
are Judged and Valued”

have won the acclaim of thousands
of users everywhere—Never hefore
such EAR-QUALITY, such FAITH-
FUL REPRODUCTION but . . .
after all the reams are wrilten
about kilocycles and other labora-
tory data—when the chips are
down—ryou and only you can de-
cide what sounds best and most
pleasing to your ears. Therefore
. . . SEE and HEAR POLYPHASE

—and you be the judge.

Available with the new Compass-pivoted
Audax Arms—and for Record Changers.

Write for editorial reprints
on POLYPHASE principles
PHONO FACTS from your favorite store

AUDAK COMPANY
500 Fifth Avenue New York 18

“Creators of Fine Electro-Acoustical Apparatus
for OQuer 25 Years”
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Here’s why
those in the know
—demand

All contacts machined from
solid bar stock and
electroplated with silver,

Insert retaining screw
threads into metal barrel

instead of plastic...inserts
can be removed easily.

Full-floating, non-twisting
socket contacts provide
alignment, relieve strain
on contacts.

Solder cups hand tinned
inside only, make clean
soldered connections.

Die-cast zinc integral cable
clamp swaged to steel shell.

Improved rubber bushing serves as
cable relief, gives added insulation
and weatherproofing.

Improved patented latch locks
connectors for added safety.

If you talk to sound technicians anywhere you'll find
Cannon Type P connectors are the accepted standard of
quality . . . taking a beating day in day out where frequent
changes in circuits are required on all kinds of jobs up
to 30 amp. capacity.

The close attention to important details called out in
the above illustration is typical of the care used in the
design and construction of all Cannon Plugs—the world’s
most complete line.

The above type series is distributed through
selected franchise distributors. The line is fully
described in the Type P Bulletin. Engineering
bulletins describing each of the many basic
types of Cannon Plugs will be sent on request.

Type Pinsert arrangements include
2-3-4-5-6 and 8 contacts. All con-
tacts are 30 amp. capacity except
thoseinP-8 layout which arelSamp.
Full scale layouts, front view pin in-
sert, engaging side, shown at right.

CANNON
ELECTRIC

Since 1915
CANNON ELECTRIC COMPANY
LOS ANGELES 31, CALIFORNIA

Factories in Los Angeles, Toronto, New Haven. Repre-
sentatives in principal cities. Address inquiries to Cannon
Electric Company, Department '-109, P. 0. Box 75, Lincoln
Heights Station, Los Angeles 31, California.

RECORD REVUE
[from page 28]

the sound? That of course is the whole
simple, ingenious trick. In the design I've
seen, the woofer is mounted facing down. It
speaks into a carefully designed rectangular
duct. (It took months of theoretical work,
after the system was actually working, to
derive the necessary all-over formulas to fit
every possible situation.) As | get it, the
duct measurements are calculated to tune
with the cavity behind the speaker. Sound
issues from a slot extending across the base
of the enclosure—there is, I gather, some
horn loading on the way from the duct t
the outside slot, but it is not of importance
in increasing efficiency.

And thereby hangs a short tale. The slot
principle is a very ancient one in musical
mstruments, though remarkably seldom used
in the audio field. (Some of the recent very
high range tweeters use it.)

Slots

The finest way to achicve real sound
distribution through a wide angle is to use
a slot. Sound issuing from a horizontal slot
curves sharply upward and downward in a
sort of fan-shaped “spray”. The most telling
example is the organ pipe—which achieves a
fabulously good distribution of sound from
a relatively tiny slot, even in the largest and
most majestic bass pipes hardly thicker than
your thumb and the length of your hand.
Apply that to the RJ (which could, theo-
retically, use an opening of any shape, as
long as the area were correctly calculated)
and the bass, coming from what seems to be
a very thin and unimpressive slot, fills a
room to perfection, distributing itself most
effectively. Point-source is virtually elimi-
nated.

The same idea may be used at the tweeter
end, though the RJ principle is applied only
to the woofer. I have seen a six-inch speaker
used as an inexpensive tweeter which was
thus mounted behind a solid piece of wood
with no more than a slot across it. The sound
distribution was excellent. In some projected
models of the R]J enclosure the tweeter
sound will also issue from a slot, possibly
mounted in the “roof,” facing upwards, or
alternatively at the upper section of the
front face, the bass slot occupying the
bottom segment.

Enough said about R]J’s insides—most
engineers will be able to take over from here
and do their own opining, pro or con. There
must be something wrong or it would have
been done before. And yet—is there? I mean
fundamentally wrong, wrong enough to out-
balance the absolutely inestimable advantage
of enormously diminished enclosure size?
That is the question. I grant that for the
professional perhaps this matter of size is
not of top importance. But think of the
larger “market” for the entire range of audio
equipment, from the hi-fi record collector
and engineer right on down to the buyer of
a miniature portable radio. Size is a vital
thing for all of these people. Bulky equip-
ment is tolerated and even welcomed by a
good many, because it has been an unalter-
able rule that quality requires bulk. And if
it is quality or nothing, then bulk is OK.
But once you have so much as hinted that
the eternal rule has been dented, even by
ever so little—and anything may happen!

Applications

Let me for a moment take it for granted
that the RJ enclosure is as good as it seems
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MAGNECORD SERIES 6

RECORDERS AND AMPLIFIERS

PT6-JA Recorder and Amplifier . . . the only
combination that offers such high professional
quality at such o low price. Includes PT6-A
Recorder plus Amplifier with low impedance
microphone and bridging inputs, 10 watt auvdio
amplifier with monitor, speaker and jack for
external speaker, 600 ohms balanced line output
terminal.

PT6-JAH—Magnecord Combination with

high speed forward . ... $564.00
PT6-AH—Recorder with high speed

forward i . . 316.00
PT6-J—Amplifier . 248.00

PT6-P . . . Lightweight Portable Amplifier,

including a record playback remote ampli-
fier and power supply for use with the
PT6-A Recorder .. .$462.00

McINTOSH AMPLIFIERS

We have Mclntosh Amplifiers in stock for im-
mediote delivery. Full information on request,
or come in (if you're in town) for a demon-
stration.

20 W-2 Amplifier

50 W-2 Amplifier
AE-2-A Equalizer Pre-Amp

$149.50
249.50
74.50

Complete Line of CANNON
Plugs and Connectors car-
ried in stock for immediate
delivery.

CANNON plugs have been stand-
ard_equipment for mare than 15 years wherever
a high quality connector is required for low level
sound transmissions or for general electrical and
electronic use. You'll find them in quality micro-
phones, sound systems, radio and TV stations,
etc. CANNON is defintely a "must” for you.
Write for literature and prices for connectors to
fit your requirements.

CANNON
ELECTRIC

1

Telephone:

1A E
Flrla

VISIT THE
AUDIO-
TORIUM

Come in and visit aur
new sound depart.
ment.,..oll these
items and many more
on working display
at atl times.

32

WESTERN ELECTRIC 755-A 8 PM SPEAKER

Will handle 8 watts of power. Uses o very heavy magnet. This specker has built into it more
loudspeaker quality than has been available in a unit of this size, power and cost. Only 313"
deep, therefore, it offers extremely small space requirements for full range frequency cover-
age and wide angle distribution of high frequencies.............cccccooocoi i

CARTER SUPER CONVERTERS

Wherever 115v line voltage is not available or hard to get, Carter Converters
supply dependable AC power supply to make on-location recordings. Operates
from storage batteries. Recommended by Brush ond Magnecord . .
operates both Brush and Mognecord equipment.
Delivers clean 60 cycle AC power. Available for 6, 12, 24, 28, 32, 64 and
115v input voltage. Write for price list and complete inf&rmation.

RANSFORMER PRODUCTS

Transformers for all applications—High Fidelity Audio Components,
“Trijets”’~Hermetically Sealed Midgets, Power Transformers, Re-
placements, Filters, Reactors, etc.. .. for the laboratory, industrial,
servicing, public address and radio amateur fields. Complete stocks
of all components are on hand for immediate delivery.

IRADIDG:OM PAN VAN

103 West 43rd St., New York 18, N. Y.
B s S 6 us at The Audiofair, Room }{631, November 1, 2 and 3. mme————

Features the

Finest Brands

WILLIAMSON HR-15 AMPLIFIER

The famous Williomson HR-15 amplifier circuit . , .
now avacilable with the original Partridge trans-
formers built to Williamson's specifications. Build
this kit in 3 hours or less, and enioy sound of a
quality you never heard before. The HR-15 is o
2-Chassis power amplifier for use with tuners or
other front ends having own volume and tone con-
trols. All American friodes, 2-6SN7GTY, 2.807,
or 6BG6G in PP output, 5V4G rectifier. Response
=+ .5db, 10-100,000 cycles. QOutput impedances
1.7 to 109 ohms in 8 steps. Absolute gain 70.8
db. 20 db. of feedback around 4 stages and the
output transformers, Kit is complete with Tubes,
Punched Chassis, Pre-wired Resistor Board, Sockets,
Genvine Pariridge Output Transformer, and All

Necessary Parts.. --$75.00.
As Above, with CFB Tronsformer.............. $85.00

PARTRIDGE OUTPUT TRANSFORMER
WWEFB, as used in above Kit, available s:psad
R SRR . T L 324,

Now in Stock!
New Partridge CFB Series

Frequency response 3db down
at 3 cycles and 95,000 cycles.
Power rating 30 to 30,000
cycles at G0 watts with less
than 19% distortion wicthout
negative feedback. Write for
descriptive literature.

$35.00. net

rately ..

WILLIAMSON KIT, with all TRIAD Traonsformers,
using potted output transformers................ $75.00

As Above, with Hermetically Sealed Qutput Trans-
formers .. 85.00

$24.60

. one model
Used by leading networks.

LUxemburg 2-1500

/3

NOTE: In view of the
rapidly changing mar-
ket conditions, alt
prices show are sub-
ject to change without
notice ond are Net,
F.0.B., N.Y.C

to be, that it will rank technically well up
with others, that it can be exploited. In
other words, let me assume (as I think is
the case) that here we have a very large
saving in size for any attainable degree of
quality. An improvement from any size-
versus-quality basis.

Take the hi-h area. The bigger RJ—the
higgest being the small 18-in. cube or its
approximate—will take any type of single
wooter speaker. Fifteen-inch speakers give
more efficiency and it may well be needed;
but 12-inch speakers give remarkably good
performance too. The tweeter scction is
adaptable as per convenience; it may be
built in wherever ingenuity or convenience
dictates. Needing no aiv space of its own,
the usual tweeter unit can be included within
the cube or near-cube iramework of the
woofer enclosure, for good looks and good
centering of sound source. At present, the
R]J proponents are concentrating on this
aspect ol the RJ development—I{or the best
possible quality with quality components.

(Note one disadvantage of sorts: the RJ
enclosure will not take a coaxial speaker
system, since the tweeter would then be
wside the box. Highs would be attenuated.)

In the hi-fi area, the R]J enclosure may
prove of tremendous importance to those
buyers of high-quality equipment who have
sumptuous but none-too-big living rooms
and tend, even against engineering advice,
to order those dreadful combination “arm-
chair console” arrangements which sacrifice
so much in acoustical response in favor ol
smaller size. The R] enclosure can be used
as a4 chair or a coffee table or a chairside
stool; it beats any chairside conventional
arrangement all hollow—and gives far su-
perior quality. With such a speaker the ob-
jection to a separate hox is largely nullified.
Amplifier and controls—possibly remote—
could then be stowed away with the greatest
of case. 1 see extraordinary possibilities
here, in the ultra-custom department.

Medium-fi

But, though the R]J partners have been
too busy to extend their experiments yet, 1
have a strong feeling that the RJ principle
may be even more useful in the less expen-
sive areas. Take the medium-fi area—the
cheaper separate-unit arrangements and the
huge number of “console type” manufactured
phonographs that people insist on buying.
RJ can’t improve their amplifiers and their
distortion in the high end. But—build an RJ
enclosure into any old console and vou'll
improve the bass response tremendously. [
can’t sce anything that that would make this
sort of enclosure prohibitively expensive.
can easily envision a whole line of machines
such as Philco, RCA, Zenith or the like
which, featuring “Magic Bass” or some-
thing equally evasive, might actually pro-
vide a kind of true bass response such as has
never before heen heard in a standard con-
sole.

But far more important than the console
radio-phonograph 1s the table model. As
every engineer will have to admit, grudg-
ingly enough, 99 per cent of the people want,
first of all, a table model—cither a sit-up or
a true portable. They want it so much that
they will pay outrageous sums for phono-
graphs with 5-inch speakers and a speaker

I enclosure several inches long.

RJ has not actually been tested yet to sce
what sort of improvement can be had in the
way of better hass with the small speakers
and tiny space in the millions and millions
of such small portable machines-—which are
anything but low-priced. My hunch is that
some extraordinary sounds might be caused
to emit from those ordinarily bass-less
horrors. Heaven only knows just where the
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TELEVISION Zoathbit
5" OSCILLOSCOPE KIT

® New “spot shape’’ control for spot adjustment — to give really sharp
focusing.

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

® Cascoded vertical amplifiers foltowed by phase splitter and balanced
push-pull deflection amplifiers.

® Greatly reduced retrace time.

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

® Low impedance vertical gain contro! for minimum distortion.

@ New mounting of phase splitter and deflection amplifier tubes near

® CR tube base.

® Greatly simplified wiring layout.

® Increased frequency response — useful to 5 MC.

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

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

@ Positive or negative peak internal synchronization.

® Multivibrator type Wide Range Sweep Generator.

A brand new 1952 Heathkit Oscilloscope Kit with a multitude of out-

standing features and really excellent performance. A scope you'll truly

like and certainly want to own.

The kit is complete with all parts including all tubes, power trans-
former, punched and formed chassis, etc. Detailed instruction mapual
makes assembly simple and clear — contains step-by-step instructions,
pictorials, diagrams, schematic, circuit de- i

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

SHIPPING WT. 24 LBS.

Feathtc?~ VACUUM TUBE
VOLTMETER KIT

@ New styling — formd case for beauty.
® New truly compact size — Cabinet 4Yg" deep x 4-1/16" wide
x 7% high.
® Quality Simpson 200 microamp meter.
® New ohms battery holding clamp and spring clip — assurance of
good electrical contact.
@ Highest quality precision resistors in multiplier circuit.
@ Calibrates on %ofh AC and DC for maximum accuracy.
@ Terrific coverage — Reads from 12V to 1000V AC, %2V to 1000V
-~ DC, and .1 to over 1 billion ochms resistance.
' ® large, clearly marked meter scales indicate ohms, AC Volts,
| CONDENS ' ) i DC Voits, and DB — has zero set mark for FM alignment.
. C w ® New styling presents attractive and professional appearance.
T y J The 1952 Model Heathkit Vacuum Tube Volimeter!
Newly designed cabinet combines style and beauty
with compactness. Greatly reduced size to occupy a
minimum of space on your work-bench. Covers a tre-
mendous range of measurements and is easy 10 use.
Uses only quality components including 19 precision
resistor s in muldplier circuit for greatest accuracv,
Simpson 200 microamp merer with easy to read scales
or fast and sure readings.
. All parts come right with kit, and complete
BB instruction manual makes assembly a cinch.

MODEL V-5
SHIPPING WT. 5 LBS.

L _ SQUARE WAVE
i g‘eﬂdé‘t GEN. KIT
_ A.C. VOLTMETER

kKo $2959

INTERMODULATION o  AUDIG FREQ. 50
Gl g aNALYZER 397 METER KIT 534

YOU SAVE BY ORDERING DIRECT FROM MANUFACTURER

EXPORT WGEAT " - - ==~
. {ROCKE INTERNAT:ONAL CORP. [
J o anp COMPAN
CABLE ARLAB.HY' " - -
... BENTON HARBOR 25, MICHIGAN -
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wgtlds toughest transformers

the INSIDE STORY tells why!

The proof of toughness is on the inside—the actual proof that demon-
strates why CHICAGO Transformers are preferred by engineers, why
they fully meet the exoress requirements of today’s tubes andcircuits.
Here are the “inside facts'’ of CHICAGO “Sealed-in-Steel” design:

¢ Exclugive one-piece drawn-

i steel case, unsurpassed for

¥ strength, moisture-resistance,
better electrostatic and magnetic
shielding, mounting ease, and
streamlined appearance.

e Core and coil vacuum-impreg-
nated with varnish. Final
high-temperature baking achieves
a perfectly impregnated coil and
core locked against vibration.

e All internal free space is filled
by special, moisture-resistant
compound. Prevents corrosion
and helps maintain far cooler
operation than in conventional
air-surrounded mountings.

Uniformly-wound precise coil

structures—cooler operation
and better electrostatic shielding
in power units—minimum leak-
age, optimum coupling in audio
units.

Checked by quality controls
at every stage of manufac-
ture, rigidly inspected, “‘torture-
chamber”-tested to insure long,
dependable life in actual service.

Core of high-grade non-aging

silicon steel brought to high
efficiency by scientific heat-treat-
ing in CHICAGO’S own anneal-
ing ovens.

SEND FOR "NEW EQUIPMENT LINE” CATALOG

You'll want the full details on CHICAGO'S New Equipment
Line—the famous Sealed-in-Steel line that offers advanced
engineering design to fit today's circuits. Llists units for all
purposes: Power, Bias, Filament, Filter Reactor, Audio,
MIL-T-27, Modulation, Stepdown and isolation. Write for your
FREE catalog today=—or get a copy from your distributor.

CHICAGO TRANSFORMER

DIVISION OF ESSEX WIRE CORPORATION

\

~

3501 ADDISON STREET « CHICAGO 18, ILLINOIS

"~ = e et ke iss
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AVAILABLE
IN THREE
VERSATILE

CONSTRUCTIONS

H-Type. Steel base
cover deep-seal
soldered into case.
Terminals hermeti-
cally sealed. Ceramic
bushings. Stud-

mounted unit. Meets
MIL-T-27 Specifica-
tions.

base
cover fitted with
phenolic terminal
board. Convenient
numbered solder lug
terminals. Flange-
mounted unit.

S-Type. Steel

With 10"

C-Type.
color-coded stripped
and tinned leads
brought out through
fibre board base

cover. Flange-
mounted unit.

bass ceases to exist on such systems—but if
a bass “floor” of 200 cps could be stretched
down to 100, results would be, relatively
speaking, sensational. You may laugh, but
keep in mind that the great majority of
present record owners, many of them plenty
cultured and knowledgeable, own just such
machines.

I can also conceive of a simple RJ front-
loading system, perhaps stamped out of
plastic, that might well revolutionize the
tiny plastic radio sold by the millions. But
now I’'m becoming astronomical!

New style custom sets?

I suppose my chicef asset is my unbridled
imagination—set a’rolling by prospective
new devices such as this. Can’t quite stop
vet. My fondest hope, since I’ve been follow-
ing R)’s progress these last few months,
has been that out of this might come what
I have always wanted to see, a really good
medium-priced type of semi-custom outfit
that would fall in that large gap between
real “hi-f” equipment and commercial
manufactured stuff. Something that would
take advantage of the price differential, that
would also take advantage of every bit of
engineering ingenuity, to achieve a really
useful, small-sized, inexpensive, portable,
flexible phonograph system for the great
majority of ardent record collectors who
can’t manage present hi-fi either as to cost
or as to bulk.

As an experiment in this direction I'm
working now on having a little system set
up, just for my own observation. It will
have a special alumnium small-size Colum-
bia LP player (hand made, for the begin-
ning of LP) with an Astatic U-J crystal
with the FL-33 arm and filter. A miniature-
tube push-pull amplifier, transformerless,
goes underneath, with flush volume and roll-
off controls of solid aluminum; the whole
unit is about 7 x 9 X 2} in, with one end
curved. This will feed into an RJ enclosure
approximately 9-in. square, probably to
contain two Permoflex speakers, or equiva-
lent, an 8-in. “woofer” and a 6-in. “tweeter”,
working through a slot. The whole outfit
will stand on a small typewriter table or can
he carried under your arm. I expect—and
hope—to get smooth bass down to as low as
most bass-reflex cabinets for 12-in. spealkers
will give, if not better, and with better
acoustical performance. Though not profes-
sionally hi-fi, the player-amplifier-spealer
combination will be far in advance of most
fairly expensive commercial large-size con-
soles.

I might add, to close, that RJ (so named
by me) is here announced for the first time
—and at my own risk, for the whole thing
might be an utter frost, though I can hardly
think so. It is not yet publicly on sale, but
will probably be shown at the Audio Fair,
as of present (August) plans. So far RJ has
been applied to a Stephens 15-in. woofer, a
University 12-in. 6200, a Western Electric
754A, and a Permollex 8-in—6-in. combina-
tion, with vaarious associated tweeters. The
entire speculation hercin included is my own,
not in any way necessarily approved by R]’s
two designers.

And so I cross my fingers.

RECORD LIST
Try these on your hi-fi outfit

(Note: The August issue carried listings with-
out performer identification: the Septemiber
issue, sacrificing some compactness, give brief
performer information, and this would seem
to me to be a good compromise. Reader re-
action has been decidedly favorable to these
brief surveys and they will be continued.
K. T. C)

*Outstanding over-all sound.
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‘ FORMERLY NEWARK ELECTRIC €O., INC. (OF NEW YORK)
HUDSON has Everything for the Finest

RADIO & TELEVISION CORP.

Reproduction of Broadeast and Recorded Music!
|l'lUl]SON is \?Vn ideal pI%ce to getsyour High Fidelity Equipment, for Professional or Home

B nstallation. We carry a Complete Stock of All the Famous Instruments . .. and our facilities
ALl FAMOWS MAKE COMPONENTS for demongtrat(ijng tgem are unparalleled! Both our Great Stores i(r:\ Ne\fN York City have
T " ; elaborate Sound Studios . .. our uptown salesroom, adjoining Radio City, features the most
ULTRA-MODERN souub STII\DI‘OS ?dvanced installatijon of its kind available anywhere. Under conditions simulating your own
o iving room or studio, you can relax in an easy chair and select and operate ANY combina-
IXI’!IH’ TECHNICAL A_DV'C E tion of world-famous high fidelity components by Push-Button Remote Controls. All speakers

are mounted in identical baffles so their true performance can be honestly compared!
L o 'EST PO s s IBLE - PR 1CE S Every music lover, engineer, sound technician and high fidelity enthusiast will be fascinated

by this new, ingenious approach to audio-comparison.

FAMOUS

TAPE RECORDER

The Concertone meets all professional requirements, yet is
priced Exceptionally Low! Equalization conforms to NAB
Recommended Broadcast Standards. Extended Frequency Re-
sponse is 50 to 15,000 cps = 2 db at 15" per second speed.
Tape Noise down to random level. Also has 7.5" per sec.
Speed. Pre-aligned heads quickly interchangeable for Dual
or Single Track Recording. Total Harmonic Distortion less
than 2% at normal maximum signal jevel. Has 3 dynamic-
ally balanced motors, separate heads for recording, erase,
and playback. Simultaneous monitoring from tape while
recording. Instant choice of 7,5” or 15" per second speeds,
Fast Forward, Rewind, and Reverse (2500 ft. per min.). All
controls are interlocked to prevent spiltage or tearing of
tape, Size of basic recorder: 22 x 14 x 5" mtg. depth below
panel. Use with any good quality amplifier.

Tbie Only True Figh Pidelity— High Performance
Tape Reconden in the Popular Price Field!

we're proud to add this fine Magnetic Tape Recorder to our Great Stock of Famous High Fidelity
and Electronic Equipment. The Concertone Has Every Feature of the Most Expensive Professional
Instruments! By Any Standard of Comparison It Is The Best Buy in the Tape Recorder Field!

AVAILABLE AS BASIC UNIT WITH CARRYING CASE
OR CONSOLE CABINET

BASIC RECORDER, 1401D: Drive mechanism, power supply,
erase, record. and playback preamplifiers, mounted on base

plate, ready for installation.

With Dual Track Heads. No. A16147 _ Net $345.00
Model 1401S, Same with Single Track Heads...... .Net $345.00
Consale Tray 503, base for basic recorder. .....%14.95

CARRYING CASE, 501 (lllustrated): With monitoring amp.,
hi-fi 8" spkr., connections for portable system..... Net $82.50

CARRYING CASE, 502: Less spkr. and amp. ... Net $47.50

CONSOLE CABINET, 702: All metal, with rack panel for com-
plete sound system. Fully Enclosed ... Net $97.50

RADIO CRAFTSMEN AM-FM TUNER

The Most Popular High Fidelity Tuner! Flat Frequency
Response of 20-20,000 cps, 5 microvolt sensitivity on both
AM and FM, full output with less than 1% distortion, AFC
eliminates drift and simplifies wning. 10 Kc AM Filter, Bass
and Treble Controls for boost or cut, Built-in Preamplifier for
:nagnetic cartridges. 12 Tubes 1/including rectifier. Built-in
cop and FM antenna. 1312 x 9%2 x 7" H.

No. A10955 | = T Net slsl‘so
RADIO CRAFTSMEN RC-2 MATCHING AMPLIFIER, True high
tidelity performance! Full 10 watts output with less than
1% distortion. Response: =+ 1 db from 20—20,000 cps.

7 x10x 6" H.
Now 0952 oo vt 42,90

ALTEC-LANSING AMP. and PRE-AMP.

A superb new dual-am-
plifier system that sets
new standards in perfor-
mance, versatility, and
reliability. Consists of
20-watt power amplifier
with compact pre-ampli-
fier and control unit.
Controis include Volume
Level, Chojce of Re-
sponse and Quality (bass
rise and droop, and
treble rise and droop),
Record Xover Frequen-

Famous AM-FM Maodel RJ-20A. Arm- cies, Equalization, 33V3 . »
strong FM creuit, 20 db quieting Filter, Input Selector, plus conventional controls. Power Ampli-
with 6% microve!t., AFC on FM, fier: 20 watts with less than 2% harmonic distortion. Response:
with on/off switch. 15-15,000 ¢ps Flat, -+~ 0, — 1 db 20-20,000 cps. Excellent quality!

== 1¥2 do. Power Supply, Tuning A-433A Pre-Amp.: 11L x 4Y:H  A-333A Power Amp.: 13%L X

Eye, 72 x 17 x 9" D. x 3°D. 3 Ibs. 7VaH x 6Ya"D. 21

No. 42009 vet $175.18 No. 20001 $75.0Q0 s No. 20000 $111.00
FY JENSEN G-610 ALL FAMOUS MAKES IN STOCK
i ,.Tkl-AX|AI' SPKR. GE $1201D 12" High Fidelity Speaker... Net $19.95

Western Electric 728B 12" Speaker... Net 35.70

Finest loudspeaker ever

o built! 15" 3-way system RCA 51551 15" Dug-Cone Speaker... Net 35.57
F achieves closest ap- RCA 51582 15" Dug-Cone Speaker... Net 48.50
prcach to actual '"pres- Altec-Lansing 604B 15" Dia-Cone Spkr. Net 140.00
\i ence.’”! Reaches well Altec-Lansing 603B 15" Dia-Cone Spkr. Net 75.00
at’r;_vgd 13-000, cps. |3 University 6201 12" Coaxial Speaker. Net 44.10
individually driven ele: New Bell 21228 Amplifier ... ... Net 43.45
over and e Net 175.52

control network. 35watts, New Bell 21454 Amplifier o .. Ne v
16 ohms.$224 9.' Brook 12A3, 10 Watt Amplifier Net 198.00
1rA20144 O Al Preamps, Equalizers, Cartridges, Arms in Stock!

WE STOCK AND DENONSTRATE ALL STANDARD MAKES OF ELECTRONIC AND AUDIO EQUIPMENT . . . High
Fidelity Tuners, Amplifiers, Speakers, Pickup Arms and Cartridges, Accessories, Recard Changers, Tape and
Disc Recorders, Cabinets, Replacement Parts, Tubes, Television Chassis and Camponents, etc. by such
famous names as ... ALTEC-LANSING, ASTATIC, AUDAK, BELL, BOGEN, BROOK, BROWNING, COLLINS,
CLARKSTAN, ELECTR®-VOICE, ESPEY, GARRARD, GE, GRAY, HALLICRAFTERS, JENSEN, MARKEL, MASCO,
PICKERING, LCA, RADIO CRAFTSMEN, REK-0-KUT, H. H. SCOTT, STEPHENS, UNIVERSITY, WEBSTER, W. E., etc.
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Sensational Taner Value!
FAMOUS COLllﬂgM TUNER

High Fidelity At Its Best! ¢

Formerly  § 950 g

$87.55 7 ¢
All the technical skill, crafts- — 1 i
manship and quality pos- F =’
sible have been incorporated TW >
into Collins Audio Products.

This model FM-11 was a great buy at $87.55. And now, at
$59.50 it's really sensational! Genuine Armstrong circuit
uses 11 tubes and stable permeability tuning. Has Tuned
RF stage—3 IF Amplifiers and Duat Cascade Limiters

No Frequency Drift! IF Frequency is 10.7 Mc. image ratio
300 to 1. Sensitivity 10 microvolts for complete limiting.
Built-in power supply, phono switch. High impedance output.
Tubes: 6J6, 6C4, 6AKS5, 3-6AG5, 2-9001, 6ALS, 6X5 rect. and
BAL7GT Tuning Eye. 19V x 12 x 7V4".

No. A3001, 10 Ibs.... . Net $59.50

==

RADIO CRAFTSMEN 500 AMPLIFIER
Williamson All-Triode Circuit
99.999% Distortion-Free
Terrific Performance! This
new 12-watt '‘Ultra-Fidelity”
amplifier uses the famous
Williamson All-Triode Circuit
to set a new high in audio
fidelity. Frequency response:
-+ 0.1 db, 20-20,000 cps.
-+ 2 db 5 to 100,000 cps.
12 watts + 2 db, 10 to
50,000 cps. Total.harmonic
distortion less than 0.01%
at average listening level below 1 watt. Tubes: 2-6SN7GTA,
2-KT66, 5V4G rectifier. One chassis, uses the finest com-
ponent to produce unexcelled listening quality with prac-
tically no distortion. At this price there's nothing better!

No. A10964, List $166.00 net ¥99.50

HUDSON

RADIO & TELEVISION CORP.

Main Office, Store and Warehguse

48 West 48th St. « New York 19. N. Y.

Downtown Store: 212 Fulton St., New York 7, N. Y.
Phone: Clircle 6-4060
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“I have used the Permoflux Heudphones
on many of my programs. This has given
me an opportunity to test them thoroughly

before reporting on their performance. Permofiux High Fidelity
Dynamic Headphone —
Model DHS17 with Model

No. 1505 Ear Cushion,

I'noiw can say that the Permoflux High
Fidelity Dynamic Headphones exceed in
every way any other phones I have ever used. We, in the music profession,
who have to insist upon perfection. are perhaps more critical than other users
and the equipment 1ce require must be the best. For those reasons, I would
recommend the Permoflux carphones to any one 1who demands the highest
standard of fidelity and sensitivity from such equipment.”

Unsurpassed for Broadcasting, Television and Recording Uses!

New developments in the Permoflux Dynamic Headphone design
make possible the use of these units in applications heretofore not 1
covered in the electronic field. Flat frequeney response of from 100
to 7000 « is assured in the Permoflux High Fidelity Dynamic series
and up 10 4500 « in the standard series. Permoflux offers the finest }
headphones made for broadeast, television and record-

ing uses as well as monitoring, audio metric work and
auditory training.

Send today for the new Permoflux catalog #J203 for
the latest information on Permofiux’s new “Champion”
line of Speakers and Dynamic Headphones.

PERM©@)FLUX -

"“SOUND IN DESIGN”

PERMOFLUX CORPORATION
4902-J W. GRAND AVE., CHICAGO 39, ILL. « 236 S. VERDUGO RD., GLENDALE 5, CALIF.
Canadian nsee—Campbell Mfg. Company, Toronto, Canada
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Small instrumental groups—hi-fi
Older music
_—

“Bach, Das Musikalische Opfer (Vuataz arr.),
soloists cond. Scherchen.
Westminster WL 5070
“Telemann, Trio in E Minor; Quartet in D
Minor (Tafelmusik). Loeillet, Trio Sonata
in B Minor. Westminster WL 5076
Pergolesi, Concertino in F Mi. Respighi, An-
cient Airs and Dances (Suite #3). Stutt-
gart Ch. Orch., Munchinger.
London LLP 312
‘). Haydn, Divertimento in C (Winds and
Strings); *Four Military Marches. M. Haydn,
Divertimento in C (Sirings). Boccherini,
Flute Quintet in D Flat. London Baroque

Ensemble, etc. Westminster WL 5080
" Beethoven, Trio in E Flat, Op. 3. Pasquier
Trio. Allegro ALGC 3023
Brahms, Violin Sonata #1 (“Rain™). Stern-
Zakin. Columbia ML 2193
“Brahms, String Quartet #1, Op. 51, #1.
Budapest. Columbia ML 2191
Brahms, String Quartet #1, Op. 51, #1.
Amadeus. Westminster WL 5084
Sibelius, String Quartet (“Voces Intimae”).
Griller. London LLP 304

*"Beethoven, Violin Sonata in C Mi., Op. 30,
#2. Schreiderhan, H. Berg.

Remingron 149-35

Beethoven, Violin Sonata in C Mi., Op. 30,

#2. Rostal, Osborn. London LLP 162

“Beethoven, Variations on themes by Handel,

Mozart. | Craudan, pf., N. Craudan, cello.

Vox VL 6150

‘ Beethoven, Trombone Sonata, Op. 17; Three
Equali. Shumann Brass Choir.

Renaissance X 31

Matyegka-Schubert, Quartet for Flute, Guitar,

Viola, Cello. Period SPLP 518
b Debussy, Sonata #3. ieifeiz violin: Bay
piano. RCA 45: WDM 1515 (2)

Johann Strauss, ). Lanner: Waltzes. Alexander
Schneider String Ensemble (Quintet).
Columbia ML 2179
" Beethoven, String Quartets, Op. 127, 130.
Pascal Quartet.
Concert Hall CHS 1209, 1210

Modern

¢ Milhaud, Madrigal, Pastorale. Berezowsky,
Wind Quintet Suite, Op. 11. Fine, Wind
Partita. New Art Wind Quintel.

Classic CE 1003

* Sessions, Violin Sonata #2. Ives, Violin Son-
ata #2. Patricia Travers, Otto Herz, pf.

Columbia ML 2169

“Martinu, Three Madrigals for Violin & Viola.

Mozart, Duo #2. | Fuchs vl L. Fuchs, vla.

Decca DL 8510

* Nice microphoning; some distortion in LP.
?Close-to, steely miking, in large space.

# Marches have excellent drums and snares.
b Bass is thin.

¢ Close, rather dead hi-fi recording.

s Some surface hiss.

*Dull music, but top trombone recording.
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WHAT
OTHERS
SAY

about

ORRadio - =
ltlSh MAGNETIC RECORDING TAPE

BRAND

“SWEETEST quality I've ever heard”
“Irish Magnetic Tape is the BEST I've used”
“Orradio Magnetic Tape RINGS THE BELL with me”

“I LIKE Orradio Irish Tape because it’s so easy to use”

“CONGRATULATIONS on your extended frequency performance”
“] use Irish Magnetic Tape because it gives me EVERYTHING | WANT

in good quality recordings”

“) am IMPRESSED with the fine service of the Orradio organization, as well as the qual-
ify of their products. It’s Orradio Tape for me”

From Alaska to South America—from Israel to Korea—words of praise and appreciation for the fine qual-
ity of ORRADIO Magnetic Tapes tell the story of what can be accomplished by a small company regardless
of overwhelming odds in a competitive market, when users have faith—this is The Spirit that makes
America, AMERICA'!

To our ccuntless friends all over the world, we say “THANK YOU?” for the tremendous part you have
played in helping us to produce a commodity that has received such magnificent approval.

Your choice of 2 fine magnetic tapes:
NEW 211RPA Plastic Backing for Professional Users $5.50 list (1270 feet)

NEW 195RPA Plastic Backing for Slow Speed Recorders $3.50 list (1270 feet)

THE NEXT TIME YOU need magnetic recording tape — ask for
ORRADIO IRISH TAPE at your Electronic Distributor or Photo
Supply Shop. Distributors everywhere.

ORRADIO INDUSTRIES, INC. —— OPELIKA, ALABAMA
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NEWPRODUCTS

e Williamson-Amplifier Components.

Availability of low-cost transformers and
choke for the Williamson amplifier circuit
has been announced by Standard Trans-
former Corporation, 3580 Elston Ave., Chi-
cago 18, Ill. Type designations are output
power

transformer A-8054, transformer

P’C-8412, and filter choke (C-1411. Labora-
tory tests of an amplifier built from the
new Stancor components showed frequency
response virtually flat at 8 watts output.
Intermodulation measured 3 per cent. Har-
monic distortion was negligible. Stancor
will supply on request Bulletin No. 382,
which describes construction of the Wil-
liamson amplifier, and includes chussis
drawing, schematic, and complete parts
list.

e Crystal Cartridge. Low cost and high
output are combined in the new Astatic
Model L-12 crystal for standard 78-rpm
records. OQutput is rated at approximately
4.0 volts at 1000 cps on the Audiotone
78-1 test record. The pickup is designed to

operate with a needle pressure of one
ounce and has a total weight of 18 grams.
Crystal element is coated against moisture
and housing is stamped steel. The unit
is supplied without stylus and has a uni-
versal chuck for use with standard type
needles. Manufactured by The Astatic Cor-
poration, Conneaut, Ohio.

e High-Qnality Amplifier. Remarkable
characteristics are claimed for the new
Craftsmen 500 audio amplifier, an all-
triode unit based on the well-known Wil-
liamson circuit. It incorporates an output
transformer of exceptional quality, and
20 db of inverse feedback around the en-
tire amplifier. Characteristics supplied by

o e

R e PR
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the manufacturer are: Total harmonic dis-
tortion, less than 0.1 per cent at mid-fre-
quency; Intermodulation, less than 0.5 per
cent at 10 watts; Frequency response, + 0.1
db, 20 to 20,000 cps; Power response, * 1
db, 10 to 50,000 cps. Manufactured by The
Radio Craftsmen, Inc, 4401 N. Ravens-
wood Ave., Chicago 40, Il

e Portable P.A. System. Audio quality
considerably better than average for port-
able p.a. equipment is featured in the New-
comb Model 1H-1512R. Containing two
12-in. speakers and a 17-watt amplifier in

a split case, the system provides inputs
for two microphones and a turntable, and
includes individual bass and treble tone
controls. The equipment is housed in a
fabricoid-covered plywood case with metal
fittings and kickproof speaker grills. Over
all  dimensions are 114" x20%” x21”.
Total weight is 44% 1bs. Manufactured by
Newcomb Audio Products Co., 6824 Lex-
ington Ave., Hollywood 38, Calif.

e Noise-Suppressor-Preamplifier. Flexibil-
ity and performance of many home music
systems, both new and existing, can be
improved extensively with the new Scott
Model 112-B “Dynaural” preamplifier. Cir-
cuit features the original Scott dynamic
noise suppressor, high gain for magnetic-
type pickups, variable turnover control to
compensate for various recording char-
acteristics, adjustable record-distortion

level adjustment. Usable

filter, and input
frequency response is 20 to 20,000 cps. The
unit can be attached to most basic ampli-
fiers by means of three standard plug-in
connections. Remote control panel is hand-
somely finished in etched bronze. Bulletin
will be mailed on request to llermon Hos-

mer Scott, Inc., 385 Putham Ave., Cam-

bridge 39, Mass.

e Fluid-Drive Pickup. “Fluid Sound” is
the trade mark applied to a unique new
pickup cartridge now being marketed by
the Lindberg Instrument Co., 830 Folger
Ave., Berkeley 10, Calif. The device con-
sists, essentially, of an actuating arm on
which is mounted a conventional sapphire
stylus, a plastic housing which contains
three cells filled with an electrolytic, non-
toxie, conducting fluid, and a rubber dia-
phragm. In operation, direct current flows
through the three cells in series and is
modulated by the stylus as it tracks the
recording. The current modulations thus

produced cause an output voltage to ap-
pear at the center cell electrodes, which
is fed in conventional manner to an audio
amplifier. Stylus-record contact is used
only to modulate the externally supplied
d.c. voltage as it flows through the fluid.
It is stated by the manufacturer that the

Fluid Sound pickup reproduces funda-
mentals as low as 20 cps. Upper frequency
limit is quoted as being 10,000 cps. The
cartridge requires no bass boost and no
special compensation of the highs. Track-
ing pressure range is 3% to 10 grams,
depending on the tone arm used, and out-
put is 0.8 volts. Priced extremely low.

e Phono-Radio. Tasteful cabinet design,
compactness, and good audio quality are
all inherent in the “Vermont”, a new table
model phono-radio recently announced by
Audar, Inc., Pasadena 18, Calif. Traditional
Early American in appearance, the cabinet

is made of solid birch with hand-rubbed
maple finish. The 7-tube chassis features
separate bass and treble controls, push-
pull power output, and an 8-in. speaker.
Chairside stands and record cabinets in
matching finish are available as acces-
sories.

e High-Temperature Insulation. Refrasil
is a fibrous silica insulation which pro-
vides hoth thermal and electrical insula-
tion at temperatures up to 1800° F. De-

SLEEVING

TAPE
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veloped originally in batt form for use
in jet aireraft, the material is now fab-
ricated in both sleeve and tape for a wide
range of elect-ical applications, Flexibility
is not affected by continued exposure to
high temperaiure which, together with
light weight, minimum bulk, and ease of
slip-on installation, makes the material
ideally suited for wiring electronic equip-
ment where both resistance to heat and
high dielectric efficiency are required.
Further information about Refrasil may
be obtained from The H. L. Thompson
Company, 1733 Cordova St., L.os Angeles 7,
Calif.

® Magnetic Recording “Rubber.” A special
Neoprene basg, into which has been in-
corporated a uniform pigmentation of
magnetic oxide, is a new recording mate-
rial recently announced by The Brush De-
velopment Company, 3405 Perkins Ave.,

Cleveland 14, Ohio. Also included in the
is a permanent

base material lubricant

which virtually eliminates wear of both
medium and the recording head with
which it is used. Designed for use when
stretched over a supporting drum, bands
of the material can be supplied in various
sizes and shapes to meet special require-
ments. Requests for information should
be addressed te Division D-4.

e Corner Speaker Baffle. Designed for use
with eight-inch speakers, the new Permo-
flux corner cabinet affords good audio per-
formance with re-
markably low space
requirements. Stur-
dily constructed of
four-layer plywood,
the batHe is artrac-
tively finished in
maroon leathereite.
Dimensions are 14
in. wide, 24 in. high,
and 9% in. deep.
Tests, according 1o
the manufaciurer,
indicate that tle ef-
fect of corner radia-

3Ae :bidcriminah'ng guenlua//y
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THE ARISTOCRAT

Utilizing the famous Klipsch principle
which employs the corner of the room as
an extension of the exponential-acoustic-
horn air-load, the ARISTOCRAT pro-
vides, for the first time, purity of ex-
tended bass necver achieved before in a
cabinet of this size. At least one full
octave of added bass range is disclosed on
first listening!

Beautifully styled, with its mahogany
vencer hand-rubbed to mirror-like finish,
it is the ideal enclosure for 12” full range
speakers. Height —2914”, width — 19”7,
depth 1612", over-all.

NET, mahogany finish
In bleached blond finish

$59.70
$63.60

ELECTRO-VOICE COAXIAL
SPEAKER - SP-12B

Thrill to the dynamic impact of true.
fundamental bass, the tinkling clash of
cymbals!  Utilizing a  heavy-ribbed,
straight-sided low-frequency driver cone
for medium transient distortion, and with
the high-frequency propagator decoupled
from the bass reproducer by a mechanical
crossover, RADAX 12 gives you
maximum performance at a cost well
within the most modest budget. Fre-
quency Response when used with ARIS-
TOCRAT CORNER BAFFLE—35 to
13,000 cps. Power Rating—20 watts. Im-
pedance—8 ohms.

NET .

the

@
ANNOUNCING THE NEW

GROMMES “LITTLE JEWEL”

Here at last is a quality amplifier priced to meet
the most modest of budgets! Appropriately named
“LITTLE JEWEL,” it is a welcome addition to
the now famous GROMMES family. Will deliver
8 watts with 2% distortion. Response— * 1.0 db
40 to 15,000 cps., 3 inputs—magnetic or crystal
phono, and radio. Bass control gives 0 to +10 db.
Treble control gives + 10 db or 20 db variation. Output—4, 8, and 16 ohims. Tubes—
65C7, 6SL7GT, 2-6V6GT, and SY3GT. Beautifully finished in brown hammerloid.

BUILT-IN PREAMPLIFIER

tion is more pro-
nounced, relatively
speaking, with this
compact enclosure
than with cabinets
considerably larger
in size. TPeruroflux
Corporation, 4902 W,
Grand Ave, Chicago
39, 111

e Self-Holding Test Prods. The New
Klipzon Type H heavy-duty test prods
and leads are designed for clipping to con-
ductors and are suitable for many appli-
cations in electronic power supplies, pub-
lic utility systems, and in electrical manu-
facturing and testing. Self-holding points

Mail orders accepted. Visit our sound studios and hear these truly re-
markable components. Audio Fair Headquarters—Suite 536.

WRITE FOR OUR LATEST

HI FI CATALOGUE
TELEPHONE: CORTLANDT 7-0315
the house
built on

SERVICE

7  KLIPZONE
J N

MULIOLDIMG

N8O TEST PRIDS 2

o
BEAYY SUTY JESTRG

YILSHIM @ OOVIIHD - ¥ILSAIM © W-ASALISUIAINNO®ICOW-INNO®YVYNOS®IUNHSOLLODS 'H "H ® LNX-0-X3Y ® NINSLIVYED OlAVY ® NOJVY ® ONIYINIId ® NOULN3d

are needle-sharp for plercing insulation
and will maintain effective contact until
removed. Flexiitle leads are equipped with
spade terminals, are four feet long, and
consist of 16 strands of No. 30 B & S
gauge copper heavily insulated. Manufac-
tured by United Technical Laboratories,
Morristown, N. J.

APPROVED @ ASTATIC @ ATLAS @ AUDAK @ AUDIO DEVELOPMENT e BELL @ BOGEN @ BOZAK @ BROOKS ¢ BROWNINGC@BRUSH ¢ CHALLENGER @ ELECTRO-VOICE @ JENSEN @ ESPEY |

69 CORTLANDT ST., NEW YORK 7, N. Y,

J141d313
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HOW LEADING NETWORKS
USE ({arter CONVERTERS

Photo above shows NBC’s Tommy Bartlett
and Universal Recording Company engineers
making transcriptions from STORAGE BAT-
TERY POWER by means of Carter Fre-
quency Controlled Converter.

Wherever 115v. line voltage is not available,
or hard to get, Carter Converters supply
dependable AC power to make on location
recordings. Operates from storage batteries.

. Used by leading networks, broadcast
stations, and program producers.

Recommended by Brush
and Magnecord

One model operates
both Brush and Mag-
necord equipment.
Delivers clean 60
cycle AC power. Re.
quires no filtering.
Frequency control
feature compensates
for 10% input volt-
age variation. Avail-
able for 6, 12, 24,
28 32 64. and 115v.
p voltage.
Size 81/4 x53/§”x7%”
high, Weight only
153 lbs. P’erform-
ance Guaranteed !

MAIL COUPON FOR
FREE,CATALOG

New Converter catalog
illustrates entire line of
Carter Rotary Convert-
ers for recording, TV,
sound projection and
transcription playens
SELECTOR CIART in-
cluded tells model to
suit your purpose. Mail
Coupon now for your
copy and name of
nearest Carter distribu-
tor.

@JB‘@@H‘ MOTOR COMPANY

2648 N. MAPLEWOOD AVE., CHICAGO 47

I Carter Motor Co.
2648 N. Maplewood Ave., |
Chicago 47, I,

Please send catalog %349 with information

) on Frequency Control Converters, and name
of nearest distributor. I
' ]
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The 1951 Picture
H. A. HARTLEY

offers an appropriate time to discuss de-

velopments in this country, of which
there have been mighty few since my last
contribution. In fact the only dircction in
which there seenis to have been any progress
is in TV, and the feature of this vear’s show
1s the arrival of the 12-inch tube. Please do
not think I am trying to be funny. You
who are accustomed to really big tubes in
television sets cannot understand  how
Britain has so completely lost her leader-
ship in TV. T think it 1s only fair to say
that British television on any sort of mass
scale was the first in the world, but now,
when we read of what you have done, we
look on our present situation with dismav.
This is no fault of the industry, but simply
due to the fact that TV is run as a sort
of erring offspring of sound broadcasting,
and given no chance of showing that it is
an entirely new art. And, of course, there
is no competition. We have to take what is
given us whether we like it or not, and as
many of us don’t like it we don't bother
buying TV sets, and as we don’t huy sets
in suthcient numbers to make full scale re-
search and design in the factories a paying

Im-: 1951 NatonarL Ranio ExHIsiTION

proposition, our receivers are not so im-
aginative as vours.
Audio

In the old days before the war we used

the phonograph as a stop-gap because of
what were, in thosc days, very good trans-
missions of music. Now we endorse what
Ross Snyder said i his article in the
\ugust issuc of /&£ “Non-professional high-
fidelity enthusiasts, we find, are more in-
terested in good record-playing eqguipment
than in anything else. Radio is most often
regarded as an accessory, to be used for
incidental llstemng, but not as a prlmcu)
source of serious musical entertainment.
How true that is.

We find the B.3.C. goes to some trouble
to broadcast good orchestral concerts; we
find no one takes the trouble to see that
the technical quality of thosc transmissions
is acceptable to a musical listener. Some of
these broadcasts are so bad that they have
to he heard to be believed. I have listened
to transmissions and adjusted the controls
ol a carefully calihrated tone-control ampli-
fier to reach some sort of conclusion as to
the frequency response actually broadcast.
One twiddles the controls to find how far
one can go without adding or subtracting
quality or absence of quality, and I have
found orchestral stuff broadcast with a
response apparently about 15 db up at
100 cps and a complete cut-off at 2500.
Much of the output has nothing above 5000
and the extreme possible limit at the pres-
ent day is just about 8000. I have taken
this up with the B.B.C. engineering stati
several times, and most of the blame is laid
to the land lines. These are admitted to be
bad by Post Oftice engineers, although
there 1s always talk that new lines are on
the way.

The musical enthusiast therefore turns to
records which have improved enormously
since pre-war days, and the .advent of LP
has, of course, revolutionized phonograph
technique. No real hi-fi listener would ever

AUDIO
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have a record changer, and LP has killed
the bugbear of having to change the rec
ords manually, But LP has introduced a
whole host of attendant troubles and a good
deal of dissatisfaction has been aroused
in this country about the indifferent results
that have sometimes hecen obtained after
spending considerable sums of money.

Letters

One of the things that pleascs me so
much is the ever iucreasing number of let
ters I get from A readers. I find these in-
teresting, informative, and thoughtfully and
sensibly written, They prove to me that
the intellectual and technical level of the
readership of this magazine is quite ex-
ceptionally high. T have had a good deal
ol information on the shortcomings of
various makes of American LP’s, and as it
is not my job to comment on the American
scene I can rejoin with somme comments on
British. Still we have only Decca, although
it is now commonly rumoured that the
EM.I. outfit, re 11ising at last that LP has
comce to stay, are coming in too. The story
goes that since the Gramophone Co.
(H.M.V.), having committed themselves
by announcing that they would give six
months’ notice il they introduced LP, will
not do so for the moment, but will intro-
duce 45s @ la Victor; but, since they
(E.M.I) will be forced to produce LP’s,
these will come out with Columbia labels. T
camot vouch for the accuracy of this
gossip, for it is just rumour; all I can tell
you 1s that our only LP’s (apart from some
pops by one of the small companies) are
Decca.

I am told that, except for vour Colum-
biw’s and those Capitol’s which are not
dubbed from Telefunken, the besetting sin
of many Ainerican LP’s is pre-emphasis of
lows and highs in no sort of system at all.
This may be, but the hesetting sin of the

early Decca’s was, without a shadow of
aural doubt, pre-emphasis of the highs,
Decca never made any sccret of the fact

that their 78 {irr had a rise of 3 db per
octave at the top end of the characteristic,
and this certainly made them sound as
though they had more top than the usual
run of discs. And {frr sounded better on an
ordinary radio-phonograph than did rec-
ords which were recorded flat.

But it was another story altogether on
a real high-fidelity outiit, for the top pre-
emphasis did exactly what one would ex-
pect it to do—reproduce the harmonics out
of proportion to the fundamental. And if
you sought to counteract this pre-emphasis
by a corresponding cut in the amplifier it
did not appear to restore the harmonics to
their pre-recorded value. The consequence
was that all compound notes rich in har-
monics, particularly the upper register of
the violin, were harsh. In fact, they had
harmonic distortion which we all try to
eliminate in our reproducing system. What
came to be considered “characteristic firr
violin tone” alwayvs suggested a tissue-
paper and comb effect. Not all Decca rec-
ords did have this defect, which suggests
that not all ffrr’s had top pre-emphasis, but
a large proportion of the earlier LP’s
sounded just like pre-emphasized 78’s, ex-
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cept that as there was more top on the LP’s
it sounded worse.

I started what was almost a public cam-
paign about this, pointing out that it was
the height of folly to dammn this new de-
velopment by making it sound beastly on
high-fidelity equipment. I was on pretty
sure ground too, because many of my
American carrespondents wrote to me
pointing out this paper-splitting top on cer-
tain Decca LP’s, and asking if [ had any
explanation. It wasn’t wrong tone-correc-
tion in my equipment, for [ was able to re-
produce American Columbia to perfection.
I don’t know what eventually was done in
the Decca recording menage, but it cun be
said that modern releases are of a con-
sistently higher quality, and I am hopeful
that they are adlering to the N.A.B. char-
acteristic.

Against this background of “audio
source,” poor broadecasting, some good 78's
and fairly consistently good Decca LP’s,
you will realize that we are not too well
fed, as engineers, with the raw material
of our trade. But against this background
the statement that the 1951 Radio Show
had practically no interest for the audio
engincer will not appear surprising.
Speaker and phono equipment demonstra-
tions were non-existent except lor the one
show put on by Wright and Weaire who
were demonstrating their tape-deck on a
British-made Klipsch. This and the Simon
tape-deck are considered as good as can
be obtained in this country; they are two-
speed, 3% and 7% inches per second, and at
the latter speed claim tlat response from 50
to 10,000 cps. The “Wearite” demonstration
was short and cautious, some speech, a vio-
lin, woodwind (carefully omitting the
oboe), and with no brass, percussion, or
full orchestra, in fact nothing that would
give one the real low-down on what can
be got out of tape. (By the way I should
very much like to hear from any of you
who can be Dbothered to write, what can
be got out of tape, hut as I shall be at the
Audio TFair, perhaps I shall be able to hear
for myseli.)

The usual wide range of speakers by
Rola, Goodman, W.B., and Grampian were
in evidence, but all of these wholly ad-
mirable companies are mainly concerned
with big-scale production of moderate
priced speakers for set makers. Indeed one
or two of them find the high-fidelity market
suchi a nuisance from their angle that they
very generously pass over their high-
fidelity orders and enquiries to vour humble
correspondent (the British characteristic is
ever to live and let live). Decca showed
their corner indirect radiator, but no oppor-
tunity was found to hear it, if indeed such
opportunity actually existed.

A small range of amplifiers of sound if
unexciting design were on display, but
again could not be heard working, and so
I left the show with nothing learned except
that the piped sound of every radio show
there has ever been is worse than ever,
though now s=o negligible that it hardly
makes its presence felt.

In the outside world there is virtually
nothing to report. The postwar epidemic
of ‘“high-fidelity” manufacturers of small
dimensions has gradually {faded out, for
those who thought that all that is needed
to click the high-grade market is to tack
on the label “hi-fi” have not been able to
make the grade, and the large manufac-
turers who turn out a luxurious-looking
pantechnicon sell only to those who have
money and nc taste (and today more than
ever are these two conditions poles apart).
The real thing is left to the few firms
who work on a personality basis, who
really try to rurn out something good and

J& LABORATORY INSTRUMENTS

for Z; chsror Measurement at Moderate Cost

a2 I
an

INTERMODULATION METER

Highest Professional Flexibility at
Reasonable Cost

Model 165 IM Meter is especially suited for
laboratories, broadcasters, recording studios.
Has signal generator, analyzer, voltmeter in
single compact case. Reads %IM, amplifier
output directly on meter. Provides for use
of oscilloscope to analyze and cure IM
causes: full graphic instructions supplied. Wide range of low and high test frequencies: 60
cps internally, 40-200 cps externally; standard 2, 7, 12 ke internally, 2-20 kc externally.
Only 0.1% residual IM due to accurate bridge-type mixing circuit for 2 tones and special
analyzer wave filters. Voltage ratio choices: for LF testing, 4 : 1; for more accurate HI test-
ing, 1 :1. 8% X 19" rack-type panel; 8%” deep. Price $250.00.

GALVANOMETER PROTECTOR

New Model 170 increases speed and convenience of use of Wheat-
stone Bridge. Adjusts itself automatically and continuously during
balancing operation. Galvanometer retains enongh sensitivity to in-
dicate balancing effect at all settings, yet is completely protected
against damage. Uses network of non-linear I

and linear resistors. Price $24.50.

Negligible loading with the BRIDGER

In bridging measuring instruments across high-Z circuits,
lowest possible circuit loading is vital. Model 100A’s newly
improved cathode follower and special double-shielded cable
reduce cable capacitance and circuit leakage to the in-
significant. Input Z: 70 megs, 5 mm{, with 3 ft. cable.
Output Z: 200 ohms. Output/input voltage ratio: 0.99.
Usable to several hundred kc. Price $88.50.

ULTRA-SPEED RECORDING
with the LOGGER

For reverberation tests, experimental
phonetics, propagation tests, other fast-
changing phenomena. This new technique
employs a stable Logger, feeding a direct-
writing oscillograph. Convenient low-cost
inked chart. Recording speed 10 to 20
times faster than usual high speed level
recorders.

Lo_ggers shown provide new stabilized logarithmic converter, linear rectifier and oscillograph-
driving DC amplifier. Utmeost stability: no therinostats, clutches or motors. Adjustable pen
speed. Model 124: 50 db scale. Model 124W: 60 db range.

& MINIATURE PREAMPLIFIERS
for Kellogg and other Condenser
Microphones

Makes stability, low noise level of hest condenser mierophones inexpensively available. Models
for acoustical laboratory, sound recording. Models 12, 12R, 1%, 14R, 16.

KELLOGG MIDGET CONDENSER MICROPHONES
?’erformapcc-[)rOVEd for over 15 years. Exceptional calibration stability. Unaffected by humid-
ity variations. Rugged construction. Reasonable cost. Prompt delivery. Calibrated if you wish.

We are authorized dealers for these excellent microphones and are glad to advise you on
their use. Just phone or write us.

INTERMODULATION SET

For the first time—here is intermodulation distortion
measurement at low cost. With Model 162, and your own audio
oscillator and oscilloscope, you read per cent of IM directly on your
scope image—in just seconds. Complete with graphic instructions for
adjusting equipment for best performance. Price $88.50.

ﬂ " INSTRUME
Ol L= Y

‘Write
NOW
for
Catalog
A.

SEE US AT THE AUDIO FAIR. Dept. T 133 WEST 14th STREET, N. Y. 11, N. Y
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TAPE EDITORS-SOUND MEN
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splice tape faster...
easier with the new

EDITALL

“‘\) TAPE SPLICING BLOCK*

NS

\

% s

P

( 4

o

-

Precision machined from ~

lifetime DURALUMINUNM.  Designed

to give PERFECT SPLICES with a4 minimum of
time and etfort. Can be used in conjunction with
any tape recorder using standard tape. Simple 1o use
—no clips or mechanical devices to go out ot order.

Price

$6.50

DEVELOPED by Joel Tall, famous tape editor
of C.B.S.; Instructor of Tape Editing at N.Y.U.

RECOMMENDED by Minnesota Mining and
Manufacturing Co.

USED on the Famous Ampex Tape Recorder.

Newo York)

(I'hoto—Courtesy of Audio and V'ideo Products Corp..

® Ask for it at your local distributor
Manufactured exclusively by
TECH LABORATORIES, inc.
Box 148, Palisades Park, N. J.
New York Distributor: HARVEY RADIO CO.

*PAT APPLIED FOR

/
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| then go on to say

who. it is sad to report, have a supreme
contempt for all the others. This is not
altogether without some reason, for I notice
one firm that has professedly catered for
the “music-conscious” market for many
vears offers, in the advertisement pages of
one of our fcchnical journals, a variable
filter which steeply cuts “‘at any selected
frequency between 4000 and 8000 cps” and
“specially valuable for
use with new microgroove records”. And I
leave vou to sort that one out for your-
sclves.

Examining the products of these various
high-fidelity manufacturers 1 find there is
absolutely nothing new at all. The twin-
unit speakers in more or less elaborate
cabinets continue as beiore, but with ever
mcreasing  prices, although | notice a
slowly increasing consciousness on the part
of the would-be customer that it seems 1m-
possible to achieve either complete merging
of the sound of the two units, or completely
smooth passage through the cross-over fre-
quency. In Britain, of course, we have no
speakers of the concentric tweeter-woofer
tvpe like vour Altec’s, Stephen’s, Jensen's
and University’s. 1 do not know what these
sound like, but I shall, as 1 have already
told yvou. Meanwhile | continue to plough
my lonely furrow of pinning my faith to
a single highly specialized diaphragm, even
if the metaphor ought to he blocked. The
problem that now has to be solved by all
us audio engineers is to find a way of
getting goud sound uniformly propagated
throughout the auditorium, even though
the “auditorium” is the usual somewhat
restricted hving room.

For the rest [ promise you. at the cditor’s
kind invitation. a complete list of the hest
British recordings o 1951, and all the
British LP’s. That list will appear very
carly in the new year.

FEEDBACK DESIGN
[from page 12]

loudspeaker connected is equal to 21.0
db feedback with the loudspeaker dis-
connected.

Thus it is evident that in the case of
a pentode it would be decidedly ad-
vantageous to place part of the plate-
load impedance in the cathode circuit to
provide some 10 db of local feedback.
The ordinary 16-ohm loudspeaker wind-
ing is sufficient to provide 6 db of feed-
back over a single-ended stage. A local
feedback loop of this type should make
it possible to use more feedback thai
the usual 10 or 15 db around a loop
from the voice coil to a preceding stage,
since changes in the load impedance
will have a much smaller effect on this
loop. \With enough of the plate winding
in the cathode circuit to provide 10 db
of feedback. a pair of pentodes is likey
to require less driving voltage and less
input power, and to have less distortion
and lower output impedance than tri-
odes with the same power output.

Independent Control of Gain and
Internal Impedance

Tt will be noted also from (B) of Fig.
1 that positive current feedback de-
creases tlie output impedance since it
adds — .4 e to Z,. Ii in the case of the
pentode enough positive current feed-
back were applied from the cathode of
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the output tube to the cathode of the
driver to increase the gam 20.8 db,
measured with the Joad connected, then
the output E, weuld be the same whether
the load were connected or disconnected
and Z,— Ay,a=0. If in addition we apply
negative voltage feedback so the shunt
arm (Z,— Aya)/— A, comes into play
and reduces the gain by 20.8 db, then we
have reduced the output impedance to
zero without changing the gain at all.
The harmonic istortion also remains
unchanged. By combining current and
voltage feedback the tnternal impedance
can be made any desired value—positive,
negative, or zero; al the same time the
gain can also be made any desired value.

Illustrative Phonograph Preamplifier Design

To illustrate the practical use of these
circuits, suppose we wish to design a
preamplifier stage that will equalize a
magnetic  phonograph pickup to the
standard playback curve for Columbia
LP records. Let us assume the pickup is
flat on a velocity basis. The tube will be
one high-mu triode scction of a 12ZAX7
in the circuit of I'ig. 4; and let us sup-
pose that for reasons of cconomy the
cathode bypass capacitor is omitted,

The frequency response curve we in-
tend to create is that dervived from the
mverse of the Columbia preemphasis
network?® in fig. 5. Its inverse with re-
spect to an arbitrary resistance /2, is
shown at (A3 in Fig. 6 together with
three equivalent circuits having the
same response. Figire 7 shows the
straight-line approximation to the play-
back response curve.

To achieve this response all the im-
pedances in Fig. 4 will be made pure
resistances except for Z, By using a
large coupling capacitor, /,; over the
audible range can be considered to be
made up of the plate resistor and the
following-stage grid resistor in parallel.
One can sce irom (D) of /vig. 3 that if
there were a very large amount of {feed-

Rz = 4Ry

[R] .
R, +R, = 100 p sec

Ly+L
‘R 2. 1590 sec

]

Fig. 5. Columbia LP pre-emphasis network.

back at all frequencies the gain would
be simply Z,/Z, and we could get the
required responsc by making 7, the net-
work of (A), Fig. 6. In this case we in-
tend to use only about 6 db of voltage
feedback at low irequencies and so the
network will have to be modified. We
shall sce that the response obtained with
a limited amormt of feedback is the same
as that obtaimed with infinite feedback
when a resistance is shunted across 7,.
This effective shunt resistance may he

1 “Columbia ILP microgroove records,”
Avnto Encinemring, August 1948, p. 24.

There’s a NEW SILHOUETTE

A7es
on the Microphone Horizon. .. ‘/{{ :

. THE NEW _
ULTRA-CARDIOID s
DYNAMIC '

!
- . N
MODEL 555 N

"THE PERFECT PERFORMER”

Model 555
List Price $72.50

The New Small Uni-
dyna is approxi-
mately only half as
large as the Standard
Unidyne.

SMALL

Unidyne

) Eliminates Feedback Problems

} Permits performer to stand
farther from the microphone

THIS MIGHTY. though little, Micro-
phone, is the only small-size, uni-direc-
tional moving-coil dynamie microphone
—all the important directional qualities
are retained. The 535s is actually a new
Microphone retaining all the highly de-
sirable features that made the Model 55
“Unidyne” world-famous.

Model 538 offers superior performance,
featured in a streamlined, small, func-
tionally-designed case. 'The moving-coil
system has a high overall eflicieney and
smooth frequency response. A large air-
wap clearanee and arugged coil construe-
tion provide immnunity of the moving-
coil system 1o abnormal atmospheric
conditions and severe mechanical shocks.

The New Small “Unidynes,” Model 55=
and 550s, are not replacements for the
current Models 55 and 556 “Unidynes.”
The Standard “Unidynes” are not being

Model 55 o p
Small dizeontinued. You now have four out-
Model 5565 Unidyne standing, feedback-Killing dynamie

Small

microphones from which to choose for
Broadcast

the most severe acoustic applications.

Modet 555 Small Unidyne Code: RUDOT List Price: $72.50

‘ not 4 , Model 556s Small Broadcast ~ Code: RUDOV List Price: 100.00

Model 55 Standard Unidyne Code: RUMUL List Price: 72.50
L Model 556 Standard Broadcast Code: RUMUB List Price- 100.00

Datentsd by Shure Brothers. Inc.

SHURE BROTHERS, Inc.

225 W. Huron St., Chicago 10, lllinois

* MANUFACTURERS OF MICROPHONES
AND ACOUSTIC DEVICES

e Cable Address: SHUREMICRO
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Fig. 6. Playback network for LP records.

IF'rom tube dara? we find that one section

2RCA Tube Handbook HB-3, Resist-
ance-Coupled Amplifier Charts.

included in the network as a part of R,,.

Our first task is to consider the am-
plifier stage with cathode degeneration
alone and no plate-to-grid feedback.

50 WATTS (Peak: 100)
50W-2 . $249.50

Unequalled for quality reproduction of any sound
source, the Mclntosh is the most advanced amplifier of
the day. Its unique, compact design offers: HIGHEST
EFFICIENCY —over 65%; LESS THAN 196 DISTORTION
AT PEAK POWER; DYNAMIC RANGE: OVER 70 db;
FREQUENCY RESPONSE: 20-20,000 cps.

20 WATTS (Peak: 40)
20W-2 - $149.50 AE-2 Amplifier

Equalizer - $74.50

SEND FOR ‘Pze€ CATALOG Dept. A-3

MdNTOSH ENGINEERING LABORATORIES, Inc.

320 WATER STREET

BINGHAMTON, N.Y,

of 2 12AX7 has a gain of 68 and is ca-
pable of putting out 79 volts peak with
the following circuit constants: plate
supply, 300 volts; bypassed cathode re-
sistor, 3100 ohms; plate-load resistor,
0.22 meg; and following-stage grid re-
sistor, 1.0 meg. FFrom a guess at the
operating point the curves indicate an
anmplification factor of 95. Combining
this with a gain of 68, a Z; of 180,300
ohms and Zx =0 in the circuit of (B),
Fig. 2, we find that Rp=71,600 ohms.
When the cathode bypass capacitor is
removed we find that we have a gain
A4’=31.1 and an internal resistance Z,’
of 122,200 ohms.

We have thus reduced the triode with
6.8 db of cathode current degeneration
to a generator of voltage - 31.1 E,, with
an internal impedance Z,” as in (C) of
Fig. 2. Had we made a poor guess at
the mu of the tube we would still have
arrived at the correct answer for gain
with feedback, although the internal
impedance would have been somewhat
in error.

Next we proceed to reduce the com-
plete stage, which can now be drawn as
at (A), Fig. 3, to its approximate equiv-
alent, (E). Comparing (E) of Fig. 3
and (D) of Fig. 6, we see that they can
have the same frequency response if Z,
is a resistor and Z, is a four-element
resistance-capacitance network., If for
the moment we disregard the factor
[Z,/4,Z,]1 (E) of Fig. 3, which simply
determines the impedance level of the
entire circuit without affecting the open-
circuit response, we sce that the gain-
versus-frequency is directly proportional
to the combined impedance of Z, in
parallel with the resistor (4,+1)Z,.

In short, returning to (A) of Fig. 3,
we find that the gain-versus-frequency
is simply Z,”/Z, where Z,” consists of
Z, in parallel with a resistance
(A, +1)Z,. This rule for computing
the response also applies when Z, is a
complex network. It holds whenever
Z,+Z, is so large that it does not load
the output circuit appreciably or cause
any appreciable amount of signal to feed
directly through from input to output.

To determine the loading and direct
feed-through we examine the response
curve, I'ig. 7, and find the minimum
value that Z,+Z, can reach within the
audible range. Since we have decided
that the gain reduction at low frequen-
cies 1s to be 6 db, this means that at
15,900 cps the gain will be down 34 db
more or only 0.31. At this frequency and
above, Z, has become so small that the

6 DB PER OCTAVE

608 PER
OCTAVE

Relative Gain
°

159007V

Cycles per second

Fig. 7. Asymptotes to LP playback curve.
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loading and direct feed-through are de-
termined almast entirely by Z, and the
internal impedance with feedback. Ac-
cording to () of Fig. 3, at high fre-
quencies where Z, approaches a short
circuit, the internal impedance ap-
proaches Z,/{A4;+1) or 3780 ohms. If
we choose Z, about 100 times this value,
then the loading and direct feed-through
will cause an error of less than 0.1 db
up to 20,000 cps.

This low value of internal impedance
at high frequencies makes the amplifier
quite immune to the capacitance effects
of adding a following stage or an out-
put cable.

The effective parallel resistance
(A, +1)Z, across Z, is now identified
with the resistance KR, of (D), Fig. 6.
It is convenient to set this value at 12
megohms, making Z, equal 374,000
ohms. Since we want to have 6.02 db of
gain reduction at extreme low frequen-
cies, amounting to 5.80 db feedback and
0.22 db loss due to input voltage division
between Z, and (Z,+ Z,), Z,” must be
just half its no-feedback value, or 6
megohms. This means that Z,, which
approaches the resistance KR,/(K -1)
at low frequencies, must be 12 meg-
ohms. Putting together the relationships
KR,=12 megohms and KR,/(K-1)=
12 megohms determines the value of R,
as 6 megohms. The remainder of the
network can be found from the relation-
ships in Fig. 5 and (A) of Fig. 6.

Figure 8 sliows the completed circuit.
In order to maintain the best possible
low-frequency response, the coupling
capacitor has been included in the feed-
back path. It was chosen for 0.1 db loss
at 20 cps without feedback. Also the 80
upf  grid-to-plate capacitor has been
made 3.3 puf smaller than calculated to
allow for tube and wiring capacitances.
Such a preamplifier would be suitable
for use with a Pickering cartridge which
would provide the d.c. grid return to
ground. To maintain the flat velocity
response required at the input terminals
of the preamplifier, this particular
pickup should have a 27,000 ohm re-

+ 300v

12AX7
181.7 ppt {one section)
= 2z
<
T o o= 5
%:E 2 8ount [ "
= e Nosut

374 Meg
(Including irfernol
resistance 3 preceding
stoge or gererator)

3100

1
|

Fig. 8. Compiete phonograph amplifier.

sistor connected across it. Other resistor
values are required for different types
of magnetic cartridges.

Extension to Multistage Amplifiers

The use of equivalent circuits stem-
ming from (B), Fig. 1, is not limited
to the cases illustrated where the only
frequency dizcrimination occurs in the

external feedback path. Ordinary multi-
stage feedback amplifiers can be treated
similarly. In general, the generator volt-
age A,E;, is a function of frequencv
and so it becomes necessary to add the
response curve of the network in db to
the response curve of the amplifier
without feedback A, When the total
phase shift in the negative feedback
lops exceeds 90 deg., at least one of the
elements of the network will be a nega-
tive resistance.

New Hudson Consultant

One of the more remarkable figures in
the audio field, Robert W. Gunderson, has

been retained as consultant by the Hudson
Radio & Television Corp., New York, to
assist customers in solving technical prob-
lerms.,

Although totally sightless since birth,
Gunderson, who is 32 years old, has
achieved national prominence as an engi-
neer, and because of his efforts to assist
others who are similarly afflicted.

He is radio instructor at the New York
Institute for Education of the Blind, from
which he himself graduated in 1937, and
has prepared hundreds of students for
employment in industry, also many for ham
licenses.

While Gunderson takes great pride in
his own station W2JIO, his pet project is
the Braille Technical Press, a radio and
clectronics guide for the blind which he
publishes monthly at his own expense.

Guel?
I

The big new Stancor 1951 Mid-Year
Catalog lists 441 Stancor transformers
...the most complete catalog line in the
industry. All transformers, including
television components, are classified
and indexed so you can easily locate
the unit you need. Fach listing includes
electrical specifications, dimensions,
weightand list price. Clear illustrations
show each mounting type in detail.

* * X

The 8th Edition of the Stancor Televi-
sion Catalog and Replacement Guide
provides you with quick, easy-t()»rgz_id
replacement information on 1511 TV
models and chassis made under 79 brand
names. All manufacturers are listed
alphabetically and the models and
chassis are listed in numerical order.
A separate section lists all Stancor TV
transformers and related components
by part number.

Both of these up-to-date references are
now stocked by your Stancor distrib-
utor, or write Stancor directly for your
free copies.

* * *

AUDIOPHILES — Use Stancor transformers to build
the famous Williamson High Fidelity Amplifier. Cir-
cuit diagrams and complete parts lists are available
in Stancor Bulletin 382 at your Stancor distributor.

TANCOR
'REFERENCES

/’ : Siow
| TRanspgpe ]
4 'um..”,, , L B ety L’on)"‘l‘ffgn /

Most Complete Line
in the Industry

L ~ STANDARD TRANSFORMER CORPORATION

3594 ELSTON AVENUE, CHICAGO 18, ILLINGIS
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0205 DEGAUSSER

Demagnetizes magnetic tape and film
to erase recording and residuals.
Accommodates 5400 foot reels of 147
tape; 1000 foot, 35mm. Write for
Catalogue. Net Price . .. ... $69.50

CINEMA ENGINEERING COMPANY

1510 WEST VERDUGO AVENUE, BURBANK, CALIFORNIA

Export Agents: Frazor & Hansen, Ltd. - 301 Clay Street * San Froncisco, Calif., U, S, A,

You Are Invited to Attend the Third Annual

AUDIO FAIR

Sponsored by the

AUDIO engineering society
in conjunction with its

Annual Meeting and Convention

A UDIO con::n\tsgrary

of utmost interest and |mportance
to government and military agencies,
Broadcast Engineers, Recordists,
Sound-on-Film Men, Public Address
Operators, Audio Hobbyists, Deal-
ars and Distributors, and lovers of
high-quality music reproduction

YOU WILL
SEE and HEAR

industry-wide displays and demon-
strations of the latest and best
audio equipment, components, and

accessories

AGAIN UNDER ONE ROOF

RECISTRATION FREE
for all
Exhibits

Hotel New Yorker, New York City, November 1-2-3, 1951
Fifth and Sixth Floors

ﬂ ANNUAL CONVENTION BANQUET

Thursday Evening, November 1, 7:30 p.m.

For further infcrmation and reservations,
write

Fair Manager, Room 920, 342 Madison Avenue, New York 17, N. Y.

|

SQUARE WAVE TESTING
[from page 15]

As the test irequency is raised, the
picturc obtained on the ’scope gradually
changes from a square to an approxi-
mate sine wave. This 1s because the test
frequency is approaching the amplifier
cut-off point and its harmonics are
greatly attenuated. I the amplifier has
a sharp cut-off, such as might be experi-
enced with a low-pass filter, the wave
at some frequency may appear double
humped because of the presence, pri-
marily, of the fundamental and third
harmonic only, the fifth and higher har-
monics being attenuated to the point
where they have little if any effect. Thus
a rough measurc of the sharpness of
cut-off may be obtained.

In making these tests, the low-fre-
quency square wave must be sufficiently
low that the high-frequency effects are
not noticeable, and vice versa. In a nar-
row-band amplifier this may not be pos-
sible, but it is doubtful if anyone will
want to make these tests on a narrow-
band amplifier anyway.

Conclusions

The method given here makes possible
the easy and rapid determination of the
practical response limits of an amplifier.
Also, if a good reproduction of the origi-
nal square wave is obtained, these fig-
ures show that the amplifier response is
good down to approximately one-tenth
the test frequency. It can also be shown
that the response under such conditions
is also good up to ahout ten times the
test frequency.

REFERENCES

1. Louis If. Garner, “Wide {frequency
range square-wave chm»el Rudio & Tele-
vision News, March 1950, p. 36

2. Gilbert Swilt, z\mpllﬁer testing by
means of square w’lvcs” Comumnunications,
[eb. 1939

3. A. V. Bediord, “Transient response
of multistage video-irequency amplifiers”
Proc. I.R.E., April 1939

4. 1. B. Arguimbau, “Network testing
with square waves” Gencral Radio Lxperi-
menter, Dec. 1939

5. L. B. Arguimbau, “Transient response
of a broadcast system” General Radio Ex-
perimenier, April 1940

6. Philip M. Seal, Qqumc wave analysis
of compensated dnlplmers Proc. I.RE,
Jan. 1949, p. 48

RECORD PROCESSING
[from page 23]

conductive, but which p1events perma-
nent adhesion of the metal. The master
thus treated is now pre-plated with cop-
per or nickel, back plated and separated
between the copper-nickel ov nickel-
mckcl interface. Again to get a stamper
| from a mother the mother process is
repeated as many times as necessary,
starting with the mother and yielding
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stampers. The stampers are finished by
the chrome plating process outlined
above.

After the stampers are completed they
are sent to the press room where they
are placed in the test press. A pre-
heated, 240 to 260° T, square preform
of the right weight of vinyl plastic, is
placed on the master which has heen
heated to 3007 F, and the press is closed.
After about 5 seconds, pressure of 1700
to 1800 psi 1= applied for 40 seconds and
cold water is circualted to cool the die.
The press is opened alter pressure is
released and the test pressing removed.
The three steps mvolving the press are
called cyeling. Aiter the disc is pressed,
the excess material at the edge—ilashing
—is removed, and the disc 1s inspected
and delivered to the customer. On his
approval the stampers. f77g. 9, ave run
until the order 1s filled.

TFor the run, two masters are usually
required and are placed facing cach
other in the press, the labels are placed
with their faces against the stampers,
the preform placed on the bottom one
and the press cycled. Inspection tor air
bubbles, blisters, and proper flling of
the grooves then precedes the packaging
and shipping.

Sonie of the headaches of processing
include the $1500 gold foil sheets, lasting
only two manths, used in each of the
gold sputtering chambers. Fiity cents
worth of go'd 15 used in the making of
each master. To have the gold reclaimed
would require 15 tons of old masters if
the reclamation were to pay for itseli.
Direct current is used for the plating.
of course, and to obtain the high current
required six miotor generators with a
total a.c. power consumption of 25 kw
ave needed. The plant must generate its
own steani, and must provide a large
quantity of distilled water.

To supply the highest quality press-
ings the plant also manufactures wax
masters for use by its pressing custom-
ers. This is the only plant in the country
handling wax masters commenrcially.

High-quality vinyl pressings demand
close control of the chemical processes
and mechanical operations. No polish-
ing or other degradation of the master
is permitted. The process as outlined is
the one now used to produce frequency
test records which cover the audio range

from 50 to 20,000 cps.

Fig. 9. Finished
transcription being
removed from one
of the molding
presses.

This 12-in. high fidelity unit has a twin-curvilinear dia-
phragm (British patent No. 451754). A carefully designed mag-
net assembly using anisotropic material provides a total flux of
158,000 maxwells on a 13-in. pole. The back centering device
is a dustproof bakelised linen disk with concentric corrugations.
The cembination of these features gives this precision-built in-
strument an oustandingly wide coverage from 40 to 15,000
c.p.s. free from bass modulation effects. An ideal high fidelity
reproducer for the record enthusiast and the connoisseur of
wide range musical reproduction, it gives exceptionally fine

GOODMANS

HIGH FIDEUITY — 12 P. M.

The auther wishes to acknowledge the
cooperation of K, R. Smith and the staff
of the K. R. Smith Division of the Al-
lied Record Mig. Co. in the preparation
of material for this article.

ERRATUM

The schematic of a vacuum-tube phase
shifter described i1 the Audio  Patents
section of the August issue of Ai—Fig. 4,
Page 49—shows the plate resistor R,

shorted and the output capacitor conncected
to B+

It 15 to bhe hoped that the patent on the
device is more valid than was ¥7’s diagram
illustrating its performance.

Sorry.

/Y
. %65.

LIST

2R AXIOM 150

transient and frequency response.

New England Office
Harold A. Chamberlin
31 Milk St., Boston 9

Pacific Coast Office

Perlmuth-Colman & Associates, Inc. A. C.
1335 Flower St., Los Angeles, Calif.

Manufactured by:

GCOODMANS

WEMBLEY
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U. S. NATIONAL SALES

WILLGOLD ELECTRONICS SALES CORP.
350 Fifth Avenue, New York, N. Y,
Chicago Office

Harry Halinton Co.
612 N. Mich. Ave., Chicago 11, Il

. Mass,

SPECIFICATION

Frequency Coverage
40/15,000 c.p.s.

Overall Diameter
12 in.-31.3 cms.

Overall Depth
6 in.-17.6 cms.
Fundamental Resonance
55 c.p.s.
Voice Coil Diameter
134 in.-4.4 cms.
Voice Coil Impedance
15 ohms at 400 c.p.s.
Maximum Power Cap.
15 Watts Peak A.C.
Flux Density
14,000 gauss

Net Weight
12 1bs. 13 ozs.
(5810 grs.)

Canadian Office

WWW amernaaanadiohigstary com

Simmonds & Sons, Ltd.
100 Merton St., Toronto 12, Can.

INDUSTRIES
MIDDLESEX

Finish—Grey Rivelling
Enamel.

LIMITED
ENGLAND
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NO OTHER CARTRIDGE CAN
PERFORM LIKE A PICKERING

}gﬂ,éffé{;z? 77

e DEVANIC COUPLING:

throughout the entire audible range

'y

patenied design

Well-inforpied engineers and Aechnicians, schooled in
the science of clectro-mechanies, know that only wide-

* pynamic
COUPLING
ASSURES
® constant stylus contact

with the record grooves

over the entire audio

spectrum (20-20,000 cps)
® full frequency response

H

«range frequeney response provides full transient re-
sponse; the eleetronic phenomena which enables the
reproduction of orchestral music with all the subtle
sounds that give cach musical instrument its individual
character.

Pickering engineers and designers have but one objec-
tive . . . to produce produets that will please the music
Tovers’ insatiable appetite for the flawless reereation of
recarded music ... for the utmest in quality insist upon
Pickering Andio Components,

® full fransient response
NNO RESONANCES'
.NO MISTRACKING

NO GRINDING OF
GROOVE WALLS

[

Pickering Cartridges transmit
all of the sounds in the musi-
cal spectrum, without loss of
definition, just as a fine opti-
cal lens passes all of the col-
ors in the rainbow.

& COMPANY, INCORPORATED
| ‘OCEANSIDE, NEW YORK
For literature address Dept. A - .

See us at the Audio Fair Nowv. 1, 2, 3. Room 624, Hotel New Yorker, N. Y. C.

"MIDGET
[ &
: NDENSER

/ MICROPHONE

.

"

L]
% e

Fgr Prec‘is*io'n Sound
.- Measurements and High
" Qual ity. Sound Recording

Built to give vears of service without change in
calibration. Even without dessicators, Kellogg
Midget Condenser Microphones show no detect-

able drift in laboratory service. Proven in use for

® RUGGED optimum performance for more than 15 years.
CONSTRUCTION

@ EXCEPTIONAL PRINCIPAL CHARACTERISTICS
CALIBRATION
STABILITY MODEL A MODEL B

® UNAFFECTED RESEONSE 59 db .55 db

(Referred to
BY VARIATIONS 1 volt/ dyne/cm?)

IN HUMIDITY

t 4 db from 20 to 15,000 cps
with or without grille forperpen-
dicular incidence in free field.

+ 3db from 20 t0 11,000
cps, for closed cavity

FLAT TO WITHIN : d
without grille.

Users Tnclude government laboratories,

universities, audio development labora-
tories, sound studios and industrial plants
manufacturing sound equipment,

”E[[ﬂﬂﬂ

Establizbetiedz MIDGET CONDENSER MICROPHONE

SEND FOR FULL
@ SPECIFICATIONS TODAY!
WRITE DEPT. 27-]

LY COMPANY

—

AUDIO

6650 South Cicero Avenue, Chicago 38, Illinois _

48

WWW arnedaaaradiahietary com

AUDIO VOLUME
MEASUREMENT

[from page 261

ohims when measured with a sinusoidal
voltage sufficient to deflect the pointer
to the 0 vu or the 100 per cent scale
marking. Of this impedance, 3900 ohms
is in the meter and abeut 3600 ohms
must be supplied externally to the meter,
this value of series resistance being re-
quired in order to meet the above dy-
nanic characteristics.

(c) Sensitivity. The application of a
1000-cps potential of 1.228 volts r.m.s.
(4 db above 1 milliwatt in 600 ohms) to
the instrument in series with the proper
external resistance (3600 ohms) causes
a deflection to the 0 vu or 100 point on
the scale. The instrument, therefore, has
only sufficient sensitivity at its normal
reference point (0 vu or 100) to indi-
cate a volume level of +4 vu. It has not
been found possible to design more
sensitive instruments while meeting
other requirements.

There should be no confusion because
the instrument deflects to a scale mark-
ing of 0 vu when a level of +4 vu is
applied to it. The O point on the vu
scale is merely an arbitrary point at
which it is intended nominally to read
the instrument, and the rest of the vy
scale represents deviations from the O
point. The volume level is read, not from
the scale, but from the indications on the
associated sensitivity control when the
latter is sect so as to give a scale de-
flection of zero (as detailed in a fore-
going section).

(d) Owerload Capacity. The instrunment
is capable of withstanding, without in-
jury or effect on calibration, peaks of
10 times the voltage equivalent to a de-
flection to the 0 vu or 100 scale point
for 0.5 second and a continuous overload
of 5 times the same voltage.

(¢) Presence of Magnetic Material. Tt
should be cautioned that the presence of
magnetic material near the movement
of the instrument may affect its calibra-
tion and dynamic characteristics. This
is because, to obtain the desired sensi-
tivity and dynamic characteristics, it
has been necessary to employ more pow-
erful magnets than usually required for
such instruments, and any diversion of
flux to nearby magnetic objects effec-
tively weakens the useful magnetic field
beyond the point where thesc character-
istics can be met. The instruments
should not, therefore, be mounted on
stecl panels. (The effect is only slight,
however, if they are mounted on 1/16-in.
steel panels with the mounting hole cut
away as far as possible without extend-
ing beyond the face of the meter case.)

In the instruments as now available,
the deviation of the sensitivity with tem-
perature is less than 0.1 db for tempera-
tures between 50° F. and 120° F., and
is less than 0.5 db for temperatures as
low as 32° I,

The instrument by itself does not con-
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stitute a complete volume indicator but
must have certain simple circuits asso-
ciated with it. The basic form which this
circuit takes is illustrated in Fig. 4. This
is a high-impedance (7500-ohm) ar-
rangement intended for bridging across
low impedance lines. As noted above,
about 3600 ohms of series resistance has
been removed from the instrument and
must be supplied externally in order to
provide a point where the impedance is
the same in both direction, for the in-
sertion of an adjustable attenuator. A
portion of the series resistance is made
adjustable as shown by the slide wire
in the diagram. This is for the purpose of
facilitating accurate adjustment of the
sensitivity to compensate for small dif-
ferences between instruments and any
slight changes which may occur with
time.

The maximum sensitivity possible
with this, the simplest circuit, is +4 vu
for indications at the 0 vu or 100 per
cent mark when placed across 600-ohm
line. The maximum sensitivity occurs, of
course, when the loss in the adjustable
attenuator 1s zero. The upper limit to the
range of wmeasurement is limited only
by the amount of loss introduced by the
adjustable attenuator, its power handling
capacity and that of the two series re-
sistors.

The volume indicator of Fig. 4 can
be bridged across circuits of other than
600 ohms, of course, but when this is
done a correction factor must be applied
in order 1o determine the true level.
Figure 5 shows the magnitude of the
correction factor. It is to be noted that
the basic volume indicator circuit (Fig.
4) has an input impedance of 7500 ohms
and should not be bridged across circuits
of appreciably higher than about one-
tenth of this impedance if undue loading
of the circuit is to be avoided. On the
other hand, when used across circuits of
less than the normal 600 ohm value, the
sensitivity of the instrument is reduced,
as indicated by Fig. 5.

Figure 6 shows an arrangement in
which, by adding a transformer, the
sensitivity has been increased at the
expense of decreasing the input imped-
ance to a low value. The circuit is de-
signed so that the impedance facing the
instrument itself is the same as in the
basic circuit (Fig. 4). Thus the correct
dynamic characteristics are obtained.
The input impedance, on the other hand,
is low, hence the device cannot be
bridged across a through line but must
be used to terminate the circuit. In prac-
tice, approximately a 10 db increase in
sensitivity may be obtained by this ar-
rangemert.

In high-fidelity audio systems the use
of a 150-ohm circuit impedance is be-
coming <ommon practice.® However,
when the basic volume indicator circuit
is used with 150-ohm circuits a loss in
sensitivity of 6 db results. Therefore, on
a 150-ohm circuit the instrument is ca-

¢ Monrce and Palmquist, Proc. I.R.E,,
Vol. 36, No. 6, p. 786 (June 1948).
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" MAGNECORD PT6-JAH

ﬁmf ‘ HEADQUARTERS

L agrecord

RECORDER & AMPLIFIER
Complete Systems from $564.00

ARISTOCRAT SPEAKER ES

Direct front radiation of high frequencies for 12"
full range driver. At least 1 full octave of added
base range at full efficiency. Mahogany finish.

Immediate delivery—in stock NET PRICE.. $59.70
SAME IN BLEACHED BLONDE FINISH
Immediate delivery—in stock NET PRICE.. $63.60

HIGH FIDELITY SYSTEMS
ON DISPLAY
AT OUR SHOWROOMS

SOUND & RECORDING COMPANY
1527 CHESTNUT ST.-PHILA. 2, PA. — RI. 6-8388

Sylvania Offers FULL-LINE of

High Quality Sockets °

ilable es include 7- and 9-
g‘:lai\{ainiat;yg,’furret, Qctal, Duo-

ia now offers a full line of
Sylvamafgr military and civilian

lete
sockets i Decal, etc., sockets. For comp
: nufactured in ac- e ; for new Py
requirements, “'13 nd RMA speci-  descriptions write toda‘ys el
cordance to JAN a illustrated catalog to: SY

icati ilable in Genera a s
hcanons;u:}:lvilg:vbfo;s Phenolics  Electric Ptog:lfetssD}\?igién,Wgr-
E‘ﬁpgzzame with any combina- A-1310, Parts o

'y

i Pa.
tion of contact materials. ren,

JAN 7-Pin
Miniature Socket "
(Shield base type) I

RMA 9-Pin
Miniature Socket
{Shield base type)

7-Pin Duo-Decal
Miniature Socket Half-round
(Bottom Mounting) Socket

Octal Socket
{Top Mounting)

= SYLVANIA

i OMC PROJUCTS ; ELECTRONIC TEST EQUIP
a1 $; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS

MENT; FLUORES-

D10 TUBES ; TELEVISION PICT
MC[M TUBES, FIXTURES, SIGN TUBING. WIRING DEVICE
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MEET THE FINEST audio amplifier ever built, at any price. Its
name= the Craftsmen 500, with the famous Williamson all-triode
circuit. We had to invent a new word to describe its 99.99%%*
distortion-free performance. The word is ULTRA-FIDELITY. Hear
the “500” and you'll know why.

C500 Amplifier Features

® Freq. response: +0.1 db., 20 c¢ps to 20,000
¢ps; =2 db., 5 ¢ps to 100,000 cps.
¢ Power response: 12 watts +2 db., 10 cps to

50,000 cos.

o Total H Distortion:less than 0.1% at 10 watts,
ot mid-freqs.
*0.01% at av. listen ng level below 1 watt.

® Tube ccmplement: (2) 6SN7GTA; {2) KT66 power output: 5V4G rectifies.

for information, write

o

Dept. A-10, 4401 N. Ravenswood Ave., Chicagi

Still the Beit ot

gmeél__

The
arson

{Patented - U, 8. Patent Office)

After two years of proven service, the Carson
Tape Splicer is now used by thousands—recording
engineers and home recordists alike. Don’t let the low

price mislead you. This splicer is a quality product guaranteed

for results and yet at an amazingly low price for such a pracision machined de-
vice. A Carson Tape Splicer along with a razor blade and No. 41 splicing tape

are all you reed for fast perfect splices.

Look at just three of the many special features engineered into this splicer:

1. Positive Clamping

2. Trimming of the
Splicing Tape

3. Nickleplated Brass

It will pay you to investigate. Sold at all leading dealers and distributors,

INDUIRIES WELCOMED BY:

MAGNECESSORIES,

Tape cannot slip while you are making
your splice, assuring even splices.

Surplus splicing tape can be trimmed
without removing tape from sglicer.

Long wearing and non-magnetic-
Indefinite life-No soft aluminum to be
cut and nicked by a cutting edge.

BOX 6960, WASHINGTON 20, D. C.

EXPORT SALES OFFICE: Norpat Sales Inc., 45 W. 45 St.,, New York 19, N. Y.
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pable of reading levels only down to
+ 10 vu. The loss in sensitivity in situa-
tions such as this can be avoided by
utilizing a circuit similar to Fig. 6 ex-
cept that the step-up ratio of the trans-
former is made only great enough to
overcome its own losses and that which
results from the existence of lower
voltage (for a given volume level) on
a circuit of lower impedance. In the
particular instance cited a step-up ratio
of slightly more than 1:2 would be
necessary if the transformer were with-
out losses and slightly greater than this
in a practical case.

The input impedance of the volume
indicator (7500 ohms in the basic cir-
cuit) will be reduced under these cir-
cumstances by a factor equal to the
square of the turns ratio. This is not
a serious disadvantage, however, since
the impedance of the circuit being
bridged has also been reduced by es-
sentially this same factor. Therefore the
ratio of the circuit impedance to the
bridging impedance remains approxi-
mately the same. FFor the particular ex-
ample cited, namely a 150-ohm circuit,
practical volume indicator transformers,
when terminated in a standard volume
indicator, have input impedances of
about 1700 ohms.

Transmission Level Practices

The volume levels that are used for
the transmission of speech and program
waves may be determined upon in a
number of ways depending upon the
communications service involved. For
example, in a system employed for voice
communication, where loss of natural-
ness of the speaker’s voice is not a
factor, the reclative audio levels might
be maintained as high as possible with-
out loss of intelligence. Another cri-
terion might be the transmission of
voice and music at the same loudness.
On this basis, using the standard volume
indicator, voice would be peaked 2 or 3
db below music.! Still another possible
basis for determining relative trans-
mission level is the appearance of aural
distortion caused by overloading of the
particular facility involved. Determina-
tions of this kind are usually made on
an A-B test basis! and the results will
depend to a large extent upon the shape
of the overloading characteristic of the
system involved. Transmission practices
based upon this criterion ensure the
maximum use of the facility concerned
while avoiding detectable aural distor-
tion. For this reason it has great appeal,
from a purely technical standpoint, for
high-fidelity broadcasting and sound
recording applications. However, it does
not take into consideration the listener’s
preferences.

Program transmission practices,
where listening for pleasure is con-
cerned, may well be determined on the
basis of the average listener’s wishes.
A study” made with this criterion de-

1 Chinn, Gannett and Morris; Proc.
I.RE., Vol. 28, No. 1, p. 9, Jan. 1940.

1Loc. cit., pg. 4.

7 Chinn and Eisenberg, Proc. I.R.E., Vol.
35, No. 12, p. 1547 (Dec. 1947).

ENGINEERING e OCTOBER, 1951


www.americanradiohistory.com

veloped that on the average, listeners
prefer to lear broadcast music and
speech at about the same peak levels
as read on c standard volume indicator.
Furthermore, listeners like to hear
broadcast music and speech at the same
relative levels, regardless of the absolute
sound level that is individually pre-
ferred.

The Columbia Broadcasting System
is following this practice with consider-
able success. The measure of success in
this instance being the almost complete
absence of listener complaints concern-
ing the relative loudncss of speech and
music. A few complaints continue to be
received of course, but when specific
cases arc investigated it is almost al-
ways found that either (a) the recom-
mended transmission practices were
violated because of some special circum-
stance or (b) that the program origin-
ated on ancther network.

AUDIO PATENTS
[from page 4]

housing and is insulated acoustically (and
positioned) by a foam rubber ring. Sound
travels through a hole in the shelf.

Transconductance Tester

The same principle of checking gain by
oscillation threshold is used by La Verne
R. Philpott in his Patent No. 2,555,368 to
find the transconductance of vacuum tubes.
The patent contains the fornulas by which
actually calibation of the dial in micromhos
1s made possilide, but the unit is also a simple
and effective service tester for amplifier
tuhes.

As I'ig. 4 indicates. the basis of the in-
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Set for
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Fig. 4.

vention is an ordinary transformer-coupled
audio oscillator with feedback adjustable
through the setting of the arm on R, the
plate load resistor of the tube. The amount
of feedback necessary for the circuit to
reach oscillation is determined by the G of
the tube. To use the invention, a tester can
be made up with the usual variety of tube
sockets and switches for connecting the
various lcads to the right elements. Tubes
known to be good are then inserted anl
biased as desired with the aid of R, part of
a divider across the power supply. The
calibrated dial 1s adjusted so that the circuit
just breaks into oscillation, as indicated by

see the latest

PICKERING DEVELOPMENTS

November 1. 2, 3
Room 62 1. Hotel New Yorker. N.Y.C.

Pickering components are created for lislening
pleasure by Audio Lngineers who know music and
who have bul one objective . . . to produce prod-
ucts that will please the music lovers’ insatiable ap-
petite for the flawless recreation ol recorded music
. .. for the utmosl in quality, insisl upon Pickering
Audio Components.

‘& COMPANY,
OCEANSIDE, NEW YORK

angle

A challenging answer

to low cost, wide-angle
high fidelity reproduction.
Diffusicone-12 is a newly

€ engineered speaker with
exclusive. dual concentric
cone design, which diffuses
" the normally beam-like high j
frequencies. Results in excep-
pe tionally uniform response . . .

assures full range reception over
the entire listening area.

D\
o

THE NEW

. i UNIVERSITY LOUDSPEAKERS INC.
Hu Englneerning 4 ement of o< ensica Ave., White Plains, New York
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headphones, an electron-ray tube, or some
other detector, and the dial reading is noted.
Therecaiter tubes of the same type which
require the arm of R to he set nearer to
the plate end have less gain, how much less
being indicated by the dial setting. Pentodes
can, of course, be tested as well if voltage
is provided for the screen.

Readers interested in investigating any of
these patents further may obtain copies for
25 cents cach from the Commissioner of
Patents, Washington 25, D. C.

F54 mplo«;meaj
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BRILLIANT
PERFORMANCE

Recording enginecrs have learned to rely
on Ampex for top performance in both
the audio and instrumentation fields.
Mechanical flexibility and reliability, incorporated
into Ampex Recorders, are a bulwark to their
uncqualled performance. Through long
wruelling hours of continuous service the precision
built Ampex delivers reliable performance
with minimum upkeep time . . .
that’s why Ampex has unchallenged leadership.

Exclusive INTERCHANGEABLE TAPE Feature

How well Amrex has learned
to build unrivaled accuracy
into its products is well
proven by the interchange-

PosiTions oPEN and AVAILABLE
PERSONNEL may be listed here at no

CONSOLE

able rape /p:”/{i"" Amp;{ed ® PORTABLE in twin cases charge to industry or to members of
tape plays back on any Am- o 3 9 o = o _
pex Recorder with the same @ RACK MOUNTING the Soqety. For insertion in this col
timing anffl o T g umn, brief announcements should be in
would on the machine tha MODEL 3 ete p .

made the original recording ! Y558 30 ims. par | Sporthemtions the hands of the Secretary, Audio En-

f:‘,;,;:‘;’.;’“f‘f ofy | and other useful infor- gineering Society, Box F, Oceanside,
. Yion i ilabl
Mgr:;s'zm sy ubligation on N. Y, before the fifth of the month pre-
30 & 15 tns. Pec Sec. | FEAUESt ceding the date of issue.

For frequencies to
15,000 ¢ps. Simpli-
fies program editing.

MODEL 307

80, 30 & 15 ins. Per & Wanted: Network caliber audio tech-
Sec. For instrumento-

1 nician as chief engineer of large record-
e SED R e > ing installation, New York area. Draft
exempt preferred. Siate salary. Box 1001,

A &Y
MAGNETIC TAPE RECORDERS AudioBagingiring
= AMPEX ELECTRIC CORPORATION + Redwood City, Calif. 4 Audio Engineers: One amplifier and
Ax.57 Distributors in Principal Cities circuit designer. One audio with good
mechanical background. Exceptional long-
S range opportunity in recording and busi-
ness machine field. Permanent non-de-
fense work in Connecticut. Send resumes

We’re not saying you MUST have AUDIO ENGINEERING | to 1. 0. Box 29, Ilartford 1, Conn.

% Positions Open ® Positions Wanted

You could undoubtedly live without it if you had to.* ¥ Mechanical Design Analyst: Tor work

in a small research group. Drafting and

BUT our many readers think of AE as a sort of institution, a necessity letter-writing background required with
for their interests and way of thinking. Our readers tell us they at least two years’' experience designing
think AE is worth its price and much more, small electro-mechanical mechanisms. A

3 0 " . knowledge of audio and recording patents
IF YOU ARE interested in Audio (and who isn’t, these days?), you preferred. Dermanent non-defense work

know that AE IS THE ONE MAGAZINE DEVOTED TO AUDIO in Connecticut. Send resumes to P. O.

AND NOTHING BUT AUDIO. Box 29, Hartford 1, Conn.

IF YOU WANT 1o know what is happening in your field of work or how 4 Sales Engineer wanted by leading dis-
to better the sound equipment you are making for your living room, tributor of professional tape and disc re-
you’ll want every issue of AE. corders, playbacks, and all accessories.

Man selected will be paid for knowing his

SO, before you miss one of the stimulating issues we have scheduled for stuft. Lox 1002, Audio Engineering.

the winter months ahead, fill out the coupon below. That one back
issue you need most is generally sold out. ¥ Engineer: experienced in vacuum tube

# At last count, only one subscriber had widowed his wife because he forgot to renew his Sirchit des’g“ and const'ruction. Knowl-
subscription. edge of audio frequency instruments and
a.c. nieasurement techniques also re-
quired to (till position in test and develop-

P — — — ———————————— ———— ————————— ———— —— ——

I AUDIO ENGINEERING | | ment laboratory. Box 1003, Audie Engi-
I 342 Madison Avenue, New York 17, N. Y. | neering.
| Enclosed is my [ check [] money order for $........ for my subscription to AUDIO I ¥ Eugineer: to engage in development
| ENGINEERING FOR [ 1 yr 0O 2 yrs. I and construction of audio frequency cir-
| Subscription Price in U. S. A. and Canada and Pan American Union: 1 yr—3$3; 2 yrs—$5. I cuits. Must be able to conduct investiga-
| Add $1. per year for foreign subscriptions. tions independently and to write up re-
| . | sults in good technical style. Box 1004,
i Name (please Print) ... ... ... ... i I Audio Engineering.
| LT T S L L S S S— e R ST I | @ Recording Engineer, American, with
| impressive English film background;
| familiar with all phases of film production
| City -eoanineiiisiammis e i ' Zon8l ssmzan State ....iia I from studio floor to laboratory, both aural
| : - : and visual; desires connection in films or
I Occupahon (glve title and department) .......................................... I live television, USA or abroad. For de-
| & | tails write or wire: John F. Higgins, 57
Firm name .. . . e | Juniper Road, Port Washington, New
. e e e R York.
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NEW LITERATURE

® Society of Motion Picture and Televi-
sion Engineers, 10 W. 40th St.,, New York
18, N. Y. announces the publication of
“High Speed Photography”, Volume 3. The
160-page book is an anthology containing
reprints of articles of special interest to
the general field of photography in engi-
neering and research, which first appeared
in the SMPTE Journal from January 1950
through January 14%51. Copy may be ob-
tained from Sociely headquarters upon
remittance of two dollars.

® Milo Radie and Electronics Corp., 200
Greenwich St, New York 7, N. Y. has as-
sembled a remarkably complete listing of
industrial and special-purpose electronic
tubes in a new 28-page catalog which is
being mailed on request. All major manu-
facturers are represented in the booklet,
and technical specifications itnd prices are
shown for all items listed.

® Westinghoase Electric Corp., Box 2099,
Pittsburgh 30, Pa., is publishing a 30-page
booklet on the selection of electrical meas-
uring instruments. Complete lines of port-
able, switchboard, panel, recording, and
socket instruments are described and it-
lustrated, and functions of each are ex-
plained. IRequests for copy should specify
Booklet B-4096.

e Society of Women Engineers, 103 Park
Ave, New Yark, N. Y., has begun publica-
tion of a new otlicial organ known as the
“Journal of the Society of Women Engi-
neers.” The 16-page quarterly booklet will
report on the activities of Society mem-
bers and carry articles of general engi-
neering interest.

o Allied Radio Corp., 833 W. Jackson
Blvd.,, Chicago 7, Ill, has surpassed even
its own fine efforts of previous years with
its new 1952 catalog of electronic equip-
ment. Containirg 212 pages with hun-
dreds of illustrations, the catalog well
exemplifies its ritle, “Kverything in Radio,
Television, z@nd Industrial Electronics.”
This book should be considered a must by
everyone, consumers and industrial users
alike, involved in the buying of electronic
parts and supplies. Will be mailed on re-
quest.

® The Astatic Corporation, Conneaut,
Ohio, is now distributing a new general
catalog which covers all products made by
the company for civilian markets. Handily
indexed on the front cover, the booklet is
printed in three colors and contains illus-
trations of all items listed. Ielpful for
readers in the audio field is the practice
of showing beside each phonograbh car-
tridge a picture of the stylus it contains.
Requests should be nddressed to the Sales
II\DIeparmment and should specify Catalog
0. 51.

® The International Nickel Company, De-
velopment and Research Division, 67 Wall
Street, New York 5, N. Y., is now issuing
a new technical booklet on the resistance
welding of nickel and high-nickel alloys.
For anyone interested in this subject, the
Inco booklet will be of great value. It
contains 32 pages of worthwhile technical
information, and 1is illustrated through-
out by drawings and photographs. Will be
mailed without charge. Address Technical
Service Section and ask for Bulletin T-33.

® International Resistance Co., 101 N.
Broad St., Philadelphia 8, Pa., continues
to maintain its high standard of technical
publishing with Bulletin B-1, a 12-page
booklet containing comprehensive data on
characteristies and specifications of Ad-
vanced Type BT fixed composition re-
sistors. There is no technical information
a buyer could desire which is not included
in this cataleg which is to be commended
for its excelience.

® Rigidized Metals Corporation, 662-I
Ohio St., Buffalo 3, N. Y. has available an
interesting %-page boolkle! on the subject
of metal conservation. Will be helpful to
designers. Must he requesied on company
letterhead. Address Dept. A.

o Insulation Manufacturers Corporation,
565 W. Washington Blvd., Chicago 6, Il
has compiled complete descriptive infor-
mation and technical data on Dieflex tub-
ings and sleevings in a new 8-page bul-
letin which will be mailed free on request.
Will be of suhstantial interest to engi-
neers and designers concerned with insu-
lation of leads and wires in all types of
electrical and electronic equipment. Ad-
dress Publications Department and ask
for Bulletin No. 250A.

. ALL TYPES IN STOCK

® Vacuum Power
® Thyratrons
@ Vacuum & Gas. Rect.
@ ignitrons
@ Cold-Cathode
@ Phototubes
® Oscillograph Tubes
® Camera Tubes
® Monoscopes
o Special Types

lnterchangeability
m Directory
Valuable guide to selection of
proper RCA tubetype replace-
ments. Lists 1600 tube iyp.es.
Write tor FREE RCA Guide

No. 37-046.

h
Quick, Expert service on RCA Tubes =

ins in slock for quick Shipfr‘:{e(,jlf\,
istri inventory ot vt

t distributor 1 s

ustrial, broad-

To save
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. world’s larges

ts’h;::;s«.l-purpose {ubes—of all typd

i7pe in supplying the needs of in

ers.
1 and other us :
cast, governmenta e, wire or write to

1 ® tort. and money —phoné; ¥ b
11me:¢“°§ﬂ? all your needs gulcklylfron;urcle-
erlr;fl:t-c dependable electronic supply

co h

See Your 1952 ALLIED Catalog

Refer to your ALLIED _Catalogrfosr
ol electronic supplies- Aptiols’
tubes, test instruments, s

if1 .esf

:o amplifiers, accessori
gsgi‘l?i&e fr:‘om the world’s 1arie§; i ’“
1ocks. Write today for ?rour F 1 21 ]
f:opy of the complete 212-pag o ]

ALLIED Catalog. .
FREE! send for it now .

ALLIED RADIO

i k.
833 W. Jackson Blvd., Dept. 17-K-1, Chicago 7,

Everything in Electronics from ONE Source
[+]

-y

precision electronics, solid

HUGHES L

Products.
® Company-Sponso
i ® Excellent Employ

ANNOUNCING

Unusual Opportunities in SOUTHERN CALIFORNIA

Senior men with degrees and several years of proven accomplishment
may achieve further personal growth by working with some of the na-
tion’s outstanding scientists in the West’s largest laboratories.

CHALLENGE AND OPPORTUNITY

for physicists and engineers in the fields of electron tubes, computers,

radar, guided missiles, microwaves.

® New Air-Conditioned Buildings With the Finest Mod-
ern Laboratory Facilities and Equipment.

@ Solid Long-Range Plans For a Continuing Future.

® Intriguing Vital Defense Projects Plus a Strong Program
For Advanced Development of New Peacetime

, ® Frequent Salary Reviews.

. AMPLE GOOD HOUSING AVAILABLE

Send Resume To

HUGHES RESEARCH AND DEVELOPMENT LABORATORIES
Culver City, Calif.

state, system analysis, servo-mechanisms,

ABORATORIES OFFER

red Program For Advanced Education.
ee Benefits.

AUDIO ENGINEERING e OCTOBER, 1951

WWW.ammersaasadioRhisterv.co

53

m


www.americanradiohistory.com

cLarkstan MAGNETIC PICKUP

AT last a quality variable reluctance, bal-
anced armature maunctic pickup at low cost.
The Clarkstan Model 204 features removahle
and replaccable stylus 10 permit use with all
recordings. [P inicrogroove, and commercial
pressings. Change the size of the sapphire hall
point as desired without altering fine perform-
ance. Weighs 3 an ounce and plays all popular
record changers having standard mounting holes
3”7 between centers. Encased in a beautiful
transparent case 11" overall length. Velocity
responsive (flat + 2 db) from 50 cps to 12,000

cps. Delivers .030 volt from average record.

PRICE: #204 cartridge only with sapphire
needle $9.00 list

#204 cartridee only with diamond

needle $35.00 1ist

See vour jobber or write for Bulletin 5A

ElHBoKus"]N ELECTRONICS DIVISION 5a

11921t W. PI1CO BOULEVARD
LOS ANGELES 64, CALIFORNIA

THE BROOK

AUDIO AMPLIFIER . . .
ALL TRIODES

Distortion ond intermodulation ex-
tremely fow

Wide frequency range, flat from 20 to
20,000 cycles within .5 db

Attroctive remote-control pre-ompliticr

C‘ompcnsaﬁon for vorious inputs; Phono, Tuncr, Tele-
vision or Microphone

Exclusive BROOK circuits ond tronsformers

YES, ALL THESE FEATURES. .. but primarily
LISTENING PERFORMANCE

heretofore not achieved « o o o 0 0 o o o

Write for free Technical Bulletin, detailed Distortion
Analysis & booklet “Better Listening”

BROOK ELECTRONICS, INC.

34 DeMART PLACE fUZABETH 2, NEw semsiy  Dept. AK-1
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MISMATCHING

[from page 16]

Substituting appropriate values for r,
and R, the following results are ob-
tained. The 61.6 and the 2A3 are used
as representative tubes of a type.

For the 61.6. the connection of a load
impedance 100 per cent higher than
rated load causes an 83 per cent increase
in gain. For the 2A3 the gain increase
is only 14 per cent.

e connection of a load of 50 per
cent of the rated value gives a 48 per
cent decrease in gain for the 61.6 and a
20 per cent decrease for the 2A3.

The reason for the tremendous differ-
ence in behavior is, of course, that the
plate resistance is much larger than the
load in the case of the 6L.6 and. conse-
quently, the gain is determined by the
load. The load is larger than the plate
resistance in the case of the 2A3, and,
therefore, the load has less control over
the gain.

Effect upon Feedback

Many modern amplifiers, especially
those of high quality, employ negative
feedback to improve the performance,
and manipulation of the load brings up
problems which do not exist in ordinary
amplifiers.

Negative feedback reduces the gain
of the amplifier by the factor

F=1-48,

where 8 is the fraction of the output
voltage fed back and A, is the total gain
of the amplifier. This factor is also the
factor by which the distortion. hum, and
noise of the amplifier are reduced by
negative feedback. As the load (and
therefore, the gain) of the final stage
varies, the over-all gain A4, will vary
in proportion, and. consequently, the
gain reduction factor I' will also vary.
The amount of variation will depend on
whether the output tubes are heam
power or triodes and how large 8 is.

From the above it may he seen that
changing the load value will also change
the distortion, the hum, and the noise.
Making the load itmpedance lower than
its rated value will reduce the feedback,
and, therefore, increase the distortion,
hum, and noise for the same output.
Making it higher will increase the feed-
back, and, consequently, reduce these
non-signal components.

IFor example, two amplifiers have ex-
actly the same gain A, and the same 3,
but one has 6L6 output tubes and the
other has 2A3's. The gain reduction fac-
tor with the correct load is 10, corre-
sponding to 20 db of feedback. An in-
crease in load impedance of 100 per cent
will cause an increase in I of 73 per
cent for the 6L.6 amplifier, and of 12
per cent for the 2A3 amplifier. The dis-
tortion of the 61.6 unit will be reduced
by 57 per cent and that of the 2A3 unit
by 8.5 per cent. It must be remembered.
however, that the initial distortion of
the 61.6's has heen increased, and that
of the 2A3’s reduced, due to the increase

—CLANSIFIED—

Rates: 10¢ per word per insertion for noncommercial
advertisements; 2S¢ per word for commercial adver-
tisements. Rates are net, and no discounts will be
aftowed. Copy must be accompanied by remittanes In
futl, and must reach the New York office by the first
of the month preceding the date of iIssue.

CUSTOM  WILLIAMSON AMPLIFIER.
Finest overrated components, 2 chassis, power
take-oft for preamplitier, $110. Hi-Fi Halli-

crafters S47C AM-FM. 3 bands SW, II'-6V4,
12 watts—perfect condition. Hest offer over
8125, e, P'aal R, Nieely. Kenron Theatre

Bidg.,, Kenton, Ohio.

GOODL BUYS in surplus audio and record
ing equipment. Write for list. Southwest Re-
cording Serviece, 903 Salmon Drive, Dallas,
Texas.

STROBOSCOPE DISCS for 78 r.p.m. rec-
ords and VARIABLLIE speed turntahbles. Kvery
speed synehronous with 60-cps light from 50
to 110 r.p.m.—80 different speeds! Records
can he playved instantly to predetermined
piteh, metronome or duration by the use of
these dlis?s. Write for intormation. lewis
:‘_cril\:en, 2] 8. Portland Ave., Lrooklyn 17,
N, Y.

AUDAX  TUNED RIBEON LM73  stodio
model mierogroove record reproducer, 200
ohms, never used, £40 _or hest offer. Duane

Mrohs, 701 Marquette St., Ftint 4, Michigan.

PRESTO 90-A three-channel recording and
playback amplitier. (riginal cost $3500: will
sell for §250. Reco-Art, 1305 Market St.. Phila
delphia, 1"a.

PRENTO I'I'-900 rape recorder, with three
micraphone channels; like new. $£795. Reco-
At 1303 Marketr Streer, Phitadelphin, Pa.

HELP WANTED
Loud Speaker Design Engineer

Nationally known manufacturer of sound
equipment for schools, churches, hospitals,
industry has excellent opportunity for ex-
perienced loud-speaker design engineer.
Will offer salary commensurate with ex-
perience. Best living conditions in cultural
home city. If interested in a lucrative
career with an expanding old-line company
write, giving full particulars, to |. Leo
O’'Toole, Employment Manager, Stromberg-
Carlson Company, 100 Carlson Road.
Rochester, New York.

PROFESSIONAL
DIRECTORY

C. J. LeBeL

AUDIO CONSULTANT

Development, Test, Custom Equipment,
Complete Laboratory and Shop Facilities
133 WEST 14TH STREET

NEW YORK 11, N, Y.
CH 3-8082

Custom-Built Equipment

U. S. Recording Co.

1121 Vermont Ave.. Washington 5, D. C.
LIncoln 3-2705
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@ PREVIEW FOR 752
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Just out! Our new 195;\
catalog, featuring the most

advanced-design and wid-

est variety of tape record-

ers ever offered.

More than 20 popular

recorders, including models

for the broadcaster, tech-

nician, experimenter, and

high-fidelity enthusiast. J
Trade Mark

Reg. U.S. Pat. Off.

TWIN-
TRAX"
TAPE.
RECORDERS

Write today for your free copy of Catalog %5272.

AMPLIFIER CORP. of AMERICA

398 BROADWAY o NEW YORK 13 N. Y.

Tired of leafing through that
stack of magazines for the issue

you want?

Solutien: order vour AUDIO
ENGINEERING binder. It is
DuPont

proof and washable, with a rigid

of Fabricord, stain-
backbone, a built-in metal sup-

port with a ceunter channel to
keep magnzines securely in posi-
tion. Well worth the price of \
$2.75! You may have the year ’
stamped in gold at no extra cost

if you like.

Foreign crders please add 50¢ per

hinder.

AUDIO ENGINEERING
342 Madison Ave., N. Y., N. Y.

¢ INDISFUTABLY
e UNQUESTIONABLY

e UNDOUBTEDLY |

The 1951 Audio Fair will be the most im-
pressive dispday of fine audio equipment
ever assembled under a single roof.

November 1, 2, 3

Hotel New Yorker New York City

i

| re-appointment as manager of Annual Pu-

in load and, consequently. the above
figures do not tell the whole story.

It has been shown that change in the
load 1mpedance will produce changes
in both frequency response and mid-
frequency gaimn. In a negative fecdback
amplifier the gain vs. frequency response
characteristic must be closely controlled
m order to ensure that the feedback be
negative at all points where the gain
is unity or greater. The designer gen-
erally chooses a margin of stahility in
order to allow for gain changes duce to
all causes. A common minimum value
for this margin is 6 db, which means
allowing for a total variation of 2 to l.‘
A 100 per cent change in load may
change the frequency response at either
end by almost this imuch, thus practically
chiminating the margin of stability. In
better-designed amplifiers this margin
is considerably more, and mismatching
may be done much more safelv {rom the
stability point of view.

In general, within the limitations of
power output discussed in the cited
reference, mismatching may he quite
readily accomplished. If deterioration
of performance is to be avoided, the
above factors should all be taken into
consideration before any changes are
made.

Dr. Albert Charles Walker ol Bell Tele- |
phone Laboratories has been awarded
Lounis Edward Levy Medal by The Frank-
Iin Institute . . Leonard Carduner of
British Industries Corp. in England for a

look-see at new audio developments-——ex-
pects to return in time for The Audio
Faiv . . . James M. Valentine, (ormer TV

engineering head of ABC’s Central Di\'i—[
sion, named an executive in TV tield en-
gineering group by Federal Telecomimuni- |
cation Laboratories—will headguarter in
Buenos Aires.

Heckert Parker justly commended by

cific ISlectronie Exhibit . . . Appointment
of Howard W. Bredlow as Chicago district
mianager is newest step in expansion of
Hofrman Radio (‘orp. into Eastern markets
. . . Bernard Hecht moves from RCA-
Victor to Starrett Television Corp. as
General Manager . . . Miss Beatrice Hicks
re-elected president of Society of Women
Engineers—other officers are Miss Lillian
Murad, vice-president; Mrs. Hilda Rdge-
comb, treasurer; Mrs. Barbara Cain, re-
cording secretary, and Mrs. Phyllis Kvans
Miller, corresponding secretalry.

Fugene F. Haines retiring as assistant
treasuer of RCA Vietor Division of RCA
after serving 50 vears with Division :lnd‘
predecessor companies . Lester Klein
tops years of activity in radio merchan- |
dising business with new position as man- |
ager of downtown branch of New York's |
Hudson Radio & Television Corp. .
Ralph Schlegel busy installing new equip- |
ment for WOR Recording Coleman |
London upped to manager of electroniCSJ
service for Electronics and X-Ray Divi-
sion of Waestinghouse . . George C.
Mercer and W. J. Topmiller become Di-
rector of Purchasing and Purchasing
Agent respectively as result ol promotions
by P. R. Mallory & Co., Inc., Indianapolis.

Miryam Simpson, vice-president of Mark |
Simpson Mfg. Co., announces formation of
Masco Dlectronic Sales Corp. to handle
distribution of all Masco products . o
George R. Faustman has been named fac-|
tory general manager of the Bendix Radio
Divixion of Bendix Aviation Corp. to suc-
ceed Edward F. Kolar who becomes gen-
eral manager of company's Red Bank Di-
vision . FPred Harvey, Sylvania ad
manager, back on the job after a session
in uniform . Charles Ray, Sound De-
partment manager for Arrow Electronics,
New York, busy building unique display
centered around a "Then and Now” theme

for The Audio Fair . Bob Hertzberg,
pioneer technical writer and editor, has
set up shop as consultant to manufac-

turers and advertising agencies.
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AMPERITE

Studio Microphones
at P.A. Prices

o

ldeal for
BROADCASTING
RECORDING ,
PUBLIC ADDRESS ¥

“The ultimate in micro-
phone quality,” says
Evan Rushing, sound
engineer of the Hotel
New Yorker.

® Shout right into the
new Amgerite Micro-
phone—or stand 2 feet
away—reproduction is
always perfect.

¢ Not offected by
any climatic conditions.
® Guaranteed to with-
stand severe "knocking
around.”

MBSO R

Hii
Models
RBLG—200 ohms
RBHG—Hi-imp.
List $42.00

“"Kontak’ Mikes
|Model SKH, list $12.00
“Model KKH, list $18.00

&L}

ecial write
' s(’),ffer: and 4pa9C

AMPERITE @mpany_ 1,
561 BROADWAY o NEW YORK 12. N. Y.
Canada: Atlas Radio Corp., Ltd., 560 King St. W., Toronto

| Introductory Offer,

for Specio d4 folder.

ilystrate

Plays all speeds

GARRARD
Tatiemphl

WORLD’S FINEST
RECORD CHANGER

Fully automatic with automatic stop

Easily installed in your present set.

Write for FREE literature

B GARRARD SALES CORP., Dept. 10F H
= 164 Duane St.,, New York 13 1
m Gentlemen: ]
& I am interested in learning what to look for when #
® purchastng a 3-speed record changer. Please send ®@
: me, without obligation, your FACT SHEET. 1

| ]
: NAME| Eodi MMM unond BAE . cb - S g ]
B ADDRESS .............. .. ... ..., :
® CITY ... ... ... ZONE STATE =
[
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ACHIEVING REALISTIC REPRODUCTION

A few years ago in Britain we started a
campaign to differentiate between realism and
high fidelity, and met with a good deal of suc-
cess. But we find we are slipping and go on
talking about hi-fi. So we are going to talk
about realism again.

Our considerable American correspondence is
always intelligent and interesting, and we find
that what you want is what we have always
thought real music lovers do want—an illusion
of the real thing in contrast to a formula of
db’s and cps, of curves and figures. Obviously,
first class equipment cannot be designed with-
out technical knowledge, but technical knowl-
edge alone cannot design first class equipment.
The designer must also heed room acoustics
and know so much about what an orchestra
really sounds like that he must apply correction
factors to what his mathematics tell him must
be done. In other words, a designer must be an
artist as well as a technician. And how many
are?

The technique of Hartley-Turner reproduc-
tion is in some respects a flat contradiction of
what the engineers think should be done, but
our business has been built up on faith in how
we think and what we do. A few engineers who
bought the 215 speaker don’t like it because it
sounds different from what they think high-
fidelity should sound; but we have never met
3 man who, primarily interested in music, did
not like it. On the contrary, he is vastly in-
trigued at the new sound which strikes him as
realism, whether it is high-fidelity or not.

Actually, the 215 is high-fidelity plus all those
things which are necessary for realism, and a
very large number of you have taken a chance
and are very glad you bought the speaker. But
we are reasonable people, and we don't expect
all of you to have the same faith in what we say
as we have, so we are going to make it easier
for you to form your own opinion as to whether
our unusual approach to the subject is real-
istically sound or just advertising ballyhoo.

H. A. Hartley and Hartley-Turner equipment
will be at the Audio Fair, and Mr. Hartley will
be very glad indeed to meet as many of you as
care to come and argue with him, listen to his
designs, and (dare we hope?) go away con-
vinced. At least he can say that he has con-
centrated on the attainment of realism since
1927 and has no other radio or audio interest.

Those 24 years of specialised experience are
completely at your service at no cost to you.

A word of warning, however. We have fore-
shadowed a price increase in the 215 and that is
likely to happen before November. For a very
limited period we can still supply the 215 at
$48.00.

Illustrated literature free on request, but do
get on to our permanent mailing list for tech-
nical and other information. Just send one dollar
bill to find out that our originality does not
stop at technicalities.

H. A. HARTLEY CO. LTD.

152, Hammersmith Road
London W.6, England
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PARTRIDGE
WILLIAMSON
OUTPUT TRANSFORMER
BUILT TO THE
ORIGINAL SPECIFICATION

e-luxe potted model now available
from stock from all important

Radio Stores throughout the U. S. A.
(Price $26.00 duty paid)
This transformer is now accepted as
the most efficient in the world. Accord-
ing to “Audio Engineering,” Nov. 1949,
there is no U. S. equivalent.
Thousands already sold in the United
States. A ““‘must” for every high fidelity
enthusiast,
New York Stockists:

Harvey Radio Co. Inc.
103 West 43rd Street

Terminal Radio Corporation
85 Cortlandt Street

If you are unable to purchase Partridge
transformers in your city, write to us
and mention the name of your dealer.

Fullest data, including square wave tests, dis-
tortion curves, etc., together with list of U. S
stockists rushed Air Mail to you.

PARTRIDGE TRANSFORMERS LTD.
TOLWORTH, SURREY, ENGLAND

Address Inquiries to Dept. A-10

David Bogen

663 BRbADWAY, NEW YORK 12, N, Y,
AMPLIFIER SYSTEMS & ACCESSORIES
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Input stages of the ‘ The amplifier ‘ The power supply is
amplifier are shock is completely completely shielded to
@ mounted to reduce My @ shielded to prevent ' @ prevent hum radiation
microphonics. hum pick-up. in adjacent equipment.

. The New Davem Electronic Voltmeter, Type 170-A
M for completely

is a superior, portzble instrumrent, ideal for gemeral laboratory
and pro-uction use. It is built with typical Daven precision to
measure accurately A.C. sinuscidal voltages over a frequency
range trom 10 to 250,000 :ycks and a voltage range from .001
to 100 wolts.

cO
EN ® Large, easy-to-read, illuminatad, meter scabe on which all
THE reodings may be made.

. Acturacy + 2% over entire irequency range.
185 CEN'"‘ AL A )ERSEY ® Otitput jack and separute volume control for using Voltmeter
R\( N W as wide-range, high-gcir anplifier.
NEWA Construction permits readirgs independent of normal power
line variations.

Met2r scale hes both voltage and dzcibel munges.

detailed
catalog data,

-
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FOR MINIATURIZATION

The miniaturization of transfarmers has been a UTC specialty ever
since the development of the Ouncer series in 1937. The importance
of this engineering "*know how’' is reflected by the large number of UTC

= Miniature componeants in present military equipment. Some examples
of this engineering leadership are illustrated below

SM Unit ACTUAL SIZE
— As photographed
with normal pen for
comparison,

~ DC CONTROLLED
OSCILLATOR INDUCTORS

OUNCER FILTERS

Ouncer case, nin hermetic,
is 73" diemeter x 1% " height.
Woeight — .06 Ib:.

Ouncer case, hermetic, is
15/16” diameter x 13%"
height. Weight — .11 Ibs.

EXTREME

| MINIATURIZED
‘ MINIATURIZATION

AIRCRAFT FILTERS

Miniaturized filter case is
1 11/16° x 1316 x 1%"
hoight. Welght — .3 Ibs.

130n BP FLTER

SM sub-miniatire audio
components, 7/16" x " x
7/16” height. Weight —
.009 Ibs.

150 VARICK STREET NEW YORK 13, N. Y.
EXPORT DIVISION: 13 TAST 40th STREET, NEW YORK 16. N. Y CABLES: "ARLAB"
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