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Lifts “HI-F1” to a new HIGH

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

SEREFAREAIAINRIBNIEILEESER TSNS (ER SRR R R RN
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“FuLL DIMENSIONAL SOUND” is an apt descrip- ° &
tion of the tonal perspective that gives these 2
fine records the true balance, depth and full

tonal range of the original live performance.

for the original sound

To achieve these outstanding results, Capi-
tol’s sound recerding methods and equipment
include all of the latest technical advances in the audio field.
Recording materials —both dises and tape — must measure up to
the highest professional standards in every respect. And Capitol —
like leading phonograph record manufacturers the country over
—has found that Audiodiscs and Audiotape are the ideal com-
bination for meeting these exacting requirements.
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Remember — Audiodiscs and Audiotape are made by audio
engineers, for audio engineers. Their consistent uniform quality
is the result of more than a decade of experience by the only
company in America devoted solely to the manufacture of fine
sound recording media —both discs and tape.

AUDIO DEVICES, Inc.

444 MADISON AVE., NEW YORK 22, N. Y.
Export Dept.: 13 East 40h $t., New York 16, N. Y, Cobles *'ARLAB'"
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* Trade Mark
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COVER

Primarily, our cover this month honors the 19th British National Radio and
Television Exhibition—one of the World’s major electronic shows. More
importantly, however, it is a tribute to the respect and regard which are
the heritage of two great and friendly nations. Products sketched
are typical of those with which our British cousins are
maintaining a stable democracy in a turbulent sea of
stress and privation. (Design and art work, courtesy
British Industries Corporation, New York.)
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AUDIO
ATTENUATOR
SPECIFICATIONS

Matche!

Ladder atenualors
Bridged & Straight "H"
& "T" attenualors
Single & Dual
polentiometers

V. U, meter muliipliors

Multi-impedance
maiching attenuators

Fixed atenvalors

Shallcross offers a complete
line of over 200 standard fixed,
rotary-step, and key type atten-
uators to match practically any
audio requirement. Complete
facilities are also available for
making custom-built units to
specifications.

Shallcross

MANUFACTURING COMPANY

Collingdale, Penna.
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here precision

matters...

THERMADOR

Transformers for Television
... Radar. .. Aircraft ...
Geopbysz’cs ... Radio

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

transformers:
Audio Aute Geophysical
Driver Filamen? High-Fidelity Audio
Input-Output Midget Plug-In
Plate Power Television

Tube to Line

.. zlso Chokes and Reactors

THERMADOR ELECTRICAL
MANUFACTURING CO.

3.320
5110 District Boulevard + bos Angeles 22, Calif,

2

IXED-FREQUENCY audio oscillators fnd
F use in a number of applications, most

of which require that the oscillator be
extremely stable. Paul Jarmotz is the m-
ventor of a circuit whose Irequcn(‘y stabil-
ity is said te be independent of mechanical
shock, \'drkltlt)tl in supply voltages, and
changes in tube characteristics. While it is
designed as a fixed-frequency oscillator, in
which role it would be suitable for audio-
frequency-standards, electronic musical in-
strounent tone generators and radio control

i circuits, among other uses, there i1s no rea-

sonn why it could not be made variable in
steps by switching component values. This
would be guite useful for quick frequency
runs on audio equipment {General Radio
has made a step-frequency oscillator for
this purpose), tuning musical instruments
(a 12-position switch), and the like, The
patent, No, 2,589,816, is assigned to the
Uniterd States Government.

The oscillator is of a type the inventor
characterizes as “balanced series Ioop,” and
has a low-distortion sine-wave output. The
basic circuit is diagrammed in Fig. 1. Two
triode stages are provided, ecach with a
plate-load resistor and an unbypassed cath-
ade resistor. The plate of each s connected
ta the grid of the other in a simple positive
feedback arrangement, and both grids are
biased somewhat positively.

The circuit looks somewhat like a multi-
vibrator and operates on roughly the same
principle. A random disturbance in cither
tube is fransferred to the other, then fed
back to set up oscillations as the process
continues. Unlike a multivibrator, however,
the buildup is severely limited by the pres-
ence of the cathode resistors. These are in
the circuit, not to provide bias, but to pro-
vide degeneration and contrel the gain. The
value of each rcmstm‘ 15 such that the gain
of the stages is just sufficient to overcome
the losses i the feedback loop; as a re-

b sult, sinc-wave oscillations are produced.

The two stages and the feedback paths
are symmetrical, the irequency being con-
trolled hy the values of £ and €, and K.

* 23540

S4th St., Newe York 24, N. V.
4 —0 &+
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and K. The patent gives formulas by which
the values of the frequency-controlling ele-
inents may be approximated, but a little
experimentation will give precise results
without difficulty. This is preferable be-

cause stray capacitance in tube inputs and
wiring render the formulas ]L‘\s than exact.

Figure 2 gives a practical circuit (sorry,
the inventor gave no values) for a 2000-cps
oscillator. The components are coded the
sarpe as in In; 1, but there are nare of
them. The positive bias for the grids is ob-
tained from a voltage divider ;R across
the power supply and K. is added between
the cathodes for maximum stability adjust-
ment (equalization of cathode voltages,
probably). R: and K have been added in
the feedback paths and Cs and €, have beern
added in shunt with the grid resistors. C; i
an output coupling capacitor. The imprus—
sive addition is R, a variable resistor
whose function, according to the inventor,
15 to vary the B-plus voltage as a conven-
ient method of varving oscillation ampli-
tude. A stable oscillator indeed!

A strictly practical approach to design-
ing one of these oscillators ought to work

Fig. 1
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very well. Beginning with a duo-triode such
as the 05N7-GT and offhand values {for
plate and cathode resistors—perhaps 0.1
megohms for all four, select random values
for R;, C: and their opposite numbers.
Place variable resistors in the cathode cir-
cuits and replace K and K, with a poten-
tiometer of perhaps 0.1 megoluns. A little
knob-twiddling should quickly determine fi-
nal values and frequency can be adjusted
later on a ratio basis, starting with the ex-
isting values and frequency. C+—C: and

—F. may or may not be necessary, de-
pendiug on {requency.

Low-Distortion Cathode-Follower

Cathode-followers hayve found wide use
as impedance-transforming circuits because
of low frequency distortion, high input im-
pedance, and low cost. They are, however,
little less subject to nonlinear distortion
than standard stages especially when the

[Continued on page 6]
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HEAVY DRIVE
SHAFT:

A unlgue feature!

Exclusive with

Garrard!

Brive shaft for

3315 rpm and 45
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CONVENIENT

START-STOP-REJECT

'lﬂ‘ER.

sml stop and
£e\!§r9al't cére:

oo locstad <

Iy,
ﬂ{m tone-arm,

MAIL COUPON TODAY
for Garrard Fact Sheert and
addresses of dealers,

to Garrard Sales Corp., Dept. AE-2 Address.......couiieneiiiioneimissinrisierssessissssanionsn e
164 Duane Street
MNew York 13, N. Y.

‘throughout & wide
-Varlagtlon In line

appreciable  speed

full load or "hot"*
‘eardless of weight,
‘atar of records.

! Easﬂr

PUSHER TYPE PLATFORM:

Adjusts simply to 77-107:12” records regardless of diam-
eler or size of spindle hole.

No record changing mechanism has bean devala ed to equal
the performance of the praclslon pusher platf or
recards with standard ee? e pusher platfarm
?Ntlgﬁ only method th glvas nositlve genlle recard

HEAVY DUTY SILENT
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Disturbing reso-
nance eliminated.
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WORLD’S
FINEST
RECORD
GHANGER

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

TWo |r§mmumntr_ SPINDLES:
nserted, the two Garrard s;ulndles accommodate all
records as they were made to be played. (If uﬁer refers
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ggn ter hole of 45 rpm racords:) ar Typical arrar ‘spindle
standard centar holes. b: Easll nsarted wide sp!raﬁra.
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Elirvnd. (!nlslr a small colfar revolves, assuring longer center
and record wear.

Send literature to
NI ety rewadabasra b} A e Y . ..

Gt cnnnsmscimssesian ZONE...i1ree State,

5P ey m—— — — -

FRECISION GROUND  MUTING SWITCH: WAYCH-LIKE CONSTRUCTION

GEARS No sound while Ai“ ‘parts are preclsion made, fas-
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insure constant  fup-in or run-off adjust.
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years of service. of music undis= A complete stock of replacement
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Garrard owners,

For an excellent description of what to fook for In.

a record ch

ar, we recommend the section devoted

changers in the new book “High-Fidelity Sims
ﬁllﬂed“ Dllhllshe ‘by John F. Rider.

We print this page in order to show you the superb engineering which has
caused thousands upon thousands of discriminating people, who enjoy records,
World's Finest 3-Speed Record
Changer. Take this advertisement to your favorite sound department, and
$42.30 net, less cartridges

to insist upon the Garrard “Triumph®,

judge for yourself!
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New compact amplifiers—use low-
noise, long-life, miniature tubes.

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

For example, see how easy it is to get at

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

this familior video consale.

Every component is easy to get ot for
inspection and maintenance. -

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

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

Accessibility, plus! New hinged contrel pl‘.‘ll:le1 swings down;
amplifier frame swings up.

BC-2B is in our opinion a high point in
consolette design. The instrument includes
all essential elements needed by most AM-
EM and TV stations. And every feature has
been operation-proved—many in RCA de-
luxe custom-built equipment. T'ype BC-2B
is avatlable at a “package” pricel

For details, call your RCA Broadcast
Sales Representative.

, . and it's styled to match other RCA audio equipment, too

—like this master switcher, for instance.
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Improved, faster - operating
speaker relays eliminate key
¢clicks and avdio feedback.

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

e e e

-——Low height, and 30-degree sloping
front and top offer maximum studio
visibility. You can install the BC-2B
tight up against your studio win-
dow. There are no rear connections.

il
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T Tpa
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RAL RATION of AMERICA
P LAY w:ﬁ'ﬂ CAMDEN,N.J.
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FLAZA 7-3091

o AMPLIFIERS - COMMUNICATION EQUIPMENT

Precision-Laboratory-Audio Frequency

o RESISTORS

Precision-fixed wirewound

o EQUALIZERS

Wave filters, corrective equalizers

e MAGNETIC RECORDING COMPONENTS

Recording head, degaussers

e ATTENUATORS
Audio frequency types

CINEMA ENGINEERING COMPANY

1510 WEST VERDUGO AVENUE, BURBANK, CALIFORNIA

N

load impedance 15 fairly low or the signal
level is a trifle too high, A cathode-fol-
lower with a microscopically small dis-
tortion rating can be very useful m instru-
mentation—andio signal generators, inter-
modulation meters, and many other appli-
cations m and out of the strictly audio field.
Such a circuit has been invented by Nor-
man B. Saunders and assigned to the
United States Govermunent, The patent
number 1s 2,592/193.

Distortion in a eathode-follower can be
greatly reduced either by keeping the cur-
rent through it or the voltage between
plate and cathode constant. When both are
maintained constant, as in this cirenit, the
error in the output wavetorm does not ex-
ceed .01 per cent.

The circuit is diagrammed in Fig. 3 and
utilizes 4 pentode, a triode, and a gaseous

DB+
=
S R2
=5
1 J
s %
YWY i
:-
~~
D
QuTPUT
'-
< RS
LES— s
.h
Cags ;
(3
Fig. 3

voltage-regulator tube in addition to the
triode amplifier itself, which is I: i the
figure. The three vacuum tubes are con-
nected in series between the power supply
and ground and the input signal is fed to
the grid of I/, the cathode follower. The
“wround” side of the signal connects to the
arm of K: so that a certain amount of posi-
tive bias is connected irom veltage divider
R—R:, through filter resistor R (to re-
move any audio which may be across [/5: be-
cause it is also the pentode screen resistor)
andl the signal source, to the grid of 7.
This is a rather awkward bias system ior
most applications since both sides of the
input signal must be above ground for dic.
(C, is a bypass to ground for a.c.), How-
ever, it seems obyious that a more conven-
tional method would not affect the circuit's
aperation, The change would merely -
volve inserting a high-value grid resistor
across the mput terminals shown and in-
serting signal between grid and ground.

The pentode [7; has grounded grid and
suppressor. A pentode is essentially a cou-
stant current device, ifs plate current
changing very little over fairly wide ranges
of plate voltage, Since the current through
7+ is the same as that through I, the pen-
tode fulfills one of the objects of the inven-
tion by keeping current in the amplifier tube
constant. Its plate resistance is fairly high,
placing a high positive voltage on the cath-
ode of V.. The positive bias obtained from
the arm of K cancels this out and may be
adjusted for the correct resultant operating
bias for ..

The purpose of 7y is fo fulfill the second

[Continncd on page 77|
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An, wthing You May Need in
TAPE-WOUND CORES

RANGE OF MATERIALS

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

RANGE OF SIZES

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

cores—are manufactured to meet
your individual requirements.

RANGE OF TYPES

In each of the magnetic materials
named, Arnold Tape-Wound Cores
are produced in the following
standard tape thicknesses: .0127,
.008", .004", .002", .001", 0005”,
or .00025", as required.

Applizitions

MAGNETIC AMPLIFIERS

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

waD 3983

_E ARNOLD ENGINEERING COMP"
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here’'s

absolute reliability
for heavy duty

audio
amplification

2%

TUNG-SOL

588\

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

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

Tung-50l produces the 5881 under laboratory conditions, to
assure peak efficiency and maximum unifermity. You'll find this
tube has the stuff to take the whole range of audio service require-
ments from protracted standby pericds te repeated heavy over-
loads. So, if absolute reliability is essential in your audio circuits,
the Tung-5Sol 5881 is a "must.” Order it from your regulor supplier.

Write for characteristics ond performance daia

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

Sales Offices: Atlanta + Chicago * Culver City (Calif.)
Dallas * Denver + Detroit * Newark

Tang-Sol makes All-Glass Sealed Eeam Lamps, Mlnlatore
Lamps, Slghal Flathers, Pleture Tubes, Radlo, T¥ and
Speclal Purpesa Elstiren Tubes.

LETTERS

Ungilding the Lily
Sir:

In your July issue you make use of the expression “Gilding
the Lily.” I hope you will not take it amiss if I point out that
this is actually a misquotation. I think the original observation
about improving the lily was made by Shakespeare, in King
Jolm, Act IV, Scene 2, in the following words:

“To gild refined gold, to paini* the lily,

To throw a perfume on the violet,

To smooth the ice, or add another hue
Unto the rainbow.”

I am not suggesting that because Shakespeare said something
i the 16th century we must forever use the same thing; but I
do think that a perusal of these lines shows that the expression
“To paint the lily” has some meaning, whereas to talk about
“gilding the lily” has none.

G. A. Briggs,

Wharfedale Wireless Works,
Idle, Bradford,

Yorkshire, England.

(¥ ltalics ours—An ungilded lily to Mr. Briggs for his com-
ment, Stnce the misquetation ts better known than the gquots-
fion, we followed popular belief. En.)

Sir:

We note with interest the article “Gilding the Lily" by Sarser
and Sprinkle in the July issue of A. Since the important por-
tionn of the article deals with the Ultra-Linear conversion, a
circuit arrangement which we have designed, we feel privileged
to comment.

The authors mention that the original Ultra-Linear circuit
has a tap at approximately 43 per cent of the primary winding,
and that they use a tap at 50 per cent which is “not too far
from 43 per cent.” What they fail to mention is that in our
own circuit arrangement the screen load is 1220 ohms, and in
their arrangement it is 2500 chms. We know that 2500 ohms is
too far from 1220 to give comparable results and that the per-
formance of the circuit i1s degraded through misuse, although
there is measureable improvement m their arrangement over
the conventional triode connection.

Qur patent claims cover the use of any primary tap in this
circuit arrangement. However, we have restricted the use of the
term [Fitra Linegr to the condition where the dynamic plate
characteristic curves are most linear. This occurs with tubes of
the 616 and the 807 type with a primary impedance of 6600
ohms, screen impedance of 1220 chms, and a bias equal to 10
per cent of the plate-to-cathode voltage. Only this last condition
has been met by Sarser and Sprinkle and it is therefore incorrect
to refer to the Gilded Lily as Ultra-Linear.

David Hafier & Herbert |. Keroes,
Acro Products Company,

369 Shurs Lane,

Philadelphia 28, Pa.

Phase Inverter or Phase Splitter?
Sir:

While explaining the audio circuit to an electrical power engi-
neer recently, I pointed out what I called a “phase-inverter”
circuit. He examined the diagram carefully and woke me up
to a long existing semantic difficulty by asking, “But isn't any
amplifier stage a phase inverter?”

Without going into the guestion of certain circuits which do
not invert phase, I had to say ves, and proceed to point out that
“phase splitter” might be a better term. With that in mind, he
looked at the diagram again and in a few seconds understood
it completely.

So there it is, staring us in the phace. Electronics, being a
branch of a major science {physics), is supposed to encourage
a certain amount of precision of expression among its practi-
tioners, at least when a precise term is no more complicated
and takes no longer to say than 2 loose one. Never again, in
Aupio PATENTS column or in any other of my writings, will I
willingly be guilty of mentioning a phass inverter when I really
mean a phase splitter, If someone comes along with a better
term, I will use that. Do I hear a chorus of “me-too’s”?
I hope so.

Whilz we are on the subject of terminology, how about adding
the word “electronism” ofhcially to the electronic lexicon? A
conglomeration of wheels, levers, brackets, and other parts
which constitute a unit that does some kind of a job as a whole
15 termed a mechanism., Buat its electronic counterpart defies

AUDIO ENGINEERING e SEPTEMBER, 1952
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- T N R
NEW LARGE HUB on the 77 professional reel
reduces tension change as tape is spooled off,
= resulting in a 50% reduction in timing errors.

—— : The new hub has a diameter of 234" compared

with the 134" diameter of standard 7* reels.

() a)%ﬁm ’ c‘l *g » Thus it has approximately the same ratio of

ﬁcdts {WMQ'WO’IS Uw& il outside diameter to hub diameter as the stand-
ard NARTB 1014” metal reel. Another feature

of this new reel is the single small threading
slot, which minimizes mechanical distortion of

I"s 'he new !ESCO"h,, bru“d gy- the layers of tape nearest the hub.

( haus improved tope o
L . }i( this o, improved noel |
l“ bI'ICCI'I'ed lllﬂg I‘ie'l'lc 'l'ﬂpe on % “DRY I.UBRICATING" process gives you a

tape that practically eliminates sticking,
squealing and cupping . . . a completely de-
pendable tape that turnsin a flawless perform-

'l‘e new 7” prO'QSSionul reel! ance in almost any condition of heat or

humidity!

+ 100%, SPLICE-FREE! Tape supplied on the
77 professional reel is guaranteed to be com-
pletely free of splices.

* GUARANTEED UNIFORMITY! Qutput
variation of tape wound on the new 1200-foot
reel is guaranteed to be less than plus or minus
14 db at 1000 cps within the reel, and less than
plus or minus 14 db from reel to reel.

% s lrcnnron
avRM\Il:D H

Magnetic Tape

St gour, sty e supply o 7*profesional nefs andmw oy Qubicatl et

ey, The term "SCOTCH’ and the plaid deaign are registered trademarks for Sound Recording Tape made in U.5. A.by

By MINNESOTA MINING & MFG. CQ,, St. Paul 6, Minn.—also makers of “Scotch’ Brand Pressure-sensitive Taped
“Underseal” Rubberized Coating, *" Scotchhte" Reﬂectwe Sheeting, “Safety-Walk® MNon-slip Surfacing, “'3M’
Abrasives, “3M"’ Adhesives. Generzl Export: 122 E. 42nd St., New York 17, N. Y. In Canada: London, Ont., Can.
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EASY LOW-COST WAY to own a

PROFESSIONAL QUALITY

DUAL SPEED—HIGH FIDELITY

‘PORTABLE
MODEL PT-125

Use with Your Own Audio Amplifier,
Radio or Radio-Phono Combination,
or with new tapeMaster Model
SA-13 Power Amplifier und Speaker.

For the first time, a completely-flexible pro-
fessional quality tape recorder like this—at
such economical cost! Advanced engineering
and customized design make the fazpeMaster
a narural choice of recording enthusiasts
everywhere. Can be carried anywhere and
vsed with an existing audio amplifier or
combined with the SA-13 t0 make a com-
plete tape recorder and playback assembly
far superiorto other more costly equipment.
Ideal for home, school or commercial use.

Complete with 5" spool of plastic tape and
7" empty take-up spool, in sturdy carrying
case covered with waterproof leatherette,
less audio amphﬁer and microphone, Size:

125" x 127 x 9% high.
Net Price 9950

Built ta RTMA Standards + Dual Track—Manuol Reversal » Qual
Speed—7.5% and 375" sec. = Single Knob Instontonecus Speed
Chonge = Fost Farward ond Rewind + "A” Wind Tope = Direct
Threading of Tape » Push-Pull Suparsonic Bios-Erase » Reiponie
30-8000 cps, 3= 3 db at 7.5 and 50-3000 &ps. af 375 « Inputs
for qulo Phono and Mike » Cuiputs for Audic Amplifier and
H « Full M ing « Meon Record Level Indicator
For 105-125 ¥ 60 cycle AC {Also availoble for 110-220 ¥
50 eycle AC) » Qperates Yertically or Horizontally.

Send for FREE Bulletin 102-A

er inc.

CH'ICAG'O 10, 1LL.

13 W. HUBBARD ST-

Expart: Schael International, Inc.
Chicogo 18, US.A. « Cable: Harschae!

MODEL SA-13
POWER AMPLIFIER
AND SPEAKER

Portable companion to the PT-
125 tape recorder. Combines z
special type speaker, new ampli-
fierdesign,and effective principie
of baffling. Amplifier response
+ 1 db 30-15,000 cps. Peak out-

put 8 warns, Has separate bass

i el

7950

and wreble control. 12
x 18%" high.
Net Price .

FOR CUSTOM INSTALLATIONS

Model TH-25 Dual Speed Tape
Transport Mechanizm with
Model PA-1 Matching Pre-
Amplifier and Push-Pull Super-
sonic Bias- l"rase Osc;llator Fully
wired, ready 1o [I:Lug in. Without
spool ‘of tape, take-up spool and

carrying case.
Net Price . . 38850

Units may alo be purchased mdividually

[Prices Slightly Higher West and South}

smooth description. It is a chassis, the
circuit components (no wiring?¢), the elec
trical parts, the electronic asscmhl}—'lll
loose, inconvenient, circumlocutory expres-
sinns we use to try to differentiate the
clectromism  from the motor-turntable or
tape-transfer parts which we easily call
the mechanism, h
Who will vote for these two suggestions

an a write-in ticket?

Richard H. Dorf,

255 W. B4th St

Mew York 24, N. Y.
(H7e think we agree, and we shall endeavor
to revive future manuseripts i accordamce
with Mr. Dorf’s suggestion. E.)

0O-T-L Amplifiers
Sir:

We have gained experience on two as-
pects of the series-connected (-T-L am-
plifier {2, June 1952) which may be of
general interest.

The matter of optimum speaker umped-
ance is important. In 1948 we selected 150
cohms as a preferred value of speaker im-
pedance. [our years’ operating experience
has confirmed the choice. Generally speak-
ing, 150 ohms represents the impedance
for maximum power transfer from the type
6AS7G twin triode operated from a trans-
formerless  voltage-doubler plate supply.
Six to ten watts of power is abtained with-
out exceeding tube rating. With proper de-
sign, distortion is made exceedingly low.
Om, of our ten-watt designs provides full
power output that is flat within 0.1 db
tram 10 to 200,000 cps. Distortion is below
0.1 per cent from 30 to 15000 cps.

It has been found that comncert-quality
8-in. speakers having l-in. voice coils—
perhaps the smallest units likely to be used
for high fidelity—can be wound to 130
ohms without altering gap, efficiency, or
response. An early unit supp]lcd by Jensen
used F41 wire, which is about as small
a gauge as can be handled with commonly

| used production techniques.

A second preferred value is 500 to 600
ohms, which is feasible on the larger
speakers, The Stephens Mifg. Co. is, of
course, already marketing 500-ohm speak-
ers, This value matches the standard 500-
ohm line of public address systems and is
a value into which the single-ended push-
pull amplifier can operate with quite high
efficiency, We have designed a unit using
four 6L6G’s which provides a full 50
watts from 10 cps to several hundred ke,
Distortion is below 0.1 per cent from 30
to 15000 cps. Plate dissipation is below
50 per cent of rated value at full output.

Tt has been our experience that the
series blocking capacitor used with the
single-ended output need not be very large
or expensive for performance at least as
good as any amplifier now on the market,

The balanced-to-ground arrangements,
although climinating the output capacitor,
suffer from several disadvantages, not the
least of which is that for the same number
of output tubes the output impedance is
four times higher thau is the case if the
single-ended output is used.

For the record, it should be mentioned
that we have both domestic and foreign
patent applications covering the balanced
single-ended circuit. We are in agreement
with the authors that the O-T-L amplifier
may well be the high-fidelity amplifier of
the future.

wW. H. & ]. R, Coulter
Coulter Electronics,
3023 W. Fulton Bld.,
Chicage 12, Il

[Continued on page 14]
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| EﬂARANTEEB QUALITY SPEAKE

BEVERLY HILLS,
first time m the

: fyequency range. i
gl%ﬁei@ tv&%o new lnudspeaklem,
twelve inch 601A and the _‘.‘if‘u_-unj
602A ave improved versions o

: g lex” 1
famous ¢, 604 Dup ansi

The new Altec I
LOUDSPEAKERS

601A et Price with network, $89.00

GUARANTEED QUALITY: When you buy an Altec
601A or 802A Loudspectker, the quality of your purchase
iz protected with this guarcmtee. “The Altec Lansing Cor-
poration unconditionally guarantees that, when mounted
in an adequate cabinet, this loudspeaker will zeproduce
ol of the fones from 30 ¢ycles to 22,000 cycles.”

Aug. 10— For the
history of the audio
industry a manufacturer 18 guarantee-

B ﬁﬁe:eu-i

ALTEC

Trading
throughout
tures developd

The key s€
motors andg
steady almgh

: ity is loudspeakers. The | towa,
e thi?‘?eilltﬁafrfs}il:ls{; -"Dupplex" loud- l\)vli;.keﬁe
ok kers, just introduced this \\"(?ek' A few
?12.?(‘3 an\{mconditiona} factory glg‘z‘ SE' tween 1
teed frequency range o 0- E'O th’l}t no ve the
cycles. Principals at Altec sta }(15 o s |, Most 1
obher speakers on the market have +ions to 4

Net Price with network, $114.00

TECHNICAL DATA

B0TA 802A

~ Diamoter: 12¢ e
Power Capacity: 20 watls 20 walls
Impedance; 8 ohms B ohms
Weight: 15 Ibs. 25 Ibs.

FOR YEARS the Altec 604 “Duplex" has repre-
‘sented the highest quality attainable in o loud-
“speaker. Now |wo new speakers join the 604 1a
provide vou with an even higher standard for
‘quality sound reproduction. These. two new
“Duplex'’ speakers, the twelve:inch 801A and the.

hch:éﬁﬁﬁ.' ara the finest in the world. Hear
and gompare these guoranteed quality speakers

at your Altec dedler toduy.

the Symbol of Quolity

LANSING CORPORATION

"DUPLEX: Machanteally and electss-

cally inde

ers
the physical size of a

Jow fres

single frame.

ALYEC LANSING CORPORATION « 9356 SANTA MONICA BLVD., BEYERLY HILLS, CALIF. « 181 SIXTH AVE..MEW YORK 13, NEW YORK
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NEW!

- The turntable

that you helped
n!

»
L]
L]
L]
-+
-

REK=-0=KUT
3-SPEED, 16"
Transcription Turntable

FOR BROADCAST AND
RECORDING STUDIOS

THe new B-16H three-speed, 16” tran-
scription turntable is not 2 modifica-
tion of a 1wo-speed machine, but a
completely new design, with opera-
tional controls suggested by leading
engineers. Now you can play all three
speeds—33'5, 78 and the popular 45
—with equal facility.

The B-16H can be quickly and easily
fitted into your present 2-speed (ran-
scription consoles or cabinets. The base
is drilled and tapped for mounting
Audak, Grey or Pickering arms. Main-
tenance is simple . . . urntable, motor
pulley and idlers are easily accessible.

QUISTANDING FEATURES:

45 RPM Adapter ... disappearing type, bullt
Into hub of turntable.

AMuminum Base . .. square shape, radial ribbed
for utmost rigidity.

Speed Changes . . . instanianeous 1or all three
speeds—caonteolled by selector.

Speed Shilt. .. Mastermatic, self-locking. A
REK-O-KUT exclusive.

Speed Mariation . . . Meets the N.A.B. standard
for speed variation and “‘wow'* content.

Turntable . . . 167 cast aluminum: lathe turned,
with exira heayy rim tor balanced flywheel
action. Sub-mounted in base.

Mator . . . Hysteresis Synchrongus, 60 cycles
AC, 115 voits. Available in other frequencies
and vyoltages at extra cast.

Dimensions . . . 1%%" above base, 67 below.
20”|bv.-1de % 18%* deep. Shipping welght,
30 Ibs.

MODELB-16H ........ $250.00 net.

Available at Leading Radie Paris
Disiributors. Write for devailed literature.

REK-0-KUT CO.

38-01 Uveens Elvd., Long Island City, M. Y.

EXPORT DIYISION: 458 Broodwoy, H. Y. C. U.S.A.
{anada: Alas Redio Corp., Lid., Toronto 28, Oat,
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Rugged Tubes

ork 1N GrEAT BrITAIN on the de-
w sign and manufacture of rogged

vacuum tubes is the subject of an
article by E. G. Rowe in the March 1932
Woircless World. In Great Britain, cfiorts
have been directed toward the mechanical
improvement of existing electrical designs
without changing the characteristics. The
aim is to produce “trustworthy” tubes suit-
able for direct replacement of their exist-
ing counterpart. Attention was given to the
size, tightness, number, and spacing of the
micas. Locking straps in the micas, straps
acress the micas welded to the anode lugs,
and any other available technique of lock-
ing the bottom insulator to the stem were
methods that helped to reduce failures aud
neise in operation. Heater failures were
minimized by use of the reverse helical
heater, having a larger wire size and no
sharp hends.

Considerable attention was paid to the
glass envelope itself in order to insure
against cracking and breakage which may
occur if the assembly of the base and en-
velope are not done with care and accurate
operational control.

Relay Calculations

Relay design is the subject of an article
by Ch. Guilbert appearing in the March-
April 1952 Toute la Radio (France). Gen-
cral design calculations are presented and
are accompanied by an excellent set of
charts relating all the important design
parameters. These include turns, resistance,
wire size, current, armature size, and force
of attraction. With the use of the charts
it should be able to shorten the time re-
quired to design conventional relays for
special purposes, and fo obtain the maxi-
muin performance from relays available in
local stocks.

Design of Studios

Recording Studio Design is the subject
of an article by P. A. Shears in the Sep-
temiber 1931 Wircless W orld, Basing the
design of a studio on the need for balanced

| acoustics, rather than on economic limita-
| tions, requires that the reverheration char-

acteristic be corrected at the low-frequency
and of the spectrum, rather than mercly
cutting the basz in recording. Acoustical
materials usually used in studios are not
cfficient at low frequencies. To balance the
absorption, low-frequency resonant absorb-
ers of the open or closed type may be used.
In the closed group are panels spaced out
from the wall as wainscoting, while in the
open abserber group are the various forms
of Helmholz resonator. Lamp recesses and
windaw noise baffles are easily designed
open absorbers. Absorption coefficients for
curtain and drapery materials are shown in
graphical form along with the absorption

of various types of resonant absorbers. Im-
portant in the use of the low-frequency
absorbers is their high-frequency reflec-
tivity. That is to say. the wainscot ab-
sorhers or Helmholz absorbers should have
low coeflicients of absorption at the high-
frequency end of the spectrum, because all
the other items in the room tend to absorb
highs.

Maida Vale Studios

The B.B.C. concert studio at Maida Vale
has recently been modified and redecorated.
The work is deseribed in an article by T.
Somerville and H. R. Humphreys appear-
ing in Hireless Werld, April 1952. The
studio originally built in 1935 was boomy,
having been acoustically treated according
to the theories prevalent at that time. Since
the war the B.B.C. has conducted numer-
ous rescarches which led to the redesign
plan for the Maida Vale Studio.

Resonant membrane-over-air-space  ab-
sorbers were designed for four resonant
frequencies, 62, 80, 250, and 300 cps. These
absorbers were used to provide the required
low-frequency absorption curve, and were
applied in horizontal lines to the side walls.
Diffusion of the sound in the large studio
was enhanced by the use of the absorbers
and rectangular ceiling ornaments mounted
on the surface of the wall, rather than hav-
ing them flush with the wall surface. Addi-
tional low frequency absorption was pro-
vided by the liberal use of vencered wood
panelling on battens on the studio walls.
The air spaces between the battens was
filled with an absorbing material. The
panelling is both acoustically desirable and
aesthetically pleasing. Another important
change was the design of choir seats be-
hind the orchestra platiorm. These seats
are absorbent, being made of porous rubber
padding covered with a highly porous
plastic fabric.

The orchestra platform is made of wood
laid over a coucrete slab with corrugated
board in between to permit the wood to
resonate.

Reverberation tests show that a good re-
verberation condition exists under all types
of occupancy, and the glide tone method
for reverberation measurement shows a
marked improvement in conditions. Listen-
ing in the studio and monitoring the pro-
gram line, gives the final proot of the im-
provement in the acoustic design of the
studio.

German FM'

Hiireless World for April 1952 carries a
report on the use of FM broadcasting in
Germany. The report is an abstract from
the Bulietin of the European Broadcasting
{Inion. 1t discusses the need for broadcast-
ing in the FM region, the problems of chan-

[Continned on page 671
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To Yeu,
: Belden's Golden Anniversory
\ Meuns
\ —product performance that
can come only from a “know-
bow’! thathas grown through
actual service since the
\ inception of Radio.

¥OR ): heans
Ubromaker
o Waﬁyﬁb

—an ability to co-oper-
ate in pioheering new
wires tomeetorantici-
pateindustey's grow-
\ ing needs.
In the years that
follow
This Belden
Program Is—
— T0 BE
CONTINUED

TRANSMISSION CABLE

by BELDEN

180° FLEX TEST
|

L]
EmEEEEEE
BELL 8230 DO
FET T
1 = COPPER-
C
SrEM i SHEATHED
oy ' : ?’i’r”,”/llliﬁ y 20-GAUGE

STRANDED STEEL WIRE
hﬁ Brown Polyethylene-Resists Weather and Oxidation

%L AR The new Belden Weldohm, 300-ohm Transmission Cable is the
{ greatest advancement in television installation since television began.

[ E Reducing TV lead-in conductor breakage to a minimum is easy.
F The new Belden Weldohm Cable has overcome the breakage point by

162%, that’s 1% times the strength of pure copper wire.

- In actual test, Belden Weldohm Cable will withstand 254% more

£ whipping or severe flexing than the average installation of 300-ohm

InmEE T AN copper lead-in wire.

There is no difference in the electrical characteristics between an
all-copper conductor and the Belden Weldohm copper-coated steel
wire. The web is 72 mils of 100% virgin polyethylene.

o [ 1 i Replace with Belden Weldohm or make your next new installation
d with Weldohm and avoid expensive loss of time and labor.
Specify Belden —Weldohm Transmission Cable.

T ! Belden Manufacturing Co., 4689-R W. Van Buren 5t,

[ r Chicago 44, Illinois

+] 100 200 CYCLES

|

PP

| [
(<] 50 100 150 LBS

AUDIO ENGINEERING & SEPTEMBER, 1952 13


www.americanradiohistory.com

Precision Now Offers
Unmatched Facilities For
16mm Processing!

Here at Precision, we are constantly revising our film processing
technique; utilizing new engineering principles and new machin-
ery which enable us to offer 16mm producers the finest processing
service they will be able to find anywhere.

Here are some of the new types of equip-
ment that make Precision a leader among
film processing laboratories:

New 16mm Developing Machines
auntomatically operated—Maurer-de-
signed to handle the complete range
of 16mm work—negative or positive
promptly and efficiently,

Automatic Temperature and Air
Conirol built to a Maurer design.
Rigidly maintain every technical con-
dition necesszary to the finest 16mm
processing.

Electrically Heated and Controlled
Drying Cabinets on each new de-
veloping machine turn out high
quality film, waxed and ready for
immediate projection.

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

New Electronic Printer: For there.
production of magmetic sound to
16mm either independently or in
combination with picture prints.

New Control Strip Printers operate
without notching original—preduce
fades and dissolves from A &B rolls
—incorporate filter changes between
scenes,

PREGISION

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

JU 2-3970

LETTERS

[from page 10]
Sir:

It is difficult to resist making comment
on the O-T-L article in the June issue. |
certainly oppose the manufacture of loud-
speakers with voice cotls “out of the gap a
short distance.” One of the greatest sources
of distortion is caused by the non-linearity
of the suspension system. May [ say that
any good ontput transformer produces only

| a fraction of the distortion as compared to

any speaker regardiess of price. Perhaps
instead of trying to eliminate the output
transformer we should seek better methods
of transforming electrical energy into
acoustical output. Present speakers are
certainly the weak link of the entire re-
producing system. Let us not make the
speakers still worse for the dubious ad-
vantage of O-T-I. operation.

Louis Bourget
3996 McKinley Bivd.,
Sacramento 16, California

NEW LITERATURE

The Daven Company, 191 Central Ave,
Newark 2, N, J, covers the entire fleld of
variable and fixed attenuaters in a new
G4-page catalog which should be in the
hands of every professional audio engi-
neer. Due largely to the completeness of
the Daven line and the thoroughness with
which items are desecribed, there is little
to know about attenuators that will not be
found in this book. In addition to descrip-
tion, there are photographs, drawings, and
schematics. A highly commendable exim-
ple of iIndustrial publishing. Reguests
should be addressed to Department GIL

¢ Chicago Transformer Corp., 3580 Elston
Ave., Chicago, 111, has placed in the hands
of distributors a new, completely revised
24-page catalog and replucement guide.
Enlarged consideralily over previous edi-
tions, the new cataleg containg over 500
listings of transformers and related com-
ponents. Well organized and ecarefully
indexed, the new Stancor catalog is one of
the most complete in the transformer in-
dustry—a copy should be in the hands of
all transformer users.

¢ Connecticut Telephone & Electric Corpo-
ration, T0 Britannia St., Meriden, Conn.,
will mail free on reguest a_ unique com-
bination file folder and catalog sheet de-
sgeribing and pieturing the accessories. OFf
primary interest to contractors bidding on
government specifications are detailed
charts showing part numbers, military
designations, cireuit arrangements, and
electrical characteristics.

# Parts Division, Sylvania Electric Prod-
ucts Co.,, Warren, Pa., ix distributing a
20-page 2Z-color hooklet describing the
company's engineering and manufacturing
services in the following industries: plas-
tics, formed metal parts, wire, welds,
miica, and electronic components.  Im-
phasis is placed on the fact that the Parts
Divizion iz supplying various Industries
with numerous non-glectronic products
ranging from nplastic containers for the
cosmeties industry to metal parts for toys.

o Dimco-Gray Company, 207 X, Sixth St
Dayvton 2, Ohio, has assemblied in its new
1952 eatalog a complete listing of the
conmipany's stock molded plastic  parts.
IHustrated and described are thirty-six
groups of stock plastic knobs, handles,
terminal strips, and similar components
All parts listed ave available In a variety
nf thermosetting plastic materials offer-
ing special propertiez as to color, heat
resistance, =trength, chemical resistance,
and electrical properties. Copy of the
catalog will be mailed on request.

e Insnlation Manufacturers Corporation,
565 W. Washington Blvd., Chicago 6, 11l
has included a wealth of helpful Informa-
tion in a new Z0-page catalog for users of
electrieal imsulating varnishes. Varnish
composgition, types, functions, eolors, proc-
essing, and care are covered by this
literature. Data on solvents is also in-
cluded. Copy will he mailed free on ré-
quest to Publications Department,
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LR U T I N B I I I I Y

FOR
HIGH FIDELITY

N

RECORD
REPRODUCTION

FOR 7,

$The COLLARO was engineered

to meet the most exacting standards of
highest quality audio systems. Superbly

-constructed, it reveals the painstaking

care and attention to the minutest func-

-tional details. The result is an instrument

. % & b 0

of unsurpassed performance.

From the very first to the very last cycle,
the coLLaro exhibits an almost uncanny
gentleness. As cach record-play begins,
the remaining stack of records is slowly
and safely lowered into position. A
weighted, rubbermatted, and dynamic-
ally balanced, ball-bearing-mounted turn-
table provides steady, constant speeds,
with no record slippage.

Every worthwhile convenience has been
included. An automatic muting switch
eliminates disturbing ‘thumps’ and

*Intermixes 10 and 12 inch
Records at All Speeds
LT {8 T e S P $65.00

# 8 8 B 4 W F 8 E R

Model 3/521 Fully Automatic
Mon-Intermix Model
T A e e $54.50

Base Dimensions: 14347 x 124"
Depth Below Base: 2147

At your Distributor or
Write for Details:

ROCKBAR CORPORATION

211 EAST 37TH STREET, NEW YORK 16, N. Y.

AUDIO ENGINEERING e SEPTEMBER, 1952

.. MODEL 3/522*
THREE SPEED

RECORD

%/é/ /;42]/; Tomaliy,

€CHANGTEHR

10, AND 12 INCH RECORDS

‘clicks’. Plug-in heads are furnished for
all standard cartridges. The tone arm
rotates on ball bearings providing max-
imum lateral compliance. Arm resonance
has been kept to an absolute minimum.

Stylus pressure is adjustable to as little

as 3 grams with good tracking.

A powerful, four pole motor with oilite
bearings assures long, trouble-free per-
formance, and virtually no hum pickup.
No drive belts are employed, and in ‘off’
position, all drive couplings are com-
pletely disengaged, thusavoidingflatspots.

The coLraro is absolutely jam-proof.
The tone-arm may be lifted, moved, or
even locked down during the changing
cycles with no danger of damage. When
the last record has been played, the
coLLARO automatically ‘shuts off’.
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EDITOR'S REPORT

MOVING DAY

HE MOST IMPORTANT news of the month—from our

own personal viewpoint—is the exodus from the

city and the occupancy of new and larger quarters in
Mineola, some twenty miles from the heart of New
York. For the information of any who would come to
see us, the address of A<'s new office 1s 204 Front Street,
Mineola, New York. If you should come by train—the
Long Island Rail Road—you will find the offices just
across the street from the station; if you are driving,
vou will find us where Mineola Boulevard crosses the
rail road.

But please—tor any communications by mail, please
remember the post office address—P. O. Box 629,
Mineola, New York.

Needless to say, we welcome all visitors—ifor it is
from our contacts with readers, engineers, hobbyists,
recordists, and anyone else in the audio business that we
learn what goes on in our relatively small “world,” and
from this knowledge we are able to £y to give our read-
ers the kind of editorial material they want—inter-
spersed occasionally with some of the tougher-to-follow
articles which make up the background of audio engi-
neering.

CONGRATULATIONS, WDET-FM

We have recently been advised of the change in policy
and ownership of radio station WDET-I'M, Detroit.
This station has been acquired by Wayne University,
and i1s now being operated as an educational broadcast-
ing facility on an assigned frequency of 101.3 mega-
cycles, by authority of the Federal Communications
Commission,

As the leading exponent of ligh quality sound re-
production in the home—and elsewhere—AL extends
its heartiest congratulations and best wishes. We believe
firmly in the ability of FM stations in general to deliver
the highest quality signals to the user, and that these
stations comprise the backbone of quality signals to
many listeners.

Not that AM stations do not deliver good quality, but
that relatively few AM receivers are capable of the wide
frequency range and low noise which characterizes FM
transmission. While it is often said—by those who
should know better—that AM transmissions are limited
in frequency range to a top of 5000 ¢ps, it can be proven
by anyone who cares to take the trouble to assemble a
wide-range t-r-f tuner that such is definitely not the
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case. A good tuner, designed for wide-range reception,
is easily capable of delivering a high-quality signal to
the audio system, with a frequency range equal to that
of the better phonograph records. The limited frequency
range of most AM receivers is due primarily to the
sharpness of the intermediate-frequency amplifier stages,
and is not a characteristic of the AM transmitter. With-
out question, most listeners would be satisfied with the
frequency range of the AM transmitter if it were repro-
duced in full at the output of their tuners.

However, FM still has certain undoubted advantages
—principally with respect to the lack of noise due to
atmospheric static, but to some extent for its lower dis-
tortion. The high-budget variety shows appeal to many
listeners, and they will still be the basic fare on the big
AM stations and the networks. It is probable that this
tyvpe of entertainment is more universally preferred than
the programs made up entirely of music, just as it is
becoming obvious that the vast majority of people pre-
fer television to radio for their amusement. But there
are still many who would rather have the music, and it
is there that the FM station excels. The acquisition of
a large library of recorded music can be expensive, but
a single FM station can serve thousands upon thousands
of listeners with but one copy of each recording.

A few I'M stations are supported entirely by contri-
hutions from listeners—thus eliminating commercials—
and are providing a service which the listeners must
consider valuable or else they wouldn't contribute.

For many people, records will always be the mainstay
of their home music systems, yet for many others the
principal source of program material will always be the
radio—so long as it provides the type of material that
is desired. Let us hope we are speaking for this last
group in expressing the wish that FAI services increase,
rather than decrease, as time goes on,

SOUND REPRODUCTION COURSE

The Fall course in the High-Fidelity Reproduction of
Sound at the Division of General Education of New
York University will begin on Friday September 26
and extend until the end of January 1953. This course
will consist of material paralleling the articles now run-
ning serially in A4S under the authorship of Edgar M.
Villchur.

Registration for the course begins September 3, and
there are no academic prerequisites, so anyone with
sufficient interest is invited to attend. Classes will be
held on Friday evenings from 7:00 to 9:45.
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Telephone Science Shares Its Knowledge

The Bell Telephone Laboratories Series of books is published
by D, Van Nostrand Company. Other technieal books by Lab-
oratories authors have been published by John Wiley & Sons.
Complete list of titles, zuthorsand publishers maybe obtained from
Publication Dept., Bell Telephone Laboratories, New York 14.

In their work to improve your telephone
service, Bell Laboratories make discoveries in
many sciences. Much of this new knowledge is
so basic that it contributes naturally to other
fields. So Bell scientists and engineers publish
their findings in professional magazines, and
frequently they write books.

Most of these books are in the Bell Telephone
Laboratories Series. Since the first volume was
brought out in 1926, many of the books have be-

PRONE 55
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List of Subjects: Speech and hearing, mathematics, transmission
and switching circuits, networks and wave filters, quality control,
transducers, servomechanisms, quartz erystals, eapacitors, visible
speech, earth conduection, radar, electron beams, microwaves, wave-
guides, traveling wave tubes, semiconductors, ferromagnetism.

come standards. .. classics in their fields. Twenty-
eight have been published and several more are
in the making. They embody the discoveries and
experience of one of the world’s great research
institutions.

Bell scientists and engineers benefit greatly
from the published findings of workers else-
where; in return they make their own knowledge
available to scientists and engineers all over the
world. j

&)y BELL TELEPHONE LABORATORIES

Improving telephone service for Americn provides challenging opportunities
for individual achievement and recognition in scientific and technical fields.

WWW-akhrerieaniadiahieteory com
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Limitations of Magnetic Tape

W, S. LATHAM*

While thoroughly satisfactory for ordinary musical and program recording, magnetic tape
often has minor defects which become apparent when used for certain scientific applications.

netic tape as a convenient and effi-

cient medium for recording and stor-
ing sound energy is familiar to nearly
everyone associated with the sound re-
cording industry. Commercial recording
organizations, broadcasting companies,
and the film industry have recognized
the economy, adaptability, and versatil-
ity of magnetic tape. Consequently, its
development has been accelerated during
the past few years in an attempt to keep
pace with the growing use of this me-
dium.

Because of the acceptance of their
product and the subsequent increased
demand, the manufacturers of magnetic
recording tape have been faced with
several problems. One of these has been
the necessity to supply a better product
which would be available in sufficient
quantity at an acceptable price. The pro-
duction of a uniform tape capable of
high-fidelity recording and reproduction
of voice and music has been achieved.
Over a very brief period of time, great
advances have been made in the devél-
opment of oxides, binders, and backing
materials used in magnetic tape.

From the beginning of its develop-
ment, the versatility of magnetic tape
indicated that its use would not long be
confined to strictly commercial applica-
tions. Here was a new tool available for
scientific applications in fields of re-
search almost completely unrelated to
the original purpose of the medium.
Soon new requirements were placed on

THE RAPIDLY EXPANDING use of mag-

* Recording Branch, General Engineering
Division, U, §. Navy Underwater Sound
fc:aboratory, Fort Trumbull, New London,

on.

A

Fig. 2, Oscillograms of transients: {A) Transient as it appeared on erased tape after five plays;

(B} effect of this transient on a 15-kc envelope; (C) effect of the same transient on a 2-kc

carsier; (D) the transient on the left was produced by a tape hole—the one on the right was
the desired signal.

both the physical and magnetic proper-
ties of recording tape. These require-
ments exceeded the capabilities of exist-
ing tapes and could only be satisfied by
modifications 1 the manufacturing
process. Such modifications would ne-
cessitate additional capital expeditures
on the part of tape manufacturers, and
this capital could be recovered only by
increasing the price of an item already
acceptable to the majority of users.
Quite understandably, the manufactur-
ers have been unwilling to resort to
this procedure. Consequenily, until the
critical users of tape constitute a sub-
stantial market for a superior product,
they are forced to accept the available
tape and cope with the limitations of the
medium in its present state of develop-
ment,

Such limitations confront the Record-
ing Branch of the U. S. Navy Under-
water Sound Laboratory whenever it is
requested to supply special instrumen-
tation involving the design and devel-
opment of unique tape recording and

Fig. 1. Microphotographs showing the development of a typical nodule in magnetic tape: (A}

Pizhole in virgin tape; (B) tape sample including the hole after one passage over the head as-

sembly; (C} same sample after five passages; (D) after 12 passages; (E) after 1000 passages;
and (F) after 1800 passages.

AUDIC ENGINEERING e SEPTEMBER, 1952

reproducing devices. For economic rea-
sons these devices normally employ com-
mercial agnetic tapes. Because the
Laboratory places demands on these
tapes in excess of those established by
the recording industry generally, the
Recording Branch has found it neces-
sary to undertake a continuing investi-
gation of all currently available mag-
netic tapes in order to determine their
performance limitations.  Significant
plhases of the investigation are deseribed
in this article,?

One of the major problems encoun-
tered in the use of commercial tapes is
the appearance of “holes” or nedules in
the envelope of the signal energy re-
corded on the tape. Although these holes
are of no great concern when complex
wave structure is being recorded, they
become an important factor whenever
a carrier-modulated signal is recorded.
Contrary to a general belief that such
holes are confined to the high-frequency
portion of the tape-recorded spectrum,
the Laboratory’s investigation has
proved that the holes are present on the
tape regardless of the spectrum content
involved. In fact, their presence may be
observed by viewing through an oscil-
loscope the playback of a completely
erased tape.

Change of Pin-hole Characteristic

A sample of virgin tape when first
transported over the heads of a tape
machine was found to exhibit fewer
holes than those observed in tape pre-
viously used. When the same sample
was erased and again passed over the

1The author acknowledges the compe-
tent assistance of Mr. C. R. Turner, of the
Recording Branch, in conducting many of
the tests described and in compiling the as-
sociated data, and the painstaking care ex-
ercised by the Laboratory’s Photography
Laboratory Section in making micropho-
tographs and oscillograms.
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Fig. 3. Effect of tape holes on signal energy: (A} above, inherent noise on erased tape—the high
pecks represent holes; (B} below, noise on the same strip of tape modulating o 15-kc carrier,

same heads, an increase in the number
of nodules was noted, This brief test
indicated the possibility that the super-
soni¢ erase and bias energy might have
some effect on the phenomenon, but vari-
ations in the frequency and amplitude of
these energies produced no effect upon
the number of holes present in the sam-
ple tape. Similarly, variations in the
amplitude of the signal energy applied
to the medium appeared to be of little
consequence in establishing these holes.
The possibility that the physical con-
figuration and the surface geometry of
a particular recording head might have
a bearing on the nodule count of the
tape under investigation was eliminated
when comparable results were observed
on a recorder which used unlaminated
head pole-piece construction. Thus, it
was apparent that the hole phenomenon
is a function of the medium itself, In
other words, the holes are present in
the virgin tape, but their number in-
creases and their configuration changes
with re-use of the tape. This condition
is exaggerated so long as the tape re-
mains 1n motional, frictional contact
with a surface, regardless of its state of
polish. However, the process reaches a
limit beyond which little change is ob-
served in the resulting effect, even
though the configuration continues to
enlarge.

The development of a nodule is dem-
onstrated in Fig. 1. A reel of virgin tape
taken at random from stock was exam-
ined under a microscope until an ap-
preciable pinhole was found in the ox-
ide coating. A sample including this
hole was cut from the unused tape. The
abrasive marks which may be seen at
(A) resulted from scoring introduced
as the tape passed over rollers, prob-
ably during the drying process, At (B)
the same tape sample has passed once
over the head assembly. Although ne
apparent change has occurred in the
configuration of the hole structure, the
presence of more lines on the oxide sur-
face indicates the abrasive etfect of tape-
head contact. This effect is important
in the later stages of development of
the hole.

At (C) may be seen the same tape
samiple after it passed over the head as-
sembly five times. Now, in addition to
the presence of increased abrasive ac-
tion, an accumulation or “clumping” of
oxide is noticeable in the area surround-
ing the original hole in the magnetic
coating. After twelve successive pas-
sages of the tape over the head assem-
bly, the hole structure developed to the
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extent shown at (D). Repeated trans-
port of the tape over the head was con-
tinued until, at the conclusion of 1000
passages, the same hole had developed
to the extent indicated at (E), which
illustrates effectively the progress of the
“clumping” process. Excessive abrasion
has taken place around the nodule,
which now resembles a small crater
when viewed from above. The accumu-
lation of the loose oxide particles about
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Fig. 4. Behavior of playback level of tape
samples containing individual sine-wave com-
ponents during 1800 replays.

the original irregularity in the oxide
surface has reached a point which might
be termed saturated. Continuous pas-
sage of the tape over the heads heyond
this point led to a gradual deterioration
of the oxide ring until the condition il-
lustrated at (F) was reached after 1300
successive replays. Although the tape
surface exhibits extreme physical wear
and the oxide ring has been vastly re-
duced, the pinhole is still visible. Its
presence, morgover, was still apparent
through its ability to produce a pro-
nouncec transient.

Effect on Playback

An osallogram of the transient as it
appeared on erased tape after the first
five plays is shown at (A) in fig. 2,
and the effect of this nodule on a 15-kc
envelope is illustrated at (B). It should
be noted that the amplitudes of the tran-
sient excursions are virtually equal. The
irregularities in the unadulterated por-
tions of the carrier envelope resulted
from poor head alignment n azimith
on the particular machine used. At (C)
is shown a 2-kc carrier being affected
by the same tape hole.

It is of interest to consider how the
conditions exhibited at (B) and (C)
would affect the interpretation of the re-
sults if these same carriers were being
modulated by strain gauges or by other
transient-producing pickup devices. To

distinguish between the desired signal
and the undesired pulse, in this case,
would be a difficult task, as can be seen
from (D}. Here, the transient on the
left was produced by a tape hole; the
disturbance on the right was the desired
information in the form of a pulse mod-
ulating a 15-ke carrier. Under uncon-
trolled conditions, recognition would be
practically impossible, since both the
hole and the signal modulation occur ut
irregular intervals. The frustrating ef-
fect on signal recognition produced by
holes in the tape is further illustrated
by fig. 3. Here can be seen the same
length of tape first as erased and then
as recorded with a signal of 15 ke, Even
the minor nodules create an unwanted
effect.

A spectrum analysis of the transients
created by these licles in the magnetic
structure of the tape revealed that the
predominant energy was confined to the
region of 100 cps. The amplitude of the
excursions of these pulses averaged ap-
proximately 5 db above the steady-state
condition, with occasional peaks ap-
proaching 13 db. Under certain condi-
tions, these levels are sufficient to mask
the carrier frequencies completely.

All the various types of magnetic re-
cording tapes which are currently avail-
able (red and black oxides on plastic
and paper) exhibit the hole effect. This
also holds true for impregnated tapes
as well as coated tapes. Hand selection
of tapes does not seem fo be the com-
plete answer since, as has been illus-
trated, holes which are not readily ap-
parent in wvirgin tape will develop
through replay and re-use of the tape,

While the tape tests were being con-
ducted, samples of early as well as cur-
rent production runs of tape were ex-
amined. A tape sample of the type first
produced and distributed by one manu-
facturer displayed noticeably fewer
holes per-foot than did any of the other
samples tested; samples from the same
manufactirer’s current production were
also included. This manufacturer was
contacted in an effort to determine the
factors which might account for this
distinction, A significant factor seemed
to be that the oxide for the original
tape was in the mixing barrel or hond-
erizing process for a period of 10 days
prior to application to the base material,
while under the present practice this op-
eration was continued for only 24 hours.
Also, if the pre-coating and coating
processes are not completely enclosed
and prevented from absorbing foreign
substances from the surrounding at-
mosphere, minute particles will enter
the mixtures, Although these particles
may casily be dislodged later, their re-
moval will leave pinholes in the oxide
coating. Tiner AGltering of the oxide
coating immediately prior to applica-
tion should greatly improve the surface
uniformity.

Effect of Continued Replays

In connection with the tests conducted
to demonstrate the development of a
tape hole, the behavior of the playhack

[Continued on page 68}
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A Preamplifier Switching, and Equalizing
Unit for Critical Listening

M. V. KIEBERT, Jr.*

Given a “cleaned-up” output amplifier, as described by the author
last month, the next step is to follow the same steps in optimizing
the preamplifier and control unit section of the complete system.

who enjoys good music and must

live with the distaff side of a family
not inclined towards the intricacies
of equalizers, equalizer settings, and
similar gadgetry, it is necessary to de-
sign a high-Adelity system to take into
account this point of view and enable
tolerable program enjoyment without
personal supervision or the teaching of a
course in the fundamentals of aural per-
ception and audio circuits.

From this writer’s point of view, a
typical system is conveniently broken
down into four sets of hasic elements for
the purpose of design consideration.
These are, namely, the disc preamplifier
and recording characteristic equalizing
assembly ; the system switching and en-
vironmental equalizing facilitics; the
power amplifier; and the loud speaker
and associated acoustical system. These
are shown in the block diagram of Fig. 1,

Of these four elements listed above,
only the preamplifier and recording
characteristic equalizing assembly and
the switching and environmental equal-
izing facilities pose a major audio de-
sign engineering job which is ordinarily
under the control of the designer. This
design problem is exacting due to the
low levels involved, and to the fact that
the switching controls and equalizing
functions are most easily accomplished
at relatively high impedance levels with

FOR THE ENGINEER and/or golden ear

* Eclipse-Pioneer Division, Bendix Avia-
tion Corp., Teterbora, N. J,
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their consequent sensitivity to noise istics of a combined preamplifier and

and hum pick-up. Both of these latter
functions are logically located in this
control unit, “nerve center” position.

The loudspeaker and its associated
acoustical systems (which is the subject
of Part 3) and the power amplifier (a
modified Williamson circuit which was
discussed in Part 1) are of essen-
tially straightforward design or may be
purchased units of basically linear
characteristics and accordingly are as-
sumed to require no additional equaliza-
tion, ner to require other than an essen-
tially flat frequency characteristic of
good transient and intermodulation per-
formance in order to provide satis-
factory reproduction of the complex
audio signal fed into these two elements
of the systen.

This article outlings the design, con-
struction and performance character-

recording characteristic equalizing as-
sembly which is combined with switching
and enviroment equalizer facilities, The
final unit was engineered for installation
in a coffee table, along with the radio
receiver and both 33-1/3 and 45 r.p.m.
turntables. The power amplifier, micro-
phone preamplifier, and magnetic record-
ing cquipment, as well as the loud-
speaker assembly, are separately located
for convenience.

A separate power supply for this
“nerve center” and the use of an output
transformer provide for circuit isolation,
thus avoiding stray circulating ground
currents in the audio system. Residual
hum and noise are therefore consider-
ably below the threshold noise level of a
quiet room, even when listening within
one foot of the speaker.

The final unit more than meets the
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Fig. 2. Recording characteristics for which the preamplifier was designed. (A), left, those used by leading manufacturers of 78-r.p.m. records, and
{B}, right, those used for transcriptions and LF records, including the AES curve. J
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original design requirement of a system
amenable to technically correct operation
by unskilled personnel, while still pro-
viding adequate flexibility such that
additional and adequate high- and low-
frequency environmental equalization
was readily available to satisfy indi-
vidual listener preference and/or to
compensate generally for various room
acoustic anomalies,

Design Criteria

In considering this system, it was
believed to he desirable that only one
switch setting should automatically pro-
vide the proper and optimum low- and
high-frequency compensation required
for most discs, and that the midpoint
setting of the environmental equalizer
controls should provide a system which
would have a “flat” over-all frequency
characteristic at maximum volume
setting with automatic compensation for
the Fletcher-Munson curves at lower
volume levels. It was desired that the
environmental equalization be capable
of either boost or attenuation of at least
20 db at both the high and low ends of
the audio spectrum in order to provide
for personal preference and/or area
balance. Due to the fact that most
natural phenomena do not change
abruptly, and based upon many listening
tests of various types and slopes of net-
works, the environmental equalization
was based upon 6 db per octave (single
degree of freedom) network swinging
around a mid-frequency of approxi-
mately 1000 cps and more than critically
damped in order to avoid difficulties.

In order to provide the optimum
recording characteristic equalization, it
was necessary to survey the recording
industry both here and abroad, and
secure the recording characteristics of
each of the most widely used types of
records. Accordingly, an investigation
was made and reasonably accurate
recording curves were made available
from the major recording studios as
follows ;

EMI 78 (British Parlophone, Colum-
bia, Brunswick, HMYV, etc.)

Columbia 78 (U. S5.)

RCA 78

London, Decca 78

Columbia LP, N.A.B., and the rec-
ommended AE.S. curve

The recording characteristics for each
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Fig. 3. The complete

chassis of the pre-

amplifier and equal-
izer control unit.

of these types of discs are shown at (A)
and (B} in Fig. 2. Tt is to be noted that
while specifications and much of the
literature indicate that the transition
from a constant amplitude to a constant
velocity curve is a discontinuous func-
tion, actual recording characteristics
generally indicate coupled systems with
only one degree of freedom with the at-
tendant curves as shown at (A). Obvi-

Fig. 4. Power supply used for the preamplifier
unif.

ously and fortuitously, such curves are
much easier to compensate than those
which are discontinuous,

In order to secure optimum signal-to-
noise ratios with low-level pickups it
was decided to utilize approximately
20 db of gain prior to any recording
characteristic equalization. This was
done in the frst stage which, however,
does have an output selector (Sw,) in
order that higher level pickups, such as
the Pickering and Clarkstan units, may
be used through the same equalizing
stages. Use of a pre-preamplifier with
a Dbypassed cathode resistor also helps
the hum and noise problems which arise
due to heater-cathode coupling. An
equalizing preamplifier frequently rec-
ommended for this application gives rise
to spurious lum and noise due to the
unbypassed resistor in the input stage.
When using the RPX040, RPX041 or
RPX046 pickups, G.E. recommends the
use of a 65C7 with grounded cathodes
and work-function bias, with equaliza-
tion accomplished by means of a RC
losser network between the preamplifier
stages. This recommendation was proh-
ably based on their findings relative to
unbypassed cathode resistors. However,
test of the G.E. configuration as com-
pared to the present unit or other units
of more conventional design, does show

poorer 1M performance, which is prob-
ably a result of the greater non-linearity
of their bias system,

Construction

Figure 3 shows the completed unit.
The controls from left to right are as
follows: Input selector Sww, (magnetic
recorder, radio receiver, 45-r.p.m. rec-
ord player, and 33-1/3—78 transcription
table) ; record-equalization  (record-
type) control; Sw,, loudness control;
low-frequency environmenf equaliza-
tion; and high-frequency environmental
equalization.

The power supply for this unit, as
shown in Fig. 4, has been built on a
separate chassis in order to permit ifs
location separate from the other unit.

In assembling components for use in
the preamplifier assembly, shown in
schematic form in Fig. 5, it was found
necessary to utilize a bridge in order to
select the correct values of capacitance
for the particular value of equalizing
feedback resistance utilized. Ordinary,
stock type capacitors run approximately
+20 per cent tolerance, while +10 per
cent units appear to invariably run right
to the limits of the tolerance and ac-
cordingly, the importance of utilizing
the correct values of capacitance and
resistance in the equalizing circuits can-
not be too greatly emphasized if reason-
ably good compensation is to be ob-
tained. Mica units of £5 per cent tol-
erance have, however, been generally
found to be very close to the correct
value,

The other components of the system
are not critical except that special atten-
tion should be given to the plate resist-
ors in the first stages to insure that
these units are of the “low-noise” tvpe
and that the resistors used in the feed-
back equalizing circuits have a negli-
gible voltage-resistance coefficient.

Relative to low-noise-level and/or
low-voltage-coeflicient resistors, there
are several points all too frequently
overlooked by the casual audio experi-
menter—points which might well be
outlined at this time,

For minimum noise, wire-wound
units are always quieter than composi-
tion units, but before using wire-wound
units in feedback circuits, make certain
that they are non-inductively wound and
in fact have a neglizible reactance at
frequencies up to 100 or 200 ke—other-
wise excessive high-frequency phase
shift will cause trouble.

In the present assembly a wire-wound,
1-watt unit used in the plate circuit of
the pre-preamplifier improved the sig-
nal-to-noise ratio by 18 db when this
unit was substituted for a 4-watt com-
position resistor—yet the composition
resistor was being operated at only 20
per cent of its rated dissipation.

Composition resistors used m cur-
rent-carrying loads such as plate cir-
cuits or unbypassed cathodes should he
carefully suspect of being noise sources
in low-level circuits. Where space and
miniaturization appear to dictate the
use of composition units, use 1- or 2-
watt units, even though the dissipation
requirement is only 0.1 watt or even
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Fig. 5. Over-all schematic of the preamplifier and contrel unit together with the power supply shown in Fig. 4.

less. With these units used in place of
the usual 1/3- or 1/2-watt units, it is
frequently possible to pick up an extra
10 to 12 db of signal-to-noise ratio.
Where appreciable d.c. currents are not
normally present as in the case of the
grid resistor and where the a.c. signals
are not large, then the smaller 14-watt
composition units are satisfactory.

In feedback circuits such as that
found in the preamplifier recording
characteristic equalizing stage, care

should be taken to see that the feedback
resistor and the associated cathode re-
sistor are of the same type of composi-
tion material if space or companent
availability limits their items to compo-
sition elements. Under such a condition

dividing potentiometer and while the
assembly may not have too good a volt-
age-coefficient characteristic, no appre-
ciable difficulty will be experienced he-
cause they have a relatively high value
of minimum bridging impedance—about
105,000 ohms as compared to the ap-
proximately 10,000 ohm output imped-
ance (not considering equivalent output
impedance due to feedback) of the
12AY7 output stage, across which this
divider is placed. Were the 4700-ohm
cathode resistor a wire-wound unit and
the feedback resistor a composition unit,
transient signals would be badly dis-
torted—a point easily established when
intermodulation tests are made on such
a system.

the two elements will act as a voltage The low-level coupling capacitors
™
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must likewise be carefully selected. Mica
units or other high-quality types should
be used. The mimature, metalized paper
types are frequently found to be quite
noisy when used in low level circuits.

It will be noted that the output of the
recording characteristic equalizing am-
plifier contains an auxiliary low-fre-
qency equalizing network to give a last
fine touch to the low end of the record-
ing characteristic compensation curve,
a point which is all too often overlooked.

The output cathode follower circuit
employs a bridging and isolating trans-
former in order to avoid the circulating
ground currents normally encountered
in single-ended outputs which usually
give trouble in providing hum-free in-
put to the power amplifier when this
unit is located an appreciable: distance
away from the preamplifier. A bridging
type of transformer is used in order
that it may be terminated in a 600-ohm
Toad without adversely affecting the dis-
tortion characteristics of the cathode
follower. It is interesting to note that
the 300-ohm output impedance of the
cathode follower can deliver 4 volts
r.am.s. into a bridging load with the IM
kept to below measurable level, When
this same stage is loaded by 300 ohms,
then the output at 1 volt rns, was
found to have over 5 per cent IM dis-
tortion. !

The pre-preamplifier and recording
characteristic equalizer amplifier, along
with all associated coupling capacitors
and resistors have been mounted in a
sub-assembly and this assembly shock-

[Continued on page 50)
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The Violin

ALBERT PREISMAN*

Part 1. A thorough understanding of audio demands a reasonable familiarity wth the original
sources of sound. One of the most imporfant of musical instruments is the violin, which
the author discusses as to its history, its construction, and its musical characteristics,

who install dual mufflers and carbu-

retors on their cars, and chop and
channel and relieve and port, etc. etc.,
50 also are there audio enthusiasts who
install oversize amplifiers, two- and
three-way loudspeakers, etc. etc., on
their systems, The one enthusiast is re-
solved to have no one prune him at a
light; aside from that he is bound for
no particular destination when he thun-
ders out on the highway. The other en-
thusiast is resolved that no one shall
have a system which is louder than his,
that has better flawless highs, less inter-
modulation distortion, less hangover,
and more umpah from his woofer.

It is to the latter that this article is
addressed. Follow your enthusiasms as
far as you wish, listen with the keenest
of hearing to that bit of fuzziness in the
reproduction of a certain record, and
simultaneously turn a deaf ear to the
protests of your better half relative to

JUST AS THERE ARE hot rod enthusiasts

_ *Vice-President in Charge of Engincer-
ing, Capitol Radio Engineering Inshiute,
Washington 10, D.C.

Fig. 1. The Ravanastron—the forerunner of
the vialin.
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Fig. 2. A Stradivarius violin known as “The
La Pucelle” doted 1709, from the collection
of Rembert Wurlitzer.

the large sums of money you are spend-
ing on that new custom-made horn, or
turntable, or recorder.

But also stop occasionally to note the
quality of the music itself, and the mu-
sicianship of the performer. Never mind
the eymbal clashes; instead observe the
technique and interpretation of the art-
ist, And while you are at it, think for
a moment of the musical instrument that
is producing the music, and consider
how it is constructed and how it is
played.

This is admittedly a lengthy introduc-
tion to our subject, the violin, but con-
siderable effort is required to wean the
average audio engineer away from his
hobby into the many ramifications of
music. And so, with no further apology,
let us turn to the construction and
method of playing of the violin.

Brief History

Like many other developments of
man, the violin is derived from ancestors
whose origins are lost in the mists of
antiquity. The idea of a vibrating string
as a source of sound is perhaps as old
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as the pipes of Pan, but the idea of vi-
brating the string by means of a bow
instead of phicking it is of more recent
origin,

The original ancestor is supposed to
be the Ravanastron, and is illustrated in
Fig. 1. It is shown as baving two strings
which are vibrated by a bow, and in
turn set a resonant chamber into vibra-
tion. It is supposed to have originated
in Hindustan, but its modern counter-
part may be found perhaps even today
in China as the Ur-heen, in India as the
Omerti, and in Turkey as the Kemangeh
a’‘gouz.

This rude looking mstrument devel-
oped into a more complicated affair
known as the viol, and the viol reached
the peak of its development in the 15th
century. It resemibled the violin in shape
and construction, but had as many as
seven strings, and in addition was pro-
vided with frets along the finger board
to guide the fngers of the player, in
contrast to the violin, which has a
smooth fingerboard.

It was made in various sizes, from the
viola d’amore or treble viol to the viola
da gamba or bass viel, Many players
purchased a “chest of viols,” and played
on all of them (Mr. Petrillo please
note!). However, their sweet but nasal
tone must not have been improved by
such lack of specialization on the part
of the performer, and in any event the
viol gave way to the modern violin.

The latter assumed its present form
rather suddenly in the 16th Century,
when the so-called Brescian school was
started. The name of Gaspard de Salo
figures prominently in this school, and
several fine old violins were made by
de Salo and others.

However, f{following the Brescian
school, the greatest school of all was
founded at Cremona by Andrew Amati,
and his grandson Nicholas. Amati is
particularly noted for the quality of his
instruments, the most celebrated being
known as the Grand Amatis. His most
illustrions pupil was Anthony Stradi-
vari, who became the greatest violin
maker of all time. His models were pat-
terned after the Grand Amatis, but were
more graceful and flatter.

Today the Strad, Fig. 2, is recognized
as the top violin, although the quality
varies somewhat from one model to an-
other. Its characteristics are beautiful
tone, great carrying power, and ability
to produce the beautiful tone under the
heaviest bow pressure the artist can
apply.

There is only one other violin maker
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or luthier whose product approaches or
possibly equals that of Stradivarius, and
that is Joseph Anthony Guarnerius, sur-
named “del Gesw.” Paganini played on
a Guarnerius, and Heifetz's favorite vi-
olin is a beautiful instrument fashioned
hy this same maker and known as “The
David.”

It is true that there have heen some
very illustrious luthiers during and fol-
lowing the time of Stradivarius and
Guarnerius, and that there are some
very fine violin makers today, but none
seems to surpass or even equal the above
two masters. This 15 iz sharp contrast
to piano makers, whose product today
equals and perhaps even surpasses those
made in the past.

That is one of the striking features
of the violin family: its sudden rise to
peak excellence very early in the his-
tory of its present form, and the inabil-
ity to manufacture it on a quantity pro-
duction basis, or even cn a single hand-
made basis to the quality achieved by
the Cremona school. Perhaps the next
development will have to be of an en-
tirely different form, such as an elec-
tronic adaptation of the present acous-
tic model.

Mechanical Construction

When we look at the violin, we are
struck by its seeming simplicity of form,
see Fig. 3. Yet actually it consists of
seventy separate parts, including the
little strips of wood used for ornamen-
tation around its edge and known as
purfling. It is this very simplicity of
form that baffles the modern wviolin
maker when he seeks to construct a vi-
olin equal to or better than a Strad, for
it is the gradations in the thicknesses of
the wood, as coordinated with the na-
ture of the particular sample of wood,
that seem to determine the tone quality.
And it is with regard to these matters
that the Cremonese masters have been
silent.

It is true that age and long playing
on the old masters have improved their
tone, but there is no doubt that their
tone was excellent even when they were
new, for they were in great demand even
then. And it appears also true that ul-
timately their tone will begin to worsen
with time, for that has been the fate of
some old wiolins, particularly those made
of thinner wood. Fortunately the old
Cremonese masters still seem to hold

up, although for how long remains to
be seen,

The shape of the body has been de-
termuned by the playing requirements
as well as by acoustical considerations.

The C-shaped indentations (center or’

inner bouts) are to permit the bow to
rub on any of the four strings. The
rounding of the lower bouts permits the
violin to fit better under the chin; the
rounding of the upper bouts permits the
left hand to finger the strings right up
to the end of the finger board, when
playing in the so-called upper positions,

The Strings

The source of the sound is the string;
there are four of them, tuned in fifths
to G, D, A, and E. The reason for the
fifths is that aside from the thumb we
have four fingers, which are used to
“stop” or artificially shorten the strings,
thereby raising their pitch, Thus, on the
A string, the first finger shortens the
string to produce the pitch B ; the second
finger, C; the third finger, D; and the
fourth finger, E.

This, you may note, is the same pitch
as the next higher or E string. Hence it
would seem more sensible to tune this
string to I and thereby extend the range
of the instrument. (Similar considera-
tions could seem to apply to the other
strings; i.e., they should be tuned in
sixths instead of in hiths.) However,
the open E string has a tone that is
somewhat strident compared to the tone
of the A-string stopped by the fourth
finger to the pitch of E, and moreover
is incapable of a vibrato tone, as is true
of the fingered string. There are other
features of technigque rthat are facili-
tated by the tuning of the strings in
fifths, although there are probably other
features of technique that would be fa-
cilitated by tuning the strings in sixths.

However, let us return to the matter
of the string as a generator of the tone,
The vibrating string has been analyzed
mathematically and shown to be capable
of wibrating simultaneously at a whole
host of harmonically related frequencies.
Indeed, Fourier is believed to have de-
veloped his idea of the {Fourier) series
by noting the complex vibrations of a
string,

A string acts as a mechanical trans-
mission . line, excited by a generator—
the bow or plectrum—somewhere along
its length, which sets up standing
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waves. Since it is constrained at the
end of the fingerboard and at the bridge
to very small amplitudes of vibration, it
acts at its fundamental frequency like
a half-wave line open-circuited at both
ends. As such, it vibrates at a funda-
mental frequency determined by the
mass, tension, and length of the string.
The greater the tensien, the stiffer it is
and the greater is the velocity of propa-
gation of a transverse wave along its

length, so that it acts as a half-wave line

at a higher frequency. The greater the
mass, the slower the speed of propa-
gation, and the lower the frequency at
which it is a half-wave line. The longer
the line, the lower its fundamental fre-
quency.

We can therefore summarize all this
by saying that the longer the string and
the heavier it is, the lower its pitch, and
the more we stretch it, the higher the
pitch. Hence, the lowest or G string is
made of gut or aluminum wire, on which
is wound a tight helix of copper, silver,
or even gold wire. The helix adds to the

//_\
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/“_‘\/""_"\
W

FULL WAVE
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SO e o e ———

ONE B ONE-HALF WAVE
LTHIRD HARMOMIGT

Fig. 4. ¥Yarious modes of vibration of a string.

mass without increasing the stiffness to
lateral vibration for a given tension, so
that the pitch is lower, or for a given
pitch the tension can be increased. More
will be said about this shortly.

‘The string can vibrate not only as a
half-wave line, but as an integral mul-
tiple of such a line; ie., as a full-wave
line, one-and-a-half wave line, etc. (see
Fig. 4). This means that it produces a
Fourier series of vibrations, whose fre-
quencies are therefore harmonically re-
lated to one another, The result is a rich
source of tone, whose components ean
then be selected by the bridge and body
of the violin in any relative amplitudes
80 as to produce a variety of tone col-
ors. Indeed, an early electronic musical
device (I almost said instrument) could
produce tones that sounded even like
those of a cornet.

However, in order to produce the
higher harmonics, it is necessary that
the tension be great enough, otherwise
the damping will be excessive over the
many wavelengths that the string rep-
resents at the higher frequencies. One
way to accomplish this is to use the me-

* chanical analogue of electrical loading

[Continued on page 6]
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A New Approach in Loudspeaker
Enclosures

New speaker enclosure designs seem to be at the h
This design is unique, clean in performance, and re

that the weakest link in the high-

fidelity chain is the loudspeaker en-
closure, By comparison with other units,
glaring deficiencies exist which must be
overcome before the industry can take
real strides forward in meeting the needs
of a music loving population. These
deficiencies are most apparent in the
low-frequency range where the required
response is often non-existent or camoti-
flaged by several hundred per cent dis-
tortion.

Great emphasis has been placed on
this problem in recent years with the
result that some progress has been made
in this regard. The core of the problem
rests in the physical difficulty of obtain-
ing low-frequency resonance in a struc-
ture of small dimensions. This can be
done in units designed for the reproduc-
tion of low-frequencies only, by the use
of small slots or holes which have the
high inertances necessary for resonance
with relatively small volumes. Since
these slots or holes act as low-pass filters
it becomes necessary to introduce an-
other acoustic path for the high fre-
quencies As a result, the acoustic path
lengths for the high and low frequencies
usually become quite different. In addi-
tion, the very purpose of the structure

IT IS BECOMING increasingly obvious

* Karlson Associates, 423 Bedell Terrace,
West Hempstead, N. Y.

JOHN E. KARLSON®

The Korlson “Ultra-Fidelity” speaker encle-
sure, which employs the principles described
herein.

is often defeated during strong passages
of music due io the excess pressures
developed in these constrictions. The
non-linearities thus created give rise to

ead of the season’s crop of ideas.
latively simpie of construction.

further harmonic distortion with a re-
sultant loss of the low trequencies.

Coupling

Suppose that we were able to get per-
fect frequency responses in separate
units and it was possible to place these
units so that the acoustic path lengths
were equal. If we listened to these units
individually we would find that they still
sounded bad. Why should this be so if
the units played in combination are
good? The answer can be found by
spreading the units apart in a rather
dead room and then playing the same
combination. Much of the original dis-
tortion reappears and the results are
unpleasant. Apparently a psycho-acous-
tic phenomenon occurs when listening
to these units which results in making
the low-frequency units sound exces-
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Fig. 1. Frequency response from various types of closed-end pipes: (A) with top open, response

is seen to consist of the odd hormonic of the exciting frequency; (B) a notch in one side

widens the range of frequencies that are radiated; (C) a fong notch gives practically continuous
radiation over the frequency range required.
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Fig. 2. Sketch of pressure contours from the
exponential slot.

sively boomy and muddy and the high-
frequency units harsh and metallic. This
difficulty is overcome when all of the
units are so closely coupled acoustically
that they yield an integral blending of
the entire audio spectrum.

Distortion

It seems, however, that every step
forward in improved fidelity yields the
possibilities for two steps baclkowards un-
less extreme care is exercised in over-

- coming these new objections. With im-

proved coupling between high and low
frequency units comes increased inter-
modulation distortion. This occurs, how-
ever, only when non-linearities are pres-
ent. Since these mnon-linearities are

AUDIO ENGINEERING o SEPTEMBER, 1952


www.americanradiohistory.com

undesirable, it appears that the design
problem should also include the reduc-
tion of these sources of distortion to a
bare minimum.

These distortions can occur in the
speaker unit, the air load, or the en-
closure,

In the loudspeaker unit itself the pre-
dominant cause of non-linearity is exces-
sive cone travel either in its entirety or
i the individual sections comprising the
cene and voice coil. Obviously the solu-
tion to this problem rests in heavier air
loading which will automatically reduce
the cone travel for the same acoustic
output and also tend to damp any spuri-
ous resonances in the cone struchire
itself.

Since non-linearities in the air load
are caused by forcing large volumes of
air through narrow constrictions, it
seems that such devices should be
avoided. Unfortunately, this requirement
seems to eliminate most units used for
the production of low frequencies.

The enclosure itself can be the source
of considerable distortion. In addition
to the more obvious defects of structural
resonances and so on, the enclosure can
have a profound effect on the over-all
frequency response, phasing, and inter-
coupling of the loudspeaker units.

The most commonly ignored of these
are the latter two because their impor-
tance is not generally recognized or
understood.

In the reproduction of sound practi-
cally all signals are complex combina-
tions of high and low frequencies all be-
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ing presented to the loudspeaker system
in a finite sequence in time. If these
component signals should lose their or-
der of presentation to the listener the
intelligence thus transmitted is either
lost or recoordinated in the listener’s
mind, and we have what is called lis-
tener fatigue. This condition reduces
the enjoyment of the music being repro-
duced. It may be corrected, however,
by designing the enclosure such that its
radiation pattern approximates that of a
point source, with equall acoustic path
lengths for all frequencies.

Another aspect in the maximum trans-
mission of intelligence from our sound

Table |

quirements for Ultra-Fidelity' Speaker Systems

[ al R i

Over-all frequency (1}
1esponse
(2)

(2}

20-20,000 cps flat within 2 db with gently sloping responses at the
edges of the band,

Several speakers may be used to obtaln this response but all shal!
be closely coupled ‘acoustically and properly phased to simulate
a point source of sound.

Reductions of the above bandwidth shall be made simultaneously
at both edges of the band to achieve optimum balance, Product of
high- and low-frequency responses shall approximate 500,000,

Power output t4)

Average level of acoustic output shall be consistent with applica-

tion. Systern shall be able to deliver peak acoustic outputs at 20 db

:jn excess of this rating without cone break up or aurally detectable
istortion,

Efficiency t5)

Minimum S per cent between 3-db peints of over-all bandwidth.

Radiation characteristics | (5}

Shall simuiate the radiation pattern of a point source in the spatial
environment for which the system is designed,

Distortion (7}

Shall be minimized by the elimination or reduction of the principal
‘J:aus_es of distartion. Conditions required are contained in the fol-
owing.

al Pr%vide maximum throat size in horns or other transducers,

bl Avoid the use of narrow slots or holes which constrict the flow
of acoustic power during strong transients and provide non-
Jinear air loading.

c} Provide maximum and uniform air loading consistent with the
above for all driver wunits.

d} All motor units shall be closely coupled acoustically. This cou-
pling shall be flat within 2 db for the frequency range required
or else provide compensation which will correct the driver-unit
response in order to cbtain the required over-all response.

el Provide sufficient ring time in enclosure to rmake weak transients
audible in a typical acoustical environment. Control ring time
in design to provide compromise between speech and music
requirements,

For use in the home it is cbvious that it is highly desirable to have
a unit which can be placed anywhere in the average room and if
necessary readily adapted to custom installations,

Maximum size for use in the home should approximate that of the
smaller radic and television consoles.

The cost of these units should be low to be available to average

Adaptability (8)
Size (9}
Cost {101
i income families.
Styling {113

The styling should be distinctive enough to be used in the most
affluent surrcundings and sufficiently neutral to prevent clashes
with furniture of specific styling.

1 Patent applied for.
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system is involved in our ability to dis-
tinguish weak transients in the presence
of relatively loud sounds. The ability to
hear these pulses of sound varies as a
function of the strength of the signal
and the length of time the ear is exposed
to this signal. If the same signal im-
pinges upon the ear several times a
stronger impression will be received and
the intelligence more effectively con-
veyed than if this signal is heard just
once. For this reason it has been found
that a certain amount of reverberation
is essential to the proper appreciation of
music, In some instances rooms have
been expanded and redecorated just for
the purpose of increasing the reverbera-
tion time of the room. If it is increased
too much the increased perception in-
duced by the repetitive exposure to these
signals is confused’'by the various acous-
tic paths taken by the many frequency
components of the signal. This confu-
sion becomes most apparent when listen-
ing to speech; therefore lecture rooms
and speech broadcast studios have to be
designed with relatively short reverbera-
tion times.

In applying these principles to loud-
speaker enclosures it is apparent that
some reverberation time is desirable,
particularly since the enclosure presents
possibilities for the retention of the
phase relationships during such rever-
beration. This reverberation must be
closely controlled throughout the entire
frequency range, however, or else cer-
tain frequencies may predominate with
the result that enclosure exhibits a cer-
tain amount of “core” or hollow sound
which is so typical of horns.

Still another factor influencing the
proper transmission of intelligence is
that of the overall radiation pattern of
the system. Trying to maintain an
amplifier flat to within a fraction of a
db is ridiculous if the radiation charac-
teristics of the speaker.system cause
variations in excess of 20 db tor different
positions in.front of the speaker.

This problem has had a great deal of
attention from acoustic engineers and
many solutions have been presented
which are more or less effective. None
of these are operative over the entire

[Continued on page 58]
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Design Considerations of Duplex
Loudspeakers

ALEX1S BADMAIEFF*

Development and production of a new line of high-quality loudspeakers requires adequate test
facilities—the author describes these, along with the design of the speakers themselves.
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field has been advancing along

many fronts. In the field of sound
reproduction, amplifiers are designed so
that a response of %1.db over a fre-
quency range from 20 to 20,000 cps is
considered a good average. Likewise,
the high-quality microphones almost
match the characteristics of the ampli-
fiers, which together comprise an elec-
trical system that is flat within £2 db
over the full audio spectrum. The me-
chanical, optical, and magnetic trans-
ducers—such as phonograph pickups
and cutters, optical film recorders, play-
backs and magnetic tape transfer de-
vices—are also engineered to a high
degree of accuracy, realizing a response
that is held within a range of *1 db.
But where do the well-engineered voice
currents end up? They always end up
with a loudspeaker that has the job of
translating them to equivalent acousti-
cal reproduction. It is, however, a well
known fact that no loudspeaker has been
available that can anywhere near match
the response characteristics of a good
amplifier. The result, then, was a nearly
perfect system with an imperfect end
result.

In connection with our development
work measurements were made on prac-
tically all of:-the awvailable high quality
loudspeakers and all were found to have
variations-of-at least 8 db in the range
from 50 to 15,000 eps. The objective of
this development was to remove this
bottleneck in the reproduction of high-

DURING RECENT YEARS, the electronics

* Consulting Enginetr, Allec Lansing
Corporation.
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quality sound, so that full value of the
complementary equipment would be re-
alized. The loudspeaker, then, is the in-
strument that we are concentrating
upon; to try and approach as nearly as
possible, with our present-day acoustical
knowledge, the characteristics of a gond
amplifier. Since the most practical and
economical wide-range speaker is a
two-way or duplex with a crossover
network, our development work was
concentrated on that general type, with
some additional novel features and re-
finements of prior art.

The most important items in the de-
sign of a good speaker are the equip-
ment and method of testing the results
achieved. Too many speakers are de-
signed without proper test equipment,
which result in an erroneocus evaluation
of the characteristics that, in most cases,
are essential requirements of a loud-
speaker. As is generally known, many

Fig. 2. Cross section of the 3000A high-fre-
quency unit and horn assembly.

tests are conducted involving the re-
sponse and range of a loudspeaker by
merely having several people with
“oood” ears listen to a sweep frequency
and argue as to how many db’s up or
down a certain frequency band was, A
better method used 15 a “free field” open
air space where tests are conducted in
an open air feld, having the speaker and
a calibrated microphone mounted on a
pole or tower. This iree field, however,
15 not really free because of reflected
interference from the ground producing
standing waves and masking the true
characteristics. Unless it is a perfectly
calm day, which is rare, wind will also
greatly interfere with the measurements,
and procduce results that are unreliable.
Tests conducted with a microphone in
an ordinary room are, of course, out of
the question because the room charac-
teristics will completely mask the eval-

Fig. 3. The high-frequency driver, shown in
actual size.

nation of the speaker. The best possible
way to conduct acoustical measurements
15 in an anechoic chamber, better known
as a free field room. In our development
work, such a chamber is used in all m-
stances and for all tests, such as ire-
quency response, power rating, fre-
quency range, efhiciency, and linearity.
In such a chamber, it is possible to test
acoustical devices over the complete
sound pressure range, since outside
noises stay out and the high-level sound
stays in.

The Altec Lansing anechoic chamber
is 15.8 ft. long, 11.7 ft. wide and 13 ft.
high on the outside. The interior space
measures 10.7 it. long, 6.8 ft. wide and
8 ft. high. The room is a double-shell
structure, well braced along all flat sur-
faces. The inner shell is resiliently sup-
ported in the outer shell by wooden pads
and the whole structure is supported by
prneumatic cushions, The interior is
acoustically treated to absorb sound on
all sides, including the floor, by 21-in.
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wedges of soft Fibreglas absorbers
which are attached perpendicularly to
all the surfaces, forming an absorbing
laver about two feet thick. This cham-
ber 1s an equivalent of a iree field in
space absorbing almost all the energy
from a sound source and thereby pre-
venting echoes, standing waves, and
reverberation. It is particularly stressed
that only a free-field response of a
speaker represents its true characteris-
tics, because the speaker itself 1s meas-
ured and divorced {from all other influ-
encing factors. The acoustical energy
is measured by a calibrated microphone,
and after proper amplification, its signal
is recorded by an automatic pen re-
corder that records the amplitudes of a
continuous sweep frequency from 30 to
20,000 cps.

Design Steps

The approach to a design of a good
duplex speaker is, of course, based on
known acoustical and electrical facts
and good engineering practice. A few
of these can be outlined at this time;

(1) First of all, the two components of
the speaker, that is, the LF unit and
the HF unit, should be independently
designed to have as good a frequency
response as possible over their work-
ing ranges.

{2) The high-frequency and the low-fre-

Fig. 4. The high-frequency horn and driver
assembly together with its matching crossover
network.

guency diaphragms should be at sub-

stantially the same plane to attain

good phasing characteristics in the
crossover frequency region,

The two units should be approxi-

mately concentrically mounted for

proper and constant phasing at the

CrOSSOVEr Tegion.

{4) The size of the LE cone should de-
termine the size of the HF horn.

{5) The dimensions of the HIEF homn
should determine the crossover fre-
quency.

{6) The gutside surfaces of the HF horn
should be so shaped as to have negli-
gible reflections from the LF cone.

(7) The distribution angle of the HFE

horn should be at least 90 deg. in-

cluded angle, but not so wide as to
cause interference due to reflections
from the cone.

The resonance of the LE cone should

be at about 50 cps or lower to en-

hance the extreme low-end response
and minimize the low-frequency

“hangover.”

(9) The efficiency of both units should

be as high as normally expected from

an efficient single-unit speaker.

The wattage rating of each unit

should be so chosen as to assure line-

arity over its full rated range.

(3)

(8)

(10)

e
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o — L
Fig. 6. The measured -5 o 1
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the majoricy of sounds. This range,
¢ therefore, has to be smooth in response
= is mrD LF —without peaks or dips that exceed a
i | total of +3 db in amplitude variation.
The cone designed for this job is a
- swid straight-sided 12-in. cone having an in-
3MH cluded angle of 110 deg. At the rim is
225 il a two-step compliance cemented to a
. frame assembly and painted on each
ig side with two coats of a viscous damp-
ing liguid. This preparation, when
i dried, is a viscous plastic layer which
i = o acts as a mechanical damping material
0B for the alsorption of mechanical en-
ergy generated by the voice coil and

Fig. 5. Schematic of the N-3000A crossover
network.

{11} The crossover network should be
simple, eccnomical to manufacture,
and should be tailored to the acousti-
cal properties of the units avith which
it is to be used.

Mechanically, the speaker should be
engineered for ecasy assembly and
protection of the air gap and voice
coil against dust and magnetic par-
ticles.

All the above factors are essential, but
the degree of success in any one or all
of these points will determine the qual-
ity of the product.

Two speakers were designed: one, a
12-in. duplex which is now known as
the 601A, and the other; a 15-in. duplex,
now called the 602A. Since both speak-

ers are similar, the 12-in. duplex will

be described here in detail

Our low-frequency unit was designed
for one specific job: to reproduce effi-
ciently all frequencies from 30 to 3,000
cps in a properly designed enclosure.
This range is most important because it
contains the fundamental frequencies of
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transmitted by the cone. The wave mo-
tion, as it travels from the center of the
cone out to the rim, is substantially ab-
sorbed by the mechanical resistance of
the damping layer and prevented from
reflecting back. This action greatly re-
duces the standing waves in the cone
which would appear as serious irregu-
larities in the response of the cone. The
compliance portion of the cone is con-
siderably thinner than the cone proper
to reduce stiffness, which together with
the total cone assembly mass will reso-
nate at about 50 cps. The apex of the
cone is supported and céntered by an
impregnated cloth spider, which is made
very flexible so as not to contribute ma-
terially to the total stiffness of the sys-
tem.

The complete moving system-—a
damped cone and its supports—is driven
by a 3-in. diameter voice coil designed
to transferm electrical energy to me-
chanical motion efficiently. The voice
coil is wound of aluminum ribbon .004
in. thick and .023 in. wide on a thin stiff
paper form. The coil is wound edge-

[Continued on page 74]
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Fig, 7. Frequency response of individual LF (curve A} and HF (curve B) units when assembled
and enclosed in the G08A corner cabinet.
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Planning 'and Building
a Radio Studio

EUGENE F. CORIELL*
Major, USAF

Part 4, Continuing this series with a discussion of the actual steps re-
quired to provide complete control over the installation of the audio
cabling between various components of the radio or recording studio.

Fig. 1A (left). Rack at beginning of construction, showing jack field and low-level cable wired

to underside of W.E. type 100B terminal block. Four blocks are shown mounted on their sides.

Disadvantage of this mounting is that it is impossible to get to the underside of the blocks for

repairs. Fig. 1B (right). Same rack ot a jater stage. Note fittings for the interconnection con-

duits which will take off the rack circuits picked up at the top of the blocks. Mote also the

talkback amplifier mounted at an angle below the jock field to save rack space. This rack
is not the one diagrammed in Fig. 3. Official Defense Dept. Photos.

HE PRECEDING INSTALLMENT began
Twith ways ands means of getting

along with the contractor during
construction of the studio building, and
then discussed the planning of the audio
facilities. A series of steps was outlined,
into which this planning could be broken
down. The first three steps were ana-
lyzed in detail and included: 1) Deci-
sion as to the exact facilities needed, in-
cluding the choice between stock and
custom-built consoles: 2) Preparation
of the block diagram; and 3) Jack field
layout. The remaining steps will be con-
sidered in this and the subsequent in-
stallment and include: 4) Rack layout;
5) Relay system wiring diagram; &)
Rack internal cabling pictorial layout;
7) Pictorial layout of interconnection
cabling between racks, console, turn-
tables, etc.; 8) Preparation of conduit
list and, if necessary, cabie make-up
sheets; 9) Audio conduit diagram, if
any; 10) Complete grounding diagram;
11) Running sheets; 12) Interconnec-
tion sheets; and-»13) List of construc-
tion materials.

With completion of the jack field lay-
out as step three, the physical size of
the field, its exact position in the rack,
and the positioning of the other rack
components can now be determined.
These decisions make up step four, rack
layout, which could begin with a dis-
cussion of the characteristics of stand-
ard racks. Thesé come in various over-
all heights which are usually four to
seven -inches greater than the amount
of useful panel space, to allow for top
and bottom trim and for bottom kick-
plates. Casters add additional height,
The variations in panel space with dif-
ferent rack sizes occur in increments
which are even-multiples of 134 in.

Racks are available as open bolting
frames without enclosure of any kind
(telephone type} and also as completely-
enclosed cabinets. In either case they
are designed to take standard rack pan-
els 19 in. wide and wvarying in height
by increments of 134 in., which also
happens to be the height of the smallest
standard panel. Racks come ready-
drilled-and-tapped on standard spacings,
usually alternate spacings of 114 in. and
14 in., and take either 10-32 or 12-24

* Radio Technical Officer, Armed Forces
Informaiion School, Fort Slocum, New
York.
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rack screws. Rack panels come with
screw holes spaced accordingly and it
should not be necessary for station.per-
sonnel to drill racks or panels, except
for non-standard rack components. A
typical cabinet rack has an over-all
height of 8314 in., over-all width of
22 in., 77 in. of panel space, and an over-
all depth of 18 in. This latter dimen-
sion is sometimes overlooked or misin-
terpreted. The depth of shelf or ampli-
fier chassis accommodated in the rack
depends on the clear inside depth which
is an inch or two less than the over-all
value,

So much for the mechanical details
of the rack, which we began to lay out
some paragraphs back. In positioning
elements in the rack, start with the al-
ready-laid-out jack field. Since the
heights of some single-row and double-
row jack strips are not even-multiples of
134 in., the total height of the field may
not equal any standard panel height. It
may therefore be necessary to add a
special make-up panel to the top or bot-
tom of the jack field to bring the field
into registration with standard spacing
so that the other rack elements which
are standard will fit properly. Some jack
strips " are built to even multiples of
134 in., but if these are not available, an
alternative plan is to use jack mats. A
mat is a decorative frame which fits
around one or more double-row jack
strips like a windowed panel, and spaces
the strips so that the over-all mat height
is a standard panel value.

Equipment Location

Ideally, the jack field should be lo-
cated for maximum convenience in read-
ing the labels and inserting patch-cords,
The writer suggests the lowest jack
row be no lower than forty inches above
the floor, with the top row no higher
than sixty inches, This is more leeway
than preferred by some engineers but
experience shows these extremes are not
impractical, and the greater tolerance
of location makes it easier to fit the jack
field into the rack with minimum con-
flict with other rules of jack field layout
—for example, the rule that locates me-
ters at eve level.

Preamplifiers should be placed at the
top of the rack, well away from the

fields of monitor amplifiers and power
supplies which should be placed near
the bottom of the rack., Amplifiers, tun-
ers, and other equipment having fre-
quently-used controls should not be lo-
cated directly under jack fields as dan-
gling patch cords may get in the way.
Also units with controls should be
placed so that they can be reached with
minimum stretching and stooping, To
save rack panel space, put matching
transformers, loss pads and other small
items having no controls on narrow
shelves behind the more shallow rack
components.

Terminal blocks should be placed in
the bottom of the rack and provided
with covers to prevent debris from fall-
ing down among the terminals and
shorting them. The space required var-
ies with the type of block and the posi-
tion in which it is mounted. One of the
most popular is the Western Electric
type 100B. This is approximately 6 in.
long, 3 in. wide, and 3 in. high. It con-
tains four rows of 20 terminals each
and can be mounted in a variety of
ways. Where space is scarce, blocks can
he mounted on their sides as shown in
Fig. 1, where they occupy only three
and one half inches of rack panel height.
The disadvantage of this arrangement
is that it is almost impossible to get at
the bottom of the block once installed,
and any spare terminals must be wired
to coiled-up spare pairs during original
mstallation. Another method is to mount
the blocks wvertically on a bracket ex-
tending across the width of the rack.
This requires considerably more rack
panel space, depending on the cabling
arrangement used. The position of all
components should be shown on a rack
layout sketch.

If there are not too many terminals,
the terminal blocks can be replaced by
Jones plugs of the recessed type, carried
i the rear bottom sill of the rack. If
the rack is mounted on casters, pulling
out the plugs makes it possible to wheel
the rack away for convenient mainte-
nance. This saves the expensive door-
swing space otherwise required behind
cabinet racks for maintenance access.
Since castered racks are top-heavy in
most cases, it's a good idea to chain the
top of the rack to an eyebolt in the wall

DESCRIPTION CF CHANGE I
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Fig. 2. Change Register. At the time o chonge is odopted, indicote hereon all diagrams, lay-
outs, ete. affected. This reduces the likelihocod of any document being overlooked when the
recards are altered.
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Fig. 3. Rack Cabling Layout. There are rela-
tively few circuits and, if necessary, the low-
level pairs as well as the medium- and zero-
level circuits could all have been carried on
terminal block 2. Note Wiremold distribution
system which eliminates a.c. terminal bloc_k.
Also note that high-level and power circuits
are on opposite side of rack from lower levels.

with a detachable clip—but be very care-
ful when moving the rack.

Up to this point, we have covered the
following points in the design of the
audio facilities: 1) Decision as to exact
facilities needed, including type of con-
sole; 2) Preparation of the block di-
agram; 3) Jack field design; and 4)
Rack layout. From here on, effective
planning requires some organizing to
reduce lost motion. Following is a list
of things the designer should have on
hand before proceeding further with the
layout: .

1, Complete list of equipment and acces-
sories needed, in exact guantities.

2. Block diagram. |

3. Jack assignment chart or list.

4, Instruction books on all equipment
and accessories, showing physical dimen-
sions as well as electrical characteristics.

5. Building floor plans or sketches show-
ing equipment layouts. - "

6. Change register as shown in Fig, 2.
Changes come up irom time to time and
must be entered on several documents such
as jack assignment lists, block diagram, in-
dividual sketches, etc. By registering the
change and checking off all the documents
requiring alteration at the time he adopts
the change, the engineer provides himself
with a complete change reminder against
the time when he gets around to aItc:png
the records mentioned. Overlooking just
one item in making changes can create
costly coniusion and backtracking.

7. A sketch register on which s noted—
even before the sketch is drawn—its num-
her and title, as the need for a given sketch
becomes apparent. The usefulness of this
register will become apparent during the
discussion of ruming and interconnection
sheets. ]

8. Layout sketches of each rack, showing
exactly where each component is located.

9, There should also be an ample supply
of forms such as running sheets, intercon-
nection sheets, conduit lists, etc, all of
which will be discussed in detail further on.

Now, with everything highly organ-
ized—and perhaps thoroughly botund up
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in red tape—we can go on to the next
step in audio planning, the relay sys-
tem. Relays are used in broadcasting for
many purposes: To turn studio speakers
off when microphones are live; to select
the proper combination of program
sources and outgoing lines in master
contrel; to control on-the-air signs and
signal lights; to operate talkback speak-
ers; to turn on and off remotely located
equipment; to operate monitor dialing
systems, etc. In view of the variety of
possible relay arrangements, this discus-
sion will be limited to general principles
applicable to all relay layouts.

It is good broadcast design to pro-
vide the most usual contact condition
when the relay coil is de-energized. For
example, the most usual studio speaker
rélay conlact condition is SPEAKER OFF
(and of course, simultaneously MICRO-

PHONE ON). When this condition exists

with no power in the relay coil, failure
of the relay or its power supply will not
throw the studio off the air. It is im-
portant to keep the supply voltage con-
stant under varying loads, to prevent
errafic relay operation, and an emer-
gency relay supply is generally a good
investment. Some stock consoles pro-
vide d.c. for external relays, in which
case these relays are sometimes con-
nected in series with the normal load of
the console power supply——perhaps the
tube plates. In such instances, it is wise
to provide an emergency relay cut-out
switch and a compensating load re-
sistor so that relay failure need not dis-
able the console.

The speed of speaker relay operation
is often a factor in preventing feedback
and can be varied by shunting the coil
with a capacitor, or a resistor, or both—
or by varying a resistance in series with
the coil. Capacitors are also helpful in
reducing click pick-up when shunted
across the coil-energizing switches. Di-
rect current is best for broadcast relays
as they then create no hum fields and do
not tend to sing. Locate all relays with
a view to ventilation, protection from
dust, and maintenance access, Don't hes-
itate to ask relay manufacturers for ad-
vice in relay selection, and buy the best
ones available as insurance against the
cost and aggravation of faulty opera-

tion. Rugged coils and oversize contacts
are prime requisites in broadcast relays.

Draw the complete two-wire diagram
of the relay systems with all the care
lavished on the audio block diagram—
and make sure to identify as such on the
relay diagram any relay components ap-
pearing on the block diagram, Show the
voltages at various points, along with
the coil resistances, and describe any
non-apparent operational details in notes
integral with the diagram. A legend is
helptul in identifying the components
and symbols.

Level Groups

Before proceeding with the internal
cable diagram of the rack or racks, it
will be necessary to decide on the circuit
audio levels to be included in the vari-
ous level groups. A level group is one
in which the individual pair levels do
not differ by more than 30 db approx-
imately. One authority? recommends the
following criteria for minimum cross-
talk: Low (microphones, tape recorder
playback heads, turntable pick-ups),
-60 to -30 dbm; wmEDTUM (turn-
table preamplifier and booster amplifier

WIRE TYPE He. of Pairs Par Conduit
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Fig. 5. Conduit Capacity Table.

outputs}, —30 to 0 dbm; zero (pro-
gram amplifier outputs, line feeds, ete.)
0 to +30 dbm; and HiGH (speakers)
above +30 dbm. Separate groups are
recommended for control (relays and
signal lamps) and power (115 wvolts
a.c.).

There are conditions under which it
is possible to depart somewhat from
these criteria. For instance, in very

1 Joha D. Colvin, “Planning a studio in-
stallation,” Aunio ENGINEERING, Aug. 1947.
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Fig. 4. Interconnection Cabling Layout. To simplify the sketch, tml)r the low-level circuits are
shown. This layout is fur the studio illustrated throughout this series of articles. Note that the
pairs not running in conduit are carried in a trough behind the equipment.
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Fig. 6. Interconnection Cable Trough. Rocks
are to be located at the far end of the con-
sole. At top right, cables of three level groups
converging on the control room run down the
wall to the trough and thence to the racks and
console. See Fig. 1 of preceding installment
for front view. Most of the floor circuits are

-run in flexible conduit which is ordinarily not

required in trough work. Official Defense Dept.
Phota.

short runs, it may be possible to cable
medium-level pairs in a zero-level group.
In the case of a single amplifier, the in-
put and output pairs can be run fogether
if the bundle contains no pairs from
other components. Where space is lim-
ited, control d.c. can be run with high
level pairs. In general, compromises on
level groups are more likely to be suc-
cessful when all circuits are balanced to
ground. However, compromises should
not be attempted with low-level lines.

Rack Cabling Layout

The next and sixth chore in our series
of planning steps is preparation of the
rack cabling layout sketch. This is a
pictorial rear view of the rack with its
companents in place, on which are super-
imposed the cables which tie the jack
field to the rack components and to the
terminal blocks. Such a sketch, Fig. 3
for example, is necessary to show the
wireman the general plan of the wiring
and to enable the designer to visualize
the courses of the cables whose make-up
he must detail on the running sheets.
Qur concern here is with the starting
and stopping points—and the make-up—
of the various cables, and not with their
precise physical placement in the rack.

The rack cabling sketch is prepared
by picking off from the block diagram
the circuits shown as going from the
jack field to the various components in-
cluded on the previously-prepared rack
layout sketch. The jack field is usually
the most common point for all the cir-
cuits in the rack, and the various pairs
must go either up or down from the
jack field. Some engineers prefer to as-
sign letters to the terminal strips of
various amplifiers and show the pairs as
running to these strips. Others simply
show the pairs as running to the ampli-

[Continued on page 69]
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the Jensen TRi-PLEX
3-way reproducer system

You'll have the feeling a new dimension
has been added to sound when you
hear the TRi-PLEX, so clean, clear and
complete...so utterly realistic...is the
reproduction of all the music on the
records of today. No obsolescence, either,
for performance #ow comprehends

the full range of the human ear.

The Jensen TRi-PLEX consists of ultra
high, high and low frequency units
completely assembled with crossover
networks, balance and level controls in a
back-loading folded horn cabinet.
Completely assembled and laboratory
tested. Available in blonde or mahogany.

Jensen Butk-li;uding Folded-Horn Cobinets
for full-dimension bass

Everyone knows a long horn with a
large mouth will provide magnificent
bass, but space and decor generally
forbid, Such performance is available
now in the new Jensen Back-Loading
Folded-Horns...compactly folded into
beautiful cabinet designs. No corner is
required, but design takes full
advantage of corner augmeniation if

one is available. Models for 12" and 15
speakers in blonde or mahogany.

ASK YOUR DISTRIBUTOR OR WRITE FOR BROCHURE 1020

ensen

MANUFACTURING COMPANY Division of The Muler Company 6601 S. Loromie Ave., Chicaga 38, llinois
In {onada: Copper Wire Products, Ltd., Licensee
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A Proposed Solution to the
Loudness Control Problem

JOHN R. SCHJELDERUP*

The author offers an intelligent solution to the controversy between those
who like loudness controls and those who fion’t. With his approach, cor-
rect compensation can be chosen for listening level and program material.

IDESPREAD CONFUSION seems to ex-
Wist among audio men over the
Fletcher-Munson Ear Character-
istic. Several articles have appeared in
the technical literature intended to give
circuit designs for a suitably compen-
sated volume control which actually
were in gross error, 1his is a serious
charge. To be specific, this writer be-
lieves it is not correct to let the Fletcher-
Munson curves be the response curves
of the compensated reproducing system,
Such a use of the F-M curves results,
under many circumstances, in excessive
bass boosting and under other circum-
stances, in insufficient bass Dboosting.
Worse yet, the treble 1s greatly hoosted
when actually there should be practicaliy
no boost at all!
There are several fallacies contribut-
ing to the unsatisfactory circuit designs
merntioned above:

1. That the original loudness was always
at about 100 db. There is much music
that seldom exceeds an absolute level of
70 db and most conversational speech
never exceeds 60 db. The error in the
case of 60 db speech supposedly repro-
duced at 60 db would be a 14-db boost at
100 cps.

2. That the F-M curves should be the re-
sponse of the reproducing system. The
error in the case of- 70-db-original-loud-
ness music supposedly reproduced at 50
db would be an 8-db boost at 10,000 cps
and a 14-db hoost at 50 cps.

Rather than make further elaboration
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on the results of the above errors, it will
e to greater advantage to outline the
correct method of deriving the design
requirements for a loudness compensa-
tor.

Let us take the case wherein we have
invited some friends home to dinner and
have begun to play a pipe organ record
to serve as background music. As we
adjust the volume control, the record
comes to a part where only three sus-
tained tones are being played—approxi-
mately 50, 1000, and 4000 cps. We,
knowing our music well, remember that
these three tones should sound equally
lond and that they were rendered at a
fairly high level by the organist (80 db
loudness at the recording microphone
and organist’s ear) and we adjust our

flat reproducing system so that in our
living room we hear these tones at a level
of 80 db. But wait! This was to be back-
ground music: so reluctantly we turn
down the gain until the 1000-cps tone is
moderately loud—a 50-db level. The
4000-cps tone sounds about as loud as
the 1000-cps tone but the 50-cps tone is
now inaudible. We go into the dining
room and firmly resolve to build a loud-
ness control as soon as the guests have
left.

Analysis

Refer now to Fig. 1. Here three of the
F-M curves have been reproduced. The
top curve indicates the relationship be-
tween the acoustic power from a pure-
tone generating device and the frequency
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Fig. 2 (left). Compensation required when reproducing the 90, 80, 70, and 60 db equal loudness contours ot a level of 50 db. Fig. 3 (right).

Compensation required for reproduction at a level of 60 db.
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Prior to the introduction of Stromberg-Carlson’s
new high-fidelity equipment, one of the world’s
greatest conductors, Leopeld Stokowski, was
asked to evaluate it. Alone in his own studio, with
his library of recordings and his matchless knowl-
edge of music, he tested the equipment. These

are his conclusions:

STOKOWSKI STATES:

“For discriminating music lovers who wish to
hear great music in its full beauty, I can recom-
mend with confidence the Stromberg-Carlson re-
producer, which I have thoroughly tested.

“It has a single stylus with diamond pick-up and
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Stromberg-Carlson, Sound Division
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Please send the "Custom Four Hundred™
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minimum—a 25-watt amplifier and a pre-ampli-
fier, which incorporates the latest technical knowl-
edge—and a 15" speaker with large enclosure.
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quality that will give full musical satisfaction to
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of the tone when all the tones sound
equally loud to a normal, young ear.
Thus, in our amplifier at the 80 db loud-
ness, a voltage measurement would have
shown 50 cps to be 6 db above the 1000
cps (point A), and the 4000 cps to be
5 db below the 1000 cps (point C), al-
though to the ear these tones sounded
equally loud. Now let us observe what
happened in the above amplifier when
the gain was reduced 30 db. 50, 1000,
and 4000 cps fell to points Al, SI, and
C1 on the dashed curve, This ctirve rep-
resents the voltage levels in the amplifier
after making a 30-db drop in the volt-
ages that corresponded to all tones be-
tween 20 and 10,000 cps at the 80-db
sensation level. Note that point Al is on
the 5-db loudness contour which fact ex-
plains why the 50-cps tone became in-
audible since it was then masked by the
30- to 40-db ambient noise in our living
room. From the foregoing it is evident
that the 50-cps voltage in the amplifier
should be boosted to point AZ on the
50-db loudness contour so that it will
sound as loud as the 1000-cps tone at S1.
Thus the compensation in the amplifier
at 50 cps should be the difference be-
tween AZ and Al or 19 db; at 1000 cps
the compensation should be zero; and at
4000 cps it should be the difference be-
tween C2 and C1 or 3 db. Let it be em-
phasized that in n¢ case—no matter how
loud the original tone and no matter
how soft the reproduced tones—is it
necessary to boost the treble more than
3 to 4 db (and this only at 4000 cps). A
glance at the Fletcher-Munson curves
will reveal that the curves are essen-
tially parallel above 600 cps and thereby
it can be inferred that no substantial
compensation is required in the treble
range.

Figure shows the compensation
needed when various “original” loudness
levels are reproduced at a loudness of
50 db. Figure 3 shows the compensation
for 60-db loudness reproduction and
similarity Figs. 4 and 5 are for 70- and
80-db reproducing levels respectively, A
study of Figs. 2 through 5 will show that
the compensation for a 90-db original
reproduced at a 70-db loudness is prac-
tically the same as that for a 70-db
original reproduced at 50 db, Similarly,
differences in level of 30 db require ap-
proximately the same loudness compen-
sation irrespective of the absolute levels.
In general, one compensation curve will
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serve for all equal differences in level
between original and reproduced tones.
Thus a set of approximate compensation
curves can be drawn (as in Fig. 6) for
differences in level between the original
sound and the reproduced sound for 10,
20, 30 and 40 db; the greatest deviation
from any theoretical curve is less than
2 db. The writer proposes that Fig. &
be used as the standard compensation
curves for the Fletcher-Munson char-
acteristic. Since the loudness of music
generally ranges between the absolute
levels of 90 db and 40 db, it is not desir-
able to reproduce the fortissimo passages
of music at a loudness level of less than
530 db, for otherwise about 20 db of the
pianissimo passages will be lost as they
will then be below the ambient noise
level even in the most quiet home (20
db). Hence the curves of Fig. 6 do not
indicate the compensation required for
reproduction below a loudness level of 50
db for fortissimo passages.

A circuit design is not offered herein
as it is felt that any audio man can work
one out that will conform closely to the
standard curves of Fig. 6. It should be
understood that these curves show the
compensation in db (hased on voltage
ratios) to produce the correct audio
power in a load of constant resistance.

The Solution

Assume we have buili our loudness
compensator, we are again entertaining
dinner guiests. We tune in a “good music
station” playing symphonic music whose
loudest levels we estimate were origi-
nally at an average of 90 db; we decide

that these should be at a 30 db level in
our living room and accordingly set our
londness compensator to a position
marked “40 db” and then adjust our
gatn control until the loudest passages
are at an estimated level of 50 db in his
living room. After dinner we and our
guests settle in easy chairs to hear a
newscast. Since we know that the com-
mentator is producing a loudness level
of about 60 db in the studio and since
we desire to hear the commentator at
this level, we set the loudness compen-
sator to a position marked “0 db” and
then adjust the gain control so that the
commentator’s voice is at an estimated
level of 60 db.

The audio man may utilize such re-
finements as a VU meter calibrated to
indicate the average acoustic loudness
level in the place where most listening
will be done; a notation on the labels
of his records stating the original loud-
ness levels (either estimated or known)
of the loudest sustained passages; use
of non-standard compensation curves
derived from the measured equal loud-
ness contours for the person who is to
listen most to the compensated repro-
ducing system.

No doubt the true audio enthusiast
would like to reproduce all music at its
original loudness level in his home, but
he realizes that he must get along with
“more normal” people, Thus, when his
better half asks sharply, “Does it have
to be that loud?”, he need merely ad-
just his properly designed loudness con-
trols and effect a happy and satisiyng
compromise,
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Fig. 4 (left). Compensation required when reproducing the 90, 80, 70, and 60 db equal loudness contours at a level of 70 db. Fig. 5 (righti.
Compensation required for reproduction at a level of 80 db.
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Handbook of Sound

Reproduction

EDGAR M. VILLCHUR*®

Chapter 4, Oscillatory Systems.

A discussion of the elements of mechanical, acoustical, and electrical
oscillatory systems—one of the basic “circuit” elements in all of au-
dio. The author relates the three similar combinations of components.

a tuning fork or stretched string
constantly interchanges energy be-
tween its elasticity and its mass. At the
point of maximum displacement the vi-
brating unit has come to momentary
rest before reversing ifs motion, and
kinetic energy due to inertia of the
mass is therefore zero. Potential en-
ergy stored in the elastic element, which
at this point is strained the most, is at
a maximum. When the source returns to
its original point of zero displacement
there is no tension on the spring at all,
but the source has attained its highest
velocity, and inertial energy of the mass
is at a maximum. The relative values of
mass and elasticity determine the ire-
quency of this interchange, just as the
relative values of inductance and capac-
itance in a tuned electrical circuit deter-
mine the rate of interchange of energy
between the coil and capacitor. Friction
limits or “damps” the vibration in the
same way that resistance damps elec-
trical oscillation,
The frequency of oscillation of a
freely vibrating mechanical system may
be expressed by the equation:

e
T2 MC
where f={requency
M =mass of the inertial element
C = compliance of the elastic ele-
ment

A VIBRATING SOURCE of sound such as

This expression is the same as the
equation for electrical circuit resonance,
with mechanical units substituted for
electrical ones.

If a mechanical system with mass and
elasticity is stimulated without being
subject to control it will vibrate at its
own natural or resonant frequency, This
15 also true of systems in which the re-
storing force is supplied by gravity
rather than by elasticity, as is the case
with a pendulum or with water slosh-
ing around in a bowl. When a system
is subjected to forced vibration, how-
ever, it must vibrate at the frequency of
the oscillatory stimulus. The amplitude
of this enforced vibration relative to
the force of the stimulus increases as
the frequency approaches the resonant

* Contributing Editor, Auplo ENGINEER-
ING.

38

o a1 11 s

] iy

—
=== PARTICLE

swor bl ol el
ATN N AN A-N N A-N
VELOCITY

TN —Pressvme

A-H H AN N A-N N A-N

Fig. 4-1. Longitudinal vibration of an air column

{after Olson). The nodes and anti-nodes shown

refer to particle velocity. Mote that the pres-

sure undergoes maximum swing at the velocity

nodes and that the velocity loops are pressure
nodes.

frequency of the system, with maximum
excursion occurring at resonance, where
mass and stiffness reactances balance
cach other out. Friction reduces the ex-
cursion at all frequencies, and in addi-
tion has the effect of reducing the reso-
nant amplitude peak. We may thus speak
of a mechanical system as having a
“0),"” the value of which varies inversely
with friction, in the same way that the
Q of an electrical system wvaries in-
versely with resistance. These principles
may be directly ohserved by attaching a
weight to a few strands of rubber band
tied together, suspending the system
from one’s hand, and bobbing the weight
up and down at different frequencies
but with the same force. The natural
damping may be increased by subtnerg-
ing the weight in water.

Since there is no such thing as a me-
chanical system with zero mass or per-
fect rigidity the above characteristics
are exhibited by all mechanical systems
to some degree. For example, according
to one theory of geophysics the forma-
tion of the moon depended upon the laws
of resonance. The entire surface of the
originally molten earth is supposed to

have followed, in wvarious modes, the
slow oscillatory patterns of behavior
which are now exhibited by large bodies
of water and are called the ebb and
flow of the tides. These oscillations were
mduced by the gravitational influence
of the sun, which alternately, according
to the position of the earth, caused the
viscous skin to lag and lead the velocity
of its spinning core. The time inferval
between daily cycles of ebb and flow
was determined by the rotational veloc-
ity of the earth (which then made a
complete revolution in about four
hours}, a velocity which steadily de-
creased due to frictional losses incurred
by the shifting surface. At some point,
it is reasoned, the frequency of skin os-
cillation became equal to the resonant
frequency of the mechanical system or
of some section of it; the excursive vi-
olence reached its peak, and a great
chunk of matter was thrown from the
earth to become our satellite,

Acoustical Resonance

It is possible for oscillations, sonic or
otherwise, to be induced in enclosures of
air. There are two types of enclosure
resonance, that of the air column, and
that of the Helmholtz resonator. The
first is the mode of resonance of the
organ pipe and flute, the sccond that of
the ocarina, empty hottle, or bass-reflex
cabinet.

The Air Column

Behavior of the resonant air column
is dependent on the plienomenon of
standing waves. A sound wave travel-
ling along a pipe will be reflected at the
end because of the fact that it encoun-
ters a mediuin with changed impedance,
whether the end is open or closed. At
certain points along the path the pres-
sure front of the reflected cycle will
coincide with the pressure ifront of the
oncoming cycle, and reinforcement will
occur; at other points of the path a pres-
sure impulse will meet a rarefaction im-
pulse and cancellation will take place.
When there is a certain relationship be-
tween the length of the pipe and the
wave length of the sound travelling back
and forth these cancellations and rein-
forcemernts always occur at the same
points along the pipe. The points are
called, respectively, wnodes, indicating
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GATES offers three speech input consoles
that fully meet every TV need. Whether you select the
ultra complete SA-50 dual channel equipment, the
much vsed 5A-40 single channel conscle, or the very
popular 52-C5 studioette, you can be

certain of top quality through advanced GATES
engineering. For 30 years now, GATES has been build-
ing fine speech equipment — and for TV
there is nothing finer!
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GATES SA-50¢ Dual Channel Console . . .

——

Nine mixing channels, dval program amplifiers, dual
V. U. meters, 10 watt monitoring amplifier, self-con-
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All GATES consoles have the same iop quality com-
ponents. This popular, modestly priced console is
made possible by combining functions through key
control. Many TV stations will prefer to vse several
52-CS Studicettes instead of a single larger consale.
Every progressive TV engineer will find it worth while
to investigate the 52-CS Studioetiel

GARTES SA-40 Single Channel Console . . .

Perhaps the most used speech input console in TV and
radio today. Nine mixing channels, wide circuit selec-
tion, low cross talk, high gain and extreme ease of
servicing are but a few of the SA-40’s many features.
GATES will gladly send detailed circuit data on request.

GATES Speech Input Catalog — Yours for

Y \g‘%\\mﬁ the asking is a 44-page catalog on GATES

"ﬁ -speech equipment plus a new I12-page
E7a*  brochure on remote control apparatus. No

' E
& G obligation, of course. Why not terite not!

SALES OFFICES

2700 Polk Avenua, Houston, Texas ® Warner Building, Woshingien D, C.
International Division, 13 E. 40th 5t, New York Cily ® Conodion Marconi

Company, Montreal, Quebec
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zero amplitude, and axéi-nedes or loops,
indicating maximum amplitude. The
nodes of particle velocity and of me-
dium pressure are 90 deg. out of phase,
as illustrated in Fig. 4-1. At a velocity
node the amplitude of pressure change
is at a maximum, while at a pressure
node the particle velocity amplitude is
maximum. Nodes and loops do not de-
fine a static instantaneous condition of
the medium; the pressure and velocity
at various points go through their nor-
mal changes, but the amount of swing
occurs as described. When the minimum
amplitude at a nodal area 15 not essen-
tially zero the area is referred to as a
partial node.

Nodes and anti-nodes created by in-
ternal pipe reflections form a standing
waye, so named because of the fact that
the points of maximum or minimum
displacement are stationary. It may be
seen from Fig. 4-1 that the air column
itself is then pulsating longitudinally in
addition to the vibration of the individ-
ual molecules. The natural frequency of
these pulsations is determined by the
length of the path of reflection and by
the speed of the wave in the medium.
Standing waves may be induced in an
open-ended enclosure whose length is
an integral multiple of a half wave
length of the stimulating sound, or in a
structure with a closed end whose length
is an mtegral multiple of a quarter wave
length of the sound.

It the length of air column is one
wave length in relation to a particular
frequency it is two wave lengths in re-
lation to the second harmonic of that
frequency, three wave lengths in rela-
tion to the third harmonic, etc. There-
fore an enclosure in which standing
waves exist may simultaneously reso-
nate at harmonic frequencies, making
air column resonance suitable for appli-
cation to musical instruments.

The fundamental resonant frequency
of an open-ended pipe (assuming the ve-
locity of sound to be 1,100 {t/sec) is:

1,100
=37
where f=the fundamental resonant fre-
quency

{=the effective length of the pipe
in feet. (The effective lenpth
is slightly greater than the
physical length, because of the
tact that pressure at the end
oif the pipe does not hecome
equal to that of the outside air
until a short distance past the
end. The “end correction’ var-
ies with the shape and diameter
of the pipe;, and to some extent
with the order of harmonic.)

joth odd and even harmonics are pro-
duced.
When the end of the pipe is closed the

fundamental resonant {requency be-
comes :

_ Lo

FS 41

Only odd order harmonics are produced
in the closed pipe. !

The Helmholtz Resonator

During the late nineteenth century
Hermann Helmholtz developed an

40

acoustical resonator which he employed
to isolate a desired harmonic from a
complex tone. Helmholtz’ device was
able to do this by virtue of the fact that
it could be forced into oscillation only
at its own fundamental natural fre-
quency. If a complex tone with a 200-
¢ps fundamental was sounded before two
Helmholtz resonators tuned to 400 and
600 cps each would pick off and vibrate
in sympathy with the second and third
harmonic components of the tone re-
spectively. The neck or port (in A of
Fig. 4-2) served as entrance for the
sound, and Helmholiz applied his ear
to the small opening, whose effect on
the system was negligible.
Understanding the Helmholtz reso-
nator is important, hecause although its
original functions have been taken over
by electronic wave analyvzers and filters,

l
-4
=2
[}
w1 o
i
o
LS
C wl
(&)
e o
(=]
o
7 rd L rs
(B]
M
I
2
-2 VOLTAGE
=
C
It
141
[£5))

Fig. 4-2. (A} The Helmholtz resonator; M

represents the inertial element and C repre-

sents the elastic elements. (B} and (C)

Mechanical and electrical analogies of the
Helmholtz resonator.

the principles involved apply to other
modern devices,

In order for the resonator to be set
into vibration the wave length of the
stimulating sound must be large in com-
parison with the longest dimension of
the enclosure. When the enclosure is
excited by sound of such wave length
the elastic air inside will be almost uni-
formly compressed and rarefied at the
frequency of the stimulus. It is impor-
tant to emphasize that at any given in-
stant the compression of the air in the
enclosure does not vary significantly
from one point to another, and that
standing waves are not formed, since
the distance from wall to wall is such
a small part of the wave length.

The air in the enclosure acts as
though a piston, of the shape shown in
dotted lines, were moving in and out of
the neck. As a matter of fact the air
in the neck does exhibit definite inertial
behavior of its own which is like that of
mass in a mechanical system. We thus
have the two requirements of an oscil-
latory system, mertia and restoring
force, and the resonator could be repre-
sented symbolically by the spring and
weight shown at (B). An even closer

Fig. 4-3. Successive eddies formed by water

flowing past an obstacle. (After Sir James

jeans, “3cience and Music,” The Macmillan Co.,
1937.)

analogy may be observed in the kettle
drum, whose elastic element is also
acoustical (at least in part), but whose
inertia is provided by the mass of the
stretched membrane.

The Helmholtz resonator will have a
natural resonant frequency determined
by the relative values of its acoustic
compliance and inertance, values which
in turn are determined by the volume
of the enclosure and by the design of the
port. Damping is produced by acoustical
friction with the walls of the resonator

-and with any absorbent material in or

across the port.

The natural frequency of a Helmholiz
resonator is determined by the same type
of relationship that controls the resonant
frequency of a mechanical mass-elasticity
system:

1

2V M Ca
where f = resonant frequency
Ca=acoustical compliance of air in
the enclosure
M =acoustical mass, or
of air in the port

inertance,

Decreasing the inertance of a Helm-
holtz resonator port raises the natural
frequency of the resonator. The inert-
ance of air in a pipe. as we have seen.
varies directly with the volume of air
and inversely as the square of the cross-
sectional area to which pressure is ap-
plied. Decreasing the length of the port
will therefore raise the resonant fre-
quency of the enclosure, but decreasing
the port area will have the opposite over-
all effect, in view of the fact that port
inertance is more dependent upon area
than upon volume. Because of this fact
the neck may be reduced to a simple
opening, in which case the port is in the
nature of a wvirtnal diaphragm rather
than of a piston.

The resonant frequency of the system
will be independent of factors which do
not affect inertance or springiness, such
as the shape of the elastic element. A
simple experiment will verify the fact
that the natural period of a Helmholtz
resonator is independent of relative
dimensions once the volume has been
fixed. The air in a bottle may be set
into oscillation by blowing across the
neck opening, a procedure familiar to
audio techmeians of the younger set.
When the Dbottle is partly full of water
the shape of the enclosure can be altered
without changing the volume, by tilting
the bottle so that the water level is no
longer perpendicular te the walls. The
pitch of the resonator will remain the
same. It is possible, however, for Helm-

[Continzed on page 51
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CDP is so advanced in concept . . . so efficient in perform-
ance . ..that conventional PA reentrant horns are now
obsolete by comparison! The CDP COMPOUND DIFFRAC-
TION PROJECTOR* provides a loudspeaker system with
peak-free response = 5 db to 11,000 cps ... delivers 242
octaves more musical range than usual PA units of even
larger size. Speech articulation index is at least 20% supe-
rior. Polar distribution pattern exceeds 120° at all fre-
quencies up to 10,000 cps. Diffraction principle, high
sensitivity and power handling assure much greater sound
dispersion, penetration and coverage with fewer units and
at far less cost, Greatly improves public address—in all
types of applications—indoors and ouwtdoors. Ger the
amazing facts abont CDP now!
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REENTRANT
TRUMPET

Model 848 Compound Diffraction Projector® Lovdspeaker System
Conservatively rated ot 25 wotts. 16 ohms impedance. Finished in attrac-
tive gunmetal gray. Two mounting pesifions for hang-up bracket. Projectors
can be installed horizontally, or verticolly far uugmented dispersion.

Dimensions: 102" wide at mouth, 20" high at mouth, 20" o0
deep cver-all. Weight: Net 12 Ibs., Shipping 15 Ibs, List Prics... 59

Send for Free Bulletin 195

®
707CS
400 CARROLL STREET » BUCHANAN, MICHIGAN

Expors: 13 Eost 40th Streel, New York 16, US.A. Cobles: Arlob
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AUDIO engineering society

Containing the Activities and Papers of the Saciety, and pub-
lished monthly as a part of AUDIO ENGINEERING Magazine

OFFICERS
C. G McPreud ........ President Lloyd C. Wingard Central Vice-Pres,
P, O. Box 12, Old Chelsea 5ta., F, Sumner Hall Executive Vice-Pres. H. M, Tremaine Western Vice-Pres.
New York 11, N. Y. G LoBel® g e ayak = -k Secretary  Ralph A. Schlegel ...... Treasurer

Magnetic Audio Frequency
Fundamentals

A. M. VINCENT*

Challenging the electron tube in its well established position as the basic amplifier com-
ponent, the magnetic principles invoked offer a promising field of new development.

Z OUTPUT

£ LOAD
" 1-114 V.
POWER
INCREASE L——o o—
———— — 15V, AC.

SUPPLY

Fig. 1. Basic principle of controlled reactance.
The position of the core in the coil is varied.

AR
Li

IHPUT
{CONTROL)

SATURASLE REACTOR

fig. 2. In the saturable reacter, the core re-
mains stationary, but its permeability is varied
by a control circuit in which d.c. flows.

INFUT
- ICONTROLY
L——|i
Blas

VY

R AR
Li)

MAGHETIC AMFPLIFIER

Fig. 3. The addition of a rectifier in the load
circuit improves perfarmance by eliminating
self-saturation.

Summary: A brief history of magnetic
amplifier development is given, with a
preliminary description of the operating
principles, Comparisons between elec-
tron-tube amplifiers and magnetic ampli-
fiers are made, and a number of basic
circuits are shown. The advantages and
disadvantages with respect to conven-
tional tube amplifiers are listed, with
indications of future advances in the art,

* Lientenant Commander, U. 5. Navy.

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

to accept the fact that competitors

to the'electron tube are not only a
reality but are here to stay. The Bureau
of Ships is interested in these devices
primarily because of their reliability and
long life compared to that of the electron
tube,

The most formidable competitors to
these tubes are transistors, magnetic and
dielectric amplifiers, and more recently,
the promising resistance or crystal am-
plifier (a semi-conductor responding re-
sistively to magnetic fields).

ELECTRONIC ENGINEERS are beginning

The transistor has been thoroughly de-
scribed in numerous publications, Di-
electric amplifier fundamental data has
recently been assembled and published in
the Bureau's monthly periodical “Elec-
tron.” - Material is now being prepared
on the resistance or crystal amplifier.

A considerable amount of material has
been published on magnetic amplifiers,
most of which pertained to servo and
other electro-mechanical control applica-
tions. Very little data is available on
high-speed applications, with the possi-

Presented on November 1st, 1951, at the Third Admnual Convention of the
Audio Engineering Society.
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(d)

42

Fig. 4. (a) Simplified tube amplifier, and (b) simplified magnetic amplifier; (c} characteristic,
Class A showing operation on linear portion of curve; (d) characteristic converted for push-puil
operation.
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No, this time they’re PRESTO Green Label discs . ..
crossing the oceans on their way to such
foreign ports as Ankara, Genoa, and Johannesburg. . .
and to Mexico, Colombia and Brazil.
: Every week, thousands of PRESTO recording discs are shipped
overseas, despite U. S. dollar
° ® shortages, import license controls
fl ? and other obstacles in the path of
VI “g su U‘ers uga I n @ foreign trade. In one week, the week
of February 28th, M. Simons & Son
Company (Presto’s foreign

representative) shipped nearly 23,000 discs to these
points around the world.

There must be a reason for this proven preference for
PRESTO discs, particularly in the face of increased demands
for magnetic tape. The reason is plain to us. . . and will

be to you when you use PRESTO on your next job.

PRESTO is the preferred disc because it is manufactured

by the highest standards in the industry . .. made

in the world’s most modern disc plant. . .

and tested for maximum performance.

R E@F@ RECORDING CORFORATION

PARAMUS, NEW JERSEY

Export Division: 25 Warren Streel, New York 7, M, Y.

Canadion Division: Walter P. Downs, Lid., Dominion Square Bidg., Montreal

WORLD'S LARGEST MANUFACTURER
OF PRECISION RECORDING EQUIPMENT AND DISCS
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Fig. 5. Simplest form of audic amplifier em-
ploying magnetic principles.
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Fig. 6. Single-stage audio amplifier capable of
gains up to several hundred.

ble exception of some special magnetic
computer circuits, responding to im-
pulses up to 400 ke, Only minor explora-
tory tests have been made with magnetic
circuits at audio and radio frequencies.
These tests showed that gains of over
100 per stage can be obtained at audio
frequencies and at radio frequencies up
to 200 ke. These experiments were made
primarily to demonstrate the feasibility
of using the device at these frequencies.
Reasonable amplification fidelity was ob-
tained, but with low efficiency. Beiore
any attempts were made to improve the
efficiency, the developments were termi-
nated in favor of more pressing demands
in the computer feld. Research in this
field was considered more important due
to the greater number of tubes involved.

It is believed no further efforts have
been made towards developing magnetic
audio amplifiers in this country, although
it 15 understood a 300-watt magnetic
audio unit was designed for a European
airport, showing excellent response up
to 7000 cps. The carrier power supply in
this instance was 20 ke, This installation,
however, required hot-cathode rectifiers,

Recent improvements in core material,
rectifiers, and eircuitry have elevated the
magnetic amplifier, within its limitations.
to a reasonably competitive position with
the tube amplifier,

Description

For those not familiar with the basic
principles of the magnetic amplifier it-
self, the following description and fig-
ures may be helpiul.

Figure 1 shows a coil of wire sur-
rounding an iron core. With the core
completely within the coil, the reactance
to a.c. will be high, restricting the flow
of current to the load; with the core re-
moved the impedance drops to about
thar of the d.c. resistance of the wire;
intermediate positions of the core vary
the power to the load accordingly. Since
it would be difficult to move the core
rapidly to follow an audio frequency, a

44

separate winding is used to control the
saturation of a stationary core, as shown
in Fig. 2. This would be satisfactory as
an amplifier except that the power sen-
sitivity would be relatively low since
the control ampere-turns must be equal
to the load ampere-turns, plus suflicient
ampere-turns to control the core.

In Fig. 3, a rectifier is inserted in
series with the load circuit. This elimi-
nates the negative output-winding cur-
rent pulses that drive the core away from
saturation which would require a greater
cancelling control-winding current. This
is referred to as self-saturation. Self-
saturation is not the inclusion of positive
feedback, but the elimination of negative
feedback whereby the control current for
a given output voltage is made indepen-
dent of the output current. Because of
the increased power sensitivity, self-
saturation circuits are usnally considered
for audio applications.

In order to understand the principles
involved in audio frequency, a rough
analogy between a tube and a magnetic
amplifier should be made. Any attempt

ANTENNA

DETECTOR

k3

BASIC RECTIFIER -
QSCILLATOR FOWER
SUPPLY

Fig. 8. Typical arrangement for radio receiver
use, employing magnetic amplifier circuits
throughout.

to analyze the magnetic amplifier in di-
rect relation to a tube requires that cer-
tain assumptions be made, as this ampli-
fier differs considerably from those using
electron tubes. However, since the input
saturation-control voltage vs. load cur-
rent of an iron core can be made to fol-

low almost precisely that of a tube, a
theoretical analysis can be made on the
straight portion of the curve.

Analysis of Operation

Figures 4 (a) and (b) are sketches of
a tube and magnetic amplifier; (¢) is a
curve showing magnetic saturation vs.
imipedance in a magnetic amplifier. Since
this curve almost duplicates that of cer-
tain type tubes, operating characteristics
of both can be plotted on the same curve.
For a fair comparison the “plate” supply
of both amplifiers must be a.c., for a
magnetic amplifier will not control d.c.
If this amplifier is to be used to amplify
audio frequencies, the supply frequency
should be above audibility—at least three
times the highest frequency (o be con-
trolled. Since both amplifiers are single
ended, they must be operated as class A,
half way up the slope, as shown in curve
(c), point a. The operation analysis then
follows along the lines of a class A tube
amplifier.

These amplifiers working as class A
would not only be inefficient, but pro-
visions would have to be made to sepa-
rate the carrier from the voice fre-
quencies; consequently they would be
normally operated class AB push-puil.
With this connection the carrier can be
biased out, as indicated by point b in {c).
This makes it possible to use coils and
rectifiers of lower capacity. (In ma-
chinery applications, control is usually
effected near the upper end of the satu-
ration curve, near the point of abrupt
saturation. This results in greater power
sensitivity.) With push-pull connection
the “plate” supply rectified puises are
also doubled and smoothed out. Figure
4 (d) shows idealized push-pull transfer
curves,

Figures 5 and 6 show further develop-
ments of push-pull amplificrs. Figure 6
is a single-stage amplifier capable of
gains up to several hundred. Control and
bias winding are shown as two single
loops; actually thev consist of four in-
dividual coils wound aiding and oppos-
ing to cause an alternate high and low
impedance in each pair of load reactors.
This results in a rather low efficiency,
necessitating relatively large reactors
and rectifiers, but does result in 1m-
proved fidelity when using components
not specifically designed for the purpose.
Figure 7 shows another circuit devel-
oped for audio frequencies, and Fig. 8
outlines the general application as a
whole. Although these schematics are

I |

MIGCROPHONE

A.G. SUPPLY =
30KC >

£

SPEAKER

Fig. 7. Further steps in development of suitable eircuit for audio applications.
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THE NEW
JENSEN TRI-PLEX
3-Way Reproducer System

The result of exhaustive research to
alain the ideal system, The Tri-Plex
consists of lhe P15-LL '‘woofer’, the
A-201 mid-frequency driver and horn,
the RP-302 'super-lweeter’, and cross-
overs, all housed in & handsome,
solidly construcied enciosure which
provides folded-horn back loading for
the ‘woofer,” and is designed for either
wall or corner placement. Frequency
range: 30-18000 cps. Power Hondling: 35 walls. Impedance: 16
ohms. Dimensions: 38%"h. x 252" w. x 18%" d

57-903 — Mahegany ......

5T-9202 — Blonde Koring ......ccoevevicccennns

THE ORIGINAL wuunmsou HR-'I 5
AMPLIFIER KIT T

The famous, original
Williamson HR-15

. still acclaimed
the leader...in kit
form, with the orig-
inal Partridge oul-
put Transformer,
Astemble this kit, and in 3 hours or less, enjoy the finest sound
you ever heard. Operates from a funer, phono-preamp, crystal
pick-up, or other signal source. Absolute gain is 70.8 db wilh
20 db of feedback. Fregquency response: == .5 db, from 10
te 100,000 cps. Output impedances to maich all speakers from
1.7 to 109 ohms. Kit is complete with 5 fubes (1-5¥4, 2-65N7, and
2-5881 (or 807 if requested), 2-Punched Chassis, 2-Resistor
Mounting Strips, Sockets, Partridge WWFB Outpul Transformer,
Assembly Insiructions, and All Other Necessary Parts for Amplifier

O POWED SUBBIYY sotuf e huniene s ool ok dmetdaee st dosbims b b kil $76.50
HR-15, as above, but with Partridge CF8 Quiput

Transformer (Hermetically Sealed) .......ccccoiiiiieiiivnisieninnns £90.00
PARTRIDGE OUTPFUT TRANSFORMERS — Available

Separately. WWFB............ £26.00 CPB....crvveers $40.00
HR-15T WILLIAMSON Kit—Furnished os obove, with

TRIAD Transformers and Chokes ...crcninnciinnnins $£569.50

NOTE: HR-15 and HR-157 Kits may be had with
British XT-&6 Qutput tubes for $3.00 additional.

R-J

BOOKSHELF MODEL
FOR 8 INCH SPEAKER

The now famous R-J cabine! devel-
oped te new dimensiens. Smaoll
encugh to permit it 1o be inconspicu-
ously mounted on a bookcase shelf.
‘\ Reproduces amazingly clean, smooth,
bass fundomentols while permitting direct radi-
ation of high frequencies. An ideal system
where space is al @ premium or as an extension reproducer in an
extra room. May be fnished to match the decor.
Dimensions: 117h, x 10”d. x 23%" |.

§_8_1 — (Single-shelf height) ... $24.50

« HARVEY

| Height; 36"

You can Hear Them All

and Choose the Finest

McINTOSH
Model C104

PHONO PREAMPLIFIER
and EQUALIZER

An extremely flexible vnit designed for the most discriminating
and ocute listener, Provided with five inpuls and selector switch,
it accommodates crystal pickup, FM-AM tuner, low level micro-
phone, as well os high level ond low level magnetic pickups. A
3-posilion switch selects the correct compensation o match the
three racording charocteristics most often used. In eddition, the
C104 features treble and bass beost and attenuation, each with
separate controls. Connectors are furnished for obtaining power
from the main amplifier. A moster power switch and volume
control completes the atiroclive brown hammertione panel, Sup-
plied complete with tubes and connectors,

In Maohogany-finish Cabinet ...

Lass Cobinal .. Al el

THE STUDIO MIRACLE
TELEFUNKEN

CONDENSER MICROPHONE

This is the now famous microphone which
recenily created s6 much ado in avdio engi-
neering circles, it is the instrument which
was credited with being responsible for the
extraordinary fine quality of several recent
commercial recording releases. The Tele-
funken provides both directional and omni-
directional characteristics and either may
be selected by means of a small outside
switch. Frequenty raonge is from 30 to
15,000 ¢ps.

Complete with 30 foot low-loss coble,
ond plugs fogether with Model U47-N
Power Supply ..o $390.00

Electrical and Acoustical Dalo on Request

BASS REFLEX
SPEAKER ENCLOSURES

For 12 and 15 Inch Speakers

A HARVEY SPECIAL

Designed ocoustically for quality
performance, this handsome cabinet
is sturdily constructed and rein-
forced. Attractively finished, it will
blend with ihe decer of most sur-
roundings.

Dimensions— Blonde or Mahagany

SPECIAL $43.75

Width; 24”
Depth; 19"

Telephone

VISI‘I' HARVEY'S AUDIO-
RIUM—Come irl ‘and visit
em- navw Sound Department
. . all thess items and meny
inors on warking display al.
Al times. )

RADIO COMPANY, INC. |
103 West 43rd 5t., New York 18, N. Y."0'

LUzemberg 2-1500

NO‘I‘E In view oi the vapldly

i' in hoth

comp!n?e units and compenents

we wish te emphasize thet all

prices ora subject fo change

. ‘without notica, and are Het,
4 I'.O.Iu H-Y.C-
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Fig. 9. Production model of 400-cps, 10-watt
contral amplifier—approximately same size as
that reguired for a 5-watt audio unit. For audio
use a different core material and higher-fre-
quency carrier would be used. Photograph
ceurtesy Magnetic Amplifiers, Inc.

possibly too simplified, they illustrate
the operating principles, Design speci-
hecations would call for a better oscillator
power supply. In addition, the amplifiers
would include inverse feedback, bridge
rectifiers, padding, filiering, and so on.
Figure 9 shows a production model of a
400-cps, 10-watt control amplifier. The
manufacturer indicates a S-watt audio
component would be comparable in size
and weight.

Performance

Figure 10 is an oscillogram of the out-
put waveform of a 100-watt magnetic
amplifier built two years ago to deter-
mine the capabilities of the device at
audio frequencies. The circuit used was
that of Fig. 6; Fig. 11 shows the re-
sponse curves. A 10-kc motor generator
was used as a power supply, and the 10-
ke ripple can be noted on the peaks of the
signal frequency.

The curves indicate remarkably good

100 cps 200 cps

1,000 cps 2,500 cps

2

5,000 cps

Fig. 10. Output waveforms for various fre-

quencies. These cuts were made from actual

oscillograms made from a 100-watt magnetic
amplifier.
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reproduction, considering the fact that
ordinary machinery-type reactors and
rectifiers were used in the amplifier.

Qscilloscope patterns indicating the
response of magnetic core material trig-
gered by l-me pulses are shown in Fig.
12, Although only remotely related to
audio applications, they are included to
show that the response of a magnetic
amplifier is adequate for any radio re-
quirements.

The core material used to obtain the
above patterns was 4-79 molybdenum
steel tape 1/8-mil thick and 3/32-in,
wide ; the ratio of inductance from zero
10 maximum saturation was 4:1; the
power supply was 3 mc at 20 volts. In-
dications are that the response of steel
tape core material is superior to the
currently available ferrite cores at this
frequency.

According to two British investiga-
tors, Williams and Noble, it is possible
to amplity control signals of 10-*% watts
at a bandwidth of 10 eps in a special
magnetic amplifier having a basic limita-
tion of 4X10-2* watts due to thermal
noise. Barkhausen effects in the same
magnetic amplifier are equivalent to a
signal input of 10-2 watts for a band-
width of 1 cps. Driit is the major limit-
ing factor in low-input applications.

From the above investigations it is
apparent that the low-level limits of the
amplifier are adequate to meet normal
requirements, It has already demon-
strated its ability to amplify relatively
pure sine waves well into the r.f. spec-
trum.

Indications are that magnetic ampli-

+
o

|
|

POWER RATIC [dB)
o
|

I

£

o)
o

L

100 200 400 600 1000 ZP00 5000
FRECQUENCY IN CYCLES PER SECOND

Fig. 11. Response curves for 100-watt ampli-
fier used in making oscillograms of Fig. 10.

fiers have several advantages
equivalent tube amplifiers, namely :

1. Reliability. The rectifier is the life-
determining factor. Selenium rectifiers
currently in use have a normal life ex-
pectancy of around 60,000 hours. Mod-
ern crystal rectifiers have a similar life,
with a much higher efficiency, but are
limited, at the present stage of develop-
ment, to a forward current of about 500
ma, and an inverse peak voltage of 400.

2, Require no warm up time.

3. Power consuruption (with push-pull
class B connection) during standby
periods is low.

4. Fewer components.

5. Rugged; practically indestructible,

6. Will withstand considerable over-
loads.

7. Unbalanced effects in balanced cir-
cuits, due to cathode emission changes,

over

Scale 1:1 Secale 10:1
+.01Vv
1=
0—
b
-0V
L— 500 n sec

8.3V

: (A)

Fig. 12, Magnetic flip flops driven at high
rates, Upper pair of photos in each box show
input pulses which are, in each case, minimum
amplitude required to set flip flop. Increased
pulse amplitude is required at higher rates.
The lower photos show r.f. envelopes. (A)
Pulse repetition rate = 2000 pps. (Time be-
tween pulses = 500 usec) R.F, envelope = 1.42
mc. (B} Pulse repetition rate = 20,000 pps.
{Time between pulses = 50 psec) R.F. envelope
= 1.32 mc. {C) Pulse repetition rate = 200,000
pps. |Time between pulses = 5 usec) R.F.
envelope = 1.4 me. (D) Pulse repetition rate =
400,000 pps. (Time between pulses = 2.5 psec)
F. envelope = L5 mc.

are less, because the stability of a
rectifier is greater than that of a hot
cathode.

8. Relatively unaffected by fungus,
moisture, and heat.

The disadvantages are:

1. Currently, until mass production of
core material and rectifiers is estab-
lished, these amplifiers will cost more.

2. No suitable static r.f. power supply
is available. This makes it necessary to
use a tube oscillator as a power supply.
This is not a serious disadvantage, how-
ever, when one considers that an electron

[Continued on page 73]
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' USE OF THE AIR-COUPLER

mAlthough it is nearly two years

since the first announcement of the Fowler-
Allison-Sleeper system of bass reinforce-
ment, the number of reports from people
who have made such installations, and the
enthusiasm for FAS performance has
increased steadily.

Heart of the FAS system, of course, is the
now famous Dual Air-Coupler, identical
with the eriginal design, but with built-in
columns which smooth out the bass re-
sponse to the satisfaction of the most critical
music listeners and audiophiles.

As a resulr, thousands of hi-fi enthusiasts
have reported:

1. That the Dual Air-Coupler repro-
duces lower frequencies than they thought
could be recorded on phonograph records
or tape,

2. That balance berween treble and bass
eliminates unnaturally shrill effects, due to0
the extended bass reproduction provided by
the Air-Coupler, and

3. Full, proportional bass response is ob-
tained at any volume level down to audibil-
ity, withour the use of treble or bass controls.

Now, in the September-October Issue of
HIGH-FIDELITY Magazine, information
on a new project completed by the same
team will be released. This has to do with
crossover networks. The original FAS sys-
tem called for an 8-ohm woofer, an 8-chm
intermediate speaker;and a 25-ohm tweeter,
with crossover frequencies at 350and 1,100
cycles.

However, many hi-fi enthusiasts wanted
o use other crossover frequencies, or other
speaker impedances, or to opéerate the Air-
Coupler with a single dual speaker. But
when they tackled the mathematics of the
nerworks, they ran into trouble. Different
formulas gave different values, or came out
with designs that did not deliver the per-
formance of which the FAS system is
capable.

To do away with all such uncertainties,

Hig

a complete set of diagrams and component
values has been worked out, from which
the correct circuit can be found, as well as
the values of standard inductors and capaci-
tors, to use in the network for:

1. Anycombination of impedances for a
3-speaker or 2-speaker FAS audio system,
and =

2. A wide selection of crossover frequen-
¢cles.

These direct-reading diagrams and tables
of values eliminate all mathematics and all
guesswork, and make it possible to try dif-
ferent combinations in the FAS system with
the assurance that maximum possible pet-
formance will be obtained from the selected
speakers and crossover frequencies, This in-
formation will be found in the September-
Qctober Issue of HIGH-FIDELITY Maga-
zine, out September 15.

The suggestion that pet-;
formance of the FAS system can be im-
proved will come as a surprise to the great
number of people who are now using instal-
lations of the original design. Nevertheless,
further progress has been made which is
so basic that the new system is identihied as
FAS-2.

The same Air-Coupler and the same
speakers can be used for the FAS-2, but
there are radical changes in the amplifier
section of the system, and crossover net-
works are eliminaced entirely. It should be
explained that the FAS-2 is more expensive,
and 1o non-critical listeners the extra cost
may not seem justified.

However, the super-critical audiophile
who wants the very last bit of realism from
his system will say: "Here is a system that
really does everything!”

And that s literally true of the FAS-2.
It is completely versatile not only in its pet-

h:Fidelity

MILTON B. SLEEPER, Prblisher

“THE MAGAZINE FOR AUDIOPHILES”
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formance on various typss of music; but in
the freedom of choice it permits as to your
particular selection from the various avail-
able amplifiers and speakers. There is no
uncertainty as to networks, since they are
not used. Also, and this point is stressed
because it is a basic FAS feature, no tone
controls are employed.

Complete information on the FAS-2,
together with detailed photographs and
diagrams, will appear in the November-
December Issue of HIGH-FIDELITY Mag-
azine, out November 1.

Audio Fair

You are cor-
dially invited to see and hear the FAS sys-
tem at the HIGH-FIDELITY exhibicat the
Audio Fair, Hortel New Yorker, New York
City, October 29 to November 1. If you
would like to play your own test records on
the FAS installation, you are welcome to
do so. That is the best way to judge FAS

i performance.

High-Fidelity A
is Maga-

zine, now published every other month, is
devoted exclusively to wide-range reproduc-
tion from FM, records, and tape. Articles by
leading authorities describe in non-technical
language the operation and use of new
equipment, the latest ideas in custom instal-
lations, and all the most interesting activi-
ties in the hi-f field. There is also a 24-page
section of record reviews and information
on recorded music.

HIGH-FIDELITY is a large-size maga-
zine, profusely illustrated, and printed on
fine paper. If you are not already a sub-
scriber, by all means order your subscrip-
tion without delay. When you receive your
first issue, if you are not completely satis-
fied, the entire amount of your remittance
will be refunded.

Charles Fowler, Editar
HIGH-FIDELITY Magazine
1309 Publishing House, Greot Borrington, Mass.

Please entar my subseriptien to HIGH-FIDELITY,
for which | enclose:
[ %5.00 for 1 year (& issuas) SAVE $1.00
1 $10.00 for 3 years (18 issues) SAYE $8.00

] Include as pact of my subscription issve
Mo. 3, showing construclion of the
Dual Afr-Coupler

Mame.

Address

Foraign postage: Add $1.00 per year

N L L
| P o . . e S e e S -
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HAT WITH ANOTHER Fair approach-

ing in a few months, audio has taken

to its summer lull—merely a slight
slackening in the feverish expansion,
merely a few sensational anmouncements—
a new tape recorder with everything, for
less than $300, a new super-sound studio
to demonstrate everything, at Arrow in
New York, a dozen or so new lines of
speaker enclosures, and a raft of new am-
plifiers. . . . Let audio rest for a bit, while
records are reviewed like mad; the summer
“lull” in records has been even more minute
than ever this year and, at last, it seems
the old habit of issuing nothing but light
opera excerpts and Strauss waltzes for
the hot weather has gone—heavyweight
stuff of extraordinary interest has come
out right through this last summer, heat
waves or no. About time, I'd say.

Here's a small taste of it. This month
we'll combine the “key” system of techni-
cal evaluation with written-out reviews. I
sugpest vou slice the key out of its page
{having read the other side carefully first)
and mount it avhere you can refer to it with
a glance as you read along. We can't al-
ways print it in the most convenient place.

NEW LP RECORDINGS

*Qutstanding recorded sound for
the type of music. PBig bass—
European low turnover point. *Close-
to, edgy highs, 9Distortion. fFlattish
high end; needs boost over normal

LP playback.
Hintimate, close-toc recording in
good liveness, 1Big, live acoustics,

%From older 78 disc. Ppianc some-
what in background, off-mike. Sur-
face noise. tape flutter and insta-
bility; poor transients {pianc}. "So-
loist close-up, loud. *Bass weakish;
needs boost over normal LP playback.
*Lacking in highs.

Some novel Romantics

Clara Schumann, Trie in G Minor, Op. 17,
Beethoven, Trio #8 in B flat ({posth.)
Mannes-Gimpel-Silva Tric. Decca DL 9555

*279 W, 4th St., New York 14, N. V.

)

EDWARD TATNALL CANBY™

Records in the Summer “Lull”

*Kreutzer, Grand-Septet in E flat. Mem-
bers of Vienna Octet. London LLP 420
*1Spohr, Grand MNonette:. Six Songs for
Mezzo, Clarinet & Pf. Alice Howland, sop.;
D. Weber, cl.; and instr. ensemble.
Stradivari STR 609
“Spohr, Violin Concerto #8 (In Form of a
Vocal Scene). K, Stiehler; Leipsic Gewand-
haus Orch., Schmitz.
9*Spohr, Violin Concerto #7. R. Schulz;
Radic Berlin Symphony, Heger.

Urania URLP 7049

A brace of unusual works—sounding much
like familiar 19th Century music from Beethoven
to Schumann, composed by “unknowns"” whe at
the time were leading musical personalities. You
never know about such music; sometimes it s
as terrible as it ought to be but sometimes, too,
it iz unexpectedly fine, if vou can open your
skeptical ears to it.

The Schumann Trio, by the famous lady pi-
anist, wife of Robert Schumann, will fascinate
any Schumann lover. It sounds astonishingly
like hubby's music and it's expertly written too;
Clara was a thoroughly trained musician in every
respect. And wet, after awhile, you begin ta {eel
the weakness of it, the unoriginality, the follow-
ing-of-formulas, the poor structure

Kreutzer was 2 popular Viennese composer of
Beethoven's time. His Septet iz astonishingly
like the jaunty Deethoven Septet in the same
key (op. 20)—and astonishingly poor music con-
sidering how expert its outward shape is. Off-
hand, you couldn't tell it from Beethoven in styie,

Spohr was a real composer, too much belitthed
according to this evidence. (See also Urania’s LP
of his Quartet Coneerto and Clarinet Concerto.}
The two viclin concerti, Schumann-Weber
style, are every bit as good as many a war horse
we hear a thousand times a vear; the forms are
unusnal and original if the harmonies are con-
ventional. Very melodic and good listening, The
Neonette, far superior to the Kreutzer, is a fine,
colorful piece, a lyric serenade like middle Bee-
thoven with a large dose of Schubert mixed in.
The Songs on the reverse side are equally inter-
esting, the claninet obbligate adding an unusu-
ally lovely touch. Unusually good performance
throughout ail of these.

Mozart series

*viMoxart, Violin Concertos #1, K. 207;
#2, K. 211. Aida Stucki; Ton-5tudio Orch.,
Stuttgart, Lund. Pericd SPLP 54%
“viMozart, Violin Concerto #7, K. 271a.
Stucki; Ton-5Studio Orch., Lund

Mozart, Rondo in C, Adagio in E, Rondo in

Custav Swardstrom; Ton-Studio
Period SPLP 548

B flat.
Orch., Lund.
*iMozart, Symphony #24. March, K. 248
and Divertimento #10, K, 247. Ton-5tudio

Orch., Michael, Lund. Period SPLP 545
#iMozart, Flute and Harp Concerto, K. 299.
Hern Concerto #1 in D, Ton-Studio Orch.,
Lund. K. F. Mess, fl., Dora Wagner, harp,
G. Goermer, horn. Period SPLP 544

An interesting series, cleanly recorded, of sel-
dom heard Mozart works—including a group of
substitute movements for the wiclin concertos
that he wrote to piease persnicketty soioists. The
job iz scholarly, the style good, the orchestra
properly small and intimate, the recording bal-
ance and acoustics suitable—all in all a series of
great interest, were it not for the unimaginative,
wooden, metronomic performance of this or-
chestra  under Gustay Lund. Not a subtlety
vou'll hear right away—the music speaks for it-
self in spite of this and the sound is as fresh and
enjovable as Mozart can make it. Stucki is a
wobbly, uneven soloist{ the single movements
played by Sw¥rdstrém show a much better Mo-
zart fiddle. The horn, flute, and harp solos are
all good, helping to balance the always s]_ightl_)'
wooden playing of the orchestra. A more imagi-
native conductor could have made this inte a
stutiningly fine series. Well worth a listen even
a8 15,

Mozart, Violin Concertos #3, K. 216; #4,
K. 218. Szymon Goldberg; Philharmaonia
QOrch., Susskind. ... ... Decca DL 9609.
Mozart, Violin Concerto #4, K. 218,
Szigeti; London Philharmonic, Beecham.

Columbia ML 4533 (132)
{With Prokofieff, Concerto #1)

Szymon Goldberg, a celebrated Mozart player
(oiten with Liki Krans, the pianist) for wvears,
adds the touch of life lacking in the Ton-Studio
recordings. These two famillar concertos are
done in the 'new" style, lightly, with small ar-
chestra, the whole clear, sparkling but not “cute.”
Good recording, especially oi the violin, though
not gquite as crystalline as the Period recordings.
These are tops in present day Mozart.

The Szigeti-Beecham version is evidently a ve-
{ssue {(as is the Prokofeff) of pre-war 78s—the
difference in style (and in recording} is inter-
esting. Beecham’s Mozart, once thought of as
perfection, now seems overweight, with too big
an orchestra, not enough transparéncy in spite
of impeccable playing. Szigeti is too accurate to
do a bad job, but one feels a certain false '‘pu-
rity,” as thongh this were some sort of “little
gem”™ of music. The new stryle, with smalier
forces, paradoxically makes the music sound big-
fer, more communicative.

o}yiMazart, Piano Concertes #20 in D
[Continusd on page 4]
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In Music, Listening Quality is Everything

Y, .. during the last four years T bought
several hundred dollars worth of pickups,
purely on high kilocycle claims. Recently
I acquired an AUDAX (diamond) CHRO-
MATIC and now [ know that Sarser, the
violinist (Toscanini's NBC Symphony), is
s}o' right . . . listening quality IS every-
thing . . .

Never before such LISTENING QUAL-
ITY, such FAITHFUL REPRODUC-

TION, but , . . after all the reams are
written about kilocycles and other labora-
tory data—when the chips are down—you
and only YOU can decide what sounds best
and most pleasing. Therefore . . . SEE and
HEAR the AUDAX and—You be the
judge. Also available to fit record changers.
Be sure to ask for a copy of “ELEC-
TRONIC PHONO FACTS" at yvour dis-

tributor’s.

AUDAK COMPANY

500 Fifth Avenue

New York 36

Creators of Fine Electro-Acoustical apparatus for over 25 years.

5‘9 SlanJarJ éy lM/AicA Ofﬁerﬁ ./Q?re yua/gea, and Z/Eﬁwtla

WA SRR RTadkkeRieter - com
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PREAMPLIFIER FOR
CRITICAL LISTENING

[from page 23]

mounted from the chassis with flexible
leads for vibration isolation. This unit
will be noted in the upper left corner of
Fig. 3.

All the recording characteristic equal-
izing resistors and condensers have been
nounted on Sw, with flexible leads at
B and C extended to the shock-mounted
pre-preamplifier and equalizing ampli-
fier.

The “touch-up” low-frequency equal-
izing network between points D and E
has been placed on the bottom of the
chassis under the pre-amplifier sub-as-
sembly.

Care was taken in wiring the unit to
insure a single-point ground which
would be located at the lowest signal
level point, All input circuits were care-
fully isolated from ground with insu-
lating washers used on the unbalanced
miput circuits. The actual ground point
employed the chassis negative electro-
Iytic bypass capacitor point which was
located immediately and conveniently
below the pre-preamplifier and record-
ing characteristic equalizer-amplifier
sub-assembly.

Care was also taken to insure mini-
mum capacitance to ground of the inter-
stage coupling capacitors between sec-
tions of I, and ¥; by mounting these
two units on insulating stand-off pillars
just back of the low- and high-fre-
quency environmental equalization con-
trols.

Performance

Figures 6, 7, 8, and 9 show the actual
reproduction characteristics, and con-
firm the fact that the recording charac-
teristic equalizing circuits provide
complementary equalization for the
curves of Fig. 2.

Each element of this system was care-
fully investigated as to signal-to-noise
ratios and overload characteristics.

The pre-preamplifier and associated

Fig. 7. Response

through  equalizer +1

section with controls

centered and with

loudness contrel at
at maximum level

position,

H
[ ] 0

L]

T

FREQUENCY I[N CYCLES PER SECOND

11

disc-equalizing amplifier, for example,
with a 15 millivolt (r.m.s.) input at
1000 eps provides 1.215 volts r.m.s. out-
put to the loudness control with the
noise level more than 80 db below this
level. The overload point with the pre-
preamplifier switch in the maximum
gain position was at 80 millivelts r.m.s.,
which indicates that there is more than
an ample overload margin when a G.E.
pick-up is used under this condition of
operation. The overload point in the
minimum gain position, is of course,

-approximately 0.8 volt r.m.s. under the

same conditions of operation.

The environmental equalizer section
of the circuit was similarly tested, both
at maximum boost and attenuation.
Again by careful parts layout it was
found that the noise level was more than
80 db below the normal signal level. The
specific value was not measurable due
to the fact that the vacuum tube volt-
meter available for these tests could not
read a lower level.

The environmental equalizer section
was checked for overload characteris-
tics and output voltage, both under the
conditions of a terminating load and a
bridging load. In the first case, 15.2
volts rans. input appeared to be the
overload point, which gave 5.0 volts
r.m.s. into a terminating load, or 6.7
volts r.m.s. into a bridging load. With
maximum boost and utilizing a 100 cps
signal as a reference, the overload point
was 10 volts r.m.s. input, which gave
2.55 volts r.m.s. into a terminating load,

and 4.5 volts r.m.s. into a bridging load.

From the above, it is apparent that
there is also ample margin between op-
erating point and the overload point of
the environmental equalizer section of
this unit when it is noted that the max-
imum level feed into this section will
normally be only 1.215 volts r.mss.

Under normal conditions of operation,
a 15-millivolt input signal as typical of
a G.E, pickup, will provide a signal of
approximately 0.55 wvolts r.m.s. across
the 600-ohm output of the preamplifier,
under which condition of operation a
signal-to-noise ratio of better than 80 db
is readily obtained. This level appears
to be more than adequate as an input
for a magnetic recorder and most con-
ventional power amplifiers.

From past experience, it was believed
to be essential that the excellent system
performance should be obtained regard-
less of tube selection. Twenty 12AY7's
in various combinations and of various
previous operating histories were eval-
uated. Thanks to the type of circuitry,
neither the gain, levels, nor frequency
response changed more than 0.3 db re-
gardless of their combination.

The writer wishes to acknowledge
and credit George Beggs, Jack Shoup,
Sherman Fairchild and Paul Landaman
for many of the ideas and suggestions
embodied in this unit and for suggesting
the rather wordy descriptions of several
design points often presented in the lit-
erature of this new feld.
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Fig, § (left). Measured playback characteristic for LP records. Fig. @ (right).

!

controls for 78-r.p.m. records.

AUDIO ENGINEERING
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SOUND REPRODUCTION

[from page 40]

holtz resonators with parallel surfaces to
have additional modes of resonance
caused by the formation of standing
waves at higher freguencies. If the en-
closure is severely elongated these addi-
tional modes may occur near the fre-
quency of Helmholtz resonance, although
normally the two resonant modes are
widely separated in frequency (witness
the deep tone of the usual bottle, whose
length as an air column would call for a
shrill, fife-like note). Helmholtz pre-
vented standing waves from forming in
his resonator by using an enclosure
whose curved internal surface did not
allow repeated reflections along the same
path. Modern Helmholtz-type speaker
enclosures usually damp out high-fre-
quency oscillatory reflection with sound
absorbent material.

Unlike the air column, which can res-
onate at harmonic frequencies and pro-
diuce a rich tone, the Helmholtz en-
closure produces no harmonics because
it will not vibrate sectionally. This
makes the sound of a bottle uninteresting
musically, but indicates an advantage
from the point of view of nsing a Helm-
holtz resonator as part of a reproducing
system.

In addition to the resonant systems
described above there are other types of
mechanical and acoustical sources of
sound, which produce vibratory energy
by periodic interruption of a steady
force. Oscillations are forced, and can
only occur if new energy is supplicd at
every instant. Although individual ele-
ments of the systems may possess inertia
and restoring force these properities are
not fundamental to operation. A device
of this nature was used by Galileo in
demonstrating the periodic nature of
sound, when he passed a knife blade
across the serrated edge of a piastre,
thereby creating a tone of definite pitch.
The frequency of the tone depended on
the distance between serrations and the
velocity of the knife blade, not on the
mass and elasticity of the knife or coin,

There are pneumatic as well as me-
chanical interruption-type sources. The
siren, for example, throftles an air
stream by means of a rapidly revolving
perforated disc. The variation of siren
frequency with the velocity of rotation
is a familiar effect.

A common interruption phenomenon
associated with musical wind instru-
ments is the formation of eddies or
whirlwinds when a steady flow of air
passes an obstacle of small diameter.
These eddies are created one at a time,
alternately to the left and to the right
of the obstacle. As each small whirlpool
moves away it breaks off its connection
with the steady stream of air, which
flips over to the other side of the obsta-
cle, as shown in Fig. 4-3. The same be-
havior may be observed when an object
is drawn through still water, or when a
stream of water flows past a rock.

With the formation of each eddy a
shock is imparted to the ohstacle and to

Here Are the NEW
Hi-Fidelity Slender Series

Bi-Directional Gradient’ Microphones!

@ These microphones outperform all other

300"

Broadcast
List Price .

.$125.00

Bt

General Purpose
List Price

. .575.00

\ ' |

They reduee reverberation and the pickup of distracting random noises by 669!

“slender” microphones—because of their advanced
acoustical, electrical and mechanical features. Both models permit greater pcrformcr freedom (per- .
formers can stand at a 73% greatcr distance from the microphone!) The 300" and “315™ will pick
up voice and music from front and back — yet discriminate againet unwanted noises from the sides.

@ Modal 300" Broadcas? is specially designed to meet the exaeting requirements of TV, radio

broadeasting, and recording. It has a speeial

into the background, gives the spotlight 10
the performer. ITas a *Voice-Music™ switch
for perfect reproduction of the soloist work-
ing at close range, or for the distant instru-
ments of the orchestra. Special vibration-
isolation unit climinates “handling” noises
and the pickup of floor vibrations. Model
315" General Purpose is similar in size,
dcsngn and technical features to the Model

00." It is finished in rich, soft chrome—
ideal for those public address applications
where its stecamlined design and heauty
lend prestige Lo any setting in whichitis nsed.

SHURE BROTHERS; Ine. * Manufacturers of Mier ph
225 West Huron Street, Chicago 10, lllinois
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IMPEDANCE TABLE

QUTPUT LEVEL

L—35-50 ohms

58.7 db helow 1 Milliwatt
per 10 microbar signal

M-—150-250 ohms

52.5 db below 1 Milliwatt
per 10 micrebar signal

H—High

57.0 db below 1 volt per

microbar

Fhure Patenis Pending

§

"Grayje” subdued, non-reflecting finish that blends

il
and A tic Devlces
Cable Address: SHUREMICRO
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A unique application of damping
brings you smoother, wider range
response with
Astatic’s Model 10L-3 and 11L-3
Turnover Cartridges

Astat'.c has found the answer—

how to get wider-than-ever range and-
smoother-than-ever response in a double-
needle turnover cartridge—with a variation of
the damping principle. And a mighty impor-
tant variation it is, you'll agree, when you test
the vastly superior quality of reproduction of
these new Astatic |0L3 and 11L3 units. The
greater smoothness of response holds through
the higher frequencies. High output level and
compliance are maintained. Every character-
istic of this new cartridge engineering develop-
ment contributes to a new and finer level of

performance, marked especially by absence of

listening fatigue. Write for complete details.

SPECIFICATIONS

HOUSINGS
Molded Bakelite.

TERMINALS |
Quick disconnect pin type.

TOTAL WEIGHT
5 grams [with Turnover Assembly
and Knob, 16 grams].

STYLI

Replaceable Type A-l1 with I-mil tip
radius on narrow-groove record side,
Type A-3 with 3-mil #ip radius on
standard-groove record side. Precious
metal or sapphire.

NEEDLE PRESSURE
8 grams, both needles.

OUTPUT AT 1000 C.P.S. 48 R
{Approx.): 1.0 volt, QDY ae 4,(“
either needle. ‘]\O &Q\e R
FREQUENCY RANGE & % Ne°
50 o 10,000 c.p.s. ROt

EXPORT DEPT,
40! Broadway,
New York 13, N. Y.
Cable Address:
Astatic, New York

CORPORATION
CONNEAUT, OHIO

P CANADA CamADian ASTATIC LTD TOSDNID CuFamd

| N hekirad
Dl bl ot el

the acoustic mediam, and the steady
priecumatic pressure is transformed into
an acoustical vibration. The interrup-
tions will be perfectly periodic if the
flow is steady; the frequency of the
shocks is determiined by the diameter of
the obstacle in relation to the velocity of
flow of the medium. This dependence of
frequency on the wvelogity of the air
stream is demonstrated by the whistle
of the wind (caused by the flow of air
past trees and other objects), which be-
comes a howl when changes in wind
velocity cause the pitch to rise and fall.

One eddy is formed each time the air
current traverses a distance of 5.4 times
the diameter of the obstacle. The fre-
quency of oscillation is therefore:

=
=354p
where f =frequency of oscillation
D =diameter of the obstacle

S =velocity of air flowing past the
obstacle

The phenomenon of whirlwind cur-
rents is responsible for the primary
generation of sounds in wind instru-
ments such as the flute and pipe organ.
This primary sound is referred to as
the “edge tone.”

Analysis of Oscillatory Mechanical or
Acoustica] Systems by Dynamical Analogies

Since there iz a direct correspondence
between the impedance elements of me-
chanical, acoustical and electrical sys-
tems, the non-electrical members of this
group may be accurately represented by
electrical circuit diagrams and analyzed
as such. Some years ago electrical phe-
nomena were commonly explained in
terms of hydraulic and mechanical anal-
ogies. Today the behavior of electrical
circuits is well understood, and in general
engineers have had much more experi-
ence with resonance in electrical circuits
than in mechanical systems. The use of
electrical units, symbols, and diagrams
in connection with mechanical or acousti-
cal systems has therefore been intro-
duced, and dynamical analogies to elec-
trical phenomena serve as a useful ana-
lytic tool. The descriptions of this vol-
ume will include but not be dependent on
such analogies. A perfectly rigorous
analysis can be made without them, but
dynamical analogies simplify the under-
standing of complex mechanical systems,
and they are used so extensively in audio
literature that it is well for enthusiasts
as well as design engineers to be familiar
with them,

Let us take the acoustical system of
the Helmholtz resonator just considered,
for which a mechanical analogy has al-
ready been presented. Both the acoustical
and the mechanical system are analogous
{when oscillatory force is applied to the
mass element) to the electrical circuit
shown at (C) in Fig. 4-2. Certain simi-
larities of the corresponding elements,
relative to their own system, should be
evident. The application of voltage to a
circuit consisting of any or all oi the
elements of inductance, capacitance, or
resistance will result in the flow of a
certain amount of current, just as the
application of a mechanical force to a
device having mass, compliance, and
friction will result in a certain velocity
of motion. The effect of incrtial mass in
opposing any change oi‘vc‘.ocyty_ is like
the action of inductance in resisting cur-
vent change. The impedance of hoth of

AUDIO ENGINEERING o SEPTEMBER, 1952
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these elements decreases with a decrease
in the frequency of change, to become
zero if the frequency of changes becomes
zero., Thus when d.c. voltage is applied
to a coil the inductance has no effect, ex-
cept during the initial build-up of cur-
rent, and only the resistance of the wind-
ing must be overcome to keep up the
same current. When steady mechanical
pressure is applied to a body inertia has
no effect, except during the initial
build-up of velocity, and only friction
must be overcome to keep up the same
velocity.

The similarities between compliance
aned capacitance, and between resistance
and friction, may be traced in the same
way. Only one more principle is required
to enable us to construct an analogous
electrical circuit; that principle which
will differentiate between series and par-
allel connections in the representation of
multielement systems.

The relationship of mechanical ele-
ments to their “circuit,” in adding or
subtracting from the total impedance, is

the same as that of electrical elements, |

Two mass elements whose values must
be added to find the total inertial imped-
ance of the system are represented as in-
ductors in series, while two eclastic ele-
ments, each of which decreases the stiff-
ness impedance of the system, are repre-
sented as capacitors in parallel.

It will therefore be seen that all three
of the elements in Fig. 4-2 must be shown
in series. The accuracy of such repre-
sentation may be checked by examining
different aspects of circuit behavior. For
example, if any one of the three mechani-
cal impedances were made infinite—
changing the spring into a rigid body
would achieve this result—all velocity of
motion would be stopped, just as “‘open-
ing” any one of the three corresponding
electrical elements would prevent all cur-
rent flow. It may also be seen that the
inértia-elasticity systems present a mini-
mutn impedance to the applied force at
resonance, allowing maximum velocity
to be induced in them; in the same way
the series L-C circuit has minimum im-
pedance at resonance and allows maxi-
mum current flow for a given applied
voltage. (If one end of the spring is left
free and force applied to it rather than
to the mass element the analogous cir-
cttit becomes a parallel one. The two
aspects of circuit bebavior referred to
above may be checked by the reader.)

On the other hand note the mechanical

LT T T i 7T 747

T
-3
:
:E 3, vor.lass :

Fig. 4-4. Mechanical system with springs in
tandem, and analogous electrical circuit.

system of Fig. 4-4, in which two springs
are connected together in a physical con-
figuration that looks like a series circuit,
“Freezing” one of the springs will not
prevent all motion but will only decrease
the total compliance, just as opening
one of the parallel capacitors in the anal-
OgOus circuit- will decrease tie capaci-
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ANNOUNCING THE SENSATIONAL

FISHER

All-Triode Amplifier

AND

Master Audio Control

# THE FISHER Laboratory Standard Amplifier is, beyond a
shadow of a doubt, the world's finest ali-triode amplifier —and yet
moderately priced. FEATURES IN BRIEF: High output — less than
4 % harmonic distortion at 40 watts (.08% at 10 watls). Intermodula~
tion distortion below 3/10% at 30 watts. Uniform response within
.1 db, 20-20,000 cycles; 1 db, 5 to 100,000 cycles. Hum and noise
better than 92 db below full output. Quality components, beautiful
workmanship. B THE FISHER Master Audic Control can be used
with any amplifier. Intermodulation distortion is virtually unmeasur-
able; complete, professional phonograph equalization settings and tone |
controls: genuine F-M loudness control; 5 inputs and 5 independent *
input level controls; cathode follower outputs. Self-powered.

Write for illustrated brochure and full specifications,

FISHER RADIO CORPORATION - 37 E. 47th ST., N.Y.
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inside this package on your Jobber’s shelf...
is the world’s TOUGHEST TRANSFORMER

H-TYPE

Hermetic sealing
meets all MIL-T-27
specs. Steel base
cover is deep-seal
soldered into case.
Tetminols harmel-
icolly sealed.
Caramic bushings.
Stud-mounted unil.

there's nothing tougher than
CHICAGO'S “Sealed-in-Steel” construction

CHICAGO “New Equipment’” transformers
(available in 3 mountings) feature one-piece
drawn-ste_:el cases—the strongest, toughest,
Sl Eoreiceanifived bn_est-looklng units' you can _buy. The one-
with phenolie torminal plece seamless design, enclosing an electron-
ng;j' sClodnvel}ienf ALY ically perfect construction, provides the best
I T e ey possible electrostatic and magnetic shield-

ing, with complete protection against
adverse atmospheric conditions. For every
application: Power, Bias, Filament, Filter
Reactor, Audio, MIL-T-27, Stepdown—ask
your electronic parts distributor for cHicaco
"*Sealed-in-Steel’”” Transformers—the
world’s toughest with that extre margin of

S$-TYPE

dependability.
C-TYPE
i€ - -
With 10” color-coded Free “New Equipment’ Catalog
leads braught aut through Get the full details on cHicaco's
fibre boord base oover. New FEquipment Line—cavering
Lead ends are d “Sealed-in-Steel" transformers for
and’ J'rm%elzd for eosy SOJ— every modern circuit application,
dering, Flange-mounted, Write for your Free copy of this

valuable catalog today, or gel it
fraom your distributor,

CHICAGO TRANSFORMER

DIVISION QF ESSEX WIRE CORPORATION
3501 ADDISON STREET ¢ CHICAGO 18, ILLINOIS "%

tance of the system but will still allow
current to flow, Consider the converse,
that is, a system with two springs in
parallel mechanically, like the spider and
rim suspensions of a loudspeaker. The
addition of each spring to the system de-
creases the total compliance, and if the
compliance of either were made zero all
motion would have to cease. With a few
word changes the above description may
be applied to an electrical circuit with
series capacitors.

RECORD REVUE

[from page 48]
minor, #24 in € minor. Artur Schnabel;
Philharmonia Orch., Susskind.
HMY LHMV-1012

Cne of RCA’s new American LP (& 45) re-
issues of the British His Master's Voice cata-
logue, recorded by the Gramophone Co.—a con-
cern that has been musically at the top but tech-
nically conservative in recent years, (By which
I mean, of course, disc recording at 78, pressed
on shellze. No LPs.) These are post-war, pre-
1951, with a good sound but not up to present
standards. Highs somewhat subdued, especially
in the 2 minor Concerto 20, the piano a bit
hard and percussive. I'd guess thex're from disc
masters. Many HMVY reissues will be in this
in-between category technically.

Mozart’s violin conecertos are early works. but
the piano concertos continued until his last years
these two great works are rightly massive, Bee-
thoven-like in sound as compared with the same
orchestra’s violin concertos, above. {The Deccas
are evidently more recent.) Schnabel, the great
Beethoven™ pianist, adds a f[urther Beethoven
touch. The C Minor, 24, is the best technically;
both show Schnabe) at the top of his intellectual
powers, a bit uneven in pianistic details here and
there. But this big Mozart alongside your big
symphonies and Romantic concertos—Beethoven,
Schutnann, Brahms and the rest.

‘Mazart, Clarinet Quintet, K, 581. Benny
Goodman; Amer. Art Quartet.

Columbia ML 4483
sSiIMozart, Clarinet Quintet, K. 581; Horn
Quintet, K. 407. Augustin Duques, clar-
inet; O. De Rosa, horn. (Members Stradi-
vari Quartet). Stradivari STR 601

The superb Clarinet Quintet in two more ver-
sions, Benny Goodman’zs is, if my memory is
good, an improvement over his pre-war recording
of the work, with more fexibility and {feeling.
But the rival Duques performance has him beat
by a good margin—and the Horn Quintet is
thrown into the bargain. Dugues, an old clarinet
hand, achieves that ineffable, other-worldly beauty
of tone and phrasing that only a top man can
manage in this music. Benny's tone is more me-
tallic {possibly because of too-close recording?),
Iiis periormance less beautifully sustained.

Stradivari has an impressive standard of per-
formance in its LPs of small instrumental
groups; several times before thiz the label has
been a preferable choice over big-company rivaley,
The Stradivari surfaces are noisy and tend to be
a bit soft. {Level is low—for long playing time
—accounting for part of the noise)

“IMoxart, Oboe Quartet, K. 370. Telemann,
Oboe Sonata in C minor; Partita #5 in E
minor, Harold Gomberg, oboce, Claude
Chaisson, harps., F. Galimir, G. Banat, A,
Kouguell, strings. Decca DL 9618

One of the finest records of its sort I've heard
—beautiful recording of a first rate oboist m
music.of two very different kinds. The Mozart,
one of his most gracious and lyric pieces, is a
perfect illustration here of the new interest that
so-called “chamber music” can have when heard
close-up and powerful via good recording. Yoo
can forget that term, as wyou listen to the full,
high colored sound of this music, recorded super-
hi-fi! The Telemann works, with harpsichord, are
more grave, but still tuneful and dance-like
You'll have a hard time not enjoying this—how-

ever much you may distrust chamber music.

Piano

%L iszt, VYariations on W einen, Klagen™;
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Excerpts from ‘“‘Weihnachtsbaum®. llona |
Kabos, pf. Bartok BRS 910
#sLisxt, Senata in B Minor: Funerailles.
(Simon Barére Recital). Simon Barére, pf.
Remington 199-85
*Lisxt, Sonata in B minor. Andor Foldes, pf.
Decca DL 7528
“Liszt, Mephisto Waltx: Consolation #3;

Spanish Rhapsody. Gyorgy Sandor, pf.

Columbia ML 2209

Not so long ago this department bewailed the
prevalence of inexeusably wobbly, unstable tape-
LP piano recording—then, later, noted an m-
praovetnent. That improvement, with a few strik-
ing exceptions, has now carried the best taped
piano to unbelievable perfection, in view of what
the big companies saw fit to issue a year or so
back.

The Bartok Liszt record above is {at the mio.
ment) far and away the finest piano record T
think I have ever heard. Absolutely steady, per-
cussive only in the natural way, with big bass,
natural highs, a startling piano realism. 20,000
eps too, though that is unimportant musically.
The playing is equally fine—old T.iszt, the fabu-
lous long-haired thunderer of 15th century pi-
anism, must be played like a thunderstorm or not
at all and this pianist does it, to match the su-
perh recorded sound.

he B minor sonata, a tremendous fong picce
of great power, shaking the heavens in its loud
parts, singing sweetly, is the arch-example of this
kind of power-house music. The Barére recital,
taken “live’” at Carnegie Hall, competes on L1
with Decea’s Foldes version and Columbia’s ear-
lier Sandor LP,

Here we have two super virtuosi fingerwise,
both fantastic m their technique. But Rardre
takes Liszt in the thunderous way; Foldes, a
wizard with contemporary music, modernizes it
—the music is ciﬂrp. clear, hard, glittering. No
doubt about whe wins in this case—iry the last
hall inch (side 2) of the RemingtonBarere for
the most tremendous piane climax vow'll ever
hear. Moreover, the Remington LP is top piano
recotding, the Decca—Deutsche Grammophon——
15 far substandard, with bad fuotter and insta-
bility, a thin bass, somewhat twangy transients.
Not good at all.

It's clear—by the wav—that to record piano
you must have space—hbig space, Mike a2 piano
in a big hall and you can hardly go wrong un-
less vou put your mike inside the case. Compare
this Barére with the fabulous Rosita Renard set
{(Gramophone Shop, N. Y.} made in the same
place also at a concert. Both are superh.

Sandor, Hungarian lke Foldes, falls midway
between the others—hard, metallic playing but
with a lot of thunder too. Recording is Columbia’s
typical hardish, close-up sound, good of its
type, clean and steady.

{Ravel, Sonatine; Le Tombeau de Couperin.
Chabrier, ldyll; Bourrée Fantasque. Kath-
leen Long, pf. London LLP 452
*iBartok, Three Rondos on Folk Tunes;:
Roumanian Folk Dances. Lili Kraus, pf.
Decca DL 4011

The Ravel record, one of the very few Londons
that come this department’s way (we try, . . .)
is one of the finest pilane performances of the
vear, a ‘‘speaking” kind of playing that makes
the piano not merely 3 kind of sound but a me-
dium for direct thinking, player to you, Astonish-
ing. Recording is excellent, but not top; a bit
lacking in presence compared to the superh
Bartok job above. Lili Kraus, another of the very
great woman planists, is evidently re-issued here,
from older 78s. The contrast in quality is quite
striking. Definitely so-s0, though the music comes
through well enough.

“Criffes, Piano Sonata: Roman Sketches,
op. 7. Leonid Hambro, pf. Walden W-100

Another odd item, to register the continued
technical excellence of small-label material. This
is as good as any piano above except perhaps
Peoter Bartok’s own. (It was recorded by Bar-
tok!)

Hambro is a skilliul but noisy pianist, his mu-
sicianship always just a bit behmd his fabulous
technique. So here, with this m:it too interesting
American late-Romanticism a la Liszt. Some

good sounds, even so.

~ ON ANY STRINGED INSTRUMENT
“ Qamm& 'I’
'AMPH?ITE KONTAK MIKE

. THE ONLY NO-DISTORTION “KONTAK MIKE"

2 Used with most ampli-
liers, lneluding most
electric guitar amps. - j

No changes in amplilier,
instrument, or strings.
Attached without tools.

Anthony Anfone, widely known
o5 “the most versofile orhist
oF the frets, is an enthusiastic
user of Ampaerite Konfok Mikes.

The Amperite “Kontak Mike” improves the tone
and volume of any Stringed or Fretted Instru-
menf — also Pianos, Accordions, Harmonicas,
etc, It is the only “Kontak Mike” that does not
introduce peaks or distortion.

Model SEH, hidmp....cmmomeList $12.00

Model KEH
(with hand volume control).

AMPERITE
STUDIO MICROPHONES
at P. A. PRICES!
Pdeat for. CLOSE TALKING
or DISTANT PICKUP

You can shout right into it or
stand away; in either case, the
quality will be perfectly natural.
Model RBLG (200 ohms),.. List $42.00
Model RBHG (hi-imp).... List $42.00

RMPERITE CARDIOID
DYNAMIC MICROPHONE
Models PGH-PGL ... List $32.00

AMPERITE Company, Inc.
561 Broadway e New York 12, N. Y.
In Canada: Atlas Radio Corp., Ltd., 560 King St., W., Toronto 28

List $18.00
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NEW PRODUCTS

# New Altec Lansing Speakers. Two new
co-axial speakers, the 12-in. Model B01A
and the l13-in. Model 602A (shown), are
being introdueed this month by  Altec
Lansing under a pguarantee which is
unigue in the field of andic—both units
being unconditionally guaranteed to have
a frequency range from 30 to 22,000 eops

when mounted in correctly designed en-
closures. Both models are full two-way
speakers similar in appearance to the
Model 604B. All freguencies up to 2000
epa are handled by a conventional cone
using a 3-in, edge-wound aluminum voice
coil. Higher frequencies are reproduced
Ly a horn-type Tweeter mounted in the
ceniter of the LI cone. Crossover is han-
dled by a newly-designed network desig-
nated Model N-3000A. Power-handling
capacity of beth the 6014 and 602A is 20
watts, Altec Lansing Corporation, Beverly

Hills, Calif., and 100 Slxth Ave., New
York City, N, Y.
& High-Quality Power Amplifier. Labor-

atory standards of performance are af-
forded by- the new Model 50-A amplifier
recently introduced by Fisher Radio
Corporation, 41 E. 47th 5t, New York Clty,

M. Y. Harmonic distortion is but (.25 per
caeént and intermodulation is below 2 per
cent at 40-watt output. TFrequeney re-
sponse is uniform within 0.1 db fxorn 20
to 20,000 cps and within 1 db from 5 to
100,000 cps. Noise level is 92 db below full
output, Internal impedance is 0.53 ohm
at the l6-chm ocutput ta producing a
damping factor of 31. Tu e complement
comprises 3-12AUT's, 2-6S4's, 2-1614's,
2-5V4G's. A jack is ‘pruwded to measure
plate current of output stage, and a hias
control is acecessible for adjustment.

# Binanral Tapes Recorder. The Synchro-
tone, a new tape recorder recently ah-
nounced by Magnetic Recording Indus-
tries, 30 Broad St, New York ¢4, N. Y,
permits  synchroncus recording of two
different audio signals on a single strip of
tape without intermixing. The two signals
may be recorded simultaneously, or at
different times—yet both may be repro-
duced together in perfect synchronism,
Each recorded track may be erased, cor-
rected, altered in relative volume, or dub-
bed, without affecting the other. Binau-

56

ral reproduction may be achieved by feed-
ing the outputs of the Synchrotone into
suitable phones or correctly-located
speakers, Two models currently in pro-
duction offer a choice of 71 or 3%
ins./sec. recording speed with upper 11«.-
quency limits of T000 and 5000 cps re-
spectively. Both maodels have automatic
arase heads, fast forward and rewind,
separate radio and microphone inputs 1'01
each channel, separate output channels,
and a dual output for use where mixing
of the two channels is desired. Playback
ontput lavel is sufficiently high for driv-
ing conventional power amplifiers.

& Three-Way Corner Reprodncer. IKnown
as the Transcendent, the new  corner
speaker assembly built by Brociner Elec-
tronics Laboratory, 1546 Second Ave., New
York 28, N. Y. i3 a further ﬂevelopment
of earlier speakers of this type. Lower
frequencies are reproduced by a specially-
desipned 15-in. speaker driving a large
folded exponential horn., diddle and high

frequencies are reproduced by a twin-cone
driver unit which contains a magnet pro-
ducing a flux of 22,000 gauss. This excep-
tional field strepgth provides high effi-
ciency and excellent damping, Fregquency
range of the Transcendent is 30 to 20,000
cps. Power input is 20 watts maximum on
program material. Dimensions are 493
in. high % 33 in. wide, 29%% in, deep from
rovim gorner, 23% in along wall

® Magnetic Tape Recorder. Many profes-
sional features are inherent in the new
Tapesonic Model 70 dual-track recorder,
recently announced by Premier Electronic

Laboratories, 382 Lafayetie S5t., New York
3, M. ¥. Although a portable unit weigh-
ing but 54 1bs., it contains three dynami-
cally-balanced motors, handles 10%-in.
MNARB reels, and affords recording speeds of

15, 7ta, and 3% ins./sec. Fast forwavd
and rewind permit transfer of a 2300-ft.
spool of tape in one minute. Stressed in
the manufacturer's announcement is the
Gl)ebomcs frequency range of 40 to 13-
ceps at 15 ins./ sec. recording speed.
Pu‘\h pull f-tube amplifier has 12-watt
audio cutput into built-in 8-in. monitoring
speaker. IFlutter and wow are announced
as (L1 per cent at 15 ins /sec. Fanel con-
trols Include mixing channels for micro-
phone, radio, and phono input, also 4-in
VI meter. Drive mechanism is mounted
on & rigid one-piece aluminum casting
Electro-dynamic brake action and tape
tension never lequire adjustment.

& Equalizer-Preamplifier. Similar in de-
sipn und appearanee to the waell-known
Aodel AB-2A which it supercedes, the new
AMelIntosh Model C-104 remote-control
“front end” incorporates greater simplie-
ity of control and an additional turnover

frequency. _Although dezigned primarily
for use with MecIntosh basic ampli-
fiers, it can be used with effectiveness as
the control center for any sound system.
Continugusly wvariable tone controls pro-
vide exceptional range of boost and droop
on both bass and treble. Distortion is
under 0.3 per cent at 4 volis output over
the 20-t0-20,000-cps frequency range. Five
input chanmels are provided, one each for
TV, AM-F'M, microphone, high-level mag-
netic mrku]) low-level magnetic pickup.
The C-104 iz equipped with a connector
for obtaining power from the basic ampli-
fier, also for feeding signal voltage to the
Bagic amplifier input. The unit may be
operated up to 30 feet from the hasic
amplifier with unimpaired aundic perform-

ance. 3elntosh Laboratories, Bingham-
ton, N. Y.
® 'Purns-Indicating Dial. Precision loz-

ging of many multi-turn devieces is pos-
sible with the new dial announced for
availability Dby The Helipot
Corporation, South Pasadena, Calif. De-
signed orlgm'nllv for use with helical
potentiometers, the unit is suitable for
use with similar devices having as many

September

as 15 turns, Designated the Model RA Pre-
cision Duodial, it measures only 1-13/16-
in. overall diameter and will he supplied
completely assembled. In operation the
gecondary scale remains staticnary until
the primary scale completes a revolution,
at which point a jump gear turns the
secondary to the next digit. Features
include a vibration-proof lock, glare-free
satin-chrome finish, and a large, easily-
gripped Nylon cperating knoh.

» High-Quall Y Radio-Phono Amplifier.
'\Ianv desirable features are inherent in
the new REell Model 2200 amgllﬁer for
home music systems, introduced recently
as a medinm-priced addition to the com-
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pany’'s extensive line of audio equipment.
Power output of the 2200 is 20 watts with
distortion negligible. Frequeney range is
20 to 20,000 eps. Included on the control
panel is a five-position equalizer switch
for all types of domestic and forelgn reec-
ords. Separate bass and treble controls
afford both hoost and attenuation. Inputs
are provided for tuner, high-impedance
microphone, two magnetic eartridges, TV,
and tape recovder. Bell Sound Systems,
Ine¢, Columbus, Ohio.

® Docade-Inductor Tnlt, Audio design
engineers will welcome the new 700 Series
Decade Inductors now available from Hy-
cor Company, Inc., 11423 Vanowen St
North Hollywood, Calif. Representing

improved performance over earlier models,
the new units also are considerably lower
in price. Four models are available in
ranges of .001 to .01 H, .01 to .1 H, 0.1 to
1.0 H, and 1.0 to 10 H. The units have ex-
cellent stability with respect to current
and temperature changes, Decade steps
are obtalned by means of series switching
toroid coils. "Q" factor remains essen-
tially constant over all ranges.

® Line-to-Volce Coll Transformers for
70.7-Volt-Line Andic Distribution Systems.
Though small in size, Stancor's new
matching transformers for 70.7-volt-line

audio distribution systems meet all power
and  impedance specifications of  the
RTMA. Designed to operate into load
impedances of 4, 8§, or 16 ohms, the units
are listed as Type Nos. A-8102 and A-8103,
differing only in power ratings. Power
steps, In watts, for the A-3102 are 8, 4, 2,
1 for the A-B103 they are 16, 8, 4, 2,
1, 0.5. Standard Transformer Corporation,
2580 Eilston Ave., Chicago 18, 111,

. LOOK
For the New Products at
THE AUDIO FAIR

memo—gor A -gi

A Professional Type
Tape Recorder

"PREMIER No. 70
TAPE-SONIC*

Price: $298.50 net
CASE INCLUDED 23 x 16 x 1012
54 |bs . . . AC only

7 CHECK THESE FEATURES: 110 volts, 60 cycles

J 3 speeds: 334", 714", 15" per second . . . 2500 ft. per min. rewind and forward

trx / Dual track . . . 4 hrs. on one reel; accommodates 1012”7 NAB . . . 7 ... 5" reels

;= / Three dynamically balanced motors with electro-dynamic braking

J/ 9tube push-pull amplifier... 12 watt undistorted output ... 8inch extended range speaker

/4 inch calibrated V.U. meter

/ Controls: Separate bass & treble; special pad for controlling speaker level while
recording; mixer-fader arrangement for extermal input

J/ 2 outputs: 8 ohm for external speaker; Hi impedance for external amplifier

v 2 inputs: Hi impedance mike w/mixing control; external hi impedance w/separate
mixing controls

J Completely fused for added safety

./ Frequency response: 334”7 . . . 40 to 7,000 cps; 7142” . .. 40 to 12,000 cps; 15"
. .. 40 to 15,000 cps

Brociner Pre-Amplifier
& Equalizer AT00P

A self-powered Pre-Amplifier and
Equalizer that affords adjustable com-
pensation for the deviations from flat
frequency characteristics imposed on
phonograph records at the time of
: their recording. EXACT EQUALIZA-
TION down to 30 cycles,. TURNOVER &
ROLL-OFF controls operate independently of each
other, TURNOVER CHARACTERISTICS: LP 300, 500, 800
cycles. LOW HUM: more than 50 db below signal level. HIGH GAIN: 40 db gain at
2000 cycles. MAXIMUM OUTPUT: 10 volts undistorted. POWER REQUIREMENTS:
110 veolts, 50/60 cycles. WEIGHT: 5 pounds. DIMENSIONS: 37 x 815" x 71427,

$49.99 net
Al100—Same as A 100 P, but without built-in power supply. Comes with 3-foot power
cable and adopter plug. $33.00 net
GOLDEN G.E. CARTRIDGE RPX-052 ... . .........coiiuueinonn. $22.90
MATCHED KT-66 tubes for Williomson Amplifiers ................ $11.50 pair
CABINART 12" folded horn kit #61 ... ... .. . ... $19.95

Brook 12A3
Amplifier

A high quality amplifier made for the
most discriminating High-Fidelity fan,
the Brook 12A3 offers versatility and
faithful reproduction with the mini-
RANGE, within 05 db 20 13 20,000
: within 0. to 20,
cps. POWER OUTPUT: 10 watts. \
THREE INPUT CHANNELS: 1 for .
TV, 2 for low level magnetic pickups. ,.
CONTROLS ON PRE-AMP: Volume Bass, Treble, s
Input Selector, Pilot Light, Power Switch, IMPEDANCES: 2, 4, 8, 16 ochms grounded;
500 ohms ungrounded. HUM LEVEL: more than 75 db below full output. POWER
CONSUMPTION: 110 watts at 117 volts, 50/60 cycle. NET WEIGHT: 24 pounds.
DIMENSIONS: Basic—177 x 634" x 815" Pre-Amplifier—13” x 612" x 334",
$198.00 COMPLETE
12A Basic Amplifier only .. $118.50 — 3C Pre-Amplifier only .. $99.00
Mail & Phone Orders Filled, 259 Deposit, Balance CODI

@ 69 CORTLANDT ST., NEW YORK 7, N.Y.
COrtlandt 7-0315- 9 Dept AE-9

The House Built On Service e
Send for Free MHlustrated Hi-Fi Cuide
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STROMBERG -CARLSON

(2777
»> WIDE RANGE- HIGH FIDELTY

@omf’o“e“is yor

,-Cﬂsf.ﬂ“ﬂiiot

Leopold Stokowski Says: “I can recommend twith
mﬂ.ﬂdnnﬂc the Stromberg-Carison  reproducer,
aphich I' Thave thoroughly tested. Al Stromberg-
Carlzon fectures cregic & reproducer of high qual-
ity that will give full musicel satisfaction to the
diacerning musio lover.”

STROMBERG-CARLSON AM-FM Tuner SR-401.
The SR-401 AM-TM Tuner hag a sensgitivity of 5
micro-volts on both bands, AM ecircuit provides
wide and narrow selectivity. Audio frequency re-
sponse 20 to 20,000 e¢ps =+ 134 db. Harmonic dis-
tortion less than 144, 12 tubes including reclifier
and tuning eve. AFC on FM can be switched by
front panel control. Completely ready to install
with all hardsware. Silver gray wrinkle finish
panel, Size 1114* L x 624" H x 11” Deep. Shp. Wt.
12 1bs. 139.95

STROMBERG-CARLBON Hi-Fi 10 Watt Ampll-
fler AR-410. The AR-410 Hi Fi Amplifier provides
10 wattz from a single chassis. Frequeney re-
sponse 20 to 20,000 eps with less than 144 distor-
tion. Response flat, = 1 db. 8ix input connections
are provided for front panel selection. Treble
control provides 5 db boost and 15 db dreoop nt
10,000 eps: base control provides 15 db boost or
droop at 50 eps. Loudness contrel follows Flet-
cher-dMunson curves. Gray panel matehes toner.
Bize 117 W x T H x 8" Deep. Shp. Wt. 25 1bs.
T0.95

STROMBERG-CARLSON Ile Luxe Amplifler AR-
425 The DeLuxe Hi Fi Amplifier AR-425 pro-
vides 25 watts. Designed as a dual chassis; con-
trols are located on the pre-amplifier. Frequency
response 20 to 20,000 eps, less than 196 harmonic
distortion; hum less than 80 db below 20 watts,
Tone controls provide 15 db hoost and 20 db
draop. S-position  brilliance control, 3J-sectlon
londness control. Input selector controls ¥ posl-
tions: microphone, FFRR, LP, AES, radio, tele-
vision, tape or crystal phono. Supplied with 6
interconnecting cable. Sizes: Power amplifier 16"
W x84*H x 7" D; Pre-amp 124" W x5 H x
514" It Finish English brown mahogany. 189.95
STROMBERG-CARLSON SPEAKERS., The RF-
475 15" conxial speaker provides an exceptionally
wide range response of 30 to 16500 cps, with a
distribution angle of 90° vertical and horizontal.
Capacity 40 wafts of program inaterial. Low
frequencies are reproduced by a 15* seamless
cone with o 37 voice coll, The 5 high frequency
unit is a parametic horn with nacoustic lena.
Input impedance 18 chms, & 1h. Alnico ¥V magnet.
Requires 133" opening with 1014” depth he-
hind panel. Shp. Wt 50 1hs, ’ 175.95
Theé BRTF-471 12 coaxial lound speaker provides ex-
ceptional performance due to several unique fea-
tures. The 34" seamless tweeter iz suspended n
Charpinchoe leather to ecliminate violent peaks
and dips in high frequencies up £o 15,000 ¢ps. The
tone range down to 30 cps through a 12” seamless
low frequency cone with a voice coll of 114"
diameter. Power capaectiy 32 watts of program
material. 8 ohm impedance. Requires 11" opening
and 71&” hehind panel. Shp. Wt. 15 lhs. 48,05

STROMBERG-CARLSON Labyrinth RL-485.
With fhe RI.-485 Exponential Acoustieal Laby-
rinth Kit, any speaker cabinet, of sufficient size,
ean he converted to the famous Stromberg-Carl-
son Labyrinth. Will fit any cablnet with the fol-
lowing minimum inside dimensions: 307 H 24" W
20" D. Kit coniaing all necessary material and
ingtallation hardware and instructions. 20.00
STROMBERG-CARLSON Model TV-421 TV
Chassts, The TV Tuner Chassis T'V-421 features a
bright, well-contrasted pictare and excentionnl
performanece in fringe areas. Rquipped with a 217
picture tube and designed to receive channels 2
through 13 (adaptable to T.ILF. channels). The
chassis is supplied with 19 tuhes plus 3 rectifiers,
nlus mask and .all moeunting hardware. Size
20-11/187 W 23147 b 21%" H (inclnding pleture
tube). Shp. Wt. approx. T Ibs,

NEW YORK | 100 SIXTH AVE.
542 E. Fordham Rd.

289.95

24 Central Ave.
110 Federal St.

BOSTON

ENCLOSURES

[from pege 27]

audio range and considerable variations
occur over even relatively narrow angles
of radiation. Obviously a new approach
is needed which has a completely uni-
form radiation pattern over a wide angle
for the entire audio spectrum.

Frequency Response

The requirements for the optimum
frequency response have been the subject
for much controversy, but it is now
generally conceded that the broadest
possible frequency range is desirable
provided that the high- and low-fre-
quency limits are properly balanced and
very low distortion exists in the system.
It would also appear that the flaitest pos-
sible response between these Jimits is
also desirable. In this regard the en-
closure designer is forced to use the
available commercial units which often
appear to be peaked at about 1500 cps
with sloping responses toward each end
of the band. Where flat response is dif-
ficult this design procedure gives a rela-
tively good articulation index with
seemingly increased efficiency over units
having a flat response.

In any event the enclosure must be
designed fo provide flat coupling aver
the entire frequency range in which it
operates. This is also a rather compli-
cated problem since the frequencies
handled vary in wavelengths by ratios
up to 1000 to 1.

Tt can be readily seen from the preced-
ing discussion that the enclosure used
with a speaker plays a very important
part in its performance. All too often
have enthusiasts purchased elaborate
systems and mounted a costly speaker in
the nearest available box, Naturally the
expected results were not obtained, For-
tunately, more general recognition is
being given to the importance of exact-
ing design in enclosures as well as other
units in the high-fidelity chain.

A summary of the points discussed is
contained in Table I together with some
practical requirements for the optimum
ultra-fidelity loudspeaker system. The
use of the term ultra-fdelity will be-
come apparent upon reading these speci-
fications, In fact, it is doubted that any
other commereial loudspeaker systems
are available which can even approach
these requirements. Probably the largest
theatre speakers using immense folded
horns provide the closest approach but
obviously these are completely unsuitable
for use in the home,

In view of the foregoing, it is signi-
ficant to report that an enclosure has
been developed in which these abjectives
have been largely fulfilled, It stands 3414
inches high, 2214 inches wide and 17
inches deep, or about the size of a small
bass reflex cabinet and is designed for
use with a single 15" coaxial speaker.
Excellent results have also been obtained
with smaller speakers.

This performance has been made pos-
sible through the invention of a com-
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pletely new type acoustic transducer
which is broadly applicable in the field
of acoustics. Technically it can probably
be classified as an exponential slot radia-
tor.

As might be inferred from the pre-
vious discussion this device is extremely
broad banded in its response. This fea-
ture is an unique function of the design
of the exponential slot relative to its
acoustical enviroment. Its basic action
can .be readily understood by comparing
it with that of a simple pipe closed at
one end, as at (A) in Fig. 1. If this
pipe is elongated with the length ap-
preciably greater than the width, the re-
sonant wavelength da=4L where L is
the length of the pipe. Also observe that
resonance occurs at all of the odd har-
monics of this frequency.

These resonances occur because the
open and closed ends of the pipe both
present abrupt discontinuities in the
propagation of sound waves in this pipe.
This results in sharp reflections which,
when reinforced, lead to resonance and
when cancelled yield antiresonance. (A)
of Fig. 1 shows a tiypical resonance
curve of this structure.

Now 1if one of these discontinuities
were not as abrupt as that shown at
(A) but instead consisted of a short
tapered section at the open end, which
would release a constant amount of en-
ergy for each increment of its length
then the resonance curve would take the
form of (B). Again note that this pat-
tern is repetitive at all of the odd har-
MONICs.

If we extend this taper so that its
length is in excess of two thirds of the
length of the pipe we now have a con-
dition which provides a flat response
from the lowest fundamental frequency
to the upper limits of the audio spec-
trum, Also by controlling the rate of
taper the response over a band of fre-
quencies can be made absolutely flat be-
cause equal discontinuities exist for all
frequencies within this band.

This latter type of structure yields it-
self quite naturally to use in loudspeaker
enclosures since this is the very type of
performance which has been dreamed
about but never before realized.

Another factor of considerable im-
portance is that of its radiation pattern,
Note that the energy released is being
uniformly distributed over a straight
line, as shown in Fig. 2. Excess pres-
sures are developed at regular points
along the length of the aperture de-
pendent upon whether or not compres-
sions or expansions are occurring in the
energy contained within the transducer.
When these excess pressures occur, a
portion of the energy traveling along
the length of the column is released as
radiation. The distances between such
areas of radiation are governed by the
wavelengths of the sounds being propa-
gated.

Under these conditions the tapered
aperture becomes, in effect, a straight-
line source with equal amounts of en-
ergy being released at regular intervals
along this line. At the low frequencies
only one area of release occurs while at

the highest frequencies several areas
occur.

The radiation pattern of this type of
energy distribution for the ideal case
vields a uniform distribution in a plane
normal to the axis of the column while
narrowing in beam width in any plane
including the axis. At high frequencies
the radiation pattern is theoretically an
ellipsoid of revolution resembing a flat-
tened balloon.

In actual practice this narrower beam
is Dbroadened because the individual
areas of energy release are not point
sources and that additional dispersion
at the high frequencies can be realized
through the proper placement of the
speaker. Plots of experimental results
which confirm these statements are

shown in Fig. 3. Note that the sound
distribution 1 the horizontal plane is
virtually constant over an angle of at
least 120 deg. irrespective of frequency.

Low-Frequency Response

The low-frequency performance of
the exponential slot radiator has been
found to be exceptionally good. In tests
on the previously mentioned enclosure
the frequency response from 25 to 100
cps remained flat within 124 db. This re-
sult is well within the potential accuracy
of equipments normally used in such
tests. Below 25 cps the reliability of the
available test equipment was question-
able and made accurate results difficult
to obtain. Tests made in this region
showed that fundamental coupling was
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predominant even as low as 10 cps. The
same tests conducted on an identical
speaker housed in a bass-reflex cabinet
produced so much distortion that they
had to be discontinued to protect the
speaker cone from destruction.

The reason for this remarkable per-
formance at these extremely low fre-
quencies can be visualized more readily
hy referring to the equivalent mechani-
cal network of this system shown in
Fig. 4. By the proper choice of con-
stants this network can remain fat over

M Re

GENERALIZED MATCHING NETWORK

Z = malching section in front of speoker

M = moss of cona

R = reslstonce of cona

Ce = compliance of cone

Cp = complignce of enclosed volume behind
speakar

Mg = mosa of gir ot the operlure
Ry = rodietion resistonce
F = driving lorce

LOW-FREQUENCY METWORK

€y = complionce of fransducer ot
exfremely low frequencies

Fig. 4. Equivalent mechanical networks of
exponential slot enclosure.

a very broad band and will also provide
the step-down impedance-matching net-
work required at these low frequencies.
The air load at the aperture is thereiore
almost perfectly matched to the loud-
speaker cone, and thus we have in effect
created a virtual expansion in the size
of this cone.

In the higher frequency region the
distributed constants of this transducer,
acting in combination with the exponen-
tial slot, provide uniform loading to the
upper limits of the audio spectrum. The
transition between these two modes of
operation is performed smoothly be-
cause of the almost perfect matching
provided by these two approaches.

Bass response is clean and since it 1s
predominantly fundamental a great deal
of bass boost can be applied without
audible distortion. This provides an
ideal means of compensation for the
loss in aural response at these low fre-
quencies.

General

Several experimental models have
been built using these inherent prin-
ciples with excellent results. A produc-
tion model is now available which has
undergone rigorous testing and com-
parison with competitive units. As a re-
sult of these tests it is felt that a new
standard of high-fidelity reproduction
has been achieved.

An electronic organ installation was
made using this new desizgn and the re-
sults have been declared by expert or-
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ganists to be “out of this world” At
the lowest Bourdon note (32 cps)
enough intensity can be realized with
one forty-watt amplifier to shake the
floor, windows, and doors of the church
in which this installation was made.
The cubic volume of the main audito-
rinm is 48,000 cubic feet. Used in this
way the electronic organ really com-
petes with the pipe organ for musical
honors.

Additional reseach is being carried
on applying these principles to the en-
tire art. ‘The results of this research will
be disclosed as production models are
made available.

THE VIOLIN

[from page 25

of a transmission line.! This means the
addition of mass; it can be added at
discrete points just like Pupin loading
coils, or it can be distributed uniformly,
like permalloy tape on a submarine
cable. '

The latter method is employed by
winding a helix of thin wire along the
center core, as was just mentioned pre-
viously, The result is a heavy wire of
sufficiently smooth surface to permit the
fingers to slide along it for playing “in
positions,” and the tension can be suffi-
ciently great so that a large number of
harmonics are propagated along its
length without undue attenuation. The
result is a richer tone for the lower
strings,

When we come to the higher strings,
particularly the I, the tension must be
so great (since the pitch varies as the
square root of the tension) that no load-
ing is possible, for otherwise even a
steel wire would break. Moreover, too
many harmonics are apparently not de-
sired by the ear in this range, for the
string is usually surrounded by a small
cloth tube where it presses on the
bridge, 1n order to bypass and damp out
the higher harmonics and make the tone
less shrill and “metallic.”

It is mteresting to note that when
metal IZ and A strings were first intro-
duced, there was a hue and outery
against them by the musicians, but to-
day they are accepted as having prac-
tically as good a tone, especially when
cloth tubes are employed for the L
string, and the annoyance and danger of
a string breaking, especially on hot hu-
mid days, is greatly reduced by their
use. It is also interesting to note that
nost of the preceding discussion ap-
plies just as well to the piano and even
the harp.

The Bow

Before we trace the path of the vi-
brations from the strings to the air, let
us see how the bow acts upon the string.
The bow is made of Pernambuco wood
{(from South America). It is cut from

a straight piece of wood and heated and |

bent fo its familiar shape. It is then

V1. Crandail, “Theory of Vibrating Svys-
tems and Sound,” p. 64, The Loaded String.

fitted with white horse hair, splayed out
mto the form of a flat ribbon and rubbed
at suitable intervals with rosin to give
it the proper frictional qualities.

The finest bows are those made by
Francis Tourte (1747-1835) and can
command several thousand dollars to-
day. Unfortunately, bows tend to de-
teriorate in time and lose their shape
and elasticity, but some very fine Tourte
bows are still available. Lest the reader
question the seemingly fantastic price
for so simple a device, let it be known
that the more difficult art is that of bow-
ing rather than lingering, and to a vir-
tuoso a good bow is worth all that is
asked for it.

The action of the bow is as involved
and profound as a nonlinear relaxation

oscillator. It is the nonlinear character-
istic of friction that produces the vibra-
tion of the string when the bow is drawn
across it; the d.c. motion of the bow iz
converted into a.c. vibration of the
string just as the d.c. energy of the plate
supply is converted into a.c. energy by
an r.f. oscillator or a multivibrator.

 Fundamentally, the action depends
upon the fact that the coeflicient of mov-
ing friction is lower than that of statie
friction, and furthermore decreases as
the velocity of rubbing increases. When
the bow is first applied to a string and
drawn across it, it pulls the string side-
wise with a strong frictional foree.
When the string is sufficiently distorted,
its tension has built up to such a point
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that the static friction between it and
the bow can pull it no farther.

The bow now starts to slide past the
string, and immediately the coefficient
of friction decreases. The string can
no longer be held out in its distorted
position, and it begins to slide back in
a direction opposite to the motion of the
bow. The relative velocity between the
two increases, the {frictional force de-
creases still further, and the string be-
gins to move faster and faster toward
its equilibrium position.

Its mass now carries it past this posi-
tion until it is distorted in the opposite
direction. The tension, as well as the
pull of the bow, now bring it to a stop
and then begin to accelerate it in the
same direction as the motion of the bow.
As it gains in speed and catches up with
the bow, the frictional pull of the latter
on it increases, thus helping to accel-
erate it. It can even exceed the bow in
velocity and swing to a maximum ampli-
tude momentarily ahead of the bow.
Then it starts to swing in the opposite
direction, and so on to and fro.

The continued vibration depends upon
the fact when the string is moving in
the direction of the bow, the relative
velocity between the two is low and the
aiding frictional force is therefore high,
whereas when it is moving opposite to
the bow, the velocity is high and the op-
posing frictional force is low. As a re-
sult, more energy is absorbed or stored
by the string in the first-mentioned half
cycle than is dissipated by it in the form

. of heat in the next half cycle; for equi-

librium, the energy absorbed must bal-
ance all that is dissipated, acoustically
radiated, or otherwise expended.

If the difference in frictional forces
is great enough, the vibration of the
string can even be great enough so that
its velocity exceeds that of the bow and
it can therefore even move ahead of the
bow during a part of the half cycle
when it is moving in the same direction
as the bow. Of course during this brief
time the bow is actually acting to de-
celerate the string, and energy is being
in part returned to the bow and in part
being dissipated as heat.

But if during the first part of this
half cycle, the bow exerts sufficient force
on the string to store enough energy in
it, the string can overswing the bow
and yet continue to oscillate. The sig-
nificance of all this is that the loudness
of the tone is not limited by the speed
with which the bow is drawn across the
strings. By applying increased pres-
sure, the loudness can be increased even
though the string now at times exceeds
the bow in forward velocity.

The foregoing discussion, however,
helps to explain some other factors in
bowing. Often, particularly at the end
of a composition, the violinist has to
play a long note extending perhaps into
several measures and all in one bow. To
do so, he must move the bow very
slowly across the string to make it last.
Although usually the tone is not re-
quired fo be loud, nevertheless the tone
does not have to be very quiet jusé be-
cause the bow velocity is so low. How-
ever, in actual practice, the major diffi-
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culty is admittedly that of moving the
bow with uniform motion when it is
moving s0 slowly; this is one of the
marks of a good player.

Another point is that if the string is
howed near a nodal point, such as the
bridge, a small displacement corresponds
to a large displacement at the center of
the string. It is similar to exciting a
resonant line near a nodal point; the
impedance here is high, so that the cur-
rent for a given applied voltage is low.
An extreme example is a Zeppelin-fed
half-wave dipole, which is “voltage” fed
at its end or current node.

In the case of a string, if the bow vi-
brates it near the bridge rather than at
its center, the velocity at this point of
excitation can he relatively low com-
pared to that at the center of the string,
where the wvelocity loop occurs, and
which can be taken as a reference point.
This means that for a given amplitude
of vibration at the velocity loop or cen-
ter of the string, the velocity at the
point of bowing can be relatively low
and hence not markedly exceed the ve-
locity of the bow.

In short, the bow does not have to be
drawn rapidly across the string to pro-
duce a loud tone, as would be the case if
the string were howed at the middle,

A further point is that bowing a
string near an end or node tends to pro-
duce a tone richer in harmonics. This
is because the deflection of the string
is asymmetrical along its length and
hence represents a more complicated
shape and therefore a greater number
of harmonics than one having a simpler
symmetrical form, as when bowed at
the center. It is based on the fact that
the Fourier series for a complicated
wave shape in general has more and
stronger harmonic terms than that for
a simple wave shape approaching a sin-
usoid in appearance.

This is also recognized in the case
of a piano, where the position of the
hammer along the string has an influ-
ence on the quality of the tone. A fur-
ther point is that the hardness of the
hammer, or rather the felt material, de-
termines the quality of the tone. A hard
felt produces a “hrilliant” tone, i.e., one
rich in higher harmonics.

In the case of a violin, some control
of the tone is possible by bowing the
strings closer to the bridge or closer to
the finger board. If the string is bowed
closer to the bridge, the tone is some-
what harsher, more “martial,” more
strident, and let us say more brilliant,
If it is bowed closer to the finger board,
the tone is softer and perhaps “sweeter.”

Of course one must not overlook that
the most practical reason for bowing the
strings close to the bridge rather than
at the center is to allow room for the
fingers to stop or shorten the strings
down to a minimum length. The pitch
can be more than quadrupled by stop-
ping the string near the end of the fin-
gerboard, which is quite a range. But it
is fortumate that bowing requirements
do not conflict with the requirements of
fingering and the two are compatible.

(to be conitinned)
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equipment in Radle's Master. Separate
tal heets will accompany each

bookfet.

Audio Instruments {orp.
Ballantine Loboratories
General Radle Corp.
Heath Company
Hewlett-Packard Corp.
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APPLICATION

AUDIO engineering society .=,

P. O. Box 12, Old Chelsea Station, New York 11, N. Y.
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ive Names or Abbreviations, and Grade of Membership
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ADMISSION REQUIREMENTS

A Member, according to the constitution, may be any person active in audic engineering who has an academic degree or its equivalent in scientific or
professional experience in audio engincering or in a closely related field or art. Such 2 person shall, upen clection, be entitled to all the rights and privileges

of the Society.
An Associate Member may be any person interested in the objectives of the Audio Engineering Society and, upon election, shall become entitled to ail

the rights and privileges of the society except the right to votc or to hold office or chairmanship of standing committees. ~el A
A Student Member may be any student interested in audio engineering and enrolled in a recognized school, college or university. A student member i

not e]i%ible to vole or 1o serve on committees except in his own local chapier. i F !
hree relerences are re&ulrcd with apgllcahon for the member grade, two for associate membership and one for student membership. References should

be familiar with your work; they need not members. Yearly dues are $7.50 for member, $6.00 for associate and $3.00 for student, each of which is halved
if the date of application is between April 1st and September 30ch.

Payment must accompany application, and application must be signed to expedite handling,
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TECHNICANA

[from page 121

nel allocation, and required transmitter
power. Also covered are the design of in-
expensive  receivers, the required field
strength to enable satisfactory reception
with these receivers, and the number of
transmitters that must be used to provide
coverage for all of Western Germany.

Distributed Amplifiers

The design of distributed amplifiers is
discussecdd in an article by A. Cormack in
Electronic Engineering for April, 1952, In
the distributed amplifier the plates and grids
of several tubes are comnected at appro-
priate points along an artificial transmission
line in which the tube capacitances are in-
cluded as transmission line parameters, By
using four Osram Z77 sharp cutoff pentodes
in each of two stages a total gain of 28 db
was obtained in a bandwidth greater than
150 mes. The design equations are pre-
sented along with some suggestions f{or
circuit medifications which might be useful
for various applications.

The two-stage amplifier was designed to
work from a 200-ohm line and feed a 75-
ohm line. Photographs have been included
and show the cirenit layout and construe-
tion details. The Osram Z77 is not identical
to any tube of American manufacture, but
might be replaced by the 6CBG or the
6AHG6 with some sacrifice in bandwidth.
All three tubes have reasonably similar
characteristics.

Telephone Cable Transmission

Transmission aspects of the telephone
cable from Key West to Havana are out-
lined in the March 1952 Bell Laboratories
Record. The system uses carriers in the
range 12 to 108kc and is a four-wire trans-
mission system with one pair used for each
direction. Each cable contains three sub-
merged carrier amplifiers which provide
about 65 db gain with 40db feedback over
the useful band. Each amplifier has three
stages. These amplifiers are designed to
operate for many years without service or
replacement. As they decrease in perform-
ance their condition will be noted by moni-
tor tests in an unused part of the trans-
mission spectrum, and the power-supply
voltage can be increased. The power is sup-
plied on the cable along with the signal
frequencies. When the amplifiers show still
further decrease in activity, the input sig-
nal levels may be reduced in order to lessen
the modulation products produced. Such a
decrease in level will not materially affect
the transmission since the amplifiers are de-
signed with a margin of 10 db.

Nomograms

The Swiss publication Radio Service for |
Janunary—February 1952 features an excel- |

lent article by Walter Duenbostel on the
design and use of nonmiograms. It covers the
transformation of graphical material from
limear to logarithmic coordinates and then
to the form of a nomogram. The details of
nomoegram construction are discussed at
considerable length.
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HARRISON AUDIO SHOP REPORTS ...
Sensational New ACRO TRANSFORMERS
Sweeping High Fidelity Field in Sales!

Wsing a Willhamson & 7

Double your power ovtput, and
reduce distortion by 50%!!

ACRO TO-300

‘‘The World's Finest Transformer "'

247

ACRO TO-310. Same ratings but 20 watts, For
converting all popular 10-watt 6Vé arnpllfers to
the sensational Ultra Linear Operation .....

Response = 1 db 10cps to 100.000¢cps
Rated to handle 40 Watts
Resonance-free response

Unequalled square wave response

Low phase shift

Most quality per dollar!

- 318.75

KIT
$1.00

Convert to Wlira Linear Cperation by simply
changing three resistors and condensers!

»

HE OB deverm

v

All units fully pottod In attractive
groy hammertane case. Compaoct,

ACRO TO-290. For the original Williamsen
Amplifier. Perfermance equul te the Fnesi, re-

only 3% x gardless of price.. . $15.75

A% x 4% high,

o pleaee mealoe 359 Duopoed

ARRISON RADIO CORPORATION

D2 you have any

. :Udlﬂ PROII’.!-MSP
Hl ar wrpe

AS8i0 Soectalist, ray i ¥

A st Tor t

ol aqvigy o onh::::lnr

227 GREENWICH ST.
NEW YORK 7. N. Y.  «  BArclay 7-7777

An all triode husic amplifier hased
upon the Williamson circuit . . . the
last word in vltra high fidelity

Frequency response £ .5 DB 10 to
100,000 CPS at 8 watls, Distortions
at 15 watts .1% harmonic; LM. .25%
at 10 watts; 20 DB feedback from 2
loops; damping Factor 20; cathode
follower driver, 2 direct coupled
stages; fixed bias.

The ideal pre-amplifier for the 215BA.
Completely varioble feedback type
| i . equalization for reproducing records
j TR % ; "'_‘\ U exactly as recorded. Frequency

215BA

$125%

response rodio input & .5 DB. & to
100,000 CPS. Step type baoss and

treble controls; 25 DB equalization
down to 20 CPS, Fer magnetic or
dynamic pickups.

PRECISION ELECTRONICS, INC.

641-43 MILWAUKEE AVENUE . CHICAGO 22, ILLINOIS
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HIGH FIDELITY AT ITS BEST
s HUDSON

Wore
Sawiiq

VALUES!

ALL Famous Makes In Stock !

RADIO & TELEVISION CORP.

Jaberal %/moa?«:é'on

ALL TRIODE — REMOTE CONTROL

AMPI.II’IERS

A Treasure in Listening Pleasure is YOURS
with BRODK . . . the “Stradivarius” of Ampli-
fiers. Magmflcent instruments that provide the
closest possible approach to actual “pres-
ence”. Range: 20 to 20,000 ¢ps. within 0.5 db,
Features the exclusive BROOK 8-position
stepped bass and treble control circuits. Har-
moni¢ and intermodulation distortion reduced
to the vanishing point. ln 10 watt or 30 watt
models with remote-control.

MODEL 12A3, 10 watt, complete

List $330.00 ..o Net $198.00
MODEL 10€3, 30 watt (lli. above} complete
List $525.00 ... Net §315.00

LFREE new 1953-

HUDSON HI-Fl CATALOG

Latest and greatest of all
Hudson Catalogs! Gomplete
buying guide , . . value-
packed with the world's fin-
est High-Fidelity and Audio
Equipment . . . Amplifiers,
Speakers, FM-AM Tuners,
Record Changers, Tape Re-
corders, Packaged Systems,
Custom Furniture, eic. for
professional and home in
stallation. Select from the °
largest stocks of ALL Stand-
ard Makes AT LOWEST
PRICES

Send for your free Catalog teday! Dept. D9
¥ISIT OUR MODERN SOUND STUDIOS

HUDSON

RADIO & TELEVISION CORP.

A8 WEST 48th ST.e 212 FULTON ST,

New York 36, N. Y. New York 7, N. Y.
Phene: Clicle 6-4060 ———
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Ultrasonics, by P. Vigoureux. New York:
John Wiley & Sons, Inc., 163 pp., $4.00.
The author of this new work presents

the physical basis of ultrasonics. It is a

fine companion for the earlier book of

the same title by Benson Carlin which
presented current practice in ultrasonic
measurement and industrial application.

In the volume under discussion there
are an Introduction and five chapters:
Generation, Propagation, Observation,
Gases, and Liquids. An appendix contains
a derivation of the impedance of a trans-
mifting transducer in an interferometer.
This is followed by more than eleven pages

{ of bibliography. An important feature of

this bibliography is that it does not include
references prior to 1939 because these have
been listed in the works by Bergmann and
Richards. Numerous tables of the ultra-
sonic and related properties of wvarious
media occupy a large portion of the last
two chapters. They form a basis for check-
ing future measurements and the prelimi-
nary calibration of new equipments.
Although it may be said that much of
the material included may be found in the
various sc1cm]ﬁc journals, it has been col-
lected here in a most useful manner a]on_l,
with a clear exposition of its meaning.
Also, such a compilation is most valuable
for the majority of engineers who do not

have available the multitude of foreign
journals from which the references have
been drawn, nor the facility for translat-
ing and interpreting these in a different
language.

—LSG

Vacuum-tube WVoltmeters, 2mxl ed.. by
John F. Rider, revised by John F. Rider
and Alfred W. Barber. 432 pages. New
%;05%{: John F. Rider Publisher, Inc.,

This book is an up-to-date and authorita-
tive collection of material on vacuum-tube
voltmeters, The first eight chapters are de-
voted to the fundamentals of VIV M's of
various types. Then in order are chapters
on probes, design and construction, calibra-
tion, and application of the wvacuum-tube
voltmeter. Chapter Thirteen consists of
three sections. The first is a tabulation of
the characteristics of almost all the comi-
mercially available VTVM’s. This is fol-
lowed by nearly fifty pages of the circuit
diagrams of the instruments tabulated. The
final section of this chapter consists of ire-
quency correction curves and specification
charts for various umts for which such
cutves were available. The last chapter
presents a wealth of maintenance material
for a number of the instruments listed.

Anyone who has occasion to use a
VTVM irequently will find this a valuable
addition to his technical library. It can
casily help the reader to simplify his meas-
urement problems and speed his work.

L.l

MAGNETIC TAPE

[from page 20]

level of tape samples containing indi-
vidual sine-wave components recorded
at normal level was observed during the
course of 1800 replays of each sample.
The results of these observations are

available. For the first 125 replays, no
observable deterioration of signal in-
tensity occurred at any frequency. As
expected, however, the higher frequen-
cies, which are recorded with a mini-
mum of flux penetration into the oxide,
were the first to suffer. This deteriora-
tion is a direct result of the continuous
abrasive action, which removes surface
particles of oxide.

1] |
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and after 1800 re- |w |-——1—7F \ wfe —f - —
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FREQUENCY IN CYCLES PER SECOND

illustrated in Fig. 4. Since certain ap-
plications of the magnetic medium in
the fields of amalysis and autocorrela-
tion subject tape to many passages over
the heads, information of this nature is
vital. Actual values of the level changes
shown are qualitative, inasmuch as
slight variations will occur depending
upon the tape tension factors involved,
Nevertheless, the general trend is in-
dicative of the behavior of the several
varieties of commercial tapes currently

All frequencies above 100 eps suffered
losses at some period during the 1800
consecutive replays, but frequencies be-
low approximately 30 cps displayed an
increase in energy at the conclusion of
the tests. This is explained by the fact
that the greater remanent flux i the
tape at the longer wavelengths influ-
enced the residual oxide particles which
were being removed from the surface by
the abrasive action between the tape and
reproduce head. These particles formed
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a gradually accumulating deposit of
sludge about the head gap.

The same effect was noted when spec-
trum analyses of a sample of blank tape
were made prior to and at the conclu-
sion of 1B00 replays. As indicated in
Fig. 5, the low-frequency content of
over-all tape noise was enhanced during
the 1800 passages over the head, but the
upper portion of the spectrum suffered.
Because of the physical appearance of
the tape samples at the conclusion of
1800 replays, there was some dotibt as to
whether any coating remained on cer-
tain portions of the tape surface. The
samples, however, were erased and re-
recorded with very satisfactory results.

Conclusions to he drawn from this
investigation indicate that certain ap-
plications of magnetic tape, in the felds
of research and development as well as
in industry, are at present restricted by
limitations of the medium itself. Al-
though these limitations may appear to
be insignificant when considered from
the viewpoint of commercial recording
concerns and broadcasters, the special-
ized requirements of scientists and re-
searchers must nevertheless be appre-
ciated and respected by those who con-
trol magnetic tape production if the re-
cording of information by means of the
magnetic process is to be exploited fully.

RADIO STUDIO

[from page 32]

fier chassis, the specific terminal num-
bers being shown on the rack running
sheets. Ordinarily, all the low-level
pairs going wup from the jack field are
grouped into a single cable, all medium-
level #p pairs make up another cable,
etc. In like manner, the various pairs
going down the rack are cabled by level
groups. The cables are shown on the
sketch as single lines, with turn-offs as
the jack feld, various amplifiers, etc.

As the make-up of each cable is thus
defined, a cable number or letter is as-
signed to it on the rack cabling sketch,
and a line should be assigned it on the
cable list. Entries on this list include
cable number or letter, general cable
title such as RACK I, INTERNAL, circuit
level, number of pairs, and kind of wire
used. If any of the cables are to be
encased in conduit, a column should be
provided on the ecable list for conduit
size. The matter of audic conduit is dis-
cussed in detail a little later. The sharp-
eyed reader here sagely observes that
while the cable list was shown in the
planning breakdown as step 8, it’s being
discussed in the same paragraph with an
earlier planning phase, namely rack ca-
bling layout. The writer hastily points
out that the cable list should be com-
pleted as step eight but that its make-up
must begin during preparation of the
rack cabling layout.

Some of the rack circuits do not go to
the jack field—for example, relay d.c.
and 115-volt a.c. These are run up the
rack from the terminal blocks to their
upper destinations, are assigned letters
or numbers and are entered on the cable

50W-2 Amplifier
50 Watts (Peak: 100)

Comparison proves—

@ Less than 1% har-
monic or iwter-
modulation distor-
tion even at peak
power— reproduc-
ing the entire
audible range from
20-20,000 cps.

[

PHASE SHIFT ¥5, FREQUENCY CHARACTERISTIC
Compare Mcintosh 50W-2 —— ==
with any amplifier—at any
price. For it is only by such
comparison that you can fully
appreciate the truly superior
‘qualities of this unique,
patented instrument that has
reached the theoretical limit
 of quality and efficiency! No
other amplifier can give you
so much power with so little
distortion, at such low cost.

Write today for technical information
and name of nearest dealer,

NEW! Model C-104
EQUALIZER
PRE-AMPLIFIER

Controls tone balance
simply—and without distortion

McINTOSH LABORATORY, Inc,, 321 Water St., Binghamton, N. Y.

Announcing

For

HOME
MUSIC
SYSTEMS

The SIBELIUS .
The BAUME

Moderately Priced

Although introduced only a few short weeks
age, the distinguished new River Edge en-
closures have established themselves as Audic’s
finest—and most beautiful—cabinetry.
Incomparably built to the high standards of
cherished furniture, they are made from the
original species of wood specified in the finish,
Heavily constructed of 13/16" plywood, with
corners mitre-locked and reinforced.
Available in many authentic styles—both

Acoustically
Engineered

River Edge speaker
enclosures are horn-
loaded and are
equipped with the
McProud - designed
“Flex - O - Port” —
adjustable to match
the speaker of your
choice.

modern and ctraditional. See them at your
favorite sound dealer’s.

Write TODAY
for lHlustrated
Brochure
HR-3

RIVER EDGE INDUSTRIES

River Edge, New Jarsey, ORadell 8-0900
N. Y. Showroom: 192 Lexington Ave, CHickering 4-2120
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MODEL U-25 SPEAKER

This omazing new speaker consists of four
special 5-inch cones, mounted in o delta-
shaped cabinet with a system of carefully
spaced vents in the top, which creafe o
scund illusion of o much larger cabinet with-
out the size usually necessary. One watt
input ndequate, two watts for best efficiency.
Impedonce 4 ohms. Response: 60 to 11,000
cps. Speaker is enclosed in either blond
or mahogany cabinet (13”H, 19"W, 9%”D).

$29.75
FREE! Send for
“Terminal’s Audio Digest”
<*#F—"  OPEN THURSDAY EVES. 'TIL 9

2 SRR
Terminal

@Rﬂdl’o Corp.

New York's Depencoble Radie Supply House

85 Cortlandt St., New York 7, N.Y.

WOrth 4-3311
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i list like the audio circuits. In connection
with terminal blocks, try to pat all the
pairs of a given level group on the same
block, or on the same portion of a shared
block. When different level groups share
the same block, put the low-level pairs
at the top, medium-level next, etc. High-
level circuits should go on a separate
black awhich can be shared, if necessary
with relay d.c.  115-volt a.c. circuits
ustally have their own block which is
of a different, barrier-tvpe design with
safety cover, or they can run in a wire-
mold distribution system as shown in
Fig. 3.

The next {seventh) step is the prepa-
ration of the interconnection cable lay-
out. This is a pictorial one-line repre-
sentation of all the cables that tie fo-
gether the console, rack, turntables, etc.
Referring to the rack cabling sketch,
Fig. 3, pick up the rack internal circuits
shown terminated at the terminal blocks
and trace them to their respective ex-
ternal destinations indicated on the block
diagrant. For example, the pairs of low-
level cable “B"” are shown ending at
terminal block 1. These pairs must be
picked up again on the other side of the
block and carried to the various micro-
phone wall receptacles, console micro-
phone inputs, efc.

The grouping of these external pairs
into one or more low-level cables is
facilitated by a floor plan Jayout of the
control room equipment. This drawing,
with cables superimposed upon it, he-
comes the interconnection cable layout
shown in Fig. 4. Reference to this sketch
shows that sinee all the studio micro-
phone receptacles are grouped in a single
wall piate, the pairs going to this plate
miight naturally form one low-level cable.
The two pairs going to the turntables
might form another, and so on. How-
ever, it 1s also observed from the sketch

that most of the low-level pairs coming
out of the rack must run in the same
general direction to get to their destina-
tions. For this particular equipment lay-
out, it would appear simpler to consider
all the low-level pairs as constituting
one (and in this case the only) low-level
interconnecting cable. These pairs would
therefore be laced up accordingly and
each group of circuits would be brought
out of the bundle as turn-offs to the con-
sole, turntables, etc. The cable would be
given an identifving letter or number on
the layout, the necessary data would be
entered in the cable list, and each pair
involved would be checked off on the
block diagram. Cables of other level
groups are made up in similar manner,
and when they have been entered on the
floor plan layout, the latter becomes the
completed interconnection cable layout.

Conduit Runs

By this time, the cable list should
also be complete. Since the occasionally-
needed cable make-up sheets will be de-
scribed along with the interconnection
sheets in the next installment, we can
now discuss the next (ninth) step in the
audio planning—mnamely, audio conduit.
To avoid confusion. note that when a
cable runs in conduit for part or all of
its length, the conduit should bear the

“same designation letter or number as the

cable. Tt will be remembered that the
cable list includes a column for the con-
duit size, if any. In this connection, the
table in Fig. 5 shows conservatively the
number of pairs of different wires that
may be pulled in various sizes of conduit.
Additional pairs may be accommodated
if runs are short, bends are few, pairs do
not cross each other at bends, and a pull-
ing lubricant is used.

When should cable be run in rigid con-
duit? Generally when cable must run

CONDUIT SCHEMATIC

STUDIO SPEAKER | MM !

80X LOCATOR TABLE
STUBIO MICS. aox | eLev]| Box |ELEV

172
AR 1 HH 2
[ ! ® Bs | 1 m| 3
ANMN. B, SPEAKER [ KK :
MASTER CONTROL e 1 lw] s

oo |-1 || KK | &
ANN_B. MIC. E—

e | 1 [l 4

FF 2 MW 4

v 66 | 2
cc
HIGH
CONTROL ROOM
MIC.
sTUDIO
CONTROL ROOM  [gp ]
SPEAKER u
—_—
L]
L A
a3 I3 5-b &
MASTERZ | Ann, 1
0 SHOP | coiTROL |Bo0TH | coNTROL
] el ROOM
A "“‘l t FLOOR FLAN OF RADIO AREA
ELEVATION "4"
(STUDIO EAST WALLY

Fig. 7. Audio Conduit Layout. Circled letters are individual conduit designations. No medium-
level conduits are shown os no medium-level circuits leave the control room. Boxes are surface
mounted, and should be dimensionally located in efevations of their respective walls hereon.

i Floor plan aids in identifying walls and visualizing conduit runs.
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through walls, either to other rooms or
to other points in the same room. Con-
duit 1s best used during original con-
truction. Cabling for ‘additions to exist-
ing installations can readily be run in
exposed wiremold or similar metal duct,
or in flexible Greenfield conduit, the runs
being carried on the chair rails and base-
boards. When many pairs must be run
between two points, as between rack and
console, a trough—generally without
conduit—is probably the easiest solution
for a raceway. The same is true of three
or four points located roughly along the
same siraight line as in Fig. 4. The
trough can be in the floor under the
¢quipment, or upon the floor behind the
equipment as shown in Fig. 6. The pairs
of a given level group are laced into a
cible and placed in the trough at a mini-
mum distance of three inches from the
edges of adjacent cables of different
level groups.

Getting back to conduit. it is essential
to have a conduit lavout diagram as
shown in Fig. 7. This is one-line sketch
showing each conduit, its size, the termi-
nating wall boxes in the various rooms
served, and the exact physical location
of each box in every wall. Since the
control room is the starting point for
all the conduits, begin the layout with
a large terminating wall hox in the con-
trol room, to which are run all the low-
level conduits from the studio, announce
booth, other points in the control room,
ete, These conduits terminate at their
respective destinations in smaller wall
boxes. In like mamner, the conduits of
ach of the other level groups are run
from their respective control room ter-
minating boxes.

All conduits should be labelled on the
drawing with the conduit letter or num-
ber and the size. Information required
to make this layout comes from the
block diagram, the interconnection cable
lavout of Fig. 4, and the conduit capac-
ity table in Fig. 5. Remember to size
the conduits to accomumodate spare pairs
and a #14 insulated ground wire—just
in case. In the course of pulling, pairs
oceasionally break, or short, or ground
out to the shield; also station growth
may require additional circuits in the
iuture, and spares cannot readily be
puiled later in the same conduit. At the
top of Fig. 6 can be seen three cables of
different level groups coming out of
their respective terminating wall boxes
and running down the control room wall
to the trough, and thence to rack and
console,

So far, the conduit diagram shows all
the conduits and the wall hoxes but does
not dimensionally locate the boxes. We
therefore draw on the conduit layout a
partial elevation of each wall involved
just enough to locate the box—and label
each such wall sketch as ELEvaTION 1,
ELEVATION 2, ete. Then we draw a floor
plan layout of the entire radio area, in-
cluding master control, shop, and all
other places to which conduit is to be

run, and label each wall thereon with
the latter assigned to its elevation
sketch. This permifs each wall to be

visualized in relation to the others. Fi-
nally, a locator table is put on the con-
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W.12
Reproducer Arm
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o World’s Smallest, Lightest Tape Recorders
Magnemites* offer every desirable fea-
ture for field recording, compactly assem-

Record Without AC Power
The Magnemites* are powered by inex-
8]
1><] that last 100 operating hours. No wet
cells that require daily recharging.
An output connection which feeds ear-
@ phones or an auxiliary amplifier and
for monitoring while recording.
o Exceptional Recording Quality
pas any recording need. Designed to record
musie, interviews, or any type of sound

GOOD REASONS WHY
Zhe Hew MAGNEMITES

' Are The Perfect Tape Recorders for Portable Use

=

The Magnemiy
CORSISES

" ;’* series
0 dual-
frack snodefs ¢ 175, ?j?%)

ardfﬁz/z .
an Single-trq

91 ck
model (714 iy ter

sec. ) designed 1o N
slandards. L

ber sec)

L ]
Many erei ustve feq-
tireg dz'sh's:gm\ck
GNenitesk qo the
Outstanding Portable
recorders, Hevite today
oF contplete literatyre

ana direcy ;
prices. facto ry

Letterhead size, weighing 10 Ilbs., the
@- bled in beautiful, precision recorders.
pensive dry-cell flashlight-type batteries
o Playback and Monitoring Facilities Built-In
speaker during playback, is also used
4 Magnemite* models are available for
effects with lifelike reproduction.

*Trade Marp Reg.

Double installatlon of
Grampian  Amplifier
with Power Supply

NOW AVAILABLE

The GRAMGION Feedback
Disk Recording Cutterhead Unit

Wide freqaency range
30 e/s to 20 ke

Low Distortion
Superior transient response

Engineers and musicians now realize a perfect transient response
of any recording system is of paramount importance—the Grampian
cutterhead with its precision-made true balanced armature and flux
carrecting feedback loop abtains this ideal.

Used by the BBC and other international broadcast networks where
fidelity is of primary importance, you too, can be assured of the
highest fidelity disk recording.
Many cutstanding recordings, such as the LP Mercury
Qlympian Series, were recently produced with the Grampian.

For more information, write to
REEVES EQUIPMENT

TO EAST 52nd STREET +« MEW YORK 22, N. Y.,
CABLE: REEVESQUIP, M. Y.

u. 5.

C ORP.
A

Foudio's /. LABORATORY INSTRUMENTS

give you /7ecisiorr Meusurement at Moderate Cost

INTERMODULATION METER

Highest

Medel 165 IM Meter is especislly suited for
broadcasters,
Signal generator, analyzer, voltmeter in single
case, Reads 9% IM, amplifier output directly
on meter. Provides for use of scope to analyze
& cure IM causes: full graphic instructions
supplied. Wide range of low & high test fre-
gquencies: 60 cps internally, 40-200 cps ex-
ternally; standard 2, 7, 12 ke internally, 2-20
ke externally. Voltage ratio choices: for LF
testing, 4:1; for mere accurate HF testing,
1: 1. 834 x 19” rack-type pancl; 814" deep.

laboratories,

Price $250.00,

72

Professional
Reasonable Coslt.

civenils, lowest possible eir-
cuit loading is vital. Improve-
ments  in  Model 100B’s
cathode follower eircuit
& special double-shielded
cable reduce input capac-
ity te only 3 mmf. Input
Z: 70 megs, 3 mmi, with
— 3 1. cable.
Flexibility at Ouipur Z: 200
ohms. Qutput/
input voltage ratio:

dred ke, Price %96.50.

recording  stodios,
Do you have the data on

GALVANOMETER-PROTECTOR?
Write NOW for Catalog A.

g oudic

INSTRUMENT
COMPANY INC

Dept. T 133 WEST 14th STREET, N.Y. 11, N.Y.

Negligible loading with New BRIDGER

In bridging measnring instruments across high-Z

0.99. Usable to several hun-

OUr new

duit diagram for ready reference in de-
termining in which wall a given box is
located. This table is almost superfluons
on the layout of the small syvstem shown
in Fig. 7 but it's a real time saver when
there are fifty boxes distributed among
twenty walls.

Regarding the types of wire to be
used in  conduit, low-level eircuits
should be run with standard rubber-in-
sulated shielded microphone cable. FFor
all other levels, wire such as Whitney
Blake type CB-3-22-F, which is under-
stood to have been developed by or for
CBS. is ideal. This is a 22-9a twisted
shielded pair, stranded, with insulation
over the shield and a separate bare
ground wire under and in contact with
the shield. For extremely long runs of
high-level circuits, a somewhat larger
gage may be desirable. For cables of all
levels within racks and troughs, the
Whitney Blake wire mentioned works
very well. Try to avoid using solid wire;
the slightest nick made in the copper
when skimning the ends is a potential
cause of wire Dbreakage at soldered
joints. :

It’s a good idea to talk over your con-
duit problems with an electrician early
in the game. He can advise you on many
points such as the proper wall boxes to
provide adequate depth for audio fit-
tings, use of standard versus thin-wall
conduit, location of pull boxes, ete. It 1s
generally advisable to have the contrac-
tor’s electricians pull the cable in the
audio conduit, especially if vou have

| been on the heavy side in assigning

pairs to a given size of conduit.

As soon as each conduit has heen
pulled—or after all have been pulled—
every pair should be identified and la-
belled at both ends with a Brady “Qik-
Label” (available from Graybar) show-
ing both the cable and pair designation
thus—A-17. Test each pair for continu-
ity of both conductors, shorts between
conductors, shorts between conductors
and shield, and continuity of the shield.
Also check the continuity of the #14
insulated ground wire recommended for
most conduits. (This last should be
taped up in each destination box until
needed, and should be brought out of the
control room central wall box and sol-
dered to station ground.) Any defective
pairs found should be cut off short at
both ends and forgotten, and their pair
numbers assigned to the spares that re-
place them. Don’t forget to change the
number of pairs shown for that cable in
the cable list.

This testing procedure is tedious and
expensive, especially in large installa-
tiong, and the contractor will quite prop-
erly want to be paid for it—so make
sure it is called for in the contract. Fi-
nally, be sure to specify the length of
slack ta be left at each box. It can’t be
cut longer if you find it's too short.

Don't Miss 1t!

THE AUDIO FAIR

Hotel New Yorker
Oct, 29, 30, 31, and Nov. 1
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AUDIO FREQUENCY
FUNDAMENTALS

[from page 46]

tube amplifier also requires a power stp-
ply (rectifier-filter) to convert the 60-
cps a.c, fo d.c. A similar tube to convert
60-cps to 30 ke would be comparable in
size, Tube manufacturers indicate that
this oscillator tube can be made with a
life expectancy of 10 years, ruggedized
for proximity fuse applications if desired,
3. Until more efficient rectifiers and
improved circuitry are developed, this
amplifier will be less efficient and possi-
bly larger than equivalent tube units.
From the small efforts made toward
magnetic audio amplifiers, it appears
that there may be tremendous possibili-
ties in this field, especially in high-power
applications.
Note: Most of the material used in this
article was obtained from a Bureau of Ships
pamphlet, Navsuies 900, 172, titled “Mag-
netic Amplifiers, A Rising Star in Naval
Electronics,” published several months ago
to stimulate interest in the magnetic am-
plifier. This material has not as yet been
cvaluated by the Bureau Engineers.

Wortman Joins New
Fine Sound, Inc.

Tavo prominent names in the audio in-
dustry are associated in a new professional
recording company known as Fine Sound,
Inc. Formed in February of this year by
C. Robert “Bob” Fine, formerly chief en-
gineer of the recording division of Reeves
Sound Studios and at one time associated
with Majestic Records in the same capac-
ity, the firm will handle all re-recording,
mastering, and testing for a number of

Mr.

Fine

Mr.

Wortman

major record manufacturers. Mr. Fine has
heen elected president of the new com-
pany.

Associated with him as general manager
is Leon A, Wortman, who resigned re-
cently as director of advertising and sales
promotion for Audio & Video Products
Corporation. Prior to his connection with
A-V, Mr. Wortman was advertising man-
ager for the Fairchild Recording Equip-
ment Corporation and publicity director for
the Audio Engineering Society.

Fine Sound, Inc, is located at Tomkins
Cove, M. ¥, where complete wide-range
controlled-recording facilities have been
mstalled in the company’s plant.
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MIDGET
CONDENSER
MICROPHONE

For Precision Sound
Measurements and High
Quality Sound Recording

Built to give years of service without change in
calibration. Even without dessicatars, Kellogg
Midget Condenser Microphones show no detect-
able drift in laboratory service. Proven in use for

{
L
L@ RUGGED optimum performance for more than 15 years.

£ CONSTRUCTION
@ EXCEPTIONAL

PRINCIPAL CHARACTERISTICS

CALIBRATION
CSTABILITY MODEL A MODEL B
® UNAFFECTED iy -59 db -85 db

Ref d t
BY VARIATIONS 1 vert/ oo o)

(9' IN HUMIDITY

* 4 db from 20 to 15,000 ¢ps
with or withaut grille for perpen-
dicular incidence in free field.

* 3db from 2010 11,000

3 ELAT TO WITHIN cps. for closed cavily
i without grille.

Users Include government laboratories,

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

Kewuoce

SWITCHBOARD & SUPPLY COMPANY

Sates Offices:
7% W. Monroe St.,

SEND FOR FULL
@ SPECIFICATIONS TODAYI
WRITE DEPT. 27-G

MIDGET CONDENSER MICROPHONE

An Associated International Telephone and
Telegraph Corporation

Chmago 3,

FOR THE GREATEST VALUES IN SOUND

...look to Arrow Audio Center

Arrow Audio Cemer, Amern-
ca’s first ¢
devoted exclusively to !ugh
fidelity and sound equip-

sound — all at unsurpassed
t, For your every sound
need you'll always find ex-

ment, naturally features the actly what you want at
very newest and finest in Avdio Conter.

ACROSOUND TO-300 TRANSFORMER

Here’s the transformer that brings Williamson amplifier
users new heights of high fidelity in the Ultra Linear Cir-
cvit. TO-300 actually halves the distertion while deukling
the power output. Convert your “old” Williamson for su-
perlative results, or build your new Williamson around this
fine transformer and listen to the best.

ACROSOUND TO-300 Transformer

Shpg. wt 6 |bs.

Complete Acrosaund literature on request. 24

R-J SPEAKER ENCLOSURE

For maximum bass with minimum space thouvsands of crifi-
cal listeners have acclaimed the almost unbelievable bass
response provided by the R-J speaker enclosure and any
good speaker. The single bookshelf model, 5-8-U iliustrated,
offers cleon, smooth bhass fundomentals as well as unob-
structed direct radiation of high frequencies and excellent
transients with an B-inch speaker. 117 high. 10" deep and
232" long. In sanded finish, unpainted

Mahogany or Korina veneer. $2450
T

Model S5-8-U R-J Speaker Enclosure
Shpg. wt. 20 Ibs.

ARROW ELECTRONICS’

BEAUTY IN SOUND
65 CORTLANDT $T., NEW YORK 7, N. Y., DIGBY %- 4?]4
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ORDER BY MAIL
From "WHOLESALE"

Amenica’s Pinedt

HIGH
FIDELITY

EQUIPMENT

Get High-Fidelity Music
At Minimum Cost
From "Wholesale Radio”

* HI-Fl AMPLIFIERS

GROMMES 50PG ... ... .. ..... $ 55.00
CRAFTSMEN C-500 ................. 95.50
ALTEG LANSING Power Amp. A333A 111.00
ALTEC LANSING Remote Amp. A433A

lias operating controls for A333A 75.00
BELL Model 23224 ................ 50.46

High-Fidelity, Magnetic

» CARTRIDGES

GE RPX-050 with dual reversible sapphire stylus § 8.37

GE RPX-051, same as RPX-D50 (less stylus) 5.28
GE RPX-052 with ecomhbination diamond and
sapphire stylps .. .. .. ...... RS S IR
GE RPX-040 with 003 sapphire .. .. 5.97
GE RPX-D41 with .G01 sapphire . 5.97
GE RPX-042 (less stylus) .......... : 4.35
GE RPX-046 Professional type (less stylus) 6.87
GE RPX-047 Broadcast type fless stylus) 9.27
PICKERING SI20M Sapphire stylus .. .. .. 9.90
PICKERING D120M Diamend stylus . ... .. . 2490
PICKERING S$140% for microgroove. Sapphire .. 15,00
PICKERING D140S for miercorcove. Diamond .. 36.00

* GARRARD RC-80
RECORD CHANGER

Model MB mtg. base—$2.50 $42,30

SPECIAL! While They Last
% MEISSNER TUNERS

%70 8C FM TUNER $3995
s"-f,“é_% 9A) FM-AM TUNER $49.95

REK-0-KUT LP 743 $54.95

Complete Line of High Fidelity
Equipment by the Famous Makers

= Electro-Vaoice = Mcintosh
= Acro Sound * Browning
» Weathers + Partridge
+ Magnecord * Jensen

A Practical Guide For Assembling
Your Own High Fidelity System

“MAKE MUSIC LIVE™

By Green, Radcliffe & Scharff
First complele hi-fidelity handbook

For Audio Values Write For Free F.Y.I. Bulletin
Address Orders to Dept. AE-S

HOLESALE
RADIO PARTS CO., Inc.

111 W. Baoltimore St.

"BALTIMORE 1, MD.
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DUPLEX LOUDSPEAKER

[from page 29]

wise, insulated and cemented by a var-
nish, and later baked to insure a non-
conipliant assembly. The impedance of
the voice coil is nominally 8 ohms, Alu-

| Iminum ribbon was choesen, rather than

copper, because of the selection of unity
ratio between the mass of the gen-
erator and the effective mass of the
radiator plus its air loading at the upper
end of the working frequency spectrum.
A ratio of unity at about 1,000 cps pro-
duces the highest efficiency and best
frequency response. This ratio is graph-
ically illustrated in Fig. 1. which shows
the loss of efficiency in db versus the
ratio M/ (My-+3,), where M; is the
mass of the voice coil, M, is the mass of
the etfective area of the diaphragm, and
M, is the mass of the air load.

The magnet and pole piece assembly
uses an Alnico V' permanent magnet
weighing 1.8 Ibs. which supplies 13.000
gauss to the voige-coil air gap. The
structure is conventional in design, con-
sisting of a circular steel back plate, an
outside steel spacer ring, a steel iront
plate having a beveled 3-inch diameter
hole that forms one of the pole pieces,
and a central pole piece and magnet as-
sembly. The frame, which is a steel die-
formed part, completes the low {re-
quency assembly and has the sole pur-
pose to support the component parts
rigidly to the baffle.

High-Frequency Unit

The design of the high-frequency unit
was based on the space available within
the 12-in. low-frequency unit. To mini-
mize interference from the cone and
raise the efficiency of the driver, a horn-
type radiator was chosen. To maintain
the proper phase relation at the cross-
over region, the driver was located at
substantially the same plane as the area
of radiation from the effective cone area
at the crossover point. The horn length
was then fixed at the maximum depth
of the cone. From the foregoing dimen-
sions, fthe crossover frequency was
chosen to be 3,000 cps. For ease of
manufacture, the high-frequency horn
and driver were designed as an integral
and independent unit to be mounted di-
rectly on the face of the inner pole
piece, inside the cone of the low fre-
quency unit. The horn designed is an
exponential type with deflection baffles
at its mouth. For best distribution angle
and minimum interference from reflec-
tions of the cone, the flare rate of the
horn was chosen to cut off at 1,800 cps.
The threoat coupling to the diaphragm
of the driver was designed to have a
cutoff, due to cavity-orifice resonance,
at 22,000 eps. This resonance occurs
the cavity between the diaphragm and
compliance and the diaphragm dome,
coupled to an orifice which is the an-
nular entrance to the horn, The efh-
ciency of the horn was measured to be
9 db, The acoustic loading ratio i3 3 : 1.

The eross section of the driver, with
its horn and housing, is shown in Fig.
2. It is a dynamic moving coil type con-
sisting of a magnet (1), an inner and
an outer pole piece (2), (3). a dia-
phragm and compliance (4), a voice coil
(5) attached to the diaphragn, and an
acoustic resistance ring (6). A photo-
graph of the driver alone is shown in
Fig. 3 which clearly shows the dia-
phragm and its compliance. The dimen-
sions of the unit are approximately
1-3/8 in. diameter and 3/4 in. thick.

To achieve a good response and ex-
tend the range to 22,000 cps, particular
attention must be placed on the design
of the diaphragm. Since it 1S a mass
controlled device, the total mass of the
diaphragm and voice coil must be kept
extremely smail. The material used for
the diaphragm is .0005-in. aluminum foil
dome shaped to attain rigidity. The
compliance is a part of the diaphragm
consisting of tangential corrugations
flattened at the rim for cementing to the
pole plate. The voice coil is edgewise-
woinwl aluminum ribbon made self-sup-
porting by means of a baked insulating
varnish. The finished coil is then ce-
mented to the diaphragm dome.

Crossover Network

The crossover network was designed
especially for the deseribed low- and
high-frequency umits, Since the input
impedance was chosen to be 8 ohms,
which 1s considered standard for two-
way speakers, the network not only has
to divide the two frequency ranges. but
alse match the line impedance to the
individual units. The crossover ire-
quency is 3,000 cps.

Because of good phasing character-
istics of the combined duplex speaker,
the network slope was designed to be
6 db per octave. To match the 8-chm
input impedance to the 30-ohm high-
frequency unit, the inductance element
was designed as an auto transiormer,
having a step-up ratio of 1 to 4. with
three taps for adjustment of the Ingh-
end response in 2 db steps. The sche-
matic is shown in Fig. 5 and the meas-
ured electrical response is shown in Fig.
6. As will be shown later, the actual
acoustical crossover slope is consider-
ably more than 6 db per octave. The
attenuation is achieved acoustically.

Parformance

The actual frequency response of the
high- and low-frequency units when as-
sembled together to form a duplex
speaker svstem is shown in Fig. 7. This
final assembly is shown in Fig. 8. which
also shows a felt ring cemented between
the cone and the base of the high-fre-
quency unit. This felt ring serves two
purposes. First, it prevents foreign mat-
ter from accumulating in the air gap,
which would interfere with the voice-
coil motion, and secondly, it acoustically
attenuates frequencies dhove 3,000 cps,
which are radiated by the surface of the
cone underneath the felt ring. The com-
bined electrical and acoustical attenua-
tion slope above the crossover frequency
is 18 db per octave as shown in Fig. 7,
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Herc is a book supplying
the mathematical and analyti-
cal tools needed by communi-
ciations engineers to deal suc-
cessfully  with  problems  in
such fields as radie, radar, and television. The
book not only takes up the Laplace, Fourier, and
Taylor analyses but also covers the applications of
these analyses to all important phases of electri-
cal communications. Throughout, both the mathe-
matical and engineering viewpoints are considered,
Tao keep pace with demands made by television and
radar, sideband theary is fully treated, as well as
transient and harmonic analvsis,

Just Published

HARMONICS, SIDEBANDS,
AND TRANSIENTS IN
COMMUNICATION
ENGINEERING

As Studied by the Fourier
and Laplace Analyses
By €. Louis Cuccia
Research Engineer, Radic Corporation of
America, RCA Laboratories Division,
Princeton, New Jersey
464 pages, 6x9, 273 illustrations, $9.00

Thisz book fully
treats the basic an-
alysis  of harmonics,
side bands, and transi-
ents in communication
engineering using
Fouarier analysis, La-
place transform analy-

Partial list of
the book's 22
chapters . . .

& Complex Waves in

Radio, Television, and sis, and, to a lesser
Radar :qurn: Tayior series
3 analysis. Starting with

® Lincar . network the hasic harmonic
Analysis and wave concepts
ol £ . familiar to eyvery com-

® Harmonic Distortion munications  engineer,

SSARpREERRTpeEStign it builds up the fun-

saHarmonics and datnentals of the La-

Transients in Ampli- place analysis  from
fiers the Fourier analysis.
¥ { Throughount, the

# Integrating, Differ- book cgnsidcrs the
entiating, and Scan- engineering back-
ning Systems for Tele- ground of the com-
vision munigations  problems
' Ridactance Tiibes, to which analysis is
Frequency  Stabiliza. applied. It inciudes
tion, and Phase Syn- the analysis of radio
chronization and television trans-
mission from the pick-

# Frequency Modula- up system . . . through
tion and Wave Intfer- transmission  and de-
farence maodulation ) 0
the output; a  com-

& Spectral Analysis of plete treatment of

Finite Wave Trains modulated waves; and

the Dackground and
@ Reception in Elec- harmonic  analysis  of
trical Communications vacuum tubes, gas

tubes, and ultra-high-
frequency tubes.

AUDIO ENGINEERING
P. O. Box 629
Mineola, New York
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curve A. The resultant acoustical out-
put of the high-frequency unit is repre-
sented by curve B. The slope is 12 db
per octave Dbelow 3,000 cps, which is
the result of the electrical network and
the acoustical low-frequency cutoff of the
horn. As measured, the total curve is flat
within +3 db from 40 to 20,000 cps,
with the exception of the region between
50 and 65 eps where it is about 3 db
down from the average. The above re-
sponse was measured in the ancchoic
chamber and represents the actual re-
sponse of the speaker system enclosed in
the 606A corner type cabinet, which was
designed for the new speaker. Since the
response was recorded without the bene-
it of rigid corner walls for which the
cabinet was designed, the frequency at
30 eps is considerably lower in ampli-
tude than if the corner walls in a nor-
mal room were used, The 30-cps re-
sponse measured in a typical hard
willed room is appreciably improved as
shown by the dotted portion of curve A
in Fig. 7.

As mentioned earlier, the other devel-

e

Fig. 8. The Altec Lansing 601A 12-inch du-
plex loudspeaker.

opment is the 602A loudspeaker. which
is essentially the same as the 601A, ex-
cept that a 15-inch cone-and-frame was
used. The construction is the same and
the performance is superior. The ad-
vantage gained in a larger area cone is
in the improvement of the extreme low-
frequency range. The 602A extends sub-
stantially flat to 30 c¢ps and had good
efficiency at 20 cps. Since a larger 2.41
pound magnet was used in the 15-in.
unit, the over-all efficiency was raise
by 2 db. The power handling capacity
of both the 601A and 602A is 20 watts,
sine wave, continuous radiation. For
reproduction of speech and music, how-
ever, the peak power rating is 30 watts,
at which point non-linearity beconies a
limiting factor.

During listening tests. consisting of
a variety of material, such as pipe organ
selections, speech, percussion, wind and
string instruments, vocalists, and full
orchestra, exceptional reality and qual-
ity are realized. A-B tests were also
conducted in competition with various
high-quality speaker systems., and the
tests confirmed the measurements,
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CLEANNESS . . . reproduction without |
rescnant peaks or distortion...is the | =
keynote of SUFPER-HORN engineering.
Full bass down to 40 cps. is accurately
reproduced by an exponential horn. |
Clear highs are radiated directly from
the front of the speaker with no tuned
cavities or poris to produce false bass
or "boom".

GRACEFUL RIGIDITY is the keynote
of SUFER-HORM construction. Classic
beauty of line is combined with rugged
durability. All panels are of %% inch
and ¥ inch woods, internally braced to |
prevent vibration,

BLOND.....12"...$80—15"" . $85 I
MAHOGANY 12 . $75—15" ¢80\
All Prices Nat

WRITE FOR TECHNICALILITERATURE

GATELY

DEVELOPMENT LABORATORY

CLIFTON HEIGHTS, PA.

IF YOU ARE MOVING

Please notify our Circulation De-
partment at least 5 weeks in ad-
vance. The Post Office does not
forward magazines sent to wrong
destinations unless you pay addi-
tional postage, and we can NOT
daplicate copies sent to you once.
To save yourself, us, and the Post
Office a headache, won’t you please
cooperate? When notifying us,
please give your old address amd
your new address.

Circulation Department

RADIO MAGAZINES, INC.
342 Madison Avenue
New York 17, N. Y.
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The Fourth Audio Fair CUSTOM-BUILT

S AVE SIS | | October 29 to November 11| papjo.pHONOGRAPH

INSTALLATIONS
31
3%

UDID WILL BE KING, and court will he
A paid by more than 15,000 sound engi- “gOMMJM@JtQM o
neers, music lovers, and commercial <
buyers of sound equipment, at the 1952 F.M.-AM. 13 Tube Chassis
Audio Fair, according to a recent attend- HIGCH FIDELITY $6750

ance estimate voiced by Harry N. Reizes, EBR e A I

Fair manager. If the rate of attendance —including amphtier with
all tubes and 10" or 12°

.8, Speaker. List $139.50

growth established in previous years is
2 maintained, the 1932 exhibit will firmly
This is our establish the Fair as the second largest an-

GROUP SUBSCRIPTION FLAN nual electronic cvent in the country, ex-

ceeded only by the yearly convention of the

You and your friends and co-workers . R E
can now save up to $1.00 on each sub- Ty Grder toNbetiity adonnimodate stiiein:
scription to AUDIO ENGINEERING, o : By
The more men in a Group, the more cr}*ascd number of visitors, this year's Fair
each saves, If you send 6 or more sub- will last four days instead of the usual
scriptions for the U.5.A. and Canada, three, opening October 29 and continuing
they will cost each subscriber $2.00, through November |, on the fifth and sixth
173 less than the price of a regular floors of Manhattan’s famous Hotel New
?'-year subscription. Present subscrip- Yorker. i
"°:' ;““Gb. renewed or extended as Coneeived originally as an event of $pe- | | gy runing range 88 Megacycles—108 Mega-
ok et EHP cific interest to audio hobbyists and pro- 1;{5?1;105. iAM Iw:}'i"% EASES 53_5: lfilmycllc&vlﬁ_so
- . T v 11165 a1 3 ilocyeles. ndividaal circuit de-couphing 1n-
AUDIO ENG'NEER[NG 13 Sh" fcs:b:o_nal (,Hgl.l‘l((‘rs, the Fair ]1.35 ].)GC'()II'IE 2 sures minimum cireuit drift. Dial, large, casy-
i o principal buying mart for audio equipment to-read multi-color slide rule type. Tone range
® The only publication devoted on a commercial level. Among this year's covers all tones from 30 cycles to 15,000 cycles.
antirely to Audio— 5 X - g g Brand new, original factory  scaled carton.
® Recording record-breaking attendance will be many Built-in pre-amp for rcllllcmn(t;c pickup mﬁit
f N 1 - e 1 XTAL input, Push-Pull audio output
~ lr“d““mg equipmant 1)ur_chas_mg agents and ]JU}CF.s rcprcsentmgl watts, Volume tone and bass controls. An-
® Acoustics major jobbers and dealers in all parts of tenna, folded FM aerial, knszbs, plu;:s,lc:{:,
] H s 1 i i Instructions incl. 123" x1034” x 734" high.
: :;I:nu reproduction systems the country, Mr. Reizes said. T o it “RoA LICENSED
systems WEBSTER 100 Changer w/GE cart. $29.95
® Peychoacoustics ; o | | VM No. 950 WITH CE CARTRIDGE  28.95
Widest Range of Exhibits | Conszcle Cabingt available to
(Please priot} t 3 fit Chassis and Record Changer
Other records will he established by the Immediate pelw_ery-]—FuEy Gn‘:-::rantced
Name ........... Bb L el s number of exhibitors participating and in C°'"s°m’“mfic_”8_]°)r_ P
Address . ..., e epprn L P B the variety of equipment on display. More

_______ £ than 100 manufacturers already have en-
B wearel % compa“ gaged exhibition space, and items to be MUSIC LOVERS

ALY shown range from professional recording f T . ibl
" cquipment valued at thousands of dollars Full Range Tone is possible
bk S O to a fifty-cent pocket microscope for ex- on your phonograph.
Address . ... iy ining phono-cartridge styli A General Electric Reluctance Pickup in place
amining phono cart _d," styli, " T AT il miaWe all 1 it
_______________________________ r Emphasis in most displays, however, will AT o R AR

Pesitbon .......... Company be placed on medium-priced semi-profes- WE DO THE WORK « v @

sional equipment for wuse in home music

systems, YOU EN]OY lT

A % Conducted each year in conjunction with Disconmect your tone arm and mail it to us,
g el < 121 2Rl g ; the annual Convention of the Audio Engi- i‘::lIi‘s‘i;]1),E‘lf‘“‘\]_%ﬂ‘:'c_!ncgsg"‘;ﬁ‘gﬁﬁ i;:c‘:‘?]‘[‘,]fl'{’e‘i
B S Ll neering Society, the [air has paralleled the requiring no tools. WE pay postage.

Position ........ i i ieving world-wi i~ TOTAL Cost to you only $14.50
esition .. Company .......... S_omcty in achicving world-wide recogni o prrees e I kR R R
tion. Together, they are regarded inter-

Name ...... A A Bl s ! nationally as the most prominent of the an- |} JAN ELECTRONIC DIST. CO.
e, o TS S ) nual displays and forums devoted to the 222 Fulton St., M. Y. 7 WOrth 4-0632
science of reproduced sound, |

e R S e Although a number of European manu-
Pasition .......... Company .......... facturers have taken part in previous fairs, Don't F
the 1952 event will play host to more than on't Forget . . .
Nams ..... ewm e ey e e . ever before. Among the scientists and engi- THE AUDIO FAIR
Address ....... A . i neers who will deliver papers before tech- Oct. 29, 30, 31, and Nov. 1
_____________________ (e nic‘al sessions of the Society are G. A, Hotel New Yorker, N. Y.
) Briggs and Harold Leak, prominent British
Position .......... Company .......... ¥ ser o
audio authorities, both of whom are coming
to this country solely to attend the Fair
DRME iooosinn s va b il s e s and the Convention, according to F. Sum- OIL FILLED
Address .........000eie TR ner Hall, Society vice-president and chair-
) B o ) ORI S 1 o an of th renti ittee,
o : o || s convnton ey Comites | | Condemsors are BEST . . .
osition L ........ - Gompany ..... 3 i Sl - - o . .. for high-fidelity amplificrs! Highest
e 56 eaer Earaton ket }nb.lts‘. tJlrw_ theme A_ua’w Tof!qy and Temor- efficiency, 10\\'est1_lfealcage qndlihystex-eﬁis
S 7o, While there is no official contest, ex- i?{fﬁ?“‘ \']gll-:ﬁ?{‘i“{y :‘cfi—?rli;‘;;%;gilvév br:ftm\l:-:
iub}lors this Yednpas sl UREEVICUSE Eals, have some excellent bargains fnr‘ those
RADIO MAGAZINES INC while preserving an audio esprit de corps, “’holpﬁlﬂ“ tﬂs_bugd f(qf!rc-émrl_lli:) their own
; 5 i arc competing actively in the creation of e T A L e S
342 Madison Ave.,, N. Y. 17, N. Y. attractive displays based on the Fair's E. GARR. P.0. Box 10, Riverdale Station 71, N.Y.C.

theme,
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DCOL

ATGISTERED TRADE MARK

SOLDERING
INSTRUMENTS

Any Yoltage Range Supplied
from 6/7 ta 230/250 volts.
Our instruments for 110 volts

f  are superb in moking

SOUND

JOINTS

for all
SOUND

EQUIPMENT
Supplied to most leading

British electrical manufac-
turers and H.M. and foreign
government departments.

These soldering instruments
ore named instruments as
they are such a complete
departure in design from
_the usual solder belt or iron
®and are ideal for all modern
assembly and maintenrance
work on telecommunica-
tions, radar, television, wire-
less, etc.

3/16" dia. bit Standard
Models
3/18" Detachable Bit Type
(Factory Bench Linel
® Heating time: 90 seconds
# Consumption: 25 watts
® Weight: 4 ozs.
® High temperature
& Handle unaffected by element
temperature
& Length of instrument: 97
® Equally suitable for daily or
intermittent use
® Prices
Standard 3/16" Bit Model $3.15
Standard 1/4” Bit Model 3.50
" Detachable 3/16" Bit Model 4.20
Catalogue sent free on request.
MADE IN ENGLAND
Registered Design (U.S.A., British,
&~ Foreign Patemis)
Write direct to sole manufacturers
ond suppliers:

ADCOLA PRODUCTS, LTD.
CRANMER COURT
CLAPHAM HIGH STREET
LONDON, S.W. 4, ENGLAND

Standard Model 3/16" Bit lllustrated

B RS E R

STOP
LOOK
LISTEN

Stop at the Hotel New Yorker October 29,
30, 31, November 1.

Look af the greatest collection of Audio
Equipment ever assembled.

Listen to the newest developments in every-
thing from pickups to speakers.

THE AUDIO FAIR

You're Invited Admission Free

AUDIO PATENTS

[from page 6]

condition for low distortion—maintain a
constant voltage between plate and cathode
of V.. It operates in this manner:

K., Vy, and s form a series voltage-
divider circuit between B-plus and ground.
F; is a voltage-regulator tube, so the dic.
voltage between the grid of 7, and the
cathode of ¥. does not change. R—C; is a
low-pass filter to prevent sudden changes
in the cathode voltage of I/, from varying
the regulated voltage.

In operation, the signal voltage on the
grid of /7, tends to be followed by the
cathode-ground potential of the tube, pro-
ducing the output voltage. Since a constant
potential difference is maintained by the
regulator between the amplifier cathode
and the grid of I, the voltage on the latter
grid varies in step with the output voltage.
If on one alternation, for instance, the grid
of /. goes positive, the plate resistance of
V. is reduced. If Vi did not exist or were
a resistor, this would cause a smaller volt-
age to appear between anode and cathode
of .. Instead, since the grid of ¥; also
goes positive, the plate resistance of I/, is
also reduced and the voltage remains sub-
stantially constant.

in-Ton

HEADQUARTERS FOR
SOUND EQUIPMENT

MONTHLY SUMMARY of product de-

A velopments and price changes of
radio electronic-television parts and
equipment, supplied by United Catalog Pub-

lishers, Inc. 110 Lafayette Street, New
York City, publishers of Radio’s Master.

These RePorTs will keep you up-to-date in
this ever-changing industry. They will also
help you to buy and specify to best advan-
tage. A complete description of most prod-
ucts will be found in the Official Buying
Guide, Radio’s Master—available through
local radio parts wholesalers.

Miscellancous Radio, TV and Electronic

Parts
CENTRALAB

“bnfters, "
CORNELL-DUBILIER Added a number of series UP & UPT
twist prong base electrolytles.
SCHOTT, WALTER L. Added the new 50 line of
hardware. Ench item s packaged to sell for $.30 net.
STANDARD TRANSFORMER Added No. P-4060, vlbrator
transformer with 6 volt d.c. primary at $3.57 net.

TRIAD TRANSFORMER Added approximately 117 re-
placement, amateur, industrlal, and geophysical trans-
Tormers.

Added type DDIG  v.dew. ceramle dise

Recording Equipment, Speakers, Amplifiers,
Needles, Tape, Etc.

ALTEGC LANSING CORP. Added No. T30A, drlver unit at
320.50 net . . . 30A and 40A horns at $20.50 and
$33.75 net respectively . . . M1, microphone system at
$305.00 net . . . 21BR-200, microphone at $125.00
net, Decreased price on A-3220 amplifier to $33%.00
net.

AMERICAN MICROPHONE GO. Withdrew nodel CH, carbon
hand microphone . . . DIl & DMHT, dynamic hand-held
microphone.

BOGEN C0.. INC. Added TV booster BE1-A (mahogany
f walout sels) at $19.50 wpet and BEL-B {fur blonde
sets) at $20.10 net; separate 614 triodes operate in
independent push-pull clreults to provide maximum gain
atll  baodwidth  with  measorable  superior  gignal-to-
noise characterlsties . . . model TWIN, a two-station
wireless system eniploying the power line and ground
as the lransmitiing medinm at $57.00 net . . . CW-1,
sdidltional single stations at $30.00 net . . . models
TP17 and TPITX, &-speed iranscription players with
erystal and magnetic plekups at $126.00 and $138.00

AUDIO ENGINEERING e SEPTEMBER, 1952

“IN PERSON” PERFORMANCE
IN YOUR OWN HOME

NEWCOME AMPLIFIER

Complete line
of High Quality
Amplifiers, from
small single
units to large
rack  instafla-
tions

SOUND AND RECORDING CO.

1527 CHESTNUT S§T.
PHILA. 2, PA.-RI-6-8388

Directional characteristics of the
acoustical lens at 5000 cycles.

The new Jim Lansing acoustical lens gives the
highs a smoothness your ear will appreciate ia-
stanely! The new lens, a natural development
brought about by the inadequacies of the multi-
cellular horn, disuibutes sound constantly and
uniformly over the entire audic spectrum., .. giv-
ing the highs a smoothness impossible to match
by any other method.

Drop into your high fidelicy dealer and ask for
the fhull story coday,

first in fine sound

JAMES B. LANSING SOUND, INC.
2439 Fletcher Dr., Los Angeles 39, California
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ONCONONL
MAGNETIC TAPE
RECI]RDERS

NETWORK
RECORDER

;fm like being there

.THE ONLY low cost high
fidelity tape recorders
delivering professional
performance. Professional
users’' net prices begin at

$34500

Write for Bulletin 101
Monvfoctured By
Berlant Associates

4917 W. Jelferson Boulevard
Los Angeles 16, Colifornic

has them
IN STOCK!

the Vew
ALTEC DUPLEX

FREE 1953 CATALOG
Complete 23G-page Buying
Guide Lo everything in High-
Fidelity, Television, Radio,
and Industrial Electronics.
Write for FREE copy now.

ALLIED RADIO

Dept. 17-1J-2, 833 W. Jacksen Blvd.
Chicage 7, L.

78

net respectively . . . FM 301, FM uwper with a froq.
response of GO-15000 cps £ 1 db at $69.00 net . . .
AMOOL, AM tuner with & freg, response of 50-7500
erelex 10 high-fidelity pesition and 50-3600 cyeles in
high selectivlty position at $67.00 net

DUOTOME CO. IMC. Added 45 rpm adaptors, 0§
envefope ar §1.25 net.

ELECTRO-VOIGE Added T-35, super tweoler at $25.70
nel .. . X-38, crossover for T-30 at $6.75 neb.. ., .
Peetage equipment consele dn mabogaoy at #7500 net
and blonde at 81,00 net . ., Regeney speaker, enclosure
tn mahogaty at 11400 pet and Monde at $120.00 net,

HALLICRAFTERS CO. Added imodels ST-8%.  hi-fulelby
AMAFM tuner at $120%.85 pet | . . A-B4, amplifier,
power  ontpil 15 watts  maximum, freq. range § to
200,000 eps at FUU.D0 pet and HT-20 s 344850
el

LOWELL MFG. GO. Added pear seat speaker kit model No
BT, il 2270 uer. . Jlong eoreidor bafes LUBE at £0.00
net . .. LOBS at $10.80 net . . . LOBIO at $12.60 net
Hi-Fi fve prille H-24 af E13.50 net . . . 6
trotal re perforated sonare ceiling geilles . . . model
SUELX, f-recessed wall iype ongnbar baftle at $15.30
nel,

MAGNA ELECTRONICS CO.

to an

Added 12 pecord players

2wl porpese oselllators, beth irpn core  pernie l'luiit)
tuned . . . Foall parposs amplifiers
RECOTON CORP.  Added able  peluetance  pick-ups,
165X at S6.60 net; 170X and 1 ap $4.20 net exch
A 153X at 1140 net arsustic tooe arms and
reproduesrs Nos, 40 and 01 at £.850 oel each; 50 ol
1 at #1.20 net each, 20 w1 L0 nwet amd 54 4t
SR el
REWK-0-KUT Added model B-1GH, S-spesd 16 in. trans-

erfption {able at 26000 net

SIMPSON, WMARK Decreased priecs on four amplifiers . . .
five portakle sysiems . . . Dwo plisho top smpll L oeel
MMS-2TF, poertable mobile sy MAM(-270, ont-
fdoar »thl’l»‘ syEtem o, ., D R, amplifler with Weh-
ster 100 Jespeal record el

TURNER ©0. Adided microphotie mr-ﬂo]s S0 sensitivity
approx. S8 dh below 1 velt Sdvne fap oem; pedponse i
RO oo THOO epe oal 35T het . model 51 techmical
spers, #s o pnde] .‘jl}. only smaller at $8.37 net |
pmadel 83, technical specs. as nodel 80, hand miero-
phone at $4.a7 oet o . madel 82-311, technical spees,
a5 model 80, with “thind Land™ thet ships over the hoad
atd bolds t!lu mierophone in position at $13.065 net . . .
made! 31D, dvbamic miceophone, freq, pesponse B0 to
13,000 ¢ps, substantially fal esentisdly won-directional
iy any position at $51.00 net . . . omoded 70D, dynamice,
Frgny. response 2000 ta HU00 ¢ with slightly rizing
characteristic  for  max,  speech  intelligibility, onfgut
level B2 db bulow B ovell/dvne/s0. em. at $25.50 het
and model TOR, cathon, a3 T0OD exeept with carbon
cartridge and outpnt level 42 db below 1 voll fdyne fen.
e, at $ER10 nel

WEBSTER-ELEGTRIC CO0. Deereased price of 38380
oo speaker to $26.00 80 (accessory  fer wib
channet sound distribution system model 8334440
also HSLO07-28 to S20000° st (necessory for
D_ehupnel  distribution system model SS271E)

WILCOX-GAY CORP. Model 3010 added at  $189.05
rotuil. A tape-dise  Heeardlo, it coutains  high-speed
wind: forward amd reverse; double neon reconding volime
fndbeatar, one for overload;, new condrolled  felnctince
mike: & % Y oval speaker . . . also model 3AVIO0 Jte-
cordly Phx at $240.50.  Has tmilt-in  projector: high
fibelity sound on tape: antomatic push-button operstion

onsole

Test Equipment

HICKOK ELECTRICAL INSTR. ©O0. Mndel (70 cathiode
ray oscillaseope inereased in price lo $Z26.000 net

R.GC.A. Added WR-404 st $1450.00 nel and WH-41A at
254500 ped, UHY sweep generators

RADID CITY FROD. [ntroduced their TV “do-all™ gepcretor
model 7400 at §89.50 net which combines a pignal
generator, an amlio gederadar, @ wiarker genetator and i
patlern generator . . . model 808 al $O0.95 pet, which
combles @ tube tester, ® CR tube fester, & CR tube
reaciivator, & wieuim Lk solsnietdr S & ode ) and

an ohmeter . . . model 33330 at $09.50 npet, a minda-
turized oscilloscope welghing 9 lbs . . . TV serles 5000
which fneludes models 740, S08 aml M. oall des-
cribed above in eme portxbde easc 2t $279.350 net

sarles BOLO,

Tl
REINER ELECTRONICS CO.

as 8000, plus T30 signaligner at $2499. 50

Added medel 475 at 322500
met, & vacuwm tube voltmeter with dc. voltage rznge.
0.1 to 120 volts, bn full-seale ronges L2 & 3 v, 12 %,
a0 v and 120 v, . e range 0.02 10 500 volts in full-
seale ranges 1.2 v, 3 v, 12 v, 400 % 120 v and 300 v,
+ale. and — doe swiel yprocided ., . model LBE-200,
resistance limit Dridge with range of 10 obms to 100
megolims at $473.00 net.

Tubes—Receiving, Television,
Special Purpose, Etc.

R.C.A. Added receivimg bubes GCLE, a power pentode of
the f-pin minature iype desigued especially for wse in
the fnal video-amplifler stage of TV receivers.  Also lse-
Tol as & wide-band ampdifier in lab, equlpt . . - P2AXSGT,
2 half-wave vacuum rectifler tube of the heater-cathobs
type. It s Intended for nse as @ damper fibe fn ford
gontal defleetion circafts of TV receivers, wlilizing serles-
heating strings.

RAYTHEON Added I12BYF. a minisiure pentede deslgned
to be used as a video ampliffer in TY recelvers. It ds
presently used i the new Westinghouse TV recelvers | .
zdded special purpose tubes RKS16, a half way, mer-
cury-vapor tectifier . . . CHGL144, 8 beam power tube
. . . CEA7G3, a minjature beam power tube o . . CK-
5110, a hester-cathode type double diode of sebminia-
ture  constraetion  designed Tor use s @ low  current
power supply rectifler.

—CLASSIFIED—

Rates: 10¢ per word per |nsertion for moneammarsini
zdvertisements; 25¢ per word for semmercinl adwr-
tisements. Rater are net, and no discounts will W
allowed. Copy must be accompanied by remittanes In
full, and must rezch the Mew Yark office by the first
of the month preseding the dats of lesus.

THE AUDIO EXCHANGE, INC,
=ells quality high-fidelity sound sy
components. Guaranteed used and
ment. Catalogue. Dept, 1,
Aves, Jamaien 82, N.

WILLIAMSON
lo 20,000 o
ness conirol,
14 Bennett

huys and
tems and
HEW  Gqiiip-
159-19 Hillgide
Telephone 01 8-(H45.

AMPLIFIER—fat from 20
szendinlly distortionless, loud-
556,00, Long Island Sound Co,,
l’]'m' Amityville, ~is

BRAND NIIW Peeriess
Willliimson output—
Tudor Ave., Akron,

I STOAM DUAL-CHASRIN
lnmwu Amplifie
S80.50. e, Nicely,

9-0) tranztormer
50, V. H. Lynch,

for
IT Ohio.

Sl-watt  Wil-
—uall Peerless transformers,
Kenton, Ohio,

WANTED—I16in. dise recording and play-

bacl equipment. State make, model, condition,
anid i}‘u"urv in first letier . FOR SALE—

Amplifier Corp. of . Twin-Trax, 74
s, excellent conditie What am T offered?

W,
Mismouri,

Moore, 904 Paseo, Kanszas City

symphonie, like new.

TH-rpan, Bargains,
Box 2026, Ann Arbor,

Write for lst. Mrohs,
Michizan.

WANTED—77-D RCA Microphone

FOR SALE—Tape cecorder, Brush BR-A01,
‘\‘!: Lester Ili‘num}::e 801 Vernon Road,
Philadeiphia 19, Pa.

PO sALE—

Two rack-mount PTG-A Ma
corders, PTG-M

3 10440 reel attachinents,
tom-built record and playback amplifiers,
Carnegic Hall Rl'lm(imj.. Company, S81 SHav.
enth Ave,, Plaza 7-1T795.

WANTED—W, I, IK8-12027 horn, for cash
or will trade S-eell horn wiih throat to fit
Altee high-frequeney unit. Box O8-1, Aupio
ENGINEERING, I, O. Box 620, Mineela, N. Y.

Regislen

PosiTioNs OPEN and AVAILABLE
PERSONNEL may be listed here at no
charge to industry or to members of
the Society. For insertion in this col-
umn, brief announcements should be in
the hands of the Secretary, Audio En-
gineering Society, P. O. Box 12, Old
Chelsea Station, N. Y. 11, N. Y., before
the fifth of the month preceding the
date of issue.

& Positions Open ® Positions Wanted

¥ Englneer—Development and design of
loudspeakers and focns magnets for com-
mercin! and government applications.
Position requires initiative, ingenuity,
and a thorough knowledge of permanent-
magnet circuit development. Applicant
must have ability and experience in me-
chanieal design. A knowledge of lond-
speaker acoustic development is desirable,

Salary commensurate with ability. Write
or phone Glaser-Steers Corporation, 2
Main Street, Belleville, New Jersey—

Belleville 2-4480.

® Auwdlo Technician. Experienced in in-
stallation, operation, and maintenance of
commercial broadcast audio equipment
including dise and iape yecording and
mayback systems. Presently employed in
well-known audio laboratory. Single, 25
vears old, draft exempt. Prefer N.Y.C.,
but will wravel. Resume available. Box
401, AUDIQ ENGINEERING, P. 0. Box
629, Mineola, N. Y.
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LAST CALL

ULTRASONIC FUNDAMENTALS

By §. YOUNG WHITE

The raptd incrense In the use of ultrasonica during
the last few years makes it natural thal the wall-
Informed sound enginesr should want b learn soma-
thing of the appligntlons and potentialitles of this
nmezing new field. DBut interest ic ultrasenles ia
not ¢ondned Lo the sound engineer—It la of aclll
greater importance to the industrial engineer for he
ls the one who will visuailze its uses Io his own
DTOCEs5es.

Elemontary in character, ULTRASONIC FUN-
DAMENTALS was writlan originally as o serles of
juggazing articles Just for Lhe purpose of scquainting
the novice in this field wilh tho enormous pesaibillties
of 2 new Loal for Lnduostry. IL serves the double pur-
pose of Intredueing ultrasonics to both sound and
Indusirtal engineers. ‘The st of chupter headlnge
will indicats how It ean hslp you.

CHAPTER HEADLINES

Too Much Audlo. Opportunities In Ultrasonles.

Elements of Ultrasonies.  Experlmental Ultra-

sonies. Cowpling Wltraspale Energy to a Load.

Ulirasonles In  Liguids.  Ultrasonlas In Sollds.

Testing by Ultrasonies.  Kigh-Power Ullrasonies,

Notes on Using High-Power Ultrasonles. Appll-

eations of Ultrasonies to Riglogy. Economles of

Industrial Vltrasonies.

The applications of ultrasonics have already ex-
tended te many industries, and ass itz posilbilities
are explored they will increase a hundredioid. To keep
abreast of its growth, cngineers in all flelds must
Iknow what they may expest from ultragonles, how it
ip used, how the energy 15 gensrated, and the (eéch-
niques o applylng ulirasonic treatment io meny proe-
05508,

ULTRASONIC FUNDAMENTALS
By 5. YOUNG WHITE
36 pages, 40 ill,, 815 x 11, paper cover
$1.75
Book Division, Dept. A

RADIO MAGAZINES, INC.
342 Madison Avenue New York 17, M.

PROFESSIONAL
DIRECTORY

Custom-Built Equipment

U. S. Recerding Co.

1121 VYermont Ave., Wazhingtom 5, D, C.
Llocoln 3-2705

Tape duplicating

Prices per 7" reel, any quantity,
$1.00 if we use your tape, or $3.50
if we supply new plastic base
Audiotape.

EMPIRE RECORDING CO.

3221 S, Acoma St,, Denver, Colorado

¢

"

In Southern California it's

HOLLYWOOD ELECTRONICS
{in The Audio Mile)
Distributors of Hi Fidelity
Components Exclusively

Webster 3-8208
7460 Melrose Ave. Hollywood 46, Calif.

Industny People. ..

A. A, Ward, executive vice-president,
Altee Lansing Corperatien, scored per-
sonal as well as commercial trivmph in in-
troducing new Altec Lansing speakers to
jobbers and press al New York's Hotel
Plaza on August T—was ably aided and
abetted by H. 5. Morris, Marty Wolfe, Mel
Sprinkle, and Doug Netter, all members of
company's enstern crew . . . David Sarser,
viplinist with the NBC symphony and co-
designer of the famous Musician’s Ampli-
fier, will receive more than casual mention
in a Toseanini article now in the works for
a prominent national magazine.

Paul Weathers, inventor and manufac-
turer of the pickup bearing his name, an-
nounces opening of 1 new factory at Bar-
ringtion, N. J . Kenneth Boothe has
been  upped viee-presidency, and
Joseph &G. Connelly has been appointed
secretary and general counsel, of Audio
& Video Products Corporation, New York
—announcement made by Charles B, Rynd,
A & V opresident and board chairman . ..
Sam Norris, president, Amperex Elec-
tronie Corporation, taking pride in new
tube manufaeturing plant at Hicksville,
Long Island. N. Y.

Robert R. Blanchard, formerly associ-
Aated with Station KL, Denver, is new
sales engineer for Gates Radio Company
in Rocky Mountain area . . . Robert E.
Moon and Dale Samuelson have beéen ap-
pointed sales manager and sales promo-
tion director, respectively, of MHamanar-
lund Manufacturing Company, Inc, New
York . . . Jerry Xahn, president, Standard
Transformer Corporation, pointing with
pride to two new wings which, upen comm-
pletion, will add 35,000 sq. ft. to huge
Stancor plant in Chicago,

Tom J. Cunningham, manager of sounid
sales, Blectronic Wholesalers, Inc., Wash-
ington, D O, officiated recently at open-
ing of new air-conditioned sales and dem-
enstration showroom—oeompany plans ex-
tensive siales and merchandising campaign
. . . Robert S. Carnthers has joined Len-
kurt Electric Co., San Carlos, Calif, as
chief svstems engineer—-formerly with
Bell Telephone Laboratovies for 20 years
. . . Robert Adelson, tax specialist, h
ioined legal staff of Sylvania Electric
Products, Ine, New York City.

Morton &. Scheraga, formeriy develon-
ment engineer, has been upped to assistant
technical sales manager of the Instrument
Division, Allen 3. Dumont Laboratories,
Inc, Cliften, M. J. .. . Dr. €. J. Breit-
wieser hias been promoted to dirvector of
engineering by P. B, Mallory & Co, Inc.,
Indinnapolis—upreviously served as execu-
tive assistant to Dr. F. R, Hensel, engi-
neering vice-president . Barl Steiker
i= new general manager of the rectifier

To

is
divigion of Galvanic Products Corporation,
Valley Stream, N, Y.

Ralph I. Cole, formerly technical direc-
tor of the Rome Air Development Center,
and Vernon €. Weihe, formerly of the Air
Transport Associntion, have joined engi-
neering stafl of Melpar., Ine, Alexandria,
Va., a subsidiary of Westinghouse Aldr
Brake Company . . . Julian K. Sprague,
vice-president, Sprague Hlectric Company,
announces addition of FPrank J. Leenming
to company's application engineering staff
3 New prezident of IFederal Telecom-
munications Laboratories, Inc, Nutiey,
. is Wice Admiral Carl F. Holden, USN

Lincoln Walsh, president, Brook I lec-
tronies, Ine., Elizabeth, N, J., is owner-
pilet of a brand new Bonanza—now has
used Ercoupe for sale (unpaid adv.) . . .
R. A. Brewer, vice-president, MacManus,
John & Adams, Ine, advertising agency.
using new Councertone to establish among
friends the practiee of building symphonic
libraries via off-the-air tape recordings
.. . Henry A. Schobexr, president, Radio
Magazines, Inc., applying the rod to edi-
torial group to make frequent mention of
A change of address—OUCH!—Quote:
ATs new address is P. O, Box 629, Mineola,
M. Y. Inguote.

See You at THE FAIR
HOTEL NEW YORKER
Oct. 29, 30, 31, Nov. 1

BE THERE
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HIGH FIDELITY
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MINNEAPOLIS

LIncoln 8678

ELECTRONIC CENTER, INC.
107 Third Avenue North

Call

WE FEATURE:

McINTOSH
RADIO CRAFTSMEN
PICKERING
ELECTRO-VOICE
GARRARD
GENERAL ELECTRIC
WEATHERS
GROMMES
REK-O-KUT
R-J ENCLOSURES
PERMOFLUX
And others

SEE US for tape recorders,
tuners, amplifiers and kits.

Mike Stands

MUCH AS

OFFER SO

ATLAS

#he COMPLETE
STULIO LINE

MAXIMUM STABILITY: Moximum bae
mass [s concantrated ot guter periphery. Boses
are alileveling, shock-absarbing, anti-tip, onti-
eratch.

MAXIMUM GQUIET AND
EASE: Special Full-Grip, Valvai-
Action clotches, inner-lined with
wear-proof locking collers, lunclion smogthly
at slight pressure, yer cannot creep, jam,
rasp, jelt or jar.

MAXIMUM WEAR: Heavy overtized
whe ounemblies are super<hrome ploted
for highest durahbility.

MAXIMUM VARIETY: Floor or table,
boom, orchettra or collopsible types—thare's an
ATLAS stand far your every stydio need.

L]
COMPARE ATLAS of your distributar TODAY.
See why more studios specily ATLAS thon any
other line. Write NOW for FREE latent Cola-
log 551.
ATLAS also leads in the manufacrure of public
gddress loudipeakers and gecenorien.

ATLEAS souno cor.
1448-39th Streal, Brooklyn 18, New York
In Conodo: Atle: Radio Corp., Lid, Targato, Ontk
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WE ALSO MAKE
GOOD AMPLIFIERS

Our main job in life is making the 215
speaker, and speakers have always been our
chief interest. Yet because speakers deserve
good amplifiers, we were, quite early in our
career, asked to make those good amplifiers. l¢
i5 just twenty years ago this month since the
first high-fidelity amplifier in the world ap-
peared—designed and produced by us. Believe
it or not, it wos a push-pull amplifier with
negative feed-back, It had o flat response from
30 to 12,000 cps, and a power output of 10
watts, because even in those early doys we be-
lieved in having a reserve of undistorted out-
put power.

Today our 20 watt amplifier is still out-
standing. With distortion of less than 1% at
a power output of 20 watts, it is +1 db at 20
cps, — 1 db at 60,000 cps, and dead flat from
30 to 50,000 cps. Hum level is —90 db. (that
is, virtually nen-existent), end it is absolutely
free from incipient motor-boating or rf oscil-
lation. These defects are frequently shown up
with o ‘scope and square-wave generator, and
many amplifiers thought perfect may not pass
this extreme test, Qur omplifiers have to pass
the test before they are sent out. Additionally,
all our products are now comprehensively
tested with white-noise,

Qur tone-control preamplifier has won maony
friends in the US.A., as it has throughout the
world. It has continuous control of treble and
boss, and was designed to be the perfect cor-
rector for LP records, toking everything else—
78's, tape and radio—in its stride. There is no
distortion at all in any position of the con-
trols. Used with the 20 watt amplifier, it is
os near perfect os you can ever hope to get
an cudio amplifying system.

BUT LOOK AT THE PRICE.

The 20 watt amplifier complete except
for tubes (standard American types used)
costs only $110.00 (plus 122 9% import
duty} all freight charges paid. The Tone-
control preamplifier similarly costs $25.00.
The legendary 215 speaker added to these
at a cost of $48.00 will give you an audio
outfit which, to quote the words of our
American visitors who have called to see us
this summer, ends the search for many years
to come, at a price level which on the face
of it seems ridiculous. The best is not
always the dearest.

* * *

[Hlustrated catalogue free on request, AND
we shall be with you again at the Audio Foir
in New York.

H. A. HARTLEY CQ. LTD.
152, Hammersmith Road

London W.6, England
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PARTRIDGE

WILLIAMSON
OUTPUT TRANSFORMER

Built to the
original specification

De-luxe maodel now available from stock from ail
important Radio Stores throughout che U.S.A.
(Price $26.00 duty paid}
This transformer is now accepted as the most
efficient in the world. According to *Audio En-
gineering™ (Nov, 1949), there is no U.S. equiva-
lent. Thousands already sold in the U.S.A.
Partridge P.1232 16 watt Output Transformer
now available is intended for use in equipment
reproducing the foll audio frequency range with
the lowest possible distortion.
Series leakage inductance .10 mh.
(Price $21.00 duty paid.)

The Following Storés are among those now

Stocking Partridge Transformers.

Harvey Radio Co. Inc. Electronic Wholasalers
103 West 43rd Street, ne.
H 2345 Sherman Ave.,

New York 18
Washingiton, D. C.

Sun Radio Corp,,
938 F Street, N.W., Gates Radio Company,
Washingten, D. C. 2700 Polk Avenue,
Gates Radio Company,
Quincy, lllincis.

Terminal Radio Corp.,

Houston, Texas.
Wholesale Radio Parts

Co, Inc.
85 Cortlandt Street, 311 W, Baltimore 5t.,
New York 7, Baltimore 1, Maryiand.
Scle Agents in Canada: Atlas Radio Corparation,
540 King Street West, Toronto 2-B
If yow are unable to purchase Partridge trans-
formers in your city, write to us and mention the
name of your dealer.
Fullest data, including square-wave tests, distor-
tion curves, etc., together with list of 5.
stockists rushed Air Mail to vou.

PARTRIDGE TRANSFORMERS LTD.
TOLWORTH, SURREY, ENGLAND

Hearn the Vew

Altec

DUPLEX

Speakers

See the Vew
“AUDIOPHILE HAVEN”

within our famous

“AUDIO WORKSHOP”

KIERULFF

820 W. Olympic Blvd.
Los Angeles 15, Calif. ®» RI 7-0271

AUDIO ENGINEERING e SEPTEMBER, 1952


www.americanradiohistory.com

AT LAST! B o more snscheutues

program breaks!?

irish suon

AN ENTIRELY NEW MAGNETIC RECORDING TAPE

It°s break-proof...just what you’ve been wanting

{Produced and Sold Under the
IRISH Label as 220RPA Red Band
ORRadie Magnetic Tape)

SOUND-PLATE .-

SOUND-PLATE
SOUND-PLATE

Here, at last, the sum total of everything you have ever wanted in a
professional magnetic recording tape. ORRadio IRISH 220RPA
SOUND-PLATE eliminates your physical problems in magnetic tape
recordings. It won’t tear or break. It has all the excellent qualities
that have made ORRadio IRISH 211RPA the most popular tape
among professional engineers,

SOUND-PLATE

Yes, SOUND-PLATE costs a little more . . . but, in the long run, it will
preve o be not only the most satisfactory, but the most economical magnetic
recording tape you can use.

Try SOUND-PLATE at our expense! Buy a reel of Sounp-PLATE at your
favorite Radie Parts Distributor. If you are not completely satisfied, return
it to your distributor who has been authorized to refund your money.

1200 Ft. SOUND-PLATE on Plastic 2400 Ft. SOUND-PLATE on Metal
BB it et s $15.50List  Reel i 333,85

Manufactured in U.5.A, by

ORRADIO INDUSTRIES, INC. orsixa, aussama

World’'s Largest Exclusive Magnetic Tape Manufactiurer

- aadiohistery com
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MINIATURE AUDIO UNITS...RCOF CASE

MiL Pri. Imp. Sec, Imp, DG in Response Max, level  List

Application Type Ohms Ohms Pri., MA == 2db, (Cyc.) dhm Price

Mike, pickup, line to Erid TF1AIQYY 50,200 CT, 500 CT* 50,000 0  50-10,000 4 5 $16.50
Mike to grid TFLALLYY 82 135,000 50 250-8,000 421 16.00
Single plate to single prid TFIAISYY 15,000 60,000 0 50-10,000 -+ & 13.50

gicng_ler!‘ﬂ?m to singie grid, TEIAISYY 15,600 60,000 200-10,000 +i4 13.50
In #Tl.

Single plate to P.P. grids TF1AISYY 15,000 95,000 CT 50-10,000 + 5 15,50

Q
Single plate to P.P. grids, TF1A15YY 15,000 95,000 split 4 200-10,000 +11 16.00
DG in Pri.

‘Single or P.P. plates o line TF1A13YY 20,000 CT 150/600 4 200-10,000 +21 16.50
Mixing and matching TF1A16YY 150/600 600 CT 0 50-10,000 + 8 15.50
0
0

REOF CASE
Length ... w1 25/64
Width .... -6l /64
Height . rerereeree 1 13732
Mounting .....conresvercnn. 1 1/8
SCrEWS .ovvrsrsnennnne40 FIL.
Cutout .....covevce.... 778 Dia.
Unit Weight ................1.5 oz,

82/41:1 input to grid TF1AL0YY  150/600 1 meg. 200-3,000 (4db.) +10 16.50
mi:dl single plate to single TFIALSYY 10,000 1 meg. 200-3,000 {4db.) +-10 15.00
gr

React TF1A20YY 300 Henries-0 DC, 50 Henries-3 Ma. DG, 6,000 Ohms. 12.00

s 8 & 9 ° 0 8 B b 89O O8O e bW

COMPACT AUDIO UNITS...RC-50 CASE

MIL Pri. Imp, Sec. Imp. DCin Response Max. level  List
Application Type Ohms Dhms Pri., MA == 2db. (Cyc.) dbm Prica

Single piate to 2 grids, can TF1AL5YY 15,000 split 80,000 split 0 30-20,000 +12  $20.00

also be used for P.P. nlates

Si&w,!e F?]ate to P.P. grids, TFIALSYY 15,000 80,000 split 8 100-20,000 23 231.00

BC in Pri.

Single plate to multiple line TFIAL3YY 15,000 30}200. 8 50-20,000 423 21,00
125/500**

P.P. plates to multiple line TFIAL3YY 30,000 split 50,200, 8  30-20,000 +19 20.00
125/500% % BAL.

Reactor TF1A20YY 450 Hys.-0 DC, 250 Hys.-5 Ma. DC, 6000 chms , .. 15.00
65 Hys.-10 Ma. DC, 1500 ohms.

RC-50
Length .
Width ..
Height .......
Mounting
Screws ...

L
L
L]
-
L]
-
L]
L]
-
-
-
L
»
L ]
-

Unit Weight ..ccooirnrennnsB 02,

SUBMINIATURE AUDIO UNITS...SM CASE

. MIL Pri. Imp. Sec.lmp. DGCin Response Max. level List
Application Type Okms Dhms Pri., MA == 2db. (Cys.) dbm Price

input to grid TE1ALOYY 50"*=* 52,500 0 150-10,000 413 $13.00
g'u;gie plate to singie grid, TFIALSYY 10,000 90,000 0 300-10,000 +13 13.00

Single plate ta line TFIAL3YY 10,000%**~ 200 3 300-10,000 +13 13.00

Single plate to low TF1AL3YY 30,060 50 1 300-10,000 +15 13.00
impedance

Single plate to low TF1A13YY 100,000 60 5 300-10,000 + 6 13.00
in:zedance

Reartor TF1AZOYY 100 Henries-0 DE, 50 Henries-1 Ma. DG, 4,400 ohms. 11.00

Length .

Width ...

Height ....

Screw ...

Lnit Welght .covceverinen

® ® & 8 & 9 8 8 8 o8 8

The impedance ratings aro
listed in standard manner.
Obviovusiy, a transfarmer with

* 200 ohm termination ¢an be used for 150 chms or 250 ohms, 500 chm termination can be used for 600 chms.
** 200 ohm termination can be used for 150 ohms or 250 ohms, 125/500 ohm termination can be used for 150,600 ohms,

4 15,000 ohm primary imped- *** can be used with higher source Impedances, with corresponding reduction in frequency range. With 200 ohm source
ance can operale from a tube secondary impedance becomes 250,000 ohms ... loaded response is —4 db. at 300 cycles. d
r nting a source imped- ****can be used for 500 ohm load. ., i L L .

n‘m 7700 shms. ete In 25,000 ohm primary impedance 1.5 Ma. DC.

addition, tronsformers can be
uzed for dpplications differ-
ing considerably from those
snown, keeping in mind that
i dance ratie is tant.
Lowar source (mpedance will
improve response ond level
radings . . . higher source im-
pedance will reduce frequency
ronga and level rating.

Y1590 VARLCK STREET &

¥

il e PR ! Iy Ve . 3 4 .
EXPORT DIVISIONT 13 EAST, 40th STREET, NEW! YORK! ‘16, N. Y. CABLES: “ARLABM:
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