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NEW 7” REELS OF

audiotape give you

EXTRA VALUE

al no extra cost!

GUARANTEED SPLICE-FREE

SPLIT-SECOND TIMING
with New 234" Hub

Timing errors are virtually eliminated by this
improved reel design which minimizes tension
and speed changes throughout the winding
cycle. Ratio of O.D. to hub diameter is the
same as on the standard NAB aluminum reel.

PERFECTED ANTI-FRICTION
PROCESS. Reduces head wear—eliminates

“

annoying tape “squeal” — prevents “tackiness”
even under extreme temperature and humidity
conditions.

MAXIMUM UNIFORMITY OF
OUTPUT. All 77 and 10” reels of plastic-

base Audiotape are guaranteed to have an out-

put uniformity within * Yadb — and reel-to-
reel-variation of less than = "2db. What’s more,
there’s an actual output curve in every S-reel
package to prove it.

Willl Audiotape, all of these extra-value features are standard.
There’s no extra cost —no problem of separate inventories or
variations in tape quality.

For there’s only one Audiotape — the finest obtainable anywhere.
Test it — compare it —let Audiotape speak for ijtself.

The new 7-inch plastic reel with large diameter hub for greater
timing accuracy is now being supplied on all orders unless other-
wise specified. Because of increased hub diameter, maximum reel
capacity is slightly over 1200 feet. Older style Audiotape reels
with 134" hub and 1250 feet of tape will continue to be furnished
on request at the same price. *Trade Mark

AUDIO DEVICES, Inc.

444 Madison Ave., New York 22, N.Y.
Export Department, 13 East 40th St., New York 16, N. Y, Cables ‘'ARLAB"

M’M’M'M
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Typical living-room arrangement comprising three custom-built cabinets provided |
by Harrison Associates, 17 W. 44th Street, New York 36, N. Y., and photo- |
graphed in the residence of Mr. and Mrs. William J. Howell, Jr. At the left is
a tape-recorder cabinet, designed for and housing a tapeMaster Model
TH-25, and constructed of blond natural birch with a black lacquer top
and black iron legs. The corner speaker cabinet, following in principle
an early /£ design, is natural birch with a lacquer finish. This par-
ticular unit houses a 10-inch speaker, but in slightly higher form
can accommodate a 12-incher. At the right is a radio-phono-
graph cabinet of black-lacquered birch and fitted with a Gar-
rard changer and a Radio Craftsmen tuner and amplifier.

The decorative touch is supplied by model Susan Savers.
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The TURNTABLE
is the HEART

of your
HIGH FIDELITY
SYSTEM

You may own the finest pickup, amplifier
and speaker that money can buy...yet
you'll get poor reproduction if your TURN-
TABLE has excessive wow, hum or rumble!

REK-O0-KUT

offers a complete range of 12” Turntable
models. Not every sound system requires the most
expensive Turntable...your Turntoble must be
chosen to complement your other, components,

Every Rek-O-Kut Turntable is made of a heavy
aluminum casting, which is lathe turned and
balanced for smooth, wow-free operation.

MODEL LP-743
3-Speed, 12" Turntable

The outstanding value for
the buyer who seeks a quality
turntable priced between de-
fuxe and ordinary phono
.models. Dimensioned for re-
placement of obsolete motors
in average consoles. Features
instantaneousspeedchanges.

MODEL CVS-12
All-Speed, Continuously-
Variable Speed Turntable

Plays all records, 3314, 45
and 78's, not only at their
recorded speed — BUT AT
ANY SPEED FROM 25 TO 100
R.P.M. A “must” for serious
music lovers, professional
musicians, schools, dance

studios, etc., etc.

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

The only 127, 2-speed
turntable, recommended
for use with ultra-high
fidelity amplifiers and
Speaker systems.

MODELNO.| MOTOR Noise Level| SPEEDS | PRICE
Lpza3 | APolE | _30pB | 78-45.33% |$54.95
4 Pole e Contipuously
CVS-12 | yphide 30 DB | Continususly| 6,95
T-12 iPote w | —t0DB | 783315 | 84.95
T.43 l:df":";o" —40DB |  45-3315 | 84.95
T-12H | MHysteresis | __sopp|  78.3315 |119.95
Synchronous
T-43H | giineresis | —sopB| 4533 [ 119.95

See...Hear...Compare REK-0-KUT Turntables,
Phonographs and Disc Recorders at leading Music
Stores, Radio Parts Jobbers and Audio-Visual
Dealers...or write for latest catalog.

REK-0-KUT €O.

-s.l!.lud.,l.nngi'.lnn:l{:iry,N.‘F..

18-038Gu

58 Arosdway, Mew York Cily,
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MODEL 6201 — COAXIAL
SPEAKER SYSTEM. Now gen.
erally acknowledged to be
industry’s finest volue in a
high quality 12" speaker.
TRUE coaxial dual range
system comprising c¢lean
sounding woofer with heavy
exclusive Alnico 5W magnet,

DRIVER TYPE tweeter with
""Reciprocating flares’” wide

) angle horn, and BUILT-IN
" crossover network complete

with “Balance” control.

DIFFUSICONE-12 — WIDE
RANGE WIDE ANGLE 12
SPEAKER. Exclusive “diffusi-
cone’ design utilizes the bene-
fits of duol-horn loading, radial
projection and diffraction prin.
ciples to achieve unsurpossed
quality and sound distribution
from a single unit speoker.
Enjoy full fidelity ANYWHERE
in the room . . . at a surpris.
ingly reasonoble cost.

DIFFUSICONE-8 — WIDE ANGLE
8" SPEAKER. Same as the Dif-
fuscione-12 except in 8 size.
Remarkable fidetity and ex-.
ceptional sensitivity and power
handling copacity make this
atruly ovtstanding eight.
Ideal for use where space is
limited, and is also a perfect
selection for a mid-ronge
speaker in 3-way systems.

MODEL 6200—-EXTENDED RANGE
12" SPEAKER. Designed for gen-
eral applications, capable of high.
ly efficient FULL.BODIED response
throughout the operating spec-.
trum. May be vused with equal
facility to improve commercial
radio, TV, phono sets, high
quality sound re-inforcement in
night clubs, churches, schools,
etc., or as a woofer. The 6200
must be heard to be appreciated.

MODEL C-15W—DUAL IMPEDANCE
o RANGE 15 WOOFER. Brand
new low frequency reproducer
embodying many exclusive ad-
vance features. Its superior re-
sponse and acoustic output is
dve, in port, to o newly
University-developed cone and
voice coil suspension system
permitting the greatest axial
movement ever achieved. The
incredibly low distortion results
from a new magnet assembly.

i

There is a UNIVERSITY Tweeter for every
application and pocketbook. Write for desrriptive
illustrated literature. Address Desk A-11.

' '?
LOUDSPEAKERS FINC

B0 50, HEMSICO AVE, WHITE PLAIMG, M, Y

HILE THE MERITS, from the stand-
Wpoint of the discriminating listener,

of wired-music systems are debatable,
the fact remains that the trend toward them
is growing. Restaurants, hotels, and many
other places subscribe or want to subscribe
to this kind of background music. One of
the ways in which it is distributed is by
way of FM radio. The venture is made
profitable by inserting commercial or “pub-
lic service” announcements between musical
selections and then offering for rent re-
ceivers which, in conjunction with special
signals from the station, cut out the an-
nouncements.

Patent No. 2,596,138, assigned by the in-
ventors, Nathaniel Feiner and Samuel H.
Gershater, to Functional Music, Inc., of
Chicago, presents an ingenious method of
cutting out the commercials by transmitting
two supersonic tones. The circuit is actually
an electronic switch using no relays or
other moving parts and would be useful in
many remote switching applications or
radio-control uses, entirely aside from its
intended function. The feature is that a
single short transmission of one tone biases
a tube to cutoff and leaves it there; trans-
mission of the second tone for a second or
so causes the tube to conduct again and re-
main in the conducting state.

The complete schematic diagram, with
all the component values, appears in Fig. 1.
According to the patent specification, the
two tubes are a 6SL7 and a 6L.7. The latter
is obviously an error, however, and both
tubes are probably 6SL7-GT’s.

The radio receiver (or whatever input
source is used in other applications) is
shown as a box, the output of which, at

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

AUDLIY
EANTRENN (NS

RICHARD H. DORF*

medium audio level, appears between a
“high” terminal and ground. It is fed to ¥,
the audio amplifier tube of the circuit,
through blocking capacitor C; (if needed)
and to Vi, the control signal amplifier,
through Cs.

Considering first the operation of I, the
plate is supplied through load resistor Rs.
The cathode is biased with positive voltage
from the plate supply; there is a voltage
divider of which one arm is R; and the
other is Ry, Ry, and Ry, in series. The bias
so obtained is normal for amplifier opera-
tion and the tube is conducting. The follow-
ing circuits (power amplifier, etc.) are re-
ceiving the program and all is normal.

V1 is the principal control tube. Its grid
contains a tank circuit tuned to 20 kc and
receiver output signal reaches this grid at
all times through the control signal am-
plifier V. The grid of /7, is biased some-
what positive by a voltage divider ReR;
across the plate-voltage supply, with R in
series with the bias tap for isolation pur-
poses. The plate of V; is placed at a positive
potential by its connection to the top of Rs.
The same voltage divider (Rr—Re—ReR1o)
which furnishes cathode bias for the am-
plifier tube V. supplies plate voltage to V'
from the Re—Rs tap. The remaining resistor
in series with this tap and the plate of I,
is Rs, which plays an important role.

The cathode of ¥y is biased somewhat
positive by still another tap on the same
voltage divider, the point between R, and
Rio. This is of such value that the cathode
of Vi is much more positive than is the
grid; the grid is therefore effectively very
negative with respect to its cathode and
V1 is cut off. Since no plate current is flow-
ing in Vi, there is no current through Rs
and no d.c. voltage drop across it.

[

RADIO
RECEIVER

L
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FOR QUALITY AUDIO EQUIPMENT

AMPEX ELECTRIC CORP.

e

MINNESOTA MINING & MANUFACTURING CO.

i ¢ 2

ALTEC LANSING CORP.

-

ELECTRO-VOICE INCORPORATED

McINTOSH LABORATORY, INC.

T

FAIRCHILD RECORDING EQUIPMENT CORP.
CINEMA ENGINEERING CO.

SPENCER-KENNEDY LABORATORIES,’ INC.
AUDIO & YIDEO CUSTOM INSTALLATIQNS

as!

A-V TAPE LIBRARIES, INC.

Audio & Video

PRODUCTS CORPORATION

730 Fifth Ave. 261 Constitution Ave.
New York 19, N. Y. Washington, D. C.
PLaza 7-3091 REpublic 8566
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Audio & Video

PRODUCTS

CORPORATION

AT THE 1952 NEW YORK AUDIO FAIR

THE

NEW AMPEX 403-2A
STEREOPHONIC

MAGNETIC TAPE RECORDER

...it hears with two ears. ..
and speaks in infinite tones

AMPEX again demonstrates its leadership in
sound recording with the development of the
403-2A stereophonic recorder—a superb mech-
anism patterned upon the dual hearing proc-
ess of your natural listening instrument — the
human ear.

Audio & Video Products Corp. 0N
730 Fifth Ave,, N. Y. 19 \’/ 7 0.8 }
Please send me information on: Nt

[0 New Ampex 403-2A Stereophonic Recorder

[J Audio products of the following manufacturers (see
list above left)

NAME

ADDRESS




When the commercial is about to begin,
the station sends out a 20-kc tone. The tone
is inaudible, even though it is transmitted
through V; and the following amplifiers.
It is also amplified by V; and sent to the
grid of V,. Since the tuned circuit is reso-
nant at this frequency, the positive grid-
voltage peaks of 20-kc tone are enough to
overcome the cutoff hias on V; and cause
it to draw some current. When it does so,
current is drawn through R; making its
upper end—and therefore the grid of Vg—
negative. (C, is a smoothing capacitor). As
the grid of V. goes more negative, the Vs
plate current falls, reducing the current
drawn by V; through Ri. This reduces the
cathode bias of V3. The process continues
(almost instantaneously, of course) until
Vs is cut off and V,; is fully conducting.
When that happens the voltage drop across
Rs keeps the V: grid negative enough to
maintain cutoff. The 20-kc tone may be
removed, but since ', remains cut off, no
audio is being transmitted to the output
terminals of the system.

When the commercial is ended, a 35-kc
tone is transmitted for a short time to re-
store operation. This passes through V,
and to the 35-kc tank circuit. V', is con-
nected across this tank as a rectifier, and
develops a negative voltage across Ris. The
negative voltage is connected to the grid of
V1 through Ry, and the 20-kc tank.

As the grid of }; is made negative in
this way, its plate draws less current
through R;, reducing the bias on the grid
of V3 and allowing it to draw some current.
When it does draw current, the voltage
drop across Ry rises, adding to the bias on
Vi The action is again cumulative and V,
quickly goes to cutoff while Vs resumes its
conducting condition. The circuit has then
been restored to its original operative con-

dition and the 35-kc restoring tone may be
removed.
Other components of the circuit are: Cs,
e y the V. cathode bypass; Cs, a blocking ca-
s pacitor prevent the 35-kc tank from short-

ing the diode load resistor Ru; and Cs,
MULTI-IMPEDANCE DYNAMIC MICROPHONE which grounds the bottom of the 20-ke
tank for r.f. but keeps it above ground for
the rectified d.c. from the 35-kc restoring

at recording time!” |G

—say actual users™ in the field Is your answer
and here are a few reasons why... YES?

Do you like clean, fresh copies of

“This microphone has been used for a 2= ""Used for recording organ music. your magazines?
variety of purposes—but mostly for Performance is very satisfactory; .
- tape recording fifteen-minute shows for - especially good on highs.” Dof.you fllke o geeEp 2 | peErEn?laI:leg;
future airing on a nearby radio station. Recording Professional ile of AUDI NGIN
Welike it fine, and it does take a beating.” Colorado Do you like to clip coupons, but
a : N
SO UL ,D'(;?dor . . hesitate because it defaces your
ndiana Very good output and fidelity. Used magazines?
= = for recording for broadeast purposes.” & )
“A wonderful little mike. Plenty of g Producer and Director If your answer to these questions is
gain and normal voice.” . L YES, read our advertisement at the
Director of Radio Activities bottom of
Texas i= _ Excellent results in recording and
for comments in the showing of
> “We are using this microphone with - motion pictures.” - PAGE 87
good results on our recorder.” Amateur R R
Audio-Visual Librarian New York Radio Magazines, Inc., P. O. Box 629,
Mineola, N. Y.

“Wonderful for wire recording pur-

poses and P.A. use. T use it mainly

- for recording.”

Sound Service Massachuselts * Individual names
available on request.

SERVICE

SHURE BROTHERS, Inc.— Microphones and Acoustic Devices
225 West Huron Street, Chicago 10, lllinois d Cable Address: SHUREMICRO _ SEE PAGE 76
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To You,

Be Sure of Your Installations

Get the @WJW

RG/U TRANSMISSION
LINE CABLES

& You know what you are doing whzr you use Belden RG/U Trans-

mission Line Cables — they're aptitude rated. They are designed to
provide desirable electrical chzracteristics, and rigid control assures
constant quality. Specify Belde Raciz Wires.

Belden Manufacturing Co. #689-R W. Van Buren St., Chicago 44, Ill.

Belden’s Golden Amniversary Means

—product performance that
can come ony from a “know-
how”’ that has grown through
actual service since the
inceptiot of Radio.
—an avoility to co-oper-
ate i1 pioneering new
wires to meet or antici-
pate industry’s grow-
ing needs.
Ia the years that
follow
This Belden

: Program Is—
APTITUDE RATING APTITUDE RATING APTITEDE RATING APTITUDE RATING APTITUDE RA

No. 8236 No. 8237 N3. 8238 No. 3239 No. 8241 —OEECONTINUED
Frequency Attenuation Frequency Atienuation Frequency Attenuation Frequency Attenuation Frequency ettenuatio
{Mc) per 100 ft {vd) per 100 ft {Mc) per 100 ft {Mc) per 100 ft {Mc) p=r 100 ft
100. 2.65 00, 210 100. 1.90 100. 316 - 100 3.75
200. 3.85 200.. 3.30 200. 2.85 200. 4.40 200. 5.60
300. 4.80 308. 110 300. 3.60 300. 5.70 300. 1.10
400. 5.60 409. 1.50 400. 4.35 400. 6.70 400. 8.30

AUDIO ENGINEERING e NOVEMBER, 1952 5



LETTERS

Patent Protection
Sir:

During recent years a certain looseness
| has been evidenced in the granting of pat-
ents which is cause for quiet alarm. Since
the handling given patent claims is but a
projection of the basic law, it would ap-
pear worthwhile to examine the situation
which existed at the time the original stat-
utes were enacted, particularly insofar as

%} |intent can be determined. When this is

:_: done it becomes clear enough that the

® ] original motivating force was the desire to

| |foster technological development in the

GCIS]-OR i | United States by granting such rights to

an inventor as would protect him from ex-

ploitation and assure a return proportional

‘ . |to the value of his work. The whole idea
i | was one of encouragement, and it is signifi-
| | cant to note that the effect was to be cumu-

lative. Thus while the grant was aimed di-
rectly at the inventor himself, the ‘“‘chain
reaction” type of effect upon other inventors
was possibly of even greater importance
than the first-order effect. Looking at to-
| day, we see the high level of ‘development
work in the electronics field as a fertile
breeding ground for important inventions
yet to come. Now this work cannot go for-
ward if our engineers and experimenters
find that important “tools” have been taken
from them arbitrarily. By “tools” I mean
the basic general knowledge which supports
the state of the art as we know it, or—

stated somewhat differently—the material
YOUR AssunANCE OF that constitutes the substance of our en-
gineering textbooks. When I find that pat-

ents are granted for ‘“the exclusive right
BETTER 16.» PRINTS

to make, use, and vend” circuits or devices

WE CALL IT
‘““VELVETING"*
Every original submitted to the
Laboratory is carefully cleaned
at the outset and kept that way
throughout every operation. Spe-
cially designed cleaning ma-
chines exclusive with Precision,
do the work . . . supplemented
by careful hand cleaning, or

“velveting.”

15 Years Research and Spe- enable us to offer service un- which stem from the fundamental charac-

cialization in every phase of equalled anywhere! teristics of ordinary circuit elements, or

16mm processing, visual and even theorems, then I see restrictive prac-
i ]

Newest Facilities in the 16mm tices at their worst. As a group example
field are available to customers
of Precision, including the most
modern applications of elec-

aural. So organized and equip-
ped that all Precision jobs are
of the highest quality.

I cite the various arrangements of resist-
ors and capacitors into simple frequency-
sensitive circuits, each based upon nothing

Individual Attention is given tronics,chemistry,phys_ics,Op‘ic'S’ more profound than the formula for ca-
each film, each reel, each scene, sensitometry and densitometry— pacitive reactance. Do the inventors recog-
each frame — through every inc}uding e’fcluswe Maurer- nized in these patents personally own the
phase of the complex business of designed equipment—your guar- “tone controls” they claim? By law and by
processing — assuring you of the antee tha_t only the best is yours grant they do!

very best results. at Precision!

Categorically, the control of inventions
by patent is essential in an industrial na-
tion such as ours. Even so, I do not believe
that the applicable laws were ever intended

) 1 " F 1 AT to operate in a manner which would per-
f l | mit an individual to “squeeze” his fellow
| ¥, i. Ji 1 | workers. Engineering discipline and engi-

S neering freedom are both needed in a well
FILM LABORATORIES, INC. balanced and healthy technology. Thus it
21 West 46th St would appear that those who administer
Mew York 19, MY, the plan would be well advised to follow a
JU 2-3970 two-point program aimed at over-all im-
provement and general good: specifically
(1) a rededication to the aim of fostering
the technological advancement of our coun-
try; and the corollary (2) a refusal to
recognize legal claims resting solely upon
a “twist” of tommon knowledge.

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

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

FE T T ae s
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SILECTRON C-CORES...BI or LITTLE
..any quantity and any size

For users operating on government schedules, Arnold is now produc-
ing C-Cores wound from 1, Y%, 1, 2, 4 and 12-mil Silectron strip.
The ultra-thin oriented silicon steel strip is rolled to exacting toler-
ances in our own plant on precision cold-reducing equipment of the
most modern type. Winding of cores, processing of butt joints, etc.
are carefully controlled, assuring the lowest possible core losses, and
freedom from short-circuiting of the laminations.

We can offer prompt delivery in production quantities—and size is
no object, from a fraction of an ounce to C-Cores of 200 pounds or more,
Rigid standard tests—and special electrical tests where required—give
you assurance of the highest quality in all gauges. ® Your inguiries
are invited.

el i L] RS

THE ARNoLD

ExcieeRiNG Coupary

© SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION |

3 :(ESe‘n?ml Office & Plant: "Moferig'g,g!l.ii.noi's o

£

waD 4363
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for those who treasure

STEPHENS
y e
4 ‘&%W

MS ARE SUPREME
@gmf

S\(
‘-.L.._,Acceptance by the leaders both in the commerr::.sE .md\cusmm set;buxld o

e
R e S {& <AL

3 P

ing fields Ha-s been the award most prized by btephens engineers through

the years. They know this recognition is a verdict of the truly discrimi-

nating ear and it serves as a spur in Stephens’ never-ending search for

new peaks of perfection in sound reproduction components.

Stephens proudly presents . .

See us at the Audio Fair, Room 602

THE 106AX COAXIAL 2-WAY SPEAKER for full, rich, natural sound

Weight =30 |bs.

across the entire tone spectrum at all volume levels. One compact as-
sembly combining a cone-type, low-resonant, low-frequency unit with
i multi-cellular type, wide-angle high-frequency dispersion (eight cells,
l 40° x 80°). A 1200-cycle crossover network channels high and low
i tones to units designed to reproduce them. Power rating—20 watts.
Impedance — 16 ohms. Frequency response — 40 to 12,000 cps. Diameter
—-1514". Bafile opening—1315”. Depth behind mounting panel—1015".

Recommended for broadcast monitoring, motion

picture sound, and ~ especially — FM and record reproduction.

A /7 / VAV A /
?ﬁr//’/////////////////f
1 D Al A O 0 C 3 N S P
wha ted U LU 1L {1 | | I T
E\ﬁo.l%_\ VU e \ | S
& MICROPHONE €0 OFF THE AaxiS |\ |\ | RESPONSE CHARACTERISTIC &

« ‘ l\ \ \; \ \ \ \ \ \ TRU-SONIC COAXIAL SPEAKER_
A~ N N N N N\ “FREQUENGY IN CYCLES PER SEGOND «  \ AN PSR
And

THE MODEL 418 CORNER CABINET, the
finest custom-quality home reproducer in
the Stephens TRU-SONIC line. It features
two 15” permanent magnet speakers with
extended range for low tones, plus the full
coverage in the high ranges afforded by
the use of a Model 824H 2x4 800-cycle
horn, a Model 108 high-frequency driver,
and a Model 800X crossover network.
Cabinet dimensions: Width ~41"; Depth
—23"; Height-36"; Welght—l‘:-i (o a—
Avaxlable in blond ar mahogany i 2

Qur present trouble seems to be one of
“magnifying trifles while trifling with mag-
nitudes.”

Joe DicxkEey,

75 Roseneath Ave.,
Newport, R. 1. ~

More Loudness Control Comments
Sir:

It seems evident that we are going to
havé discussions on loudness control as long
as engineers continue to toy with infinitesi-

mal details, intriguing curves, and pseudo-
psychological reactions.

Mr. Schjelderup points out, in his Sep-
tember article, gross errors of interpreta-
tions on this subject by audio men, yet he—
like all the others who fuss with this prob-
lem—seems lost in the details. They see
the trees but not the forest, to quote an
overworked cliche.

All the so-called solutions to this prob-
lem are based on the axiom that the input
audio signals to the loudness control are
equal and that the control is necessary to
adjust the output loudness of the amplifier
to a desirable level. Instead of analyzing
the problem, they should scrutinize the
axiom. Let’s take a closer look.

Let us assume the input is from a tuner.
Every radio engineer knows the output of
any tuner is not constant—either AM or
FM. Adjustment of the loudness control
must be made to give equal speaker output.
On the phono position of the selector
switch a similar variation will be found be-
cause LP’s and 78’s are not cut at the same
level-—and even among LP’s there will be
a variation of as much as 10 db. This re-
quires adjustment of the control to main-
tain the same output at the speaker.

It should be obvious at this point that
since the input signal varies with the
source, an adjustment of the loudness con-
trol has to be made to produce the same
listening level, and since the loudness con-
trol is also tied in with tone compensating
networks, we change the tonal balance when
it should remain the same.

Many engineers assume that when we
turn down the volume for background mu-
sic, we still require hi-fi range and balance.
Wired music and supersonic air music as
received in restaurants, hotels, banks, etc.
prove this is not so. We want a diminished
range so that the music will be heard as a
background and not interfere with conver-
sations. And to assume that a diminished
sound output can create the same listening
sensation as a more realistic output is flirt-
ing with the imagination. The tone com-
pensation required involves the psychologi-
cal reaction of the individual—an indeter-
minate factor.

Of course, there is no harm in having
a loudness control even though, for opti-
mum results, we still have to change our
tone controls with each record played, ac-
cording to some of the leading record re-
viewers, but let’s not kid ourselves into
believing that this problem has a real solu-
tion until at least all records, tuners, and
other sound sources are created equal.

EpwIN Scrwarz
P. O. Box 6

Devon, Conn.
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“Pitch changes are no problem
with this new tape reel!"

Says Bob Pdppin, Chief Recording Engineer,
Schmitt Music Company, Minneapolis, Minn.

=
"I"w,é ctsttrrer) )

b

Scoreu

Magr etic Tape

¥l

NEW LARGE HUB on the “Scotch” Brand 7-inch
professional reel produces a marked reduction in
tension changes as tape is spooled off; this, in
turn, reduces pitch changes remarkably. You
can splice and dub from reel to reel with hardly
noticeable changes in pitch. Timing errors are
also reduced as much as 50%.

Diameter of the new hub is 23", compared
with the 134” diameter of standard 7" reels. This
gives it approximately the same ratio of outside
diameter to hub diameter as the standard
NARTB 10} metal reel.

Another feature of this new reel is the single
small threading slot instead of the usual three.
This minimizes mechanical distortion of the
layers of tape nearest the hub.

SEE YOUR DISTRIBUTOR FOR A SUPPLY OF
7' PROFESSIONAL REELS AND NEW
DRY LUBRICATED TAPE!

= - REG. U. S, PAT. OFF.
£ 3M 3] i c o I c “
R i } BRAND

The term “SCOTCH’ and the plaid design are 3 M"gn,,; -
registered trademarks for Sound Recording Tape ¢ Tape
made in US.A. by MINNESOTA MINING & A " @ %y
MFG. CO., St. Paul 6, Minn.—also makers of Z % E

*“Scotch’” Brand Pressure-sensitive Tapes, ‘‘Under-
AUDIO ENGINEERING e NOVEMBER, 1952 9

A greatly improved tape to match
this greatly improved reel!

® “DRY LUBRICATING’ process gives you a tape
that practically eliminates sticking, squealing and
cupping ...a completely dependable tape that
turns in a flawless performance in extreme condi-
tions of heat and humidity!

® THINNER CONSTRUCTION allows a full 1200 feet
of tape to be wound on the new reel despite its
larger nub. Magnetic praperties of this new tape are
identical with “Scotch’ Brand 111-A, the industry’s
standard of quality.

® 1007, SPLICE-FREE! Tape supplied on the new 7"
professional reel is guaranteed to be completely free
of splices.

® GUARANTEED UNIFORMITY! Output variation of
tape wound on the new [200-foot reel is guaranteed
to be less than plus or minus 4 db at 1000 cps within
the relel, and less than plus or minus % db from reel
to reel.

T WS WA TG A TR S DN W W S D o et SEA W GEI SEN MR MR S

‘r**
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3

seal” Rubberized Coating, ‘‘Scotchlite’” Reflective

Sheeting, “Safety-Walk” Non-slip Surfacing, “*3M”’

Abrasives, *3M”’ Adhesives. General Export: 122 E.

42ntd %t., New York 17, N. Y. In Canada: London,
nt., Can.




e $193.75

1st choice, remote-control amplifiers:
H. H. Scott, type 214-A

-
$224.00

1st choice, single-chassis amplifiers:
H. H. Scott, type 210-B

still the hest

A strong statement? Actually
it is based on impartial tests of
high fidelity equipment by ex-
perts of unquestioned authority.

C. G. Burke, with a jury of
critical listeners, tested, com-
pared, and rated leading equip-
ment for the new SATURDAY RE-
VIEW HOME BOOK OF RECORDED
MUSIC AND SOUND REPRODUCTION,
Five music systems in different
price categories were selected,
each category listing equipment
judged to be best in that price
class. And H. H. Scott amplifiers
are rated “lst choice” in all
three top systems.

Price was no object in System

I — musical performance alone
was the criterion. Yet in System
IIT1 — well within reach of most

of us who count our dollars —
an amplifier by H. H. Scott is
still given top place.

May we suggest that you your-
self appraise the method and
results of these impressively
complete, most authoritative
comparison tests. For real help
in selecting equipment, read the
discussion in the SATURDAY RE-
VIEW HOME BOOK OF RECORDED
MUSIC AND SOUND REPRODUCTION.

FREE BOOKLET

“Controls and the Amplifier”

e SCOTT.INC.

“PACKAGED ENGINELERING”

385 PUTNAM AVE. « CAMBRIDGE 39, MASS.

Sir:

Mr. Schjelderup seems to deal with the
loudness control problem in an intelligent
way, which also seems to support tacitly
the views expressed in my previous letter
(£, May 1952).

I see no objection to the provision of
compensation as is here suggested—by a
separate control that is not tied to the vol-
ume control. It should be pointed out that
this kind of separate compensation control
provides the listener with a highly desir-
able opportunity to select for himself the
conditions under which he would like to
imagine the recording to have been made.
Mr. Schjelderup’s example of symphonic
music which has an original level of 90 db
and which must be played back at 50 db
to meet living room conditions indicates
that the compensator be set at the “40-db”
setting. Notice that if the compensation is
so used, we have assumed that what we
want is a “scaled down” reproduction of
the balance that we hear at 90 db--that is,
close-up to the orchestra. If a listener
chooses to assume that what he wants in
his living room is the sound of the orches-
tra heard at such a great distance that the
level would be only 50 db (as might be the
case well back in a large hall) the 50-db
living room level is then correctly balanced
without compensation. In other words, ro-
tating the compensator will tend to move
the sound source closer up or farther back.
My choice would be to set the source's ap-
parent distance to match its loudness level
at my ears (that is, with no compensation)
but others who might prefer otherwise
would be able to make an adjustment ac-
cordingly.

This may seem too involved a concept to
explain to the average home-music listener
but if he is simply told to adjust the vol-
ume control first to the desired level and
then to adjust the compensator so that the
music “sounds right” the desired purpose
will have been achieved. The samie results
could be achieved with tone controls having
the proper curves, but the single control
adjusting both ends of the spectrum to-
gether probably has advantages and leaves
the tone contro! action available to com-
pensate for other deficiencies that may be
present.

Joun F. Pue

615 Hudson St.,

New York 14, N. Y.
(Mr. Pile’s solution falls short on one
point in our opinion. A given recording of
an orchestra for example, has a single and
fived “distance” which is deterniined by the
microphone placement. If a “close-to” re-
cording, originally at a 90-db level, is
played at a level equivalent to that at the
back of the concert hall, it will still have
the “close-10” acoustical quality. No
amount of frequency compensation can
make such a recording sound as though it
was heard at the back of the hall without
the addition of reverberation. Eb.)

SEE PAGE 76
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THE MAURER 16~ TAKES
THE HIGH ROAD, TOO!

FAREIE VY R e

It’s a high road to Scotland for a
commercial documentary ... high in
tire and expens2s. Results must be

perfect! So Ken Richter, filming “The Eomance of Silver

Design” for Reed and Barton, uses the Maurer “16” ...
g

as you’d expect. Professionals everywhere use the camera

designed for professional work. Study the unique

features of the Maurer “16.”

®
maurer
#eand finor molion Pilarsys,

THE 16MM. SBUND-ON-FILM RECORDING

SYSTEM combines the highest hdelity in
l6mm. recording practice with wide flexi-
bility and extreme simnplicity of operation.

Q'o l‘o DI[“I“E“’ INC.

37-01 31st Street, Long Island City 1, New York
1107 South Robertson Bivd., Los Angeles 35, California

AUDIO ENGINEERING e NOVEMBER, 1952

THE MAURER 16MM., designed specifically

for professional use, equipped with pre.
cision high-power focusing and view-finder,
Standard equipment includes: 235% dis-
solving shutter, automatic fade control,
view findder, sunshade and filter holder, one
400.feot gear-driven hlm magazine, a 60-

cycle 115-volt synckronous motor, one
8-frame handcrank, power cable and a
lightweight carrying case,
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THE MODEL F PRIME RECORBING. OPTICAL
SYSTEM AND GALVANONETER. A complete

light modulating unit for reecording seund
photograpkically npen standard film, re-
«uires no special servicing or spare parts
{other than recording lamp),

CABLE ADDRESS:
JAMAURER
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AI.I.IED 4

Largest Selection of
_ Professional and
| Home Quality Audio
Components

? i‘ﬁﬁ»ﬁ g
¢ The new ALLIED cumlég is your best
i buymg gyude to the: %orhd s largest,
i latesh;}:nd rost complete selection
gﬁ -of gudin equipment. All meondnf
+ high-fidelity ines are"featured. i
All equipment, including professmrm!
quality cornpe;"{ents, is avaitable from
ﬁsfock WhHatever your needs, you can ¢
= count on ALLIED for quick,
m'alligunt, complete service . . .

¥

.
K

NEW .. . send forit...
236 page 1953 cataley

S

%

.‘I’i riunily an “Amliu. Fair”.

» Complete home music systems
s All famous-make amplifiers
¢+ "o Hundreds of speakers and
% enclosures
> & Widest selection of tuners
» Everything in phono
components
# Tape and disc recorders
i # Fullest microphone listings

e

If it's anything in AUDIO—
'f‘ It's avallable at ALLIED!

SEND FOR #

FREE cATALOG :
ALLIED RADIO_CORP.

=
Dept. 17-L-2, Chicago 7,

I £
833 W. Jackson Bivd.,
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The Frudd

N

Audio System

D. B. FRUDD*

A description of a unique audio system
for those who really desire perfection.

definitely in a class by itself. Other

systems have been advertised as 99.99
per cent perfect. This goes one step
better. Hi-Fi men, are you with me?

Hundreds of articles have been writ-
ten on audio systems; the author has
simply taken the best features of all of
them, in constructing his own. First, a
brief word on theory.

What are the characteristics of a good
sound reproduction system? A few
moments spent on clarifying this sub-
ject will be of great value to the layman.
To satisfy the requirements of the most
discerning listener, the system must, of
course, have “presence.” In addition, it
should be ‘“crisp” and ‘“clean” and
should lack “fuzz” and ‘“hangover.”
After considerable thought, the author
has coined a new, over-all descriptive
term, which is definitely a property of
the author’s system—that is, “feeling.”
Like presence, crispness, cleanness, etc.,
“feeling” fortunately cannot be meas-
ured too well in prosaic engineering
terms, but to the sensitive souls, those
with the golden ears, “feeling” will come
as a revelation. “Feeling” may best be
described as the ability of the audio
system to place the listener inside the
music. As one well-known musician
said, on hearing a live FM concert on
the author’s system, “It is as if I were
wrapped up in the G clef.”

So much for theory. Now refer to
Fig. 1 for the details. Unfortunately,
no circuit diagrams could be included
in this discussion, due to certain out-
standing litigations on patents which
have not been settled.

First, the output stage. Even though
only ten watts output was required, it
was felt that instantaneous power peaks
attain values of several hundred watts.
After considerable thought, it was de-
cided to use a pair of 211’s in push-pull.
These have the advantages of being air-
cooled triodes with ample power hand-
ling capacity. Also, air-cooled triodes
are preferred over water-cooled tubes
since they avoid unsightly water piping
in the living room.?

Since the 211 requires a grid voltage
of —100 volts, transformer coupling to
the driver stage is preferable. This
brings us to the subject of transformers.

Tm: AUDIO SYSTEM presented here is

*¢/o Eric Winston, 7814 Provident Rd.,
Philadelphia 19, Pa.

1D. B. Frudd “Water-cooled triodes for
the Hi-Fi fan,” Wireless thtaxy, Sept.
1946.

After careful listening tests and meas-
urements, it was found that no com-
mercial transformers were adequate for
the presence, cleanness, and feeling de-
sired. Therefore, the author was forced
to wind his own (input and output).
Details of the construction may appear
in a later issue, but suffice to say they
are of hyper-toroidal, quadrifilar design,
with a double feedback winding, wound
on an old turret lathe which happened
to be in the author’s garage. (Nearly
everybody else uses cores to wind trans-
formers on. Ep.)

After considerable thought, 1642’s in
push-pull parallel were chosen as a
driver stage. While this may seem a lit-
tle unconventional, the superiority of
this tube, with or without bias, is be-

QUTPUT

Fig. 1. Circuit schematic of the Frudd Audio
System. Parts not shown are restricted because
of patent litigations.

yond any argument. The driver stage is
driven by a 6SN7, for reasons of econ-
omy. The 6SN7 is preceded by three
6SQ7 phase inverters. This particular
departure from convention has really
paid off in listening enjoyment. The
three inverters are respectively catho-
dyne, floating paraphase, and voltage-
tap feedback, and serve the purpose of
balancing voltage fluctuations caused by
filament deterioration.

The preamplifier unit was built after
discarding dozens of circuits which
simply did not reach the standards of
perfection desired. The pre-amp consists
of four 12AX7’s, cathode coupled, with
a simple switching system to permit
removing the cathode coupling, and
inserting plate coupling for those few
records where turnover frequency is be-
tween 6 and 10 db below minimum.
Cathode coupling simply won’t do for
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Model 403C

An AMPEX is always
ready to go

— Even after thousands of
hours of service

Supreme reliability is the most important quality your
tape recorder can have — whether your station is 250
watts or 50,000 watts. Countless operators have found
that AMPEX eliminates the fussing, the adjustments, and
the uncertainty they had previously suffered in using tape
recorders that were “built to a price.”

The AMPEX 400 Series Recorder is the one outstanding
bargain in tape recorder service. It costs least per hour of
use; it minimizes maintenance and adjustment; it protects
your programs from the hazard of sudden failure; and its
reliability frees your engineer’s attention for other tasks.

Even after thousands of hours of service, your AMPEX
Recorder will be reliable in these important ways:

® When you press the button, it operates

® Program timing stays accurate

® Starting, stopping, and rewind will operate smoothly
® Fidelity will still be high

® Maintenance costs will still be low

For new broadcast application bulletin, write Dept.

AMPEX

Mode/ 403P

If you plan for tomorrow, buy an AMPEX today.

AUDIO ENGINEERING e NOVEMBER, 1952

MAGNETIC RECORDERS

AMPEX ELECTRIC CORPORATION
934 CHARTER STREET + REDWOOD CITY, CALIF.
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Astatic Announces

EXTRA
HIGH

OUTPUT

PICKUP CARTRIDGES

JE XTRA HIGH output,
velvet-smooth response, su-
perb tracking, low needle talk
—all of the most desirable
characteristics are present, to
an unbelievable degree, in

these new " cartridges. They
comprise two different Astatic
Cartridge Series — models be-

ginning with number 14 have
reqular crystal element, and those beginning with 15 employ
a series crystal for still higher output. Check the performance
data in the accompanying tables. Then, test and compare this
fine new Astatic achievement.

Models 14L3 and
15L3 Single Needle

Models 14L3-D
and 15L3-D
/e Double Needle Turnover

SPECIFICATIONS
Minimum | Output Voliage Approx.
Model ‘ E!;menl Needle |  1.000 c.p.s. N,I?(:‘”e For Record N'elt Wi
‘ ype Pressure 1.0 Meg. Load vpe in Grams
14L3-D l Crystal 10 gr. 2.8" R (Dual) | 33%, 45 and 9
{ 2.4% R.78 78 RPM
15L3-D Crystal 10 gr. ! 4.0* R (Dual) | 33Y3,45and 9
| 3.5t R-78 78 RPM
14L3 | Crystal 10 gr. | 2.4% R 33Y5. 45 RPM 9
15L3 | Crystal 10 gr. ‘ 3.5¢ R | 3313, 45 RPM 9
14L3-78 Crystal l 10 gr. 2.87 R-78 78 RPM 9
15L3-78 Crystal 10 gr. 4.0° R.78 78 RPM 9
14L3-AG | Crystal 10 gr. 2.8* R-AG"* 33Va, 45 and 9
[ 2.4% 78 RPM
15L3-AG | Crystal ’ 10 gr. 4.0" | 33Y5, 45 and )
3.5¢ 78 RPM

* Audiotone 78-1 Test Record fRCA 12-5-31V Test Record

EXPORT
DEPARTMENT
401 Broadway,
New York 13, N. Y.
Cable Address:
ASTATIC, New York

14

** All-Purpose Needle

New Astatic "R” Needle Used

Especially designed for all 14L3 and 15L3
Series Cartridges. Tips are precious metal.
The “R"” Needle has one-mil tip radius, the
“R-78" has all-groove universal tip. Have a
keyed stem and friction sleeve holder, as in
the famous Astatic Type “Q” Needle, for
simple replacement. Figure 1 is a close-up
of stem and sleeve. Figure 2 shows needle
lifted from socket by gentle pry with penknife.
Gentle pressure at base of needle shank with
blade inserts new needle firmly.

Astatic crystal devices manufactured under Brush Development Co. patents

slédic

THEz
@;@ CONNEAUT, OHIO

CORPORATION

IN CANADA CANADIAN ASTATIC LT0. TORONTO, ONTARIO

this case. RC filters in the plate circuits
compensate for recording peculiarities;
these are so designed that the phase shift
is negligible hetween 12 and 16,000 cps.
It has been found that the addition of
another 12AX7 can extend this range
to 10-16.000 cps, but this stage was
omitted for reasons of economy. A sim-
ple switching arrangement is incorpo-
rated in the pre-amp, to eliminate the
plate RC networks and substitute grid
RC networks. This should be done for
those few cases where turnover fre-
quency has not compensated for roll-
off.

The author has managed to cut
through the fog of shibboleth and igno-
rance concerning the loudspeaker ques-
tion. Undoubtedly, the speaker is the
medium by which the “feel” of the
amplifier is to reach the human ear.
However, it is felt that the term ‘“‘ear”
has been oversimplified in the audio
field. Tests have shown that the ear is
only one medium of introducing sounds
to the brain; often, sympathetic vibra-
tion of the parietal will seemingly inten-
sify the lower registers. The author has
found that an enclosure of eleven cubic
feet in the shape of a logarithm is en-

| tirely satisfactory to accommodate both

ear and parietal bone listening. I'wo
fifteen-inch woofers, two eight-inch
speakers, and a bi-axial tweeter are
used in the author’s system. It has been
found that the speakers nced not be
mounted in the enclosure—merely piling
them at random on the floor will ensure
an unexcelled blend of tonal quality and
“feel” Speakers should be electrically
connected to the amplifier although this
is not necessary. The inclusion of sev-
eral nnconnected speakers on the pile
in the enclosure has often helped in
achieving superior tonal balance.

What about feedback? Yes, feedback
loops are an integral part of the author’s
amplitier. Seventeen internal, and three
external loops result in the incredibly
low value of .0001 ohms over-all internal
amplifier resistance presented to the
speakers.?

A word or two about construction.
Utmost rigidity is a must for high-qual-
ity systems with “feel” The author has
found that best results were obtained by
building the whole amplifier unit in a
solid block of aluminum 247" x 12 x 8”7,
hollowing out where necessary for
placement of parts. This gives ireedom
from vibration, good shielding, and a
certain ieceling of triumph when the
parts are mounted.

Turther details can be furnished for
True Believers, and those not violently
prejudiced Dby proiessional jealousy.

:D. B. Frudd, “The measurement of in-
credibly low impedances,” Wireless Fan-
tasy, Jan. 1948.

QUALITY

SEE PAGE 76
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fo the E.E.OF PHYSICS GRADUATE

with experience in

RADAR OR ELECTRONICS

Hughes Research and Development Laboratories,

creating a number of new openings N

in an important phuse of its operation.

one of the nation’s large electronics organizations, is now PR

Here is what one of these positions offers yvou:

1. THE COMPANY

Hughes Research and Develop-
ment Laboratories is located in
Southern California. We are pres-
ently engaged in the development
of advanced radar devices, electron-
ic computers and guided missiles.

2. THE NEW OPENINGS

The positions are for men who will
serve as technical advisors to the
companies and government agencies
purchasing Hughes equipment.
Your specific job would be to help
insure the successful operation

of our equipment in the field.

3. THE TRAINING

Upon joining our organization,

you will work in our Laboratories
for several months until you are
thoroughly familiar with the
equipment you will later help the
Services to understand and

properly employ.
4.WHERE YOU WORK

After your period of training (at
full pay), you may (1) remain with
the company Laboratories in
Southern California in an instruc-
tion or administrative capacity,

(2) become the Hughes representa-
tive at a company where our
equipment is being installed, or

(3) be the Hughes representative

at a military base in this country —

HOW TO APPLY

or overseas (single men only).
Compensation is made for traveling
and for moving household effects,
and married men keep their
families with them at all times.

5. YOUR FUTURE

You will gain all-around experience
that will increase your value to

the company as it further expands
in the field of electronics. The

next few years are certain to see a
large-scale commercial employment
of electronic systems—and your
training in the most advanced
electronic techniques now will
qualify you for even more
important positions then.

If you are under thirty-five years of
age, and if you have an E. E. or
Physics degree, with some experience

< in radar or electronics,

write to:

g HUGHES

RESEARCH AND DEVELOPMENT LABORATORIES

Assurance is required

that relocation of the applicant will not cause

disruption of an urgent military project.
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Engineering Personnel Department

CULVER CITY,LOS ANGELES COUNTY, CALIFORNIA
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EDITORS REPORT

THE AUDIO FAIRS

OR FOUR YEARS now, we have devoted considerable

F space to each of the Audio Fairs as they come along.

Now, almost on the eve of the fourth—and biggest

to date—there is little more to say. All the preparations

are made, everything is in readiness, and by the time
niost of AVs readers see this page, it will all be over.

Atter a hectic four days, with much walking and talk-
ing and listening and looking, we ask ourselves, “\What
is this all about?” So we take a few minutes to think it
over, and try to rationalize this new industry affair, and
see what it does mean—to the manufacturer, the de-
signer, the distributor, and the ultimate user. And we
conie up with sonie interesting viewpoints. ’

The manufaturer learns hrst-hand just what the
buyer wants because he is able in just a few days to talk
to more interested people than he would normally en-
counter in a year's contacts with his usual trade outlets
and their customers. The designer finds out just what
the buyer considers important in the search for the ul-
timate 1 sound quality, and he is able to direct his ef-
forts toward satisfying the potential user. The distrib-
utor learns what equipment is favored by the buyer, and
can determine how he will order for the ensuing sea-
son’s requirements. And finally, the buyer—the ultimate
user—can see and hear, all in one place and at one time,
all the many products of all the manufacturers.

Visitors to the Fair will note an increased number of
exhibitors—both manufacturers and distributors. They
may wonder just how long this expansion can go on.
The simple truth is that the demand for high-quality
equipment has increased over the past five years more
rapidly than the manufacturers’ output. And while it
may appear that everybody is getting into the audio act,
there are still plenty of customers to absorl their prod-
ucts. Thus while the number of lines increases, the de-
mand goes up just as fast, and a majority of producers
of equipment are busy the year around.

Just how far the market can increase before the set
manufacturer—the mass producers of radio and TV sets
who have so long considered the “hi-fi” movement only
a passing fad—see the handwriting on the wall is a
matter for considerable thought. Frankly, A does not
believe that the hi-fi market is suited to mass produc-
tion and existing distribution methods in the home in-
strument field. Present distribution methods in the com-
ponents field are adequate, and with some streamlining
should serve for years to come. As to manufacturing, it
must be admitted that hi-fi equipment is turned out with
a higher standard of craftsmanship than the radio set
manufacturers have yet achieved, and the quality of
hi-fi components is far superior. Even the least expen-
sive of the custom-type amplifiers is considerably better
than most of the “carriage-trade” radio-phonograph
combinations employ, and the real hobbyist wouldn't

16

consider paying less than ten to fifteen dollars for a
loudspeaker—and many of them spend ten, twenty, or
even fifty times that much for a speaker system in a
good enclosure. Compare that to the cost of a typical
speaker in the better radio sets. The answer is—in A’s
opinion—that if you build a better anything than some-
body else, you can well afford a four-lane highway to
your factory door.

BINAURAL BROADCASTS

One sure way to learn anything in this business is to
make an observation in this column. If it's wrong, we
are sure to be set right—and quickly. Some months ago,
the binaural broadcast presented during the Chicago
Audio Fair was referred to as the first to be staged by
a commercial station. It appears we were slightly wrong.
\We have been advised from several sources—and most
recently from Arkansas—that we didn’t know what we
were talking about.

The Arkansas contender—the earliest of which we
have record so far—is KUOA, AM and FM, with the
statement of their program for 11:45 a.m. on March
28 of this year. This program consisted of piano and
organ, and was announced by Dick McCartney, then
manager of the stations—which are owned by John
Brown University of Siloam Springs, and operated
commercially. They are affiliated with the Mutual
Broadcasting Systenu.

Can anyone beat that date? If so, we'll undoubtedly
hear about it. Be that as it may, we have our eye on
what may possibly repeat possibly be the first network
binaural broadcast in the United States. Or should we
play safe and say in the northeast? More about that n
the December issue.

HOW MUCH POWER?

While one reader says he won’t connect a 25-watt
amplifier to his speaker system, others are beginning to
doubt that ten or even twenty-five watts of power is
enough to provide a satisfactory margin for ordinary
listening level in the home. In any case—whether you
are satisfied with two watts, or whether you want fifty
to ensure sufficient power to handle the peaks without
distortion—you may find the Sarser-Sprinkle article on
the 6146 amplifier of interest. Perhaps we have all been
using a clock motor where a locomotive would serve
s better.

COINCIDENCE?

For what it may be worth, and with no further com-
ment, let it be here reported that a number of commit-
tees of the American Psychiatric Association are hold-
ing meetings at Hotel New Yorker from October 30 to
November 1—the place and time of the Audio Fair.
Does anybody wanta make something out of that?

AUDIO ENGINEERING e NOVEMBER, 1952



r%%w%m%w%%ﬁwz

/
& @& @ @

. it comes to you
in the subtle shading of a piano . ..

in the clean brilliance of violins,

the purity of a flute. Your ear detects

the sweet mellowness of cellos,

the roundness of a clarinet . . .

yes, even the iridescense of clashing cymba[s.
And, as the symphony swells to crescendo.
its dynamic energy adds a flood of color

to your musical canvas.

For those who can hear the difference,
these are the elusive p'feasmes

that often remain hidden

in the grooves of fine recordings.
These are the thri“ing

new [istening experiences

that are released for your enjoyment
when you use quality components by Picl(ering.

PICKERING COMPONENTS
f%@ lhose tehio car|frear

PICRERING ana company, incorporated

® Pickering High Fidelity Components are
available through leading Radio Parts dis-
tributors everywhere, detailed literature
sent upon request. Address Department A 1

Oceanside, L. I., New York ! H H “ |! H HHH,}Q
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Starting electronic nose on

' its way. It is pulled from pole
i1 to pole by line extending
b toward the ground. Previously
workmen had to paint the

cable with soap solution, so bubbles

would disclose leaks.

THIS
ELECTRONIC NOSE %
SNIFFS OUT
LEAKS

For test, the cabfe is cleared of pro-
tective nitrogen o6r air, and filled
with Freon gas. Case at left collects
escaping gas which operates Freon-
sensitive detector underneath. At
points where Freon escapes through
sheath cracks, the box at right—a
combined control unit and power
supply—rings a bell. Workmen mark

the point of leak for later repair.

A prer years of buffeting by the wind, even
tough telephone cable sometimes shows its age. Here
and there the lead sheath may crack from fatigue or
wear through at support points. Before moisture can
enter to damage vital insulation, leaks must be located
and sealed.

To speed detection, Bell Laboratories scientists
constructed an electronic nose which sniffs out the leaks.
Using an electrically operated element developed by the

General Electric Company, the device detects leaks of
as little as 1/100 cubic foot per day. Sheath inspection
can be stepped up to 120 feet per minute.

Thus Bell scientists add findings in other fields to
their own original research in ways to make your tele-
phone system serve you better. On the other hand their
discoveries are often used by other industries. Sharing
of scientific information adds greatly to the over-all
scientific and technological strength of America.

BELL TELEPHONE LABORATORIES

Improving telephone service for America provides careers for creative men in scientific and technical fields



The Maestro—aPOWER Amplifier

DAVID SARSER* and MELVIN C. SPRINKLE**

A new version of the now famous Musician’s Amplifier which should satisfy anyone’s desires for
more power—and which uses a newly developed tube type with modest plate supply requirements.

defines maestro as “a master in

any art, especially music.” This
name is particularly appropriate to this
amplifier, shown in Fig. 1, for it com-
bines the best properties of the now
famous Musician’s Amplifier with a
prodigious increase in power output. It
is truly the master of the art of recreat-
ing music by electronic means.

The success of the Musician’s Ampli-
fier! is too well known to require re-
peating, but certain specialized appli-
cations have heen encountered in which
it did not fill the bill. We have in mind
its power output, for its response, low
distortion, and low noise level leave little
to be desired for home music listening.

One application for which it is not
entirely adequate is as a driver for a
disc recording head. The low distortion
makes the Musician’s Amplifier attrac-
tive, but it falls short on power, espe-
cially when making LP discs where pre-
emphasis is required. The considerations
on power for disc recording are well
known and have been mentioned by these
writers previously.?

The development of FM broadcasting,
modern LP rccords, and tape equipment
has set new standards for dynamic range
in reproduced music. It is now necessary
to re-appraise the power required for
critical listening. In the past, the pro-

N 0AH WEBSTER, in his book of words,

*548 Riverside Drive, New York 27,
N. V.

** Chief Engineer, Shrader Mfg. Co.,
2803 M St., N.W., Washington 7, D. C.

1 Sarser and Sprinkle, “Musican’s am-
plifier,” Aupio ENGINEERING, Nov. 1949,

2 Sarser and Sprinkle, “Musician’s am-

plifier senior,” Aupio ENGINEERING, Jan.
1951,

Fig. 1. The Maestro amplifier—a new contender for high-quality sound reproduction in the
home, ot for disc-recording cutter driving, or for any application where up to 90 watts is
required.

granl material was compressed to a 35-
or 40-db range and maximum power
could he handled easily by the conven-
tional “15-watt” amplifier. Today’s trend
is toward elimination of compression.
Therefore it is necessary to increase the
power delivery of the amiplifying system.

A typical exaniple is in a recent re-
cording of Ponchielli’s “Dance of the
Hours.” In this selection, the pianissimo
‘cello solo passage is repeatedly inter-
rupted by a crashing chord played by
the entire orchestra. With the usual 10-
to 15-watt amplifier, the chord is heard,
but without sufficient definition to suit
the fastidious listener. In order to dis-
tinguish between the various choirs of
the orchestra playing this chord, which
the trained ear can do in a concert hall,
it is necessary that considerable power
be available. A measurement of the peak
produced by the chord shows around 22
db of change in instantaneous power.
This is not, however, a true measure of
the peak but is an integrated reading.
This means that an amplifier of around

Fig. 2. Comparative
size of the new RCA
6146 alongside the
5881 and the KT-66.
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100 watts is required. Since this chord
contains fundamental frequencies be-
tween 30 and 4000 cps, it may be seen
that full power is required at these fre-
quencies. In addition to power over this
range, “clean” power is required up to
at least 15,000 cps for disc recording as
considered previously. Hence, we have
looked toward the development of an
amplifier which would combine the low
distortion, low noise. and wide range of
the Musician’s Amplifier, with substan-
tially increased power output.

While the Musician’s Amnplifier
Senior? was a step in the right direction,
it had several shortcomings: it is large
in size; it requires a power supply much
like a transmitter, and which can be
lethal; it requires a power aniplifier as
a driver; and it is like all Class A am-
plifiers—inefficient. And in high-power
amplifiers, efficiency becomes important.

New Tube Gives Clue

The recent announcement of the type
6146 by RCA pointed toward a solution
of the need for more power with com-
paratively simple circuit design. This
tube is a beam-power amplifier tube pri-
marily intended for transmitter use. As
shown in Fig. 2 in comparison with the
5881 and the KT-66, it is small in size,
sturdily constructed; and it has a high
power sensitivity, It can be used in a
number of transmitter applications, but
RCA’s data sheet indicates that it will
also serve as an audio power amplifier
or modulator, Class AB. This data sheet
recommends—under ideal conditions
such as perfectly regulated power sup-
plies—that a pair of 6146’s be operated
with a plate voltage of 750 and a screen
voltage of 200. This requires a fixed bias
of 50 volts and a plate-to-plate load of
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Fig. 3. Complete schematic of the Maestro.

8000 ohms. Under these conditions, the
power output is approximately 120 watts
into a plate-to-plate resistor. As a prac-
tical matter, we have departed slightly
from these conditions and obtained a
sine-wave power output of 90 watts from
25 to 30,000 cps. All this and Class AB,
too, with no driver and no grid-current
problems. The 6146 can be operated
readily with resistance coupling from a
voltage amplifier—and thus may be said
to be a “jolly good bottle.”

Having found a satisfactory tube type,
the next problem was to find a suitable
output transformer. Search of trans-
former catalogs failed to reveal one
which would meet all requirements, so
a conference was held with E. B. Harri-
son, of Peerless. On hearing the prob-
lem he said, “I think I can do it.” Sub-
sequently he has admitted it was a tough
one. However, Harrison designed and
built an output transformer for the 6146,

Note similarity to the Musician's amplifier.

and although originally built especially
for this first amplifier, it is now in the
Peerless line as type S-268-Q. When
tested in a matched network, the re-
sponse is within 1 db from 10 cps to
100,000 cps. Primary impedance is 8000
ohms, and it will handle 50 watts at 20
cps, and at least 80 watts mid-range.
When used in a feedback amplifier
where the source impedance is 10 per
cent or less of the reflected primary im-
pedance, the transformer will deliver
close to 80 watts with no visible dis-
tortion at 20 cps. Primary inductance at
5 volts, 60 cps, is greater than 200 hen-
ries, while at 80 watts the inductance is
aproximpately 800 henries, yet the leak-
age inductance referred to the primary
is around 7 mh. The d.c. resistance of
the primary is 115 ohms, and the inser-
tion loss around 7 per cent. Small in size
for its power rating this transformer
has proved to he excellent in perform-
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Fig. 4. Schematic of the No. 1 power supply,

which employs two conventional receiver power

transformers and the bias-supply transformer.
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ance, and will pass a 30,000 cps square
wave with a vertical rise and a flat top.

The Voltage Amplifier

Large triodes like the 845 have a high
bias, and transformer coupling is almost
a necessity. A power amplifier of some
size is also required to produce the
necessary voltage. The 6146, in common
with other beam tubes, operates at a
reasonable bias of 50 volts. It requires
around 35 volts r.m.s. per tube, or 70
volts for a push-pull pair for grid ex-
citation, and this is quite in line with
the 807 or 5881 drive requirements in
the Musician’s Amplifer. Thus, the
voltage amplifier of the earlier ampli-
fier was adopted without change, as is
observed from the schematic, Fig. 3.

Design of the power supply proved to
be a bigger job. In the Musician’s Am-
piifier Senior, the power supply re-
sembled that of a small transmitter, and
the problem was current capacity and
high voltage. In the Maestro amplifier,
the problem is regulation, since opera-
tion is Class AB. According to the data
sheet, the plate current for a pair of
tubes goes from a quiescent 57 ma to a
peak of 227 ma, while the screen cur-
rent changes from 1 ma quiescent to 27
ma at 120 watts. Another problem was
to obtain the 750 volts with the choke
input that good regulation dictates. One
solution was found by using two re-
ceiver-type transformers with the high-
voltage windings in series. The pri-
maries are paralleled across 117 volts
a.c. and the secondaries are phased so
as to obtain 1600 volts r.m.s. from recti-
fier plate to plate. The two-transformer
scheme also provides the several 6.3-volt
heater windings which are required.

The rectifiers employed are the high-
vacuum, high-voltage SR4GY, ideal for
heavy-duty use. Two are used in parallel.
In preliminary work, a swinging choke
was used as input to the filter but it was
found that a conventional smoothing
choke works just as well. The require-
ments of sufficient minimum inductance
and low d.c. resistance are met by the
unit selected. The single high-voltage
filter capacitor is oil filled.

One of the important requirements in
obtaining high quality from beam tubes
is regulation of screen voltage. This is
not always mentioned in connection with
amplifier construction articles and so
does not receive the recognition it de-
serves. In our preliminary work we used
VR tubes to regulate the screen voltage
but had poor luck. By the time the
screen voltage was stable, the VR tubes
were well past their rated currents.
Therefore the VR tubes were abandoned
and an electronically regulated supply
installed. A triode-connected 5881 is
used as a pass tube, and a 65]7 is used
as the control tube, with a VR-75 sup-
plying the reference voltage. Bleeder
current is passed through the VR-75 so
that changes in 6SJ7 current have no
effect.

Power Supply Circuits

Referring to the schematics for the
power supplies—Figs. 4 and 5—it will
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be noted that the screen supply circuits
are similar. During the development
program, two types of power supplies
were constructed. The first type used
two receiver-type power transiormers,
with the high-voltage windings series-
connected. The second employed a stand-
ard type of plate transformer which de-
livers 900 volts each side of center tap.
This latter unit has a streamlined ap-
pearance, and results in an attractive
power supply, but a number of extra
filament transformers must be employed.
Figure 4 shows the schematic of the
two-transformer supply, with a number
of filament windings being available on
the existing transformers. Figure 5
shows the unit employing the single
plate transformer with a multiplicity of
filament transformers. There are ad-
vantages to, both arrangements, but
aside from the differences in trans-
former conections, the remainder of tle
power-supply circuit is essentially iden-
tical in both types of construction.
Referring to the regulator circuit, it
is seen that the potentiometer P, is
used to set the output voltage to exactly
200 volts—although it may be set any-
where in the range from 150 to 250
volts. Changes in input voltage have no
effect. It will also be noted that the
6146’s are operated with fixed bias. To
provide this, a separate circuit is em-
ployed, using the 1-to-1 isolation trans-
former and a 75-ma selenium rectifier.
Another VR-75 tube is used to stabilize
this voltage, and enough current is
drawn to make it steady. Two potenti-
ometers, P, and P,, are used in the am-
plifier to balance plate currents as well
as to set the bias. Note that the positive
side of the bias supply is grounded;
therefore, the anode of the VR-75 shouid
be grounded, and the cathode connected
to the negative side of the bias supply.
A 100-watt, 10,000-ohm bleeder re-
sistor is used to supply the 400-volt re-
quirements of the regulated screen sup-
ply and the 375-volt requirements for the
voltage amplifier. Details of the circuit
are seen in the schematic, with the parts
listed at the end of the article. 10-contact
Jones plugs are used to interconnect the
amplifier and the power supply. No
trouble has been encountered in cabling
the 750-volt plate supply with the other
wiring, but care should be taken to place
all live connections on female connectors.

Performance ]

The performance of the Maestro am-
plifier fully justities the name. The gen-
eral requirements for {requency re-
sponse, power output, distortion, and
noise have been stated, and the results
will be considered in that order.

The frequency response was measured
with a 1000-ohm source resistance as
this is typical of the source impedance
of cathode followers used in the better
“front ends.” Under these conditions,
the response is flat with no perceptible
variation from 10 to 70,000 cps. There
is a 1.5-db rise at 5 cps, and there is a
droop of 0.6 db at 100,000 cps. These
frequencies represent the limits of our
present measuring equipment. From the
smoothness and steepness of the square-
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wave transmission, it appears that the
response is better than the measured
value. The completed amplifier passes
s(uare waves even better than the Musi-
cian’s Amplifier, up to a 10,000-cps
fundamental. At 30,000 cps the rise time
is still vertical while preserving a flat
top.

The single-frequency power output at
1000 cps is 90.2 watts, as shown in Fig.
6. This is just before the sine wave be-
gins to be clipped, and when clipping
does occur the clip is clean and sum-
metrical. There is no “fuzz” when the
amplifier overloads. Full 90 watts is
obtained at all frequencies from 25 to
20,000 cps with a smooth decline begin-
ning at 30.000 cps, the 3-db-down point
being at 40,000 cps. At low frequencies,
the 3-db-down point is at 10 cps. The
low-frequency performance’ of the am-

plifier when feeding a speaker load is
superb.

The low distortion of the Maestro
makes it a worthy part of a high-quality
music installation. Using the power out-
put as read on the IM set meter shows
an IM distortion of 4 per cent only 1 db
below 90 watts; at 2 db below 90 watts,
the IM distortion is only 2 per cent, as
shown graphically by the solid curve of
Fig. 7. An important consideration in
analyzing IM curves is the location of
the “break” from a low-distortion flat
portion of the curve to the upward bend.
The ideal curve as a function of power
would be horizontal up to the break
point, then would rise sharply upward.
This is the type of curve obtained from
the Maestro. The break occurs at around

[Continued on page 86]

Fig. 7. Intermodula-
tion distortion curves
for the Maestro. The
solid curve represents
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Theory and Construction of a
Harmonic Distortion Meter

GEORGE ELLIS JONES JR.*

Measurements on amplifier performance require various types of equip-
ment. The author describes an instrument which can be built readily
by the experimenter and which will provide considerable information.

simple but effective intermodula-

tion distortion equipment, the
author wanted a harmonic distortion
analyzer to round out his equipment
line up. The unit whose design and con-
struction are outlined herein is the re-
sult of this desire.

This instrument will measure distor-
tion using fundamentals from 16 to 20,-
000 cps. Lack of an electronically regu-
lated power supply and backlash in the
tuning controls make the null adjust-
ment too critical for convenient work
with distortions helow 1 per cent. Since
the best power amplifiers available to-
day will oiten not develop even that
much distortion until but slightly be-
low the level at which output stage
grid clipping occurs, this meter is not
well suited for checking really good
amplifiers. However, by the same token,
few of the available sine wave gener-
ators provide a pure-enough output for
such testing. The author’s generator
produces about 0.5 per cent distortion
(mostly seconds), and on more than one
occasion less distortion has been ob-
tained from a power amplifier than was
present in the generator driving the
unit. Although this distortion analyzer
is more difficult to null than commercial
equipment of comparable sensitivity, it
does afford excellent selectivity and
flexibility.

The technique for using frequency-
selective feedback loops to improve
filter action is well covered in the
literature.** One such scheme is shown
in the simplified schematic diagram of
Fig. 3. Vacuum tubes ¥: and V: consti-
tute an ordinary voltage amplifier. De-
generative voltage feedback, developed
through resistor Ry,, helps to linearize
this amplifier. A wien bridge formed
by Cw,, Cw,, Rw, Ruw, floats between
plate and cathode of I’:. When the plate
load is twice the cathode load, a null
in transmission will occur at a fre-
quency, fo, given by the relationships:

fo=1/2xRw,RwyCw,Cuw,

D ESPITE THE POSSESSION of relatively

*73 Harwood Street, Pittsburgh 11, Pa.

1H. H. Scott, U. S. Patent 2,298,177,
Oct. 6, 1942.

2G. E. Valley and H. Wallman, “Vac-
uum Tube Amplifiers,” McGraw-Hill, 1948.
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Fig. 1. Panel view

of harmonic distor-

tion meter described
by the author.

where

RIUI:RJ C e sz Re=2Rbs
Following the Wien Dbridge is a third
stage of amplification, Vs, and a cath-
ode follower, V. A second voltage-feed-
back loop, this time around all feur
stages, is developed by having the frst
stage cathode resistor, K, also part of
the cathode load resistor, j,, of V.

It will be easier to understand the op-
eration of this circuit if its behavior
when moditied by removal of V', is first
considered. The gain from the grid of
Vi (input) to the cathode of V. (poiut
L) will be determined by the ratio of
Rf, to Ri and by the fact that R» is half
Ra. This gain is therefore approximately

Av=Ry, /2R

Fig. 2. Chassis ar-
rangement of the
meter, showing the
mounting of the dial
and the main null-
adjusting dual po-
tentiometer.

Similarly the gain from input to the
Wien bridge balance point (point D)
will be given through the relationship:

Av=A4.T

\\'hereT - -l
1-3;/1(f/fo) = (fo/F)]

Here fo is the null frequency of the
bridge and | represents any frequency.
It may be noted that when the input
consists of only the null frequency, the
gain to point DD is zero. At {frequencies
far removed from this null frequency
the gain to point D will rise from zero
and approach as a limit the gain to point
I.. The first two tubes together with
the bridge constitute a distortion meter
of sorts. When the bridge is tuned to
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Fig. 3. Simplified schematic of harmonic dis-
tortion meter.

the fundamental frequency of the input
signal we may measure the amplified
input signal at point L and the ampli-
fied signal minus the fundamental at
point D. Unfortunately the distortion
components of the input signal will ap-
pear alone at point D with less ampli-
tude than at point L, thereby giving an
erroneously low distortion indication.
This occurs because the bridge, in ad-
dition to nulling out the fundamental,
attenuates adjacent distortion frequency
signals. At twice or half the null fre-
quency, about 7 db of attenuation will
occur. Even at three times or one third
the null frequency the attenuation will
amount to about 3.5 db.

Null Sharpening

To improve the transmission away
from the null frequency, Vi is inserted
and the overall feedback loop becomes
of moment. Letting. As; represent the
gain of Vs, the following approxima-
tions are plausible. The gain from input
to output (cathode of Vi) when Vs is
connected to point L will be:

AL = AtAs/[] + ALAJ(R]C/ng)]

However, when Vs is connected to point
D the overall gain becomes:

Ao = AvAsT J[1+ ArAsT (Ri/R12)]

If T were unity the two overall gains
would be equal. At the null frequency
A’ will, of course, be zero. For distor-
tion analysis it is desirable to pass all
harmonics of the null frequency with
equal facility when either the L or the
D connection is made. Provided the
second harmonic is adequately handled,
all higher harmonics—assuming they
are within the pass band—will be like-
wise well treated. It is therefore desira-
ble that the ratio of 4’» to A’t be near
unity when f does not equal fo. This
ratio is given by the equations

5 P ALA‘S/[Z+ALAJ(RI; Rry)]
Ao/ A% T AAT T + ALA,T(I/eA?/Rﬁ]
When f is twice fo:

T=1/[1-3j/(2-1/2)1=1/(1-2))
Ao/ AL=1/{1-2j/[1+

At,As(RI:/ng)]}
Provided the quantity
[1+A.4s(Ri/Rr,) ]

is large the magnitude of this ratio will
be about:

A’ JA’L=1-2/[1+ ArAs(Rr/R13)]
In the author’s instrument:

Au=27/2  A:=100
Ri/Riy=1/33  A'o/A’.=095

Figure 4 is a plot of the transmission
characteristics for the entire unit, null
connected, as compared to that of a
Wien bridge alone. The increase in
selectivity is obvious.

Essentially the gain of the unit is
held constant by the overall feedback
loop despite rather significant variations
in the amplification inside the feedback
loop until the transmission through the
bridge network approaches and becomes
zero. Then no amount of overall feed-
back will hold the gain constant.

Operation

In operation the signal appearing at
the output when Vs is connected to L is
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Fig. 4. Curves showing selectivity of Wien
bridge and of the distortion meter using feed-
back around the bridge.

measured with an external a.c. meter.
This signal is essentially identical with
the input signal. The null connection is
made by switching Vs to point D, the
bridge is nulled, and the output again
noted. The ratio of the two outputs re-
flects the ratio of distortion to funda-
mental-plus-distortion. For example if
the L connection gave an output of 10
volts and the D connection an output of

0.1 volts the distortion would amount
to 1 per cent. The author uses an a.c.
voltmeter with full-scale deflections ex-
tending from 10 millivolts to 300 volts
in 10-db steps, It is therefore convenient
to set the input to give 10 volts output
when the L connection is made. If a
significantly greater output is taken a
certain amount of internal distortion
will be developed by the distortion meter
itself.

Figure 5 is a schematic of the unit
built by the author. Pentodes have been
used instead of triodes for Vi and Vs,
and triode-connected pentodes for It
and V.. The Wien bridge resistors are
two pairs of ganged potentiometers, for
coarse and fine tuning. Three pairs of
capacitors give overlapping frequency
ranges. The I« cathode resistor involves
a combination of fixed and variable
resistors to compensate for mistracking
of the Wien bridge. By a judicious se-
lection of coupling capacitors it has
been found possible to use a common
plate supply for all four stages. The
filter capacitor Cw» and the two grid
coupling capacitors Ce and Cs are the
critical reactances so far as low-fre-
quency oscillation is concerned. Ru
serves to isolate the distortion meter
from its output load.

Figure 1 shows the instrument panel.
The selector switch Vs is marked cAL
and NuLL and provides the I. and D
connections already discussed. The dual
concentric control marked BALANCE on
the control panel appears on the
schematic as resistors K and Ru, with
the latter the larger value—being con-
trolled by the outer knob. The dual
0.5-meg potentiometers, Rs and R are
rotated by the vernier drive unit. Trim-
mer action is provided by the dual 10-
meg potentiometers controlled by the
uppermost knob. Figure 2 is a rear view
of the unit showing the parts layout on
the chassis.

[Continued on page 79]
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Fig. 5. Over-all schematic of harmonic distortion meter described by the author.

AUDIO ENGINEERING e NOVEMBER, 1952

23



Measuring up an

Audio Transformer

N. H. CROWHURST*

Proper selection of a transformer for audio applications often requires
thorough measurement of its characteristics. The author describes the im-
portant measurements needed to determine its adaptability to certain uses.

N THE PRECEDING ARTICLE! the various
electrical properties having a bearing
on its performance were introduced.

This article covers the question of meas-
uring up these electrical properties. A
following one will deal with applying the
information so gained to obtain the best
performance from the transiormer. In-
telligent application of this method
proves far more direct than the “hit
and miss” method of trying various
values in circuit, and results in ultimate
time saving. The latter method may
never find the hest result.

Audio transformers can be divided
into two groups from the viewpoint of
the electrical properties contributed by
the presence of a core of magnetic ma-
terial : those in which no d.c. pelarizing
flows; and tliose with d.c. polarizing.

No D.C. Polarizing

In components designed for use with-
out d.c. polarizing, the core does not
have an air gap, but is made up to give
the lowest possible magnetic reluctance
for the material used. As a result less
turns are used on a winding for the
same working impedance, causing the
magnitude of core losses to affect per-
iormance appreciably. So for these com-
ponents, core loss should bhe measured in
addition to inductance, and at the same
time equivalent harmonic generation
should be investigated.

Measuring the mmpedance of a wind-
ing appears quite simple, using a com-
parison circuit such as that shown at
Fig. 1. Tmpedance magnitude is calcu-
lated from the ratio between readings

* 82 Canterbury Grove, London, S.E. 27,
England.

1“How good is an audio transformer,”
Aupio ENGINEERING, March, 1952.

V, and V,, while phase can be calcu-
lated from the three-voltmeter formula
known to power engineers. But in prac-
tice, results show inconsistency as dif-
ferent {frequencies or amplitudes are
explored. Even at the same frequency
and amplitude of signal, discrepancies
are noted when different values of series
resistor are used. So the results are
suspect. If an oscilloscope is used to ex-
amine the waveform across either the
resistor or the winding, the reason will
be revealed. Although the applied wave-
form has been checked as sinusoidal,
the transformer magnetizing current is
non-linear, with the result that the po-
tential drop across the resistor, and
hence also that across the winding, is
not sinusoidal; so voltage readings are
falsitied by the irregular wave shape.
For practical application, only sinus-
oidal signals are of value, so the next
method suggested uses the oscilloscope
to trace a pattern when the applied volt-
age is sinusoidal. The circuit is shown
at (A) in I'ig. 2. The series resistor, R,
used to obtain the Y deflection, has a
value such that its potential drop is small
compared to that across the winding.
Thus the waveform across the winding
is sensibly the same as the input wave-
form. Use of a ’scope amplitier for the
Y decflection produces a trace similar
to that shown at (B). To interpret this
result, the trace is first transferred to
squared paper. Then the ordinates are
measured off and used to produce graphs
against a time scale: a sinusoidal po-
tential (or more strictly, em.f.) wave is
plotted and used to locate X points along
the time axis; at the same points, the Y
ordinates for the original trace are set
up, and these points give a magnetizing
current curve, as at (C), in both wave-
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Fig. 3. Circuits such as these for balancing out the inductive reactance to find core losses are
also invalidated because of waveform troubles, and other difficulties.
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AF
OSCILLATOR

TRANSFORMER

UNDER TEST
Fig. 1. The simple three-voltmeter method

shown here can be used to find magnitude and
phase of magnetizing current, but the wave-
form may invalidate the readings.

form and phase relation to the e.m.f.
wave. This wavelorm can now be an-
alyzed for magnitude and phase of
fundamental, and percentage harmonic
generated.

With care, time and patience, this
method can yield good resuits. But some-
thing more direct is desirable. Without
bothering with all the analysis, calibra-
tion of trace amplitude will find the mag-
nitude of magnetizing current, and from
this a rough approximation of induct-
ance value can be calculated. Inductance
varies widely over different amplitudes
and frequencies, so this method is ac-
curate enough for finding an inductance
value only. But performance is affected
more by the loss component of the mag-
netizing current than by its inductive
component.

CALIERATED
OSCiLLATOR  UNDER T

(A) CIRCUT DIAGRAM (B) TYPICAL OSCHLOSCOPE
TRACE.

.[ — —Xz\(ﬁrﬁwﬂ

{C) WAVEFORM COMPUTED FROM TRACE AT (8)

Fig. 2. This method, producing an oscilloscope

trace that is graphically analyzed, can yield

good results, but the analyses are arduous.
Minimum equipment is required.
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Coil loss may be isolated from its re-
actance by using a series or shunt tuning
capacitor to balance out the reactance
component, as shown at Fig. 3. In the
series arrangement, as at (A), the loss
current is sinusoidal, so the potential
across the coil is not, nor is the potential
across the series tuned circuit. This
means the result does not conform with
practical conditions. In the shunt ar-
rangement, as at (B), the applied volt-
age is sinusoidal, so practical conditions
are reasonably simulated, if satisfactory
readings can be obtained. But with both
methods of connection, definite readings
are difficult to obtain: frequency is set,
and the value of capacitor adjusted to
obtain minimum V in (A), or minimum
I'in (B). It would be expected that vari-
ation of frequency, as a check for true
tuning, would show a rise in V or I on
either side of the set frequency; but in-
stead, a new minimum is found in one
direction. Never will adjustment of fre-
quency for tune point coincide with ad-
justment of capacitance. This effect is
due to the nature of the loss character-
istic with frequency.

A highly successful method of making
the measurements uses the bridge circuit
of (A) in Fig. 4. Arms ab and bc are
essentially the same as shown at (A) in
Fig. 2, the low value standard resistance
being used to obtain current waveform.
The other arms are used to separate the
fundamental component of magnetizing
current from its harmonics, so that its
phase can easily be read off from ellipse
dimensions. To take the reading, the
bridge is balanced for fundamental, so
across the null points, bd, only harmonic
appears. The potential drop across the
combination arm ad is the same as the
fundamental component of that across
ab, in both magnitude and phase. The
complete method is facilitated by the use
of a Cossor double-beam oscilloscope, so
the two Y quantities can be displayed
simultaneously. Alternatively an elec-
tronic switching unit could be used.

The complete measuring circuit, in-
cluding calibrating potentiometers, is
shown at (B) in Fig. 4. The procedure
for taking a reading at a given frequency
and amplitude is as follows:

=T
T

MAGNITUDE
(ARBITRARY  UNITS)

MAGNETIZING CHARACTERISTIC REFERRED AS SHUNT Z.
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Fig. 7. Recommended method of plotting the

results. The sloping dotted line represents pure

inductance for comparison. The horizontal

dotted line is loss due to eddy currents in the
core.
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Fig. 4. This complete method, although requiring more equipment, speeds up measurement,
and gives accurate results. Either a double beam ’scope, or electronic switching, may be used
to display Y. and Y. traces simultaneously.

1. With S in the CaL position and
S7ey in the X position (the X potentiom-
eter may be at er near its maximum), the
input from the A.T. oscillator is adjusted
at the required frequency to the correct
voltage on the instrument scale, and the
gain of the X amplifier or potentiometer
on the ’scope set to produce a display of
predetermined width on a squared trans-
parency.

2. Switching over Sw: to Brr with S,
in position 1, the input from the oscilla-
tor is adjusted until the trace is the same
width again. The. bridge circuit values,
and the gains of the two Y amplifiers are
now adjusted to make the two patterns
fall between the same two horizontal rul-
ings, as shown at (A) in Fig. 5, the one
from Yq, taken from the null point, touch-
ing each line in three places.

3. Sw is moved to position 2, giving
the traces shown at (B), and the dimen-
sions of the ellipse used to determine the
phase angle of the fundamental as indi-
cated.

4. Return Stw: to CAL position, and ad-
just the three potentiometers to give the
pattern shown at (C), the essential fea-
tures of which are: (a) the Y deflection
amplitudes are both the same as in pat-
terns (A) and (B); (b) the phase rela-
tion between X and Y deflection voltages
is zero, because both traces are straight
lines. The cross pattern is due to phase
reversal of one half of the double beam;
use of an electronic switch will produce

Fig. 5. Typical traces obtained using the
method of Fig. 4. Significance and use of each
is explained in the text.

AUDIO ENGINEERING e NOVEMBER, 1952

two sloping lines that coincide when cor-
rectly adjusted.

5. Sws is turned into its other two
positions, and the voltage drop across
the standard resistor, due to fundamental
and harmonic components of magnetizing
current, are read. From this the magni
tude of the current is obtained by Ohm’s
law, and the harmonic percentage cal
culated from the ratio of the readings,

Considerably greater gain will be re-
quired of the Y, amplifier, than of the
Y,. If an electronic switch is used, 1t
may be well to incorporate an extra
stage in the Y, circuit, performing the
dual purpose of giving the extra gain,
and phase reversal, so the result is the
same as using a double-beam ’scope.

Another interesting and useful check
is to make the same measurements with
a 90-deg. phase shift in the lead to the
X deflection. Figure 6 shows a suitable
phase-shift network. (D), (E), and (F)
show the corresponding patterns for this
modification. The 90-deg. phase shift is
accurately set up by adjustment, using
pattern (F), until the two ellipses
coincide to form a circle. The interesting
feature of this is the fact that one of
the traces at (D) is the actual hysteresis
loop (with H wvertically and B hori-
zontally, instead of the usual way). The
useful part is that a check on phase is
available by using a different ellipse.

Ifi
LAY
—MN
119

ph———ph—

Fig. 6. This phase shift network enables the

alternative traces of Fig. 5 to be displayed,

giving the actual hysteresis loop, and a check

on phase angle result. Exact 90-deg. phase

shift requires adjustment for each frequency

of measurement, using the method explained
in the text.
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The results of such a series of meas-
urements can be analyzed and presented
in any desired form. Probably a plot of
impedance and phase angle, of which a
typical example is shown at Fig. 7, is the
most convenient. If desired, the meas
urements can be taken at different am-
plitudes, as well as at different frequen-
cies, so the effect of amplitude on re-
sponse can be seen. Harmonic content
can be similarly plotted.

With D.C. Polarizing

Components designed for use with
d.c. polarizing require more turns to
produce the necessary inductance, so
core loss due to a.c. magnetization is
usually small enough to have negligible
effect on performance. Inductance value
does not vary so widely with amplitude
and frequency of signal, but is prin-
cipally dependent on d.c. polarizing
current.

For measuring inductance with d.c.
polarizing, the bridge circuit of Fig. 8
gives satisfactory results. The polarizing
current is adjusted to a specific value,
and then the bridge is balanced. The
value of inductance is given by

L=R,R,C
The resistor R, serves to balance the

core losses in the inductor under test,
and generally is used only to lelp find
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POLARIZING CURRENT

Fig. 9. By plotting inductance against current

on log/log paper, the intended operating

point can be located, and a useful record made
for later reference.

the bridge null. If, however, the effective
shunt loss resistance due to core losses
is required, it is given by

R/R,
R,

If the inductance for various values
of polarizing current is plotted, for small
currents compared with that for which
the core gap was intended, change of
current will have only small effect on
inductance; at larger values, it will
cause the inductance to fall off more
rapidly. If the design value of polarizing
current is not known, a good method of
finding it approximately is to plot in-
ductance and current on log/log paper,
as shown at Fig. 9. By connecting two
points on the paper representing 4:1
inductance ratio and 1:8 current ratio,
for example (A) and (B), find the 2/3-
power slope. The designer’s operating
point is approximately where the induct-
ance/current curve is tangential to this
slope, as at (C). It is never economic
to work at currents appreciably higher
than this point, because inductance could

Ry=
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Fig. 8. Bridge circuit suited for measurement
of inductance when there is d.c. polarizing
current.

be improved by widening the air gap.

Leakage Inductance

This property is not directly depend-
ent upon the core, but on the dimensions
of the flux leakage paths through the
windings themselves, so it will not
possess any non-linear properties, nor
will it vary with d.c. polarizing, if any.

It can be measured by an inductance
bridge method. To make this measure-
ment, one winding is short-circuited,
and the leakage inductance measured at
the terminals of the other winding. The
measured value will be the leakage in-
ductance referred to the winding at
whose terminals it is measured.

An alternative method of determina-
tion 1s by resonance. Care must be taken
to avoid invalidation of the result by
winding capacitances. However, as
winding capacitances cannot be meas-
ured independently, it is useful to deter-
mine the two quantities together, as
outlined in the following section.

Winding Capacitances

Physical-interwinding or winding-to-
ground capacitances can be measured by
means of a capacitance bridge in the
normal way, but this does not give the
value effective in normal transformer
working. The values that matter are the
effective capacitances in shunt with each
winding, referred to the whole winding,
and that between “hot” points on the
two windings. As stated in the previous
article, capacitance between such hot
points should be avoided—it is men-
tioned here only to emphasize the neces-
sity for ensuring it 4s avoided.

As affecting winding capacitances,
there are two important methods of con-
nection: (1) single ended, in which one
end of the winding is connected to
ground, or has zero signal potential;
(2) push-pull, in which the center tap
of the winding has zero signal potential.

E
E

Fig. 10. In a simple transformer, the lumped

interwinding capacitance is between the ends

of the windings adjacent to each other. Where

possible these ends should be operated as zero
signal points.

Tests for winding capacitance must be
made with the correct zero signal points
on both windings connected to ground.

Where one or both windings are of
the push-pull type, there can be no am-
biguity about connection. In transform-
ers with both windings for single ended
connection, the internal construction
usually consists of two simple windings,
so arranged that one end of each is close
to the other, shown diagrammatically at
Fig. 10. These ends should he the zero
signal points in their respective wind-
ings. Many manufacturers clearly indi-
cate the correct method of connection,
and in open types inspection can give
the necessary information; but where
neither means of identification is availa-
ble, measurement of winding capacitance
should include tests to find the correct
method of connection.

The low-impedance winding of a
transiormer should be connected to an
A I oscillator, one side of each wind-
ing being connected to ground; search
is made for the resonant frequency Dbe-
tween leakage inductance and capaci-
tance, which is effectively a series cir-
cuit, producing a dip in input terminal
voltage, or a peak in input current;
having found the resonant frequency,
try connecting the opposite side of the
high-impedance winding to ground (the
high-impedance winding is open cir-
cuited for these tests); if the resonant
frequency is raised, the second method
of connection is correct, otherwise the
first was correct.

Next the correct connection for the
low-impedance winding can be found by
connecting the high-impedance winding
to the A.F. oscillator, keeping its cor-
rect side grounded, and finding the res-
onances for the low-impedance winding
(now open circuit) with leakage induct-
ance, with its alternative ground con-
nections. With high turns ratios, this
test may be indefinite, if not impossible,
but under these circumstances which
side of the low-impedance winding is
grounded is unimportant; although, in
a practical circuit, phasing may matter.
For lower turns ratios, the test will still
be less definite than for the high-imped-
ance winding, but should prove adequate.

Having thus found the correct method
of connection, by inspection or test, the
final stage consists in setting the trans-
former up, correctly connected, as a
step-up transformer, and again checking
the actual resonant frequency; addi-
tional capacitance is then added in shunt
with the high-impedance winding untii
the resonant frequency is halved. The
effective self capacitance of the high-
impedance winding will then be one
third of the added capacitance value.

Once the effective winding capaci-
tance is known, the leakage inductance
can be calculated quite simply from the
resonance formula. The value given will
be leakage inductance referred to the
high-impecdance winding. Referred to
the low-impedance winding, it will be
divided by the square of the turns ratio.

Some transformers may be required
for “universal” use, that is, for some

[Continued on page 80)
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Record Improvement with

H-F Cut-off Filters

ELLIOTT W. MARKOW*

Simplifying the design of practical low-pass filters for use with sound reproduc-
ing systems to eliminate unwanted high-frequency distortion and record scratch
—with a few hints as to the construction of a simple and useful unit.

placed on the design of suitable

circuits and equalizers to compen-
sate for the original amplitude levels of
recorded music. One very important
factor which has received comparatively
little emphasis is the advantage of being
able to cut off at a certain frequency.
In fact, inability to do this actually
nullifies to a great extent the benefits
which derive from equalization. Com-
mercial equalizers and preamplifiers are
available which provide quite adequate
bass and treble equalization, but few
which provide the additional refinement
of sharp cut-off.

It is commonly known that one of the
most important factors in the pleasing
reproduction of all reproduced sound
is the lack of distortion in the extreme
upper and lower ends of the audio
spectrum. This distortion is particularly
noticeable and most common in the up-
per end of the spectrum, and it is
usually here that the present day repro-
duced music contains most distortion
and noise. This is particularly true of
recordings (and broadcasts of record-
ings) because of the high noise factors
and harmonic distortions which are
overemphasized when any attempt at
treble Doost is made. These factors,
unfortunately, combine to make adequate
treble boost difficult for the ear to take
even though the brilliance and “pres-
ence” of the recorded reproduction has
been improved and the recording ol-
viously has highs which could profitably
be used if distortion and noise factors
were removed.

The solution to this apparent dilenuma
is obvious and is well known: use a
sharp cut-off filter to eliminate all fre-
quencies above a desired cut-off ire-
quency—usually determined by the ac-
tual content of the record or program.
This is rarely provided in commercial
equalizer-preamplifiers  designed for
home use but is very necessary to get
the utmost from recordings. An elabo-
rate well equalized system that lacks
this necessary feature is still incomplete.

It is quite important to emphasize the
words “sharp cut-off.” If sharp cut-off
is not provided the circuit provides es-
sentially only roll-off, which does not
approach the effectiveness of sharp cut-
off. Most so called “scratch filters” pro-
vide only a 6 db per octave roll off and

CONSIDERABLE EMPIIASIS has been

*P. O. Box 145, Silver Spring, Md.
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Fig. 1. Cut-off characteristic of a single-sec-
tion filter designed for cut-off at 5000 cps.
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using values of R and L given by Fig. 3; (B)
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the Fig. 3 values or L increased by a factor of
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Fig. 2. Single-section low-pass filter which
provides a slope of 22.6 db per octave attenua-
tion beyond cut-off.

are not recommended for a high-quality
system.

It is the purpose of this article to em-
phasize the desirability of adding a
sharp cut-off filter to an otherwise well
equalized system and discuss the design
factors involved so that those interested
can add a suitable filter to their present
equipment or build it into new equip-
ment. None of the mathematics or theory
involved will be discussed; just presen-
tation of design curves and information.
Filters of this type do not come as
cheaply or as easily as simple resistance-
capacitance networks. The necessary
parts will cost somewhere around $15,
but this seems small, in the writer’s
opinion, compared to the results ob-
tained.

Proper cut-off makes many recordings
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of normally poor quality sound surpris-
ingly good and quite enjoyable. It will
not remove distortion occurring in the
transmission band but it will remove a
lot of noise without removing a notice-
able amount of music. Hi-fi extremists
will argue that this is not high fidelity,
but it is far better that the sounds please
the esthetic sense than that a few extra
cycles, with attendant noise and distor-
tion, be reproduced to satisfy a theoreti-
cal curve. The pros and cons of this
subject have been well covered in nu-
merous other articles and need not be
elaborated upon here. Let us simply say
that personal preference dictates your
course of action. In every case your
non-technically minded listener—those
listening just for the sake of the music—
will invariably prefer a reasonable cut-
off on imperfect sources.

Here is an important point: AN
EQUALIZED SYSTEM WIHICH CUTS OFF AT
5000 cps AND WHICH DOES NOT OTHER-
WISE INTRODUCE DISTORTION WILL SOUND
OF SURPRISINGLY HIGH QUALITY AND
WILL BE ESTHETICALLY VERY SATISFYING.
A 7000-cps system will sound somewhat
better; a full 10,000-cps system will
sound uncannily realistic and will ap-
proximate the “presence” of a live per-
formance. Anything above this comes
dearly and, with normally available
music sources, very infrequently.

Filter Design

The amount of cut-off provided by a
single-section filter described here is
shown in Fig. 1. The same general
shape and amount of cut-off per octave
prevails regardless of design cut-off fre-
quency. Experience seems to indicate
that cut-off frequencies of 5000, 7000,
and 9000 cps are adequate for any home
systeny, and for practically all available
recordings. It is unfortunately much
easier to design a filter on paper than
to execute it in terms of actual equip-
ment. A filter is not a complicated de-
vice, but in order for it to work properly
it is quite fussy as to operating condi-
tions—in particular the input and out-
put impedances seen by the filter section
and the relationship between the in-
ductance in the filter and these imped-
ances. The input and output resistances
“seen” by the filter section should be
equal; furthermore there is a rather
strict relationship between these values
and the value of inductance required.
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Fig. 3. (left). Chart showing relation between

The input and output resistances are
commonly known as the characteris-
tic impedance of the filter. It is around
these values and the desired values of
cut-off frequency that the filter com-
ponents are determined. Fortunately the
components need not be of close toler-
ance.

Without going into a lot of mathe-
matics, one very practical circuit from
the standpoint of transient response,
sharpness of cut-off, and reasonableness
of component values is that shown in
Fig. 2. With correct selection of com-
ponents this will provide about 22 db
of attentuation per octave with only 3
db of attenuation at the design cut-off
frequency. The precise sharpness of cut-
off is, to a slight degree, a function of
the “Q” of the inductance L hut for
values of Q above 20 there is very little
increase in cut-off sharpness. More com-
plicated circuits will give sharper cut-off
but require additional components and
usually have undesirable transient char-
acteristics. The design formulas for this
filter are also given in Fig..2. Figures 3
and 4 show the relationships hetween
characteristic impedance R, inductance
L, and capacitance C.

This filter can he put in either the
plate circuit or the cathode circuit of any
medium- or low-gain triode amplifier or
cathode follower and still have reason-
able values of inductance and capacit-
ance if certain factors are considered.
Because of the loading effects of the
filter it is almost impractical to insert
the filter in the plate circuit unless the
load resistance of the tubes is very low,
so if at all possible it is much more pre-
ferable to operate the filter from a cath-
ode-follower stage where loading effects
can be practically eliminated. Where
this filter can logically be inserted in
an existing system is a matter of avail-
able gain, tube line-up, and physical
layout. It is best designed into a new
preamplifier and fed from a cathode
follower, but it can be added to most
existing amplifiers particularly if the
preamplifier and power amplifier are
connected through a cable. There are ad-
vantages in operating at as low an im-
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inductance L and characteristic impedance R. Fig. 4 (right). Chart showing values of capacitance

C for indicated values of inductance L in Fig. 3.

pedance level as practical and this usu-
ally means operating from a cathode
follower output. Hum pick-up and prac-
tical values of capacitance are the major
reasons for using a low impedance. With
a toroid coil the problem of hum pickup
is avoided. It is quite important that
the filter characteristic impedance pre-
sent a negligible load on the driving
source, and as a rule of thumb the char-
acteristic impedance should be a mini-
mum of about 10,000 ohms.

There are several approaches to the
selection of component values. Exami-
nation of Fig. 3 will show the relation-
ship between inductance L and charac-
teristic impedance R. In the usual case
the filter is desighed around a commer-
cially available value of L, chosen to
operate from some arbitrarily chosen
characteristic impedance. Values of in-
put and output resistance and capacit-
ance are switched as necessary to change
the cut-off frequency and the character-
istic impedance. 1 we restrict ourselves
to reasonable values of characteristic
impedance and tuning capacitance, as
can be determined from Figs. 3 and 4,
it will be seen that the useful range of
inductance values at 5000-cps cut-off
varies between about 200 millihenries
and 3 henries, all commercially available
values. Characteristic impedance varies
between about 10,000 and 100,000 ohuns.

Suitable inductors are available from
several manufacturers in a large range
of values. One value of inductance L
chosen to operate at the desired imped-
ance level can serve for all three fre-
quencies by merely switching resistors
and capacitors as illustrated in Fig. 5.
The inductor should have a Q of at
least 20 at 5000 cps. It will cost some-
where between $4 to $10 depending upon
value, type of winding, and shielding.
Toroids are recommended, especially
for high-impedance circuits.

Practical Filter Example

A typical circuit is illustrated in Fig.
5. Values of capacitor C may be taken
divectly from I'ig. 4. Values of input
resistance are not critical but selection

should be made on the low side of the
design value rather than exceed the de-
sign value. As an example of how this
filter was calculated, suppose a filter is
required to operate in the cathode cir-
cuit of a triode, as in Fig. 5. The nput
impedance of the cathode circuit is usu-
ally given approximately by the simple
equation Z=1/G,, however, it should
be remembered that this condition 1is
true for an unbypassed cathode resistor
and any capacitance in parallel with
and approximating the value of the
cathode resistor will change this rela-
tion. The characteristic impedance of the
filter should therefore be higher than
the cathode resistor to avoid by-passing.
A good working value is to choose the
characteristic impedance of about 20,000
ohms, as has been done in the example.
Ii this value of characteristic impedance
is chosen the input impedance of the
cathode follower remains approximately
1/G,, (about 500 ohms for muost tri-
odes) and no consideration need be
given to either the actual cathode re-
sistor or input impedance. High values
of cathode resistance are usually used to
keep the gain close to unity.

Having arbitrarily selected an ap-
proximate value of 20,000 ohms for the
characteristic impedance, refer to Fig.
3 and select the nearest commercially
available value of inductance which cor-
responds to a characteristic impedance
of approximately 20,000 ohms, which in
this case is 750 millihenries for the
5000-cps cut-off frequency. Selection of
the inductance should be done on the
basis of the lowest desired frequency of
cut-off so that all succeeding impedances
will be larger than that at 5000 cps.
Values of characteristic impedance for
frequencies of 7000 and 9000 cps are
read directly from Fig. 3 and are seen
to be 24,000 ohms and 33,000 ohms re-
spectively. Similarly values of capacit-
ance required for this value of induct-
ance and for the chosen cut-off fre-
quencies are read divectly irom Iig. 4,
and are found to be .0027 nf, 0014 ui,
and 850 put.

[Continued on page 82]
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TradeSecretsand TheirProtection

ALBERT WOODRUFF GRAY*

The acquisition of information in the course of one’s employment does not
automatically grant rights to use that information. The author delineates
the legal obligations involved in a problem that is likely to confront anyone.

dred years ago by the Massachu-

setts Supreme ‘Court that, “If a
man invents or discovers and keeps
secret a process of manufacture, whether
a proper subject of a patent or not, he
has not an exclusive right to it against
the public or against those who in good
faith acquire knowledge of it, but he
has a property in it which the court will
protect against any one in violation of
a contract or breach of confidence, un-
dertakes to apply it to his own use or
to disclose it to a third person.”

This statement that court supple-
mented with, “A secret of trade or man-
ufacture does not lose its character by
being confidentially disclosed to agents
or servants without whose assistance it
could not be made of value.”

A manufacturer of electric capacitors
in the performance of World War I
contracts had been compelled to rely to
an unusual degree on the loyalty of his
employees in the protection of the trade
secrets involved in these war production
contracts, that were not of a character
that could be protected by the patent
laws. With the end of the war some of
the employees disclosed these secret
processes to a competitor. Suit was
brought for an injunction against the
use or further disclosure by either this
competitor or the employees.

In its decision of this action the
Massachusetts court said, “The fact
that an invention is patentable does not
compel the taking out of a patent nor
prevent the person entitled to it from
keeping it secret nor bar him from relief
against those disclosing its existence and
details in violation of trust and confi-
dence, nor as against those who obtain
knowledge through such violation with
notice and propose to make use thereof.

“The fundamental requirement for re-
lief,” concluded the court, “is a viola-
tion of trust and confidence. Any one
who gets the knowledge honestly can
use it provided he is not restrained by
the relationship under which he ac-
quired it.”

ARULE oF LAW was laid down a hun-

Confidence Implied in Employees

A New Jersey decision which was
rendered half a century ago has since
become authority in the application of
the law to the protection of trade secrets.

An employee of a company in that
state. dissatisfied after ten years, ac-

* 3536  Seventy Sixth St, Jackson

Heights, New York.

cepted another position with a compet-
ing company, taking with him for dis-
closure to this competitor for the mutual
henefit of that company and himself, the
trade secrets of this first employer.

In its decision of the lawsuit brought
to prevent the use of this knowledge
that court said of the duties of employee
and rights of employer under circum-
stances of this character.

“The right of a manufacturer whose
goods are made by an unpatented secret
process, to protection by injunction
against the divulging of his secret, is
now established by a well considered
line of cases. These cases establish the
principle that employees of one having
a trade secret, who are under an express
contract or a contract implied from their
confidential relation to their employer
not to disclose that secret, will be en-
joined from divulging the same to the
injury of their employer, whether be-
fore or after they have left his employ.

“Other persons who induce the em-
ployee to disclose the secret, knowing of
his contract not to disclose the same or
knowing that his disclosure is in viola-
tion of the confidence reposed in him by
his employer, will be enjoined from
making any use of the information so
obtained, although they might have
reached the same result independently
by their own experiments or efforts.”

To this the court added a comment
on the consequences which are meted
out by the law to a competitor for such
practices. “It would be quite impossible
hereafter to decide how much of the
improvement in the product of this com-
petitor would be attributable to its own
independent efforts and how much to the
knowledge of the process fraudulently
acquired by it. If the competitor suffers,
it suffers only by reason of having been
a party to the fraudulent disclosure of
the secret.”

In all contracts of this character,
however, the courts have invariably in-
sisted that no greater restraint be im-
posed on the conduct of the employee
than is necessary for the safeguarding
and protection from disclosure of what-
ever trade secrets may have been en-
trusted to him in confidence.

The provisions of a contract of one
of the country’s largest manufacturers
of radio capacitors, with approximately
8,000 employees, for the protection of
the trade secrets of that company, was
involved in an action in the Federal
Court a few years ago.

The agreement provided that the em-
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ployee “will not at any time during said
employment disclose to any one any in-
formation that he may acquire during
said employment relating to any of the
processes, formulae, plans, circuits, de-
vices or methods, developed, acquired,
manufactured or produced at any time
by said corporation in its business and
he will not use any of said processes,
plans, circuits, devices or methods or
his knowledge of the same, except in
the course of his employment by the
corporation.”

This company claimed that employees
who had signed this agreement had ac-
cepted employment with a competitor
to whom they had disclosed trade se-
crets, not only in violation of this em-
ployment contract but of the confidence
imposed in them by the company.

The court held this agreement void
and unenforceable. “The agreement con-
tains many of the vices condemned by
courts in similar situations. First the
prohibitions continue for the lives of the
employees. Then there is no limitation
on the kind of knowledge acquired while
in the company’s employ. There is no
distinction between information that was
old and well known; whether it was
described in patents owned by others
than the company. It makes no dif-
ference whether the employee was
thoroughly familiar with the informa-
tion before he went to work for the
company.”

As an authority for this decision
holding the contract void as being too
broad in its restrictions on the conduct
of the employee, the court referred to
an earlier New Jersey decision, holding
agreements of this character to be void
when the restrictions were too compre-
hensive, and added, that irrespective of
a contract, it was implied in the confi-
dential relationship between employer
and employee that the employee would
not be permitted to disclose trade se-
crets in violation of such confidence.

In that early New Jersey decision
the employee had agreed, “that he will
not at any time, directly or indirectly,
during the term of this agreement or
afterwards, divulge to any person, firm
or corporation, any information of any
nature now known to him or hereafter
acquired by him during the term of this
agreement, and that he will at all times
hold inviolate the treatments, processes
and secrets known to or used by him.”

The court here said that the inevita-
ble result of the enforcement of this con-

[Continued on page 89]
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New Medium-Cost Amplifier of
Unusual Performance

Fulfillment of the design requirements for a high-quality music-system
amplifier d'emands a careful analysis of these needs, which are presented
here by the authors along with their solution in a practical unit.

LARGE NuMBER of “high-fidelity”

amplifiers have been introduced in

recent months. A thorough survey
of this situation convinced us that al-
though each manufacturer provides
somewhat different facilities and char-
acteristics in his particular hi-fi ampli-
fier, a common standard could be de-
duced from the units available, and that
there was a need for a medium-cost
amplifier providing all the features a
completely flexible high-fidelity ampli-
fier-preamplifier system requires, plus
extremely wide frequency response and
low distortion,

Such a unit is the Masco “Concert-
master” 20-watt amplifier-preamplifier
combination, the result of an extensive
development program undertaken for the
purpose of fulfiling the need for a unit
having the required characteristics—
and, if possible, more—at a price within
the budget of the average hi-fi enthusiast
as well as that of the small radio broad-
cast station and recording studio.

An amplifier and preamplifier were
developed that lend themselves to cus-
tom-built-radio-phonograph installation
(particularly for reproduction of live
FM programs with an excellent degree
of the illusion of realism), to high
quality monitoring of live program ma-
terial, to tape recording—in short, to
whatever application in which the finest
possible performance is essential.

What is a ““High-Fidelity”’ Amplifier?

It seems to be generally agreed that
a good amplifier-preamplifier combina-
tion which is to be used as part of a
modern music reproducing  system,
should preferably have the following
characteristics:

1. Extremely wide frequency range
well beyond the low- and high-frequency
limits of audibility.

2 There must be perfect stability—no
tendency to distortion-producing low- or
high-frequency oscillation.

3 There must be a high damping fac-
tor to minimize speaker excursions and
consequent distortion.

4. As a factor of the above character-
istics, a considerable amount of negative
feedback must be applied.

5. Hum level should be below the
threshold of audibility.

* Chief Engineer, and ** Sales Engineer,
Mark Simpson Mfg. Co., Inc., 32-28 49th
Street, LI.C. 3, N.Y.
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6. A preamplifier must be provided
with inputs for radio tuner, phonograph,
and other reproducing devices, all of
\yhich may be left connected at the same
time.

7. The preamplifier must provide selec-
tive equalization for all popular types of
recordings, both old and new.

8. A loudness control“* must be pro-
vided to give a variation of amplifier out-
put which will be in accordance with the
sensitivity of the human ear rather than
in the manner of the conventional volume
control. The wvarious program inputs

1 David Bomberger, “Loudness control
for reproducing systems.” AUpio0 ENGINEER-
ING, May 1948.

2 John Winslow, “Full-range loudness
control.” Aupro ENGINEERING, [Feb. 1949.

otherwise

which
should have a calibrating control so that
the loudness control will vary the response
from each in the same manner. This is
essentially a calibrating system for the
loudness control.

are uncompensated

9. A Jow-impedance output must be
available on the preamplifier so that the
basic power amplifier may be placed at
any reasonable distance away from the
preamp without loss of high frequencies.

10. Bass and treble controls are still
required to provide response variations in
accordance with individual tastes. The
treble control also provides a means of
varying the degree of roll-off from that
already incorporated in the equalizing
networks.

11. The power supply must have an
extremely low internal impedance.
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Fig. 1. Over-all schematic of the basic or power amplifier. Note the use of two rectifiers to
provide adequate current handling capacity.
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Fig. 2, Schematic of the control unit used with the basic amplifier of Fig. 1.

The Basic Amplifier

A schematic diagram of the amplifier
is shown in Fig. 1. Note that the cir-
cuits shown are, in today’s advanced
design practices, essentially conven-
tional. A noteworthy exception is the
use of direct coupling to reduce the
phase shift or phase distortion usual in
purely resistance-coupled amplifiers. In
fact, the basic power amplifier employs
only one R-C coupled stage. Excellent
power supply regulation is achieved by
means of paralleled 5V4G rectifiers, re-
sulting in a low source impedance and
sufficient power capacity to supply the
extra-heavy power requirements for
clean, undistorted bass reproduction.

Figures 3 through 6 indicate the
power output, distortion, and response
characteristics of the basic amplifier,
Figure 3 shows power output of the
amplifier versus percentage of har-
monics. It will be noted that there is less
than 0.2 per cent harmonic distortion up
to 20 watts and no more than 2 per cent
distortion at 25 watts.

Figure 4 indicates the frequency re-
sponse at the 20-watt level—within 14
db from 10 to 50,000 cps. Usable output
extends to well above 100,000 cps, being
no more than 3 db down at 8 cps and at
100,000 cps.

Figure 5 indicates the response at the
1 watt level, 10 to 75,000 cps 0.1 db,
and down only 3 db at 5 and 140,000
cps. This figure assumes practical sig-
nificance when it is remembered that
average room output level is 100 mulli-
watts. The amplifier is required to be
able to deliver clean reproduction of the
peaks—at least ten times the average
power, or 1 watt. When it is noted that
intermodulation distortion (Fig. 6) is
so small as to be actually not measurable
at 1 watt (intermodulation is no more
than 0.2 per cent at 20 watts), and
harmonic distortion as shown in Fig. 3
is similarly low, then it will be recog-
nized that for practical purposes this
amplifier is distortionless.

Stability has been achieved in this
amplifier as a result of the wide fre-
quency response and minimum phase
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Fig. 3. Harmonic distortion vs. power output
at 20 cps.

shift. Twenty-six db of feedback is ap-
plied around all three amplifier stages
and the output transformer to achieve
almost complete freedom from distortion,
excellent stability, and a damping fac-
tor of 30. The effective output imped-
ance at the 16-ohm tap is approximately
0.5 ohm.

Low hum and noise level (100 db be-
low 20 watts on hasic amplifier, 75 db
below 20 watts with the preamplifier
connected) are achieved by careful com-
ponent layout and by use of an adjust-
able hum balancing network which
biases the filaments positively to elimi-
nate filament-to-cathode emission, a
frequent cause of hum.

The basic amplifier has a sensitivity
of 2.0 volts r.ms. for 20 watts output

and is provided with its own volume
control to compensate for higher input
levels. One of the two amplifier inputs
goes directly into the volume control
for flat response, while the second input
feeds the signal through a .03-uf ca-
pacitor which reduces the response by
3 db at 50 cps for minimizing turntable
rumble and other low-frequency dis-
turbances, and also proivdes an input
for blocking d.c.

For universal convenience, the ampli-
fier chassis was designed so that it could
be either rack-mounted or placed in
either a bottom- or side-mounted posi-
tion in a console.

The Pre-Amplifier

The preamplifier (Fig. 2) was de-
signed to be an ideal companion piece
to the basic amplifier. Appearance was
considered to be just as important as
the technical aspects and a handsome,
hand-rubbed mahogany cabinet was
chosen to provide a unit that would
quietly grace any living room. The pre-
amp was so designed that the chassis
could be easily removed to allow mount-
ing it behind the panel of a console, with
the black and gold control panel in the
front.

Four standard input jacks were pro-
vided on the rear panel: Three marked
respectively aux 1, Aux 2, and rabpio,
to allow connection of radio tuner, TV
tuner, tape recorder, crystal pickup, etc.
These are high-impedance, flat-response
inputs and are each provided with in-
dividual controls available at the rear
of the chassis for adjusting the input
level of each program source so that
the loudness control will work in the

[Continued on page 71)
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Cathode-Follower Audio
Control System

G. B. HOUCK™

The connection of existing equipment to a typical high-quality amplifier and speaker
system often poses difficulties in switching. The author outlines a method which
makes it possible for anyone to operate the “system” without excessive indoctrination.

N THE CONSTRUCTION of many home

I audio systems, basic design funda-
mentals are often overlooked. Not

only are some of these installations very
expensive, but frequently difficult to op-
erate and inflexible in use. Several de-
signs have been illustrated recently
which feature a confusing profusion of
controls, located either where they are
not easily seen, or where their manipula-
tion is awkward.

In the past, when audio systems were
designed for hobbyists and technicians,
there was little objection to laboratory-
type installations.! When non-techni-
cally trained persons such as profes-
sional musicians came in contact with
audio they usually found it necessary to
learn enough electronic and acoustic
fundamentals to control the medium ef-
fectively.

Today the audio field has expanded,
largely because of the availability of
high-quality, low-cost components, and
an increasing awareness among con-
sumers that “hi-fi"” systems can be much
nmore satisfying than ready-made units.
Apparently, however, the demand for
such ready-made units has not dimin-
ished to the point where manufacturers
are unduly concerned. On the contrary,
the present market for consoles and
combinations suggests possible advan-
tages over those of custom-built systems.

Of course there are many factors
influencing sales of ready-made units
and audio components. Perhaps the
features dwelt upon in this discussion
are not those immediately apparent to
the prospective custoner. Nevertheless,
as factors of good system design, they
cannot be disregarded.

The designer of audio systems must
realize that simplicity is not only a
virtue of sound design, but a public
demand. This fact has been demon-
strated repeatedly in the sales of com-
petitive merchandise. For example, a
TV receiver was put on the market a
while back which featured “one knob
control.” Regardless of its engineering
merits or deficiencies it enjoyed a good
sales record, primarily on account of its

* 2] Barton Place, Port Chester, N. V.

1 M. P. Johnson, “Multipurpose audio
amplifier,” AuUDpIO ENGINEERING, August
1947.
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control simplicity. Whatever the psycho-
logical implications may be, the fact re-
mains that simplicity of operation is a
most important consideration in audio
system design. This may be qualified by
stating that simplicity must be achieved
provided it is not at the expense of
quality. The qualification immediately
reveals the weak point of most ready-
made units, particularly in the case of
tone-compensation control (a design
drawback, not necessarily an engineer-
ing one).

One other point regarding the rela-
tive merits of ready-made and custom
built systems should be brought out at
this point in the discussion. Too many
custom designers have the notion that
the only obstacle in the way of increased
sales and installations is a mere prob-
lem of packaging improvement. Per-
haps this idea is prevalent for the rea-
son that the expansion of the home audio
business has coincided with an increas-
ing proficiency in the techniques of
installation both in furniture and in
structures. Indeed, the ability of some
designers in rendering electronic gear
elegantly inconspicuous is legerdemain.
Unfortunately, many installations are
perpetrated by persons not primarily
concerned with audio. If the decorator
and cabinetmaker have no understand-
ing of the operating requirements of
sound systems, or if the professional
designer considers them less important
than novel cabinet design, it can be ex-
pected that the results will be anything
but satisfactory. Controls will be located
close to the floor,? labels will be non-
existent, record changers will be inac-
cessable, etc. There is always room for
improvement in packaging design when
it meets the requirements of human en-
gineering. The term in its truest sense
implies an approach in which basic de-
sign fundamentals are applied in such
a manner as to cause response and con-
trol by the instrumental and human
mechanismis to be smoothly coordinated.
The designer should understand that
achievement of this goal is possible only
when all the factors are carefully con-
sidered. The best designs will feature

2 Jeff Markell, “Cabinet design for Hi-Fi

systems,” Fig. 4, Aupio ENGINEERING, May
1952,

careful choice of control types, clear
control identification, proper arrange-
ment, and most important, convenient
operating location.

Design Considerations

When the actual construction and
installation of an audio system is con-
templated the usual thoughts are di-
rected to a design which presupposes
starting from scratch. This may be the
wrong approach. It effectively tags the
owner’s present equipment for disuse or
even the junk-yard. It is also somewhat
misleading in that it attempts to con-
vince the owner that there is nothing
worth retaining in his present equipment
whiclt may include a TV receiver, FM-
AM radio, phonograph etc., of fairly
good quality. These units may also
represent a considerable investment.
Furthermore, the custom-built system,
when the costs of cabinetry are con-
sidered, is often prohibitively expensive,
and usually cumbersome or simply im-
movable.? As such it may become a
source of frustration to some home-
makers, forever obsessed with the urge
for periodic rearrangement of furnish-
ings.

The approach to this problem pre-
sented here in its broadest scope is one
which offers the builder the double ad-
vantage of retaining not only the op-
erating features of his present equip-
ment, but the actual equipment as well.
At the same time, an increase in audio
quality is made possible. These three
features represented the initial goal
when development of the cathode-fol-
lower control system was first under-
taken. Other advantages, made apparent
with the final perfection of the tech-
nique, will be discussed and evaluated
later.

With the decision made to construct
a high-fidelity audio system utilizing
existing recervers, the task became to
investigate the quality of the receiver
units. Measurements of a typical AM
table model radio indicated an audio
frequency response of 20 to 7000 cps
excluding the output transformer. Sim-
ilar measurements with TV receivers

s William C. Shrader, “Audio in the
home,” Aupio ENGINEERING, May 1952.
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and FM tuners led to the assumption
that except for their audio output sec-
tions, most of these receivers could be
classed as “hi-fi.” The next step, then,
was to devise a method of bypassing the
audio output sections, apparently the
principal sources of poor frequency re-
sponse and distortion. This would be
accomplished with an absolute minimum
of circuit changes in the receivers. It
was also obvious that some means
should be available for using one high-
quality audio power amplifier and
speaker system for all of the units. The
final step involved design of an adapter
device for linking the receiver front-
ends with the amplifier. With the com-
pletion of these design steps, several
unique advantages became immediately
apparent. There would be no modifica-
tion of existing unit controls nor any
change in operating precedures. No re-
building of receivers nor extensive cir-
cuit changes would be necessary.* The
various units could be located wher-
ever desired. Total cost would be no
more than necessary to purchase or
construct the power amplifier, speaker
and several adapters.

Four steps are involved in the reali-
zation of such a hi-fi system. The en-
gineering and craftsmanship required
are a minimum. The first step involves
the addition of a few components to the
power amplifier, as shown schematically
at (A) in Fig. 1 and pictorially in Fig.
2. The second step is the “adaption” of
the units. The third step is the construc-
tion of the simple adapter devices. The
fourth step is the installation of the com-
plete system.

Circuit

Before describing these four steps in
detail, it is desirable to consider the
circuitry involved, including purely
electronic functions. The essence of the
system is the connecting link between
the receiver unit and the hi-fi amplifier.
Basically, it is a cathode-follower device
which effectively shorts out the regular
output transformer and provides special
low-impedance output from the cath-
ode.® ¢ The pin connections shown are
for output tubes similar to those shown
at (B) in Fig. 1. Other tube types may
be used with appropriate connections.
In the power amplifier the d.c. com-
ponent of the signal is used to energize
a 5000-ohm d.c. relay which controls
primary power for the amplifier. The
audio signal passes through a blocking
capacitor and a potentiometer adjusted
for the proper operating level. The usual
power switch remains in parallel with
the relay contacts, providing manual
power control in the event high-imped-
ance sources are connected to the ampli-
fier. The input terminal jack is wired
to accommodate either high or low-im-

#Ulric J. Childs, “Why not use your
?ggzent tuner ?” Aupio ENGINEERING, April

5G. B. Houck, “Gain chart for cathode
followers,” Tele-Tech, August 1947,

6 Audio Design Notes—“The cathode fol-
lower,” Aubpto ENGINEERING, June 1947,
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Fig. 1. Circuit schematic for the cathode-fol-
lower control system.

R

Fig. 3. Adapter chassis used with electronic

organ, showing simple “add-on” unit which

may be employed with tuner or any other
sound source.

pedance sources. Figure 2 shows a Wil-
liamson type amplifier with relay in-
stalled.

As outlined a few paragraphs above,
no modification of the receiver units is
necessary in most installations. There
are, however, a few cases where a simple
addition to a receiver may be needed.
If the tuner has no audio output section
or terminates, for example, in a detector
or discriminator output, a unit similar
to the one shown in fig. 3 may be con-
structed easily. The 6SN7 assembly
illustrated is one particular type which

Fig. 2. Williamson-
type amplifier with
cathode-followercaon-
tral system installed.
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was added to an electronic organ for an
echo amplifier and speaker arrangement.
Miniature tube types such as the 12AU7,
12AT7, etc., result in a space saving.
Figure 4 shows the schematic of such
a unit. The assembly is simply mounted
by fastening it to the chassis or securing
it to the cabinet. The only caution to be
observed is the need for an adequately
filtered plate supply, as any hum present
will be fed into the audio output. It is
also recommended that an isolating
transformer be installed in a.c. trans-
former-less sets to eliminate possible
shock hazard.

Construction of the adapter plugs is
not difficult. The socket should be sinii-
lar to the type illustrated, in Fig. 5. The
plugs, if unavailable from parts distrib-
uters, can be fabricated from old tube
bases (containing a sufficient number
of pins). The resistor and pigtails are
soldered to the socket as shown in the
phioto and drawn through the plug pins
along with the output leads which are
passed through a small hole drilled in
the side of the plug.

Installation of the complete system
is simplicity itself. Since the line im-
pedances are low, the interconnection
may be made using ordinary zip-cord or
bell wire. For under-the-carpet wiring,
TV antenna lead-in ribbon is recom-
mended, since it is flat and causes no
lumps or hulges.

Phonographs

So far, nothing has been said about
the use of a phonograph with this sys-
tem. There are few hi-fi record playing
devices these days which do not require
preamplifiers and some means of equal-
ization. In the case where the phono-
graph player has its own preamp and
audio output, any of the previously
mentioned adaption techniques can be
similarly employed. If the builder has
nothing more to start with than the
basic player mechanism and pickup, he
is advised to construct a preamp-equal-
izer, as shown in Figs. 6 and 7. The
three requirements for such a device
are proper load for the pickup, suffi-
cient gain, and cathode-follower output
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impedance. The design illustrated pro-
vides a minimum of control. If the
builder desires a more elaborate equal-
izer, several excellent designs have
been presented in previous issues.’

Location of Units

There are practically no restrictions
on the location of the units of the com-
plete audio system. Because of the low-
impedances and the need for only two
conductors, the units may be placed as
far apart as desired, without undesirable
effects such as high-frequency attenua-
tion or hum-pickup. In general, the TV
receiver should be located where it can
be viewed easily. In the case of the
speaker, a corner location is usually
preferred because loading is improved.
There is certainly no reason why a TV
receiver cannot be located directly above
or even near the center of the sound
source.® One serious objection to the

04

INPUT

TO RELAY &
AME INPUT

Fig. 4. Schematic of adapter chassis shown
Fig. 3.

Fig. 5. Assembly suggested for adapter plug
used with typical output tubes in AM, FM, or
TV receivers.

location of any units close to the speaker
cabinet is that it results in poor con-
trol. If the operator is forced to stand
less than a foot or so from the speaker
when adjusting the volume control, it
is quite likely that the level will be un-
satisfactory at other distances. As a
matter of fact, it is most desirable to
have the controls as near the listening
position as possible. This, of course, is
one of the principal features of the
cathode-follower control system. It
should not be difficult to place the FM
or AM radio next to a comfortable
chair, or the phonograph near the rec-
ord storage space. With the power
amplifier and its power supply located
in a closet, in the cellar or attic, heat

7 St.
phonograph preamplifier,”
NEERING, March 1949.

8 C. G. McProud, “A new corner speaker
design,” Aupio ENGINEERING, Jan. 1949.

George and Drisko, “Versatile
Aunio Encr1-
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Fig. 6. Compact
self-powered pre-
amplifier-equalizer
designed to feed a
phonograph signal to
the power amplifier
in the same manner
as described for
other sound sources.

dissipation problems are solved, and
there is little chance of hum produced
by power transformer interference.

Performance

In discussing the performance of the
system it is important to emphasize the
functional aspects as well as electronic.
Since the design calls for bypassing
those portions of the receivers which
represent the chief source of poor qual-
ity, it is obvious that better performance
is achievable. It should be reasonable
to expect the audio quality to be limited
only by the capabilities of the power
amplifier, provided there are no losses
in the comnecting link. If an amplifier
comparable in quality to the Williamson
is employed, it seems safe to assert that
high-fidelity will be obtained. As for
the connecting link, its impedance is
generally less than 500 ohms. If the
average level is approximately 1 volt
and the hum and noise level as much
as 100 microvolts, or 80 db down, it is

obvious that no loss of quality is ob-
served. Although the output lines of
every unit are wired in parallel, no
harm is done if more than one unit is
turned on at a time. In this case, the
bias on the cathode-follower may be
upset and the resulting sound is some-
what disagreeable, if not confusing.
The distinct advantages of this sys-
tem are revealed when functional per-
formance is evaluated. The control fea-
tures of the separate receivers are
retained, control of hi-fi audio selection
is completely automatic, and there is
very little chance of control confusion.
Since most persons are familiar with
the control arrangement of conventional
receivers, the builder need not consider
preparing an instruction manual for the
system. Whereas there are some audio
systems which can be operated only by
their designers, the cathode-follower
audio control system installed in the
author’'s home and in several others is
used with equal facility by visitors and
family, including his five-year-old son.
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The Violin

ALBERT PREISMAN*

Part 3. Concluding the discussion of the history, construction, and musical characteris-
tics of one of the most important musical instruments in the orchestra. This installment
covers the technique of playing, and describes some measurements made on several violins.

consists in stopping or shortening

the strings with the fingers of the
left hand to raise the pitch, bowing the
string or strings in a variety of ways,
and plucking the strings with the left
and/or the right (bowing) hand. From
these basic methods results the beauti-
ful melodies of the Strad played by a
virtuoso and the horrible cacaphony of
sounds of the beginner, who secretly is
thrilled by the anguish he causes his
long-suffering teacher.

It was mentioned previously that each
finger of the left hand, as 1t presses the
string down on the fingerboard, raises
its pitch either a half or a whole note,
as desired. The fourth finger on the
string produces the same pitch as that
of the next higher open string, and is
often preferred to the sound of the open
string. Sometimes the fourth finger is
stretched to produce the next higher
note corresponding to the first finger on
the next string; this may be preferable
in order to avoid swinging the bow to
the next string for a single note. One
trades the difficulty of the left-hand
fingering technique for that of the right
hand bowing technique.

When one gets to the E or highest
string, the fourth finger yields the high-
est note that one can obtain in the first
position. To play higher notes, the left
hand must be shifted along the neck
toward the bridge, whereupon the
fingers will be able to stop the string to
shorter lengths and hence higher pitch.

If the hand is shifted so that the
first finger now falls on the string where
the second finger previously touched it,
we have shifted the distance of one
finger or from the first to the second
position. If the hand is shifted so that
the first finger now touches the string
where the third finger previously
touched it, we have a shift to the third
position.

Similar considerations hold for the
fourth, fifth, and higher positions. To
the novice, at any rate, the third and
fifth positions seem more natural than
the second and fourth, and of course, it
is more difficult to play in the very high
positions than in the lower ones because
the left hand must stretch to reach those
portions of the fingerboard, particularly
on the G string. It is amazing how an
experienced violinist can shift suddenly
from the first to say the fifth position
and hit the correct note with uncanny

T HE TECHNIQUE OF PLAYING the violin

* Vice-President in Charge of Engineer-
ing, Capitol Radio Engineering Institute,
W ashington 10, D. C.
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accuracy. Nor is the feat of shifting
rapidly from one position to the next
in playing rapid passages any less mar-
velous.

In passing, we note that the higher
positions are also used on the lower
strings. The reason is that often the tone
color of the lower string is preferred to
that of the higher string, particularly in
the case of the G and D strings. Some-
times such a shift on the same string
facilitates the bowing, and is therefore
employed.

Chords

Chords consisting of two mnotes or
double-stops, as they are called, are
readily played by pressing the bow on
adjacent strings. But the notes of chords
on three or four strings cannot be played
simultaneously because the arc of the
bridge prevents the how from pressing
on more than two strings at a time. It
will be evident that this arc is neces-
sary to permit the individual strings to
be played independently when desired.

H

H2 Hgz
H3 3 Hy

W,

He
- I D I D S

Fig. 9. Vibration of a string to produce
harmonics.

To play a three- or four-note chord
(assuming that the notes are such that
they can be played on separate strings),
the bow is first pressed on the two lower
strings and then swung over to the two
upper strings. The result is really two
double-stop chords in rapid succession,
somewhat like an arpeggio (in which
the notes are played separately in suc-
cession). The result is a pleasing imita-
tion of the chord as it would be played
(simultaneously) on a piano.

As an example of the advantage of
tuning the violin in fifths, suppose it is
desired to play a double-stop of D aud
E. Both of these normally occur on the
D string, but both cannot be played

simultaneously on this string. However,
by placing the fourth finger on the G
string and the first finger on the D
string, we obtain the notes on two sepa-
rate strings, whereupon they can be
bowed simultaneously.

The maximum interval between two
notes that can normally be played as a
double stop is the open string and the
fourth finger on the next higher string.
The result is “ninths,” which are not
ordinarily used because the chord is not
pleasing.

However, the use of ‘“eighths,” or
octaves, is quite common, and is prefer-
ably produced by the first finger on the
one string and the fourth finger on the
next higher string. Successive chords
are produced by sliding the fingers
simultaneously one note at a time up
(or down) the fingerboard. As one ap-
proaches the end of the fingerboard, the
fingers must draw closer together be-
cause of the shortening of the strings;
this is but one of a myriad of details of
violin technique.

An even more difficult interval is
“tenths.” Here the fourth finger must
stretch two notes beyond its normal
position while the first finger on the
adjacent lower string remains in the
same position at any time as if an octave
were being played. The great Paganini
was a master of this, and it is said he
used to practice on the mandolin so as
to be able to stretch his fingers over
such an interval.

Harmonics

The next point to be discussed is
harmonics. These are flute-like notes
whicly in the higher register sound like
a whistle. As might be surmised from
this description, they are practically
pure fundamental tones, with no har-
monic overtones ! The reason for calling
them harmonics is thay they are the har-
monic overtones of the string, sounded
individually instead of simultaneously
with the fundamental, as is normally
the case. ]

Figure 9 illustrates the manner in
which they are produced. The string
is bowed in the normal manner, and a
finger (usually the fourth) is pressed
lightly at the midpoint of the string.
The string cannot vibrate in its funda-
mental mode because it would develop
a loop at the center ; this the finger pre-
vents.

However, since the finger presses but
lightly on the string, energy can be
transmitted past it. Hence it vibrates
in two halves, and develops the har-
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monic H:; this is an ocave higher than
the open string. Had the finger heen
pressed down hard, only the lower half
of the string would be able to vibrate,
although in this case the tone would
still be an octave higher.

If the string is stopped lightly at one
third of its length from either end
such as by the fourth finger in the
first position or the second finger in the
third position, the string vibrates in
thirds, and generates a irequency three
times that of the open string, or ..
This is a fourth above the previous
harmonic.

If the third finger in the first position
is pressed lightly against the string, it
will be found to press at one-fourth of
the length of the string. The string now
vibrates in four segments, hence the
fundamental frequency is two octaves
above that of the open string. The same
result is obtained by stopping the string
lightly at one-quarter of its length from
the bridge. This is indicated by the two
values of Hi. On the other hand. if the
string is pressed at the center (H’s), it
vibrates in halves rather than in cquar-
ters.

If more segments are desired in the
string, the finger should be pressed
lightly nearer either end. However, it
is very difficult, if not actually impos-
sible, to excite the string in these nodes,
except for one case. If the third finger
in the third position is pressed lightly
against the string, it will be found to
press at two-fifths of the string’s length.
In this case the string can be made to
vibrate in five segments, as indicated
by H,, and a tone that is a major third
above H: is generated. Similar results
are obtained at the bridge end of the
string.

It would appear then that four har-
monics of certain frequencies are all
that can be produced on each string.
This limitation, however, can be circum-
vented by a very simple trick. The first
finger 1s pressed down hard on the
string, thereby artificially shortening it
enough to raise it one tone. Then the
fourth finger is pressed down lightly on
the artificially shortened string; it
presses at one-quarter of the length.
Thereupon a harmonic two octaves
higher than the shortened string is
produced, and this harmonic is one tone
higher than the Hs harmonic of the open
string.

We have thus obtained two harmonics
or ‘“whistles” one note apart. By slid-
ing the first finger up a note each time
and then pressing lightly with the fourth
finger, we can produce harmonics of
all notes. This is how the violin i1s made
to whistle tunes. You have all heard
this effect, if in no other selection than
the “Hot Canary.”

Vibrato and Glissando

Two other fingering effects are to be
noted. One is the vibrato, or tremolo as
it is known 1n the organ. The vibrato
or ‘“shake” is produced by rocking the
left hand back and forth on the finger
that is stopping the string. The result
is a vibratory or throbbing effect just
like in the case of the human voice, and
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Fig. 10. Frequency-response curves for a cheap
(upper) and a good-quality (lower) violin.

is the effect that helps to make the
violin tone so beautiful and human-like
i sound.

The vibrato is actually a kind of fre-
quency modulation of the tone, occur-
ring at a rate of about four or more
times a second. Its rate and degree or
deviation can be varied at the will of
the plaver, and is one reason why the
violin is so superb in the way in which
it responds to the performer and makes
him feel as one with it. The vibrato can
also be employed in some other instru-
ments, such as the cornet or trumpet,
and the organ has a stop for that pur-
pose, hut in the latter case the effect is
usually fixed by the design.

The last effect to be discussed is the
glissando or slide. Since the pitch is
determined by the tingers. one can go
from one pitch to the other in a kind of
gradual fashion, instead of abruptly. by
sliding the finger from one note to the
next. This is best done by sliding from
say the first position to the third in
playing a sequence of notes, and the re-
sult is an expressive effect very much
like that of the voice singing a scale
all in one breath. In the hands of a good
plaver this is a very emotional effect,
but in the hands of a player of poor taste
this can be very “schmalzy.” Even har-
monics can be given a certain amount
of vibrato with very nifty results.

As stated previously, bowing is the
harder of the two arts, and much de-
pends npon the bow arm. Notes can be
played in separate bow strokes. or all
“in one how” as it is said. If the how
is started and stopped abruptly for each
note, a so-called staccato effect is ob-
tained. Each note can be bowed sepa-
rately, or a series of notes can be played
staccato all in one bow by drawing it
along the string in a series of jerks.
This is easier to o in up-bow, hence we
find DPaganini requiring the staccato
down-bow in his Violin Concerto in D.

Then there are various forms of
jumping bow techniques. The effect is
a series of notes daintily tripping along
in a light staccato fashion, and provides
the violin with a variety of expressive
effects. The bow may be made to jump
by hammering it on the string; by em-
ploying the right amount of force it
can he made to bounce a desired num-
ber of times per impact.

It can also be made to bhounce or
jump when playing a series of separate
notes by jerking the wrist in the proper
manner ; this i1s known as spiccato bow-
ing. Also, it can be made to bounce when
plaving arpeggios. These are chords in
which the notes are played in sequence
instead of simultaneously, and the bow
is wrapped around the strings with a
whip-like motion while the fingers are
held fixed on the various strings just as
if a chord was going to be plaved.

Space forbids further discussion of
violin technique, but in passing let us
note the trill, which is a rapid altera-
tion of two adjacent notes. This can
also be done when deuble-stops are
played, but yv’gotta be good! Some har-
monics too can be plaved in double
stops, hut y'gotta be better.

Pizzicato, or the plucking of strings,
can be done with the right hand even
while it is holding the how, by extend-
ing the forefinger and plucking the
string. Or one finger of the left hand
can be used to stop the string, and an-
other finger of the left hand employed
to pluck 1t. In addition, another string
can be simultaneously bowed, so that it
sounds like a violin accompanied by a
guiar.

Experiments on the Violin

We now turn from violin technique
to a discussion of some of the experi-
nients that have been performed on the
instrument in an effort to find out scien-
tifically why one fiddle 1s better than
another. [t is perhaps here that the vio-
lin baffles us more than in any other
way, for most of the experiments indi-
cate little or no difference between a
good and poor fiddle.

One of the first tests to be performed
of a more scientific nature was that of
analyzing the tones as played a semi-
tone apart.® This method was than
superseded by one in which the G string
was replaced by a phosphor bronze wire
with a diameter of 0.015 in., and tight-
ened to the same tension as the G
string.®

It was then placed in a powerful
magnetic field, and audio currents of
the desired frequency passed through
it, which caused it to vibrate at that
particular {frequency. Soft absorbent
cotton was placed between it and the
fingerboard as well as between it and
the other strings so as to damp the
wire and make it have a uniform re-
spomnse.

The sound was then picked up by a
microphone and its output recorded.
This method enables the vibrations of
the body alone to be studied, without
reference to string resonances. Any
frequency can be impressed, so that the
response can be resolved to a much
finer degree than semitone intervals.

Figure 10 shows the frequency re-

[Continued on page 72]

5F. A. Saunders, J. Acous. Soc. Am., 9,
81 (1937).
6§ Watson, Cunningham, and Saunders,

“Improved techniques in the study of vio-
lins,” J. Acous. Soc. Am., Jan. 1941,
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Handbook of Sound

Reproduction

EDGAR M. VILLCHUR"

Chapter 6. The Perception of Sound

A thorough knowledge of sound reproduction demands an equivalent familiar-
ity with the fundamentals of hearing and the principles of psychoacoustics.

Tm: DESIGN OF REPRODUCING APPA-
RATUS must take into consideratien
the auditory mechanism of the lis-
tener as well as the physical nature of
sound. The subjective factors of loud-
ness, timbre, and pitch do not have a
constant relationship to the objective
reality of amplitude, wave form, and
frequency. Although certain influences
over perception can obviously not be
categorized (a noise may appear unduly
loud, for example, because of a state of
anxiety on the part of the hearer), there
are some patterns of perception which
are characteristic of human hearing 1n
general. When proper allowances are
made for these patterns it is possible
to avoid certain difficulties in creating
an apparent naturalness in reproduced
sound.

The Fletcher-Munson Effect

It has been established that the vari-
ous physical characteristics of sound do
not each produce their own effect in-
dependently, and that the perception of
a particular quality is affected by char-
acteristics other than the one with
which it is primarily associated. The
pitch of a tone, for instance, it not deter-
mined exclusively by its frequency, but
is also influenced by both intensity and
wave form.! (See Fig. 6—1.)

The most important of such secondary
influences which the audio designer must
allow for is the relationship between
loudness and frequency at different in-
tensitv levels. This relationship was
given a definitive study by H. Fletcher
and W. Munson, who published the well-
known group of curves reproduced in
Fig. 6—2. Each “equal loudness con-
tour” plots the sound intensity required
to produce the same sensation of loud-
ness at different frequencies. The iden-
* Contributing Editor,
NEFRING.

1 Tones below 2,000 cps tend to decrease
in pitch with an increase in intensity, while
tones above 2,000 cps tend to increase in
pitch with an intensity increase. This “nor-
mal illusion” is very much greater with
rich tones than with pure tones.

Aunio  Ewcr-

40

0 ey
ig. . Variati by —
52* pifc—h]withanlaot&zrf N T f:j_' =
ness level. The num- - W[ T /7//-//' P
ber on each curve . \ 80 //// //
represents the loud- w 90
ness level in phons. E -10 \\\ / / //
The change in pitch = ) il // /
produced by a change = =
of loudness from 40 g s 1o /
phons is read on the £ L
vertical scale. Except x 4
for the 120-phon 2 0l— .’?"/\\
level, the maximum * 1 N~
change occurs at LOUDNESS
about 100 cps. After -25 SELEQ
W.B. Smow. | Acous. 56 100 200 500 1000 2000
Soc. Am., July 1936, FREQUENGY IN CYCLES PER SECOND

tifying number on each curve indicates
the loudness level above threshold of
the sound to which the curve refers.

There are two types of information
that mav be derived from this set of
curves. The first concerns the shape of
any one particular contour, a shape
which indicates that hearing sensitivity
at the corresponding loudness level
varies radically over the frequency spec-
trum, and is maximum in the region
from 3,000 to 4,000 cps.

1f it were not for the fact that re-
producing apparatus creates spurious
components that do not exist in the
original sound, this variation would

have only academic interest for audio
technicians, since the same illusion
exists for both the live and the repro-
duced music. It is necessary, however,
1o take into consideration the fact that
spurious elements, whether due to noise
sources or to harmonic distortion, have
varying nuisance value depending upon
their frequency. A 00-cps hum will be
far less apparent than 120-cps hum of
the same ntensity, and intermodulatory
products appearing around 3,000 cps
need only be faint to be detected.

The second type of information which
is contained in Fig. 6—2 has even
greater significance for sound repro-
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how

& Is the

in plug-in audio amplifiers?

ek 31/211 *

LENGTH: 9"

WIDTH:  1%7
HEIGHT: 3%"
WEIGHT: 1 1b. 1 ox.

TYPE 5116 AMPLIFIER
o 11 will fit ocross standard rack @

TYPE 5117 AMPLIFIER

A plug-in, low-noise, low-distortion, fixed-gain unit for use as a

program monitor or hooster amplifier in broadcast audio facilities,

recording, or sound systems.

Gain: 55 db, fixed.

Input source impedance: 150/600 ohms, center tapped.

Output load impedance: 150/600 ohms, with center tap on 600
ohm position.

Output noise: equivalent to input signal of — 110 dbm or less.

Output power: + 30 dbm (1 watt) with less than 0.5% RMS total
distortion from 30 to 15,000 cps; 39 dbm (8 watts) with less
than 19 RMS 1otal distortion from 50 to 15,000 cps.

Frequency characteristic: + 0.5 db from 30 to 15,000 cps.

Power requirements: 70 ma DC at 300 v, 1.2 amps at 6.3 v.

Tube complement: two Type 6V6, two Type 5879,

LENGTH:
WIDTH: 73"
HEIGHT: 3%”

WEIGHT: 17 Ibs. 6 oz.

%"

TYPE 5206 POWER SUPPLY
® 2 will fit across standard rack e

* A\ K
/mj/means the finest in audio components.

@ amplifiers @

LANGEVIN MANUFACTURING CORPORATION

transformers

AUDIO ENGINEERING e NOVEMBER, 1952

of standard panel space
IF you use the NEW Langevin 5000 Series

TYPE 5116 AMPLIFIER

A plug-in, low-noise pre-amplifier for use in broadcast audio

facilities, recording, or sound systems. Can be used as a booster

amplifier with + 18 dbm output.

Gain: 45 db into unloaded input transformer, with provision for
adjusting to 40 db.

Input source impedance: 30/150/600 ohms. Center tap available
when strapped for 150 or 600 ohms.

Output load impedance: 150/600 ohms, with center tap on 600
ohm position.

Output noise: equivalent to input signal of —120 dbm or less.

Output power: +18 dbm (0.063 watt) with less than 0.5% RMS
total distortion from 50 to 15,000 cps, only 1% at 30 cps.

Frequency characteristic: £0.5 db from 30 to 15,000 cps.

Power requirements: 6 ma DC at 275 v, 0.3 amp at 6.3 v.

Tube complement: two Type 5879.

TYPE 5117 AMPLIFIER

e 6 will fit across
standard rack

LENGTH: 9.7

WIDTH: 2547
HEIGHT: 3.7
WEIGHT:

TYPE 5206 POWER SUPPLY

A plug-in unit capable of powering as many as 22 Type 5116

pre-amplifiers, or 10 Type 5116 pre-amplifiers plus two Type 5117

monitor amplifiers.

Load current: 210 ma DC at 300 volts.

Filament current: 6.5 amps AC at 6.3 volts.

Ripple: less than 2 millivolts pre-amplifier supply, less than 10
millivolts monitor amplifier supply.

Power requirements: 105-125/210-250 volts, at 50 to 60 cps.

Rectifier: two type 5Z4 tubes.

TOGETHER FOR THE FIRST TIME! Compactness beyond belief
e Top broadcast quality ® Balanced output ® Low-impedance
input ® Plug-in construction ® Gold-plated plugs ® Only 3 tube
types ® Tube-pull without plug-out ® Plate-current-check switches.

Why not try Langevin for your transformers — custom-built to
commercial or MIL-T-27 specs. Fastest delivery in the country on
test samples!

SEE US IN ROOM 531 AT THE 1952 AUDIO FAIR

power supplies

3 ibs. 13 oz.

37 WEST 65TH STREET NEW YORK 23, N.Y.
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duction. This information is read from
the relative shapes of two different
curves, one representing the level of
the original sound, and the other the
changed level of the reproduced sound.
It will be seen that if music is repro-
duced at an intensity level different from
the one at which it was created, the rela-
tive perception of intensities over the
frequency spectrum will not be the same
as in the original, and the musical tones
will suffer an apparent change of timbre,

Since it may be assumed that the in.
strunient maker and the composer had
in mind the timbres perceived at nor-
mal concert intensities, the reproduced
sound is changed from the original
musical conception. This may be cor-
rected by a tone control of either the
manual or the automatic “volume com-
pensator” type.

There are certain misconceptions
about the proper characteristics of the
latter which have occasionally heen
used as the basis of circuit design. It is
not the function of volume compensa-
tion to straighten out the equal loudness
contours, but to equalize the curve at the
reproduced level so as to give it ap-
proximately the same shape as the curve
at the original level. The average level
of a seventy-five piece orchestra 1s about
80 dh? above threshold, and the average
level of the lowest intensity with which
sound is ordinarily reproduced with any
legitimate interest in quality is about
50 db.* (Orchestral peaks may raise
both of these figures by 20 db.) It we
examine the two curves corresponding
to these levels we will see that they run
f'lIn!ost.parallel from about 500 cps up,
indicating that all compensation must
concern itself with frequencies below
this point. “Compensating” the treble
ranges when there has been no signifi-
cant change in perceived spectral dis-
trnbugnon has the dual disadvantage of
creating unnatural timbres and empha-
sizing harmonic distortion.

In connection with the lack of cor-
respondence between loudness and ob-
Jective sound intensity a special unit,
refe.rrmg to the sensation of sound in-
tensity, is used:

The phon is the unit of loudness level.
The lqudness level of a tone in phons is
numerically equal to a sound pressure
level in db, (relative to .0002 dynes/cmz2,
the approximate threshold of audibility)
of a pure 1,000-cps tone which is judged
by listeners to be of the same loudness.
Sound pressure in phons and in db would
thus be the same if it were not for the
variatton of loudness with frequency.

It may be seen that the identifying
numbers on the equal loudness curves
are in phons, and that they correspond
numerically to the intensitv in b at
1,000 cps only. This unit makes allow-
ances_for two psychological influences,
the Fletcher-Munson effect, and the

2 Hugh S. Knowles, “Loud-speakers and
room acoustics”, The Radio Engineering
Handbook, Keith Henney, ed.,, p. 881, 3rd
ed., 1941.

3 “Frequency Range and Power Con-
siderations in Music Reproduction”, Jensen
Technical Monograph No. 3, Jensen Mfg.
Co.
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Weber-Fechner description of percep-
tive patterns which was discussed in
Chapter 2.

Since the threshold intensity of sound
varies so much from bass to treble the
frequency limits of audible sound are
not fixed, but depend upon the intensity
level at which these limits are meastred.
The zero-db curve of Fig. 6—2 repre-
sents the audible threshold intensity at
various frequencies, assuming an acute
listener and no interfering noise. A tone
40 db above threshold will be barely
audible at about 90 cps, but at no lower
frequency. At high intensities the fre-
quency range of pure tones for an av-
erage person under forty is usually con-
sidered to be about 16 to 16,000 cps,
although in many cases this range is
extended in both directions.

The high-frequency limit declines ap-
preciably with age. When Madame Gad-
ski, an operatic prima donna, visited the
Carl E. Seashore psychological labora-
tory, the singer was tested and found to
be deaf to tones above 12,000 cps while
her voung daughter could hear frequen-
cies up to 20,000 cps.

Masking

The presence of one sound may mask
another, or cause it to be less audible.
The masking property of a sound (over
another sound of a particular frequency)
is defined quantitatively as the number
of db that the threshold intensity level
of a pure tone of that frequency is
shifted upwards.

Figure 6—3 illustrates the masking
properties of various tones and noises.
It will be seen that in general the major
part of the masking occurs at and above
the frequency of the masking tone. Hum
will mask mainly the bass octaves, and
record-surface scratch the higher fre-
quencies. Random room noise raises the
threshold of audibility of all frequencies
and reduces the range of perceivable
frequencies at low intensities.

Minimum Perceptible Differences

The perception referred to so far has
been in relation to absolute magnitudes
rather than to changes. We must also
be concerned with the perception of
mmimum differences, so that we will
know when variations in frequency and
amplitude, such as might be caused by
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Fig. 6—3. Masking curves for various bands of
noise. Each curve represents the masking effect,
in db, of the band of noise at the numbered
intensity level. After H.  Fletcher and W
Munson, J. Acous. Soc. Am., July 1937

the erratic operation of reproducing
equipment, will hecome noticeable.

Figure 6—4 shows the minimum
changes in intensity that may be per-
ceived at different frequencies and in-
tensity levels. At the level of most re-
produced music a fraction of a db of
change can be noted in pure tones, in-
dicating the desirability of keeping the
variation in equipment frequency re-
sponse small.

The minimum change of frequency
that can be discerned varies consider-
ably with different individuals. As might
be expected, the faculty for detecting
frequency changes is usually most highly
developed in professional musicians,
some of whom have been able, in tests,
to detect a change from middle 4 of
one-tenth of a cycle. This is less than
1/500 of a whole tone. The average
person is able to detect a frequency
change from muiddle A of about 3 cps,

- jll
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Fig. 6—5. Intermodulation produced by non-linearity of the ear.

and a few individuals cannot clearly
differentiate notes a half-tone or even
a whole-tone apart. The moral is for
musicians and those with acute pitch
perception to use record players whose
turntable r.p.m. exhibits an exceptionally
small amount of fluctuation or “wow.”

The minimum time required for a
pure tone to be sensed as such is about
one-twentieth of a second, and appears
to be independent of frequency.

Non-linearity of the Physical
Mechanism of the Ear

We have seen previously that vibrat-
ing sources of sound break up into har-
monic modes of vihration in addition to
their primary or fundamental mode.
Devices subjected to forced vibration
also exhibit the tendency to produce har-
monics of the frequencies at which they
are stimulated, and since these har-
monics are not present in the original
stimulus they constitute distortion. Dis-
tortion of this type is called non-linear
because the instantaneous response of
the device to an input stimulus is no
longer exactly proportional to the stim-
ulus, and the graph which plots the
instantaneous output response against
the input stimulus is no longer a straight
line.

The transmission mechanism of the
ear 1s no exception to the category of
mechanical devices which possess the
above {ailing, especially when respond-
ing to sound of high intensity and low
frequency. This may he inferred irom
two pieces of evidence:

1. If a pure tone of sufficient intensity
is sounded, harmonics not present in
the stimulus may be heard.

2. If two loud tones are sounded
simultaneously, additional sum and dif-
ference tones may he heard.

The existence of these sum and dif-
ference tones in the ear, which are also
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Fig. 6—6. Two sound waves whose partials are

the same in magnitude but different in phase.

Although the geometric wave forms are dif-

ferent, the timbres will be the same except for

the slight influence of aural harmonic inter-
ference.

called “subjective tones,”* have a pro-
found influence upon hearing. Certain
nstruments, like the piano, produce tone
complexes in the lower notes whose
fundamental component is inaudible, but
which nevertheless can be clearly iden-
titied as heing at the pitch of the funda-
mental. This identification proceeds from
the many difference tones between suc-
cessive harmonics, all at the frequency
of the fundamental. The same phenome-
non occurs in the apparent reproduction,
by telephones, acoustical phonographs.
or table-model radios, of tones whose
fundamental irequencies are far helow
the low-frequency capabilities of the
equipnient.

The creation of sum and difference
tones is not a beat pheunomenon, and is
not dependent upon the phase of one
note alternately coinciding with and
then opposing the phase of the other
Sum and difference {requencies exist
as components of the combined wave
form of the two original notes only
when this wave form is distorted by a
non-linear systen.

The ear drum vibrates simultaneously
at both low and high frequencies, so
that the relatively large advances and
retreats stimulated by the bass are ac-
companied by a smaller to and fro mo-
tionn superimposed on the longer vibra-
tory path. If, at the extended excursion
of the lower f{requency, the path of
normal travel is checked by the im-
perfect compliance of mechanical ele-
nients. the high-frequency vibrations
will also be restrained more than nor-
mally. They will therefore be of reduced
amplitude during the entire period that
the low-frequency wave peak is being
clipped. This produces an amplitude
modulation, as shown in Fig. 6—5. A
Fourier analysis of an amplitude modu-
lated wave reveals the existence of the
familiar sideband components consisting
of the sum of and difference hetween
the carrier and modulating frequencies.
These intermodulatory products have an

1+ “Subjective tone” is really a misnomer,
because the sum and difference tones have
a physical reality in the vibrations of the
ear mechanism, and will exist in the output
of any unon-linear transmission device.

[Continied on page 74

Fig. 6—7. Basic audi-
tory mechanism of

the ear.
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MEASUREMENTS
“FAMOUS FIRSTS”

—and following every leader are those
who would rather copy than create!

in
Substitutes are not acceptable where ;/W
precision. instruments are required, that

is why engineers the world-over specify

the - MEASUREMENTS - line. They know 1939 MODEL 54 STANDARD SIGNAL GENERATOR—Frequency
Yhatees, i A et e ’ range of 100 Kc. to 20 Mc. The first commercial signal gen-
e TR i : erator with built-in tuning motor. )
- STANDARDS ARE ONLY AS RELIABLE AS MODEL 65-B STANDARD SIGNAL GENERATOR—This instrument

CREPLITATION OF 7 replaced the Madel 54 and incorporated many new features including an
‘THE REPUTAHONOF THEIR MAKER cx;t’cndcd frequency range of 75 Kc. to 30 Mc.
Sy e = g 194 MODEL ss UHF RADIO NOISE & FIELD STRENGTH
- . METER—With a frequency coverage from 15 Mc. tg, 150 Mc.
This instrument hlled a long wanted need for a feld strength m&er usable
above 20 Mc.
MODEL 79-B PULSE GENERATOR—The first commercialty-buitt pulse
yenerator
1941 MODEL 75 STANDARD SIGNAL GENERATOR—The first
generator to meet the need for an instrument covering the LF.
and carrier ranges of high frequency receivers. Frequency range, 50 Mc.
to 400 Mc.
1942 ill’llé%lsALlZED TEST EQUIPMENT FOR THE ARMED SER-

<.l .t Madel$5-B s 1943 MODEL 84 STANDARD SIGNAL GENERATOR—A precision
. STANDARD 'SIGNAL GENERATOR . instrument in the frequency range from 300 Mc. to 1000 Mc. The
e s e e o tist UHF signal gencrator to include a self-contained pulse modulator,
1944 MODEL 80 STANDARD SIGNAL GENERATOR—With an
= output metering system that was an innovation in the field of
measuring equipment. This signal generator, with a frequency range of
2 Mc. to 400 Mc. replaced the Model 75 and has become a standard test
instrument for many manufacturers of electronic equipment.
1945 MODEL 78-FM STANDARD SIGNAL GENERATOR-—The
first instrument to meet the demand for a moderately priced
frequency modulated signal generator to cover the range of 86 M. to
108 Mc.
1946 MODEL 67 PEAK VOLTMETER—The first electronic peak
X e e 2 voltmeter to be produced commercially. This new voltmeter
©. .. .. ' Model 80 . overcame the limitations of copper oxide meters and electronic voltmeters
_STANDARD: S'GNAL GENERATOR of the r.m.s. type.
PRl 2" AE 1947 MODEL 90 TELEVISION SIGNAL GENERATOR—The first
commercial  wide-band, wide-range standard signal generator
ever developed to mect the most exacting standards required for high
dehnition television use.
1948 MODEL 59 MEGACYCLE METER—The famihar grid-dip
% meter, but its new design, wide frequency coverage of 2.2 Mc.
to 400 Mc. and many other important features make it the first commercial
instrument of its type to be suitable for laboratory use.
1949 MODEL 82 STANDARD SIGNAL GENERATOR—Providing
the extremely wide frequency coverage of 20 cycles to 50 mega-
cycles. An improved mutual inductance type attenuator used in conjunc-
tion with the 80 Kc. to 50 Mc. oscillator is onc of the many new features.
MODEL 112 UH.F. OSCILLATOR—Designed for the many applications
i in ultra-high frequency engineering that require a signal source having
’ Model 84 a high degree of frequency accuracy and stability. Range: 300 Mc. to
STANDARD SIGNAL ‘GENERATOR © - 1000 Mc.

1950 MODEL 111 CRYSTAL CALIBRATOR—A calibrator that not

" . ’ only provides a test signal of crystal-controlled frequency but
c 0 R P ﬂ R A T ’ o N 1952 MODEL 84 TV STANDARD SIGNAL GENERATOR—With

3 a4 frequency range of 300-1000 Mc.. this versatile new instrument

also has a sclf-contained receiver of 2 microwatts sensitivity.
8 00 NTON 2 NEW JERSEY i is the first of its kind designed for the UHF television ficld.

1951 MODEL 31 INTERMODULATION METER—With completely

) self-contained test signal generator, analyzer, voltmeter and power
supply. Model 31 aids in obtaining peak performance from audio systems,
AM and FM receivers and transmitters.
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