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for the
FiINEST

in recorded
sound

RCAVACTOR | ity

HRecorels ;

America’s leading phonograph record manufacturers use

c.udiortap_g‘ Jor the original sound

and i ..i:cs"for the master recording

0 ONE listens to recorded sound with a more critical ear
N than the professional recordists who make America’s finest
phonograph records. Here there can be no compromise with
quality.

That’s why it’s significant that so many of them repeatedly
specify Audiotape and Audiodiscs to meet their most exacting Aunlo DEVIC Esl Inc.
requirements. For example, it was found that 29 of the 30 444 MADISON AVE., NEW YORK 22, N. Y
best selling records of 1952 were made from Audiodisc Export Dupt.: 13 East 40th St., New York 16, N. ¥

: “ARLAB"
masters. And over 439 were first recorded on Audiotape <ables

hefore being transferred to the master discs.
Remember - you get this same superlative sound by using
Audiotape and Audiodiscs in your recording work.

@ The exclusive trade-mark of Columbia Long Playing Records — Reg. U.S. Pai. Of.

® Trade Mark. Audiodisce are manufactured in the U.S.A.
under exclusive license from PYRAL, S.A.R.L., Paris

WWW. asknefrieaniadiahigstory. com
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George E. Sokolsky is one of the most prolific writers on the political life of our
time in addition to being a radio commentator and newspaper columnist.
Because of the press of work, hie would ordinarily need at Jeast
ten secretaries to handle his voluminous daily output of
words. A devotee of the dictating instrument
for this reason, Mr. Sokolsky is
shown with his new V. P.

Edison Voicewriter.
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NEW AUDIO
ATTENUATOR

ACTUAL
SIZE

TYPE
8514-8

For mixing and dubbing...eliminates
knob twisting...Straight-Line, slide-
wire control, using a ladder circuit.

Write today for Bulletin C-1025.
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TRIAD “HS" Series Output Transformers
represent the application of the most modern
techniques in the design of fine audio
equipment. Use of the very best core materials, l
combined with interleaved coil structures, |
have resulted in an open circuit inductance

to leakage inductance ratio of 10,000, [
representing a frequency response range of

better than 13 octaves.
These transformers will
deliver full rated power
output within 1 db. from
7-50000 cycles. Hermeti-
cally sealed. “’Climatite”
treated. Listed below
are outputs devel-

oped especially for
Williamson type circuit.

Apphestion — J_"""d‘_"‘! A

Troe —

_Ne. _ Primary Secondary  Walts

MSm.18y Pp KY.66% 807, 10000 16/ =
ete.—for Witiamson  Sglit primary A &

) aneut, |

MSM-1% Az above—lo fine. 10000 500250325 25
- Split primary, |

] T [ FAsm-189

paft—— — s i

— ! La

bl | e & L L .T.,, |

A 6 |1 i |

1 TR 090 % 100 00 108 SH O 58 200300 308 J

|  cveiks 4

Triad also offers a group of low-cost high level
outputs, second only in performance to Triad's
famous “HS"" Series. These transformers have a
frequency response
linear within 1 db. from
15-45000 cycles. May
be used with feedback
loops employing as high
as 30 db. of negative
feedback. Specifica-
tions and frequency
response curve on the
S-148A, for Williamson
type circuit, is shown.

Type ____Impedance Qutpul
_ Ne. Application Primary Secondary  Wats
S-1404 P-p. KT-66, 807, ete. triodes 10000 C.T. 4815 25

fol scasa T TTITTL]
off E Z +— —1 .iﬁ

v — lﬁ_ e 1 ! X

i o T |

1 o8
TOK 15K 208 30K 30
___cevcees o 1

WRITE FOR CATALOG TR-53F

TRANSFORMER CORP.
4055 Redwood Ave. « Venice, Calif. I

portant developments of this audic age,
but unfortunately it is not (theoretically,
at least) as simple in principle as disc re-
cording. For one thing, there are the
problems of using recording heads with
sufficiently low impedance to permit ade-
quate bias current flow without making the
impedance so low at the lower audio fre-
quencies that no conceivable vacuum-tube
plate circuit can operate satisfactorily.
The recording head can never be of
particularly high impedance as long as the
audio winding is also used to carry bias
current, as is usually dictated by economy
and magnetic circuit design. Given a con-
stant-voltage audio source such as the usual
triode, the low-frequency head current is
huge compared to that at high frequencies,
with corresponding variation in the flux
left on the tape. The solution is to have a
source which is of a constant-current na-
ture—an essentially resistive head circuit.
There are two usual ways of doing the
job. One is to employ triode output tubes
and insert a relatively high resistance in
series with the tube and the head. This
tends to keep the circuit (including head)
current constant and works very satis-
factorily. It is highly inefficient, however,
because of the large audio drop through
the series resistor, making only a small
portion of the amplified power available.
The second way is to use a pentode tube
to feed the recording head, since a pentode
is essentially a constant-current generator
due to its high internal impedance. Un-
fortunately, the distortion of a pentode in
this service—especially considering the low
impedance of the head, which is its load—
is far too high for good-quality recording.

TAPE RECORDING is one of the most im-

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

AUDLID
EZAN QAN RIS

RICHARD H. DORF~

Myron J. Stolaroff of Redwood City,
Calif., discloses a new circuit for using a
pentode with very little distortion in his
patent No. 2,634,335, assigned to Ampex.
One form of it is diagrammed in Fig. 1.

As in the usual tape recorder, the micro-
phone is féd to a preamplifier, the output
of which goes to the grid of a pentode, a
6AC7 in this illustration. R, is the usual
grid-leak resistor and R, is a combination
cathode-bias and negative-feedback re-
sistor.

The load for the tube is a current trans-
former 7 with a turns ratio of about
5.5: 1. Note that the lower end of the pri-
mary goes through choke L, to the B-sup-
ply and for a.. is connected to the cathode
of the tube through blocking capacitor C..
The secondary is connected to the head
through antiresonant circuit Cy~Li, tuned
to the frequency of the ultrasonic bias to
prevent bias current from flowing through
the transformer secondary. The secondary
circuit is completed through the recording
head to ground for a.c. through blocking
capacitor C.. A voltage divider R~R;
across the high-voltage supply adds a
small amount of direct current bias to the
a.c. bias from the high-frequency oscillator.
This does not really constitute part of the
invention but the author has found it use-
ful. C; is the I.f. oscillator output blocking
capacitor.

The lower end of the transformer sec-
ondary is connected to the tube cathode
rather than to ground. Thus head current
passes through R: in phase opposition to
the current through R: due to the tube
plate-screen current. This is a negative
feedback connection to reduce distortion.
Its special value is that it accounts for
magnetic-circuit non-linearities as well as
distortion produced in the tube.

Now let us see how the circuit performs.

o]
MIKE ng PRE AMP
o

Ip 2 9me

L O
OSGILLATOR

26000 AT 15000,

[R] i
HEAD - _-TAPE

F S
L2
8+
g
-
228
2 §t
T
: - =
o - 2
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Fig. 1.
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BRAND

s REG. U.S. PAT. OFF.

gives you 2 new recording firsts!

(1) “Scotch” Brand 120A “High-Output” Magnetic Tape

NEw COATING! revolutionary magnetic material offers
unparalleled sensitivity.

GREATLY REDUCED HARMONIC DISTORTION can be achieved
by recording at lower input level while still maintain-
ing accustomed play-back levels, or—

INCREASED OUTPUT! gain 8 to 12 db more output than any
conventional magnetic tape with no increase in noise
or harmonic distortion.

NEw CoLOR! dark green color unmistakably identifies.

GUARANTEED UNIFORMITY! output variation within a 1200-
ft. reel at 1000 cps is less than plus or minus 14§ db
and is less than 15 db from reel to reel.

NEw DRY LUBRICATION PROCESS minimizes head and
machine wear, assures freedom from squealing, cup-
ping, curling.

1009, SPLICE-FREE in all lengths including 2400-ft.

(2) “Scotch” Brand “V”’ Slot 7-in. Plastic Reel

ExcLuUsIvE “V” SLOT! easiest, quickest threading device
yet perfected.

2%-in. HuB! only large hub reel that takes standard lengths
of all magnetic tapes, minimizes timing errors, elimi-
nates tape spillage in rewind.

WIDE SPOKES! 459, more plastic gives extra rigidity, pre-
cision balancing.

TAPERED FLANGES eliminate frayed tape edges, give
smoother wind.

EASIER LABELING! larger, unobstructed writing and label-
ing surface.

Costs NO MORE than ordinary reels!

T SCQ'I:CH Magnetic Tape and ““V”’ Slot Plastic Reel H
AN
T he acknowledged international standard of the recording industry

High-Output and TM 3M Co. The term "*SCOTCH"" and the plaid design are registered trademarks for Sound Recording Tape made in U.S.A. by MINNESOTA
MINING & MFG. CO, St. Paul 6, Minn.—also makers of “Scotch” Brand Pressure-Sensitive Tapes, ‘Underseal” Rubberized Coating, “‘Scotchlite” Reflective
Sheeting, “Safety-Walk” Non-slip Surfacing, ““3M”* Abrasives, “3M" Adhesives. General Export: 122 E. 42nd St., New York 17, N.Y. In Canada: London, Ont., Can.
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BRUSH ELECTRONICS

PIEZO-ELECTRIC MATERIALS =«

North American F-86F Sabre Jet

VIBRATION DATA

recorded by
14-channel Brush Magnetic Head

KA precision Brush multichannel head assures faithful
reproduction in the Davies magnetic tape data recorder,
used to record vibration in jet aircraft and shock waves
in seismic and oil field exploration.

This head has one synchronizing channel and 13 data
channels, all of which record on a single tape 13" wide.
Precision gap alignment permits recording on one machine
and playback on another machine with
all signals in perfect time-phase
relationship—an exclusive advan-
tage of Brush multi-
channel heads.

For complete informa-
tion, write Brush Elec-
tronics Company, Dept.
ZZ-8, 3405 Perkins Ave.,
Cleveland 14, Ohio.

Magnetic Tape Data
Recorder, made by Davies
Laboratories, Inc., Riverdale, Md.,
uses Brush Magnetic Heads

for Accurate Recording.

COMPANY

formerly
The Brush Development Co.
Brush Electrenies Company
s an operating unit-of
Clevite Corporation.

INDUSTRIAL AND RESEARCH IRSTRUMENTS
ACOUSTIC DEVICES
MAGNETIC RECORDING EQUIPMENT

ULTRASONIC EQUIPMENT

|

FILTER

RECTIFIER

INPUT

OQUTPUT

@
+
O—C

Fig. 2.

The 6AC7 has a plate resistance of about
0.75 megohis and a mutual conductance of
9000 micromhos. The recording head im-
pedance reaches a maximum of 600 ohms at
15,000 cps; this is reflected back to the
primary as a little over 18,000 ohms which,
added vectorially to the 0.75-meg tube
plate resistance, makes a total change too
small to notice. Since the net output-cir-
cuit impedance therefore remains essen-
tially constant, the head current also re-
mains constant.

The value of R, shown gives a plate cur-
rent of 9 ma, about normal for the 6AC7.
The transformer secondary-circuit current
flowing through K. in phase opposition to
the plate current reduces the distortion due
to both tube and head by a factor of

1+ GmRer

where Gm is the transconductance of the
tube in mhos, R¢ is R, and r is the trans-
former stepdown ratio. The value of the
fraction is 1/12.9 or 7.8 per cent of the
initial tube distortion. If, we figure that
the initial distortion of the 6AC7 with such
a low-impedance load would be about 20 per
cent at full output, the total distortion with
the feedback circuit is reduced to 7.8 per
cent of that or 1.56 per cent, a value easily
tolerated, especially since full output is
rarely approached.l

Automatic Distortion Control

George A. Bonadio of Watertown, N. Y.,
is the mventor of what he calls an auto-
matic distortion control. While there is
some question in my mind as to its prac-
tical value in very many cases, it is in-
genious and simple, making it a good can-
didate for inclusion in this section of AL
The patent number is 2,634,339 and one
way of using the invention is diagrammed
in Fig. 2.

The invention is premised on the fact
that even a well designed amplifier will dis-
tort if overloaded by too high an input sig-
nal. It controls distortion by preventing the
signal from getting that high. )

In Fig. 2, V. is a standard if. amplifier
stage of a receiver, Vs the detector, and V.
the audio amplifier. Ry is connected between
the input and output of the audio stage
through blocking capacitors C; and Ci. Its
valte is high enough to prevent its having
any effect on the stage itseli—perhaps 1 to
10 megohms (unless it is also to be used as

1 The inventor gives values for the frac-
tion, the distortion reduction, and the final
distortion of 1/139, 7.2 per cent, and 1.44
per cent. One of us is less than a genius,
arithmetically speaking. I am taking a
chance on my own version.

AUDIO ENGINEERING e AUGUST, 1953
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Cam - operated,
“leaf-type’” in-
terlocking push- b
button

i

A

¢

o

Hinged front panel—and ““Swing-
vp” amplifier frame make all
underside components easily
accessible,

Easily removed top cover
provides quick access to
tubes and external conne¢-
tions. The BC-2B will fit
snug against the studio
window,

' %

W\ comsolette

Lobrevdel! for error-proof” control

The new consolette
BC-2B provides all the
lessential audio facili-

¥

switch

ties needed by most
AM, FM, and TV stations — plus
many extra operating advantages not
previously available in 2 standard
consolette. It speeds up switching
operations substantially over previous

¥ ONGINEERING PRODUCTS DEPARTMENT

designs. It provides for complete
control of all studio operations. The
BC-2B gives your station “deluxe”
features at a "standard” price.

Read the list of exclusive “‘extra”
features the new BC-2B offers you.
Then ask your RCA Broadcast Sales
Representative for complete details.

His service is as near as your phone.

RADIO CORPORATION of AMERICA

CAMDEN N.J.

1N extra features!

“"Color-coded’”’ controls quickly iden-
tify and tie related functions together.
New, leaf-type cam-operated interlock-
ing, pushb-button switches.

New binged [rpm panel for easy access
t0 switches, gain ¢ontrols, and comtacts.
Amplifiers mounted on 'swing-up’
frame; chassis eaty to remove,

New 30° sloping top panel for maximum
studio visibi, ily—:?vlmg compatible with
modern AM and TV practice.

New. compact amplifiars use low-noise,
lomg-life, miniature 1ubes.

Improved; faster-operating speaker relays
eliminate key clicks and audio feedback.
Lamp dimmer for VU meter (ideal for
TV service).

8 bigh-level mixing channels, separate
gain controls for network and remote.
Turntable mixers with ""built-in"’ c¢ueing
switches.

No clearance required at rear—can be
installed up against ewalls and comtrol
room windows. Uses less desk space, 100.
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attractively styled
permanently plated

ruggedly built

The New TURNER 90
Carbon
MObile Microphone Size. 3-11/16 by 2-1/2 by 1.5/16

Ideal for your mobile rig. A permanently plated
microphone with real eye appeal. Designed and
built to comfortably fit the hand . . . engineered
for maximum response to voice, minimum distor-
tion. Rugged zinc die cast case plated with durable
satin chrome.

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

a new slim, modern

n low cost dynamic

The TURNER ADA 95D

f \ Speakers are seen as well as heard with this new,
1 popularly priced dynamic. Its excellent sound char-
acteristics make it ideal for high quality P.A. and

:ae recording work. Maximum sensitivity to voice and

music with Alnico V magnets and moving coils;

(f - frequency response, 70 to 10,000 cps; output level,
."‘i' - —58 db; standard 5/8”—27 coupler swings micro-

phone in 60° arc; satin chrome finish; 20 ft. remov-
able cable set; choice of 50, 200, 500 ohms or high

impedance: switch models also available.

List price: ADA95 - $35.00
(With siide .rwllclx) ADASISD 4 $38.50

THE TURNER comPANY

929 17th Street N.E., Cedar Rapids, fowa

In Canada: Canadian Marconi Co., Toronto, Ont. and Branches
Export: Ad. Auriema, Inc., 89 Broad Street, New York 4, N.Y.

WWW. asknerieaniadiahigstory.com

a negative feedback resistor, which is ex-
traneous to this story). Since, in the ab-
sence of stage distortion, the voltages at
its ends with respect to ground have the
same waveform in opposite phase, there is
some point along the potentiometer (ob-
viously to the left of center—electronically
speaking) where the audio voltage with re-
spect to ground will be zero.

At this point the arm of the potentiome-
ter is set and connected to a rectifier and
filter. The output of the filter is connected
to the grid circuit of V..

When distortion is zero—or as low as
when the setting was made—everything op-
erates normally. But when the audio stage
distorts, the waveforms at the two ends of
R, are no longer similar and probably the
levels are not as before. Therefore a volt-
age appears at the potentiometer tap. This
voltage is rectified, filtered, and applied as
negative bias to the if. amplifier grid,
bringing the volume down. Obviously the
level cannot be reduced to the point of the
original low distortion since the would then
be no control voltage; it must reach an
equilibrium point. However, distortion can
be kept quite close to the original value,
especially if amplification is added some-
w}gire between the tap on R, and the i.f.
grid.

The same invention can be used on an
audio amplifier if the amplifier has a vol-
ume expander or compressor. Then R; is
run between a late stage (preferably the
output stage) plate and an earlier stage
with the proper phase relationship. The rec-
tified voltage is applied in proper polarity
to the expander or compressor to make vol-
ume reduce when distortion appears.

The reason I wondered about practicality
is that few occaSions arise for running
sound systems at volumes so close to high-
distortion points.

Patent Language

It ts a relief to be able to record that the
language of patent specifications has been
gradually coming closer and closer to rea-
sonable engineering English. While it is
necessary to be more legalistic in the lan-
guage than, for instance, an A article,
there is little excuse for a phrase that
speaks of circuits “in parallelism,” for in-
stance. This appeared in a patent of my
own and I regret to say I was too weak-
kneed to talk my attorney out of it. It is
only a mild sample, however, of some of the
nonsense that has cluttered up patent speci-
fications and made them hard to understand.

The worst offenders are foreign inven-
tors, who are subjected to translators who
sometimes appear to have turned up from
the Elizabethan era (the first one, that is)
with the aid of a time machine. Not only
are constructions problems in cryptology,
but the choice of words brings to mind a
picture of the translator poring over a
larousse and selecting the largest unfamiliar
word he can find.

There is a patent on my desk at the mo-
ment, for example, showing how the rela-
tive outputs of four loudspeakers are con-
trolled by a device with objects duplicating
in miniature the positions of the speakers.
“Under these conditions,” it says, “a cor-
respondence which is substantially near to
a homology is obtained. . . . T will not
attempt to translate. Words are constantly
used in this.and many other foreign patents
with correct dictionary meanings but en-
tirely erroneous connotations.

One of the essential ingredients of good
engineering is maximum possible simplicity.
Patents are records of engineering work.
Even though attorneys are usually respon-
sible for their form, it seems to me that
poor, vague, and intricate construction re-
flect on the reputation of the patentee.
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in tone arm design in
many decades!

The entirely new suspension principle of
the Gray 108-B makes it hug the grooves . . .
prevents stylus skidding on worn records —
overcomes groove-jumping caused by floor
vibrations. Its “viscous-damped” design pro-
vides perfect tracking, virtually eliminates

tone arm resonances, and prevents any pos-

sibility of record damage if the arm is dropped.

Here is the first basic advance

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

nances—cannot damage record if accidentally dropped.

) The GRAY “Viscous-Damped”

108-B Tone Arm

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

versatile arm!

Gray Research & Development Co., Inc.
Hilliard Street, Manchester, Conn.

“Viscous-Damped” 108-B Tone Arm.

Please send me your Bulletin RF-8 on the new Gray

NAME
AND DEVELOPMENT (0., INC., HILLIARD STREEY, MANCHESTER, CONN. eomcss
Division of The GRAY MANUFACTURING COMPANY—Originators of the
Gray Telephone Pay Siation and the Gray Audograph and PhonAudograph | = —
| cITY STATE
AUDIO ENGINEERING ® AUGUST, 1953 7
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1 Check these ratings
of the Tung-Sol 5881

PLATE CURRENT (1) - MILLIAMPERES

o

300
PLATE ¥OLTS

CLASS AB1 PUSH-PULL AMPLIFIER —TRIODE CONNECTION
Grid §2 connected to Plote Volues ore for two tubes

Heater Voltoge 6.3 Volts
Heater Current 0.9 Amp.
Plote Voltage 400 Volts
Grid Voltage -45 Volts
Peok AF Grid to Grid Voltoge 90 Volis
Zero-Signal Plate Current 65 Ma.
Moximum Signal Plote Current 130 Ma.
Load Resistonce 4000 Ohms
Total Harmonic Distortion 4.4 Percent
Power Output 13.3 Watts
RATINGS (interpreted According to RMA Standard M8.210)
Heater Voltoge 6.3 Volts
Mazimum Heater-Cathode Voltage 200 Volts
Maximum Plote Voltage 400 Vols
Maximum Grid 2 Voliage 400 Volts
Maximum Plate Voltage (Triode Connection} 400 Volts
Moximum Plote Dissipotion 23 W atts
Maximum Grid #2 Disslpation . 3 Wotts
Maxi Plate Dissipation {Triode C ion) 26 Watts
Maximum Grid Resistance (Fixed Bias) 0.1 Megohm
Mazimum Grid Resistance (Self Bias) 0.5

Megohm

In creating the 5881, Tung-Sol engincers have made fullest use
of design and production techniques which have proved them-
selves over the past 15 years. Pure barium getter to effectively
absorb gas for the life of the tube—gold-plated wire to minimize
grid emission—are among the major design improvements in the
5881. This tube is directly interchangeable with the 6L6.
Tung-Sol produces the 5881 under laboratory conditions to in-
sure peak efficiency and maximum uniformity. Order it from
your regular supplier.

TUNG-SOL ELECTRIC INC., Newark 4, N. J.
Sales Offices: Atlanta, Chicago, Culver City (Los Angeles), Dallas,
Denver, Detroit, Newark, Seattle
TUNG-SOL makes: All-Glass Sealed Beam Lamps, Miniature Lamps.
Signal-Flashers, Picture Tubes, Radio. TV and Special Purpose Electron

Tubes and Semiconductor Products.

LETTERS

Mu Versus A
Sir:

In Chapter 12 Part | of Mr. Villchur’s “Handbook of Sound
Reproduction” the statement is made that the “effective source
impedance is reduced upon application of negative voltage feed-
back by the same factor as the gain, namely 1/(1 - AB).” For-
tunately, this is not the case. | say fortunately, since if this
were the case, it would be considerably more difficult to make
the average feedback heam power tube amplifier look like a
triode amplifier. Actually the effective source impedance in a
power output stage is reduced by the factor 1/(1-nuf). Since
the p of a beam power tube is considerably greater than the
gain, the source impedance is reduced much more than the gain
is, The typical heam power amplifier to which 12 db of feedback
is applied will have the gain reduced by a factor of four, while
the source impedance is reduced by the factor of about forty or
more.

If the initial effective source impedance is defined as the tube
source impedance in parallel with the load, then application of
feedback will reduce this effective source impedance by the factor
mentioned in Mr. Villchur's article. However, in power output
stages this definition of source impedance is normally of no
significance.

RoBert M. MITCHELL
133-19 Blossom Ave,
Flushing, N. Y.

Answers to the Q & A Question
Sir:

Your magazine is tops—keep it that way! Do not fill pages
with stupid Q&A’s, although a few interesting ones might

be good.
I would like to see an article on connecting a tape recorder
to a TV set. Also a method of changing a Philco 1000 to a

sweep audio ’scope. I have found a small 'scope almost indis-
pensable with a frequency sweep record in visualizing equaliza-
tion. | propose that every complete audio outfit include such an
important tool. Hum and high resonant frequencies can he spotted
immediately and eliminated without the need for trained ears.
Endless bands for tape machines can also be used. Those who
are bethered by roll-off trouble should try tweeters which can
he turned down in steps. They could mark the switch or pot
with the type of record.

TroMAS M. WaLToN

4583 G Street

Philadelphia, Pa.

Sir:
... Question and answer department would be very welcome,
) : T, H 3
Please don’t make it solid high-level engineering dope only,

however.
H. R. Medland
Philadelphia, Pa.
Equipment Reports
Sir:
Your Equipmem Report section is very interesting, but so
far has never reviewed speakers or enclosures, Most audio men

will agree that the weakest link in high-quality audio is the
speaker/enclosure combination. Why the oversight?

C(;uld you kindly give an opinion of how the speakers
rate?
Incidentally, I think a Q&A department would be worthwhile.

B. RoroLo
125 Prospect St.,
East Orange, N. J.

(Equipment Reports on amplifiers, tuners record players, etc.
are based on readily measured performance factors such as fre-
quency response, sensitivily, distortion, hum, and so on. Any
report on speakers would be largely subjective unless very
claborate measuring equipment and a room especially designed
for tests of that type were available. It is well known that trwo
different makes of speakers—of equal quality—will sound dif-
ferent, so the user should actually make his own choice after
listening to a number of speakers and enclosures, using the same
source material and the same equipment throughout. Since what
one person likes may not satisfy another, A has consistently
reconvmended this method of selection. Similarly, A cannot rate
speakers, but simply suggests that all speakers listed by their
manufacturers as hi-fi models shouwld be of good reliable con-
struction. Hear them and make your own choice. Ep.)
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SILECTRON C-CORES...BIG or LITTLE

...any/quantity and any size

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

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

. Boston: 200 Berkeley St.
=T

* Los Angees: 3450 Wihire Bvd.

waD 4382
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Precision
@Wﬂ

YOUR PRODUCTION AT ITS BEST

CLOSE CHECK ON
PROCESSING
Constant analyses and sampling of
every processing operation is the
function of this department. Sen-
sitometric operations test the re-
sponses of raw stock emulsions;
densitometry is employed to check
on developing and printing results.

YOUR ASSURANCE OF
BETTER 16~ PRINTS

15 Years Research and Specialization in every phase of 16mm processing,
visnal and aural. So organized and equipped that all Precision jobs are of the
highest quality.

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

Our Advanced Methods and our constant checking and adoption of up-to-
the-minute techniques, plus new engineering principles and special machinery
enable us to offer service unequalled anywhere!

Newest Facilities in the 16mm field are available to customers of Precision,
including the most modern applications of electronics, chemistry, physies, opties,
sensitometry and densitometry — including exclusive Maurer.designed equip-
ment — your guarantee that only the best is yours at Precision!

Precision Film Laboratories—a di- 5
vision of I. A. Maurer, Inc., has 14
years of specialization in the 16mm
field,consistently meets the latest de-

mands for higher quality and speed.

FILM LABORATORIES, INC.

I
- - — el 21 West 46th St.,
E» = g g YR New York 36, N.Y.

JU 2-3970

NEW LITERATURE

® National Wooden Box Assoclation, Barr
Building, Washington 6, D. C., has per-
formed a great service to American manu-
facturers who ship to overseas customers,
with the preparation of a 20-page booklet
titled “Export Packing.” The publication
opens with an analysis of goods to be
shipped, continues with determination of
box or crate specifications, and includes
pertinent information on nalling, strap-
ping, interior blocking, bracing, and mark-
ing procedures. A glossary of terms and
a list of government requirements are in-
ctuded for reference. Printed in color and
liberally illustrated, “Export Packing” is
available to manufacturers through indi-
vidual members of the box and crate in-
dustry or on written request to the As-
sociation.

¢ Benjamin Electric Mfg. Co., Des Plaines,
111, covers a variety of subjects interest-
ing to audio engineers in a new data book
and catalog titled, “Industrial Signal
Guide Book.” Devoted essentially to in-
dustrial sound signals, the book includes
a simplified explanation of fundamentals
of sound; a glossary of signal and sound
terms; suggested steps in choosing a sig-
nal installation, and hints for compiling
a coding signal call system. Varleus in-
dustrial signalling devices are illustrated
and described. Available without charge.

® Shure Brothers, Inc, 225 W. Huron St.,
Chicago 10, 1ll., covers all of the com-
pany’s products in newly-issued Catalog
No. 44. Products listed include micro-
bhones, microphone parts and accessories,
phono cartridges and accessories, wire
and tape recording heads, as well as re-
placement data on all of these compo-
nents.

@ The Indiana Steel Products Company,
Valparaiso, Ind., is now introducing “Ap-
plled Magnetics,” a new technical publica-
tion designed for helpfulness to engineers
who have interest in permanent magnets
as a component of their company's prod-
cts. Published bi-monthly, the magazine
contains material designed primarily to
aid engineers in the development of per-
manent magnets that are best suited for
their particular applications. “Applied
Magnetics” will be sent without charge
to engineers, scientists, and others inter-
ested in the professional use of permanent
magnets.

® Thermosen, Inc., 361 W, Main St., Stam-
ford, Conn., in a recently published 4-page
folder, gives complete specifications for
six temperature-limited diodes having sta-
ble emission characteristics and which are
avallable as standard stock items. Three
of the tubes incorporate a safety feature
by which filament failure closes an exter-
nal high-impedance circuit. Listing in-
cludes both electrical and mechanical data,
also basing diagrams and basing designa-
tions. Copy available on request.

® Tube Department of the RCA Victor
Division, Radlo Corporation of America,
has produced an educational picture book-
let of photographs, cutaway drawings,
and exploded views showing structural
details of vacuum tubes used In both
home and industry. Covered are tubes
ranging from sub-miniatures to super-
power beam triodes, including such di-
verse types as image orthicons and photo-
tubes. Stated to be the most detailed and
complete compilation of its kind, the
booklet was prepared especially for use
as a visual instruction aid in schools. It
is printed on special 70-1b. coated paper
to permit direct photographic reproduc-
tion of both jlustrations and text. Con-
taining 16 pages and priced at 25 cents,
the booklet is obtainable from Commercial
Engineering, RCA Tube Department, Har-
rison,\WN. J.

® Centralab Division of Globe-Union, Inc.,
900 E. Keefe Ave., Milwaukee, Wis, is
now distributing Printed Electronic Cir-
cuit Guide Number 2, a completely re-
vised and enhanced version of the original
P. E. C. directory published earlier. Listed
are 27 standard stock units furnished by
Centralab through its distributors, as weil
as complete circuits, components, and ap-
plications. Requests for free copy of the
P. B. C. guide should be directed to De-
partment D-33.
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HIGH SENSITIVITY

Very high flux density is utilized in E-V
dynamic microphones for utmost sensl-
tivity. The Model 650, for example, Is the
most sensitive wide-range microphone that
has ever been built commercially.

LIGHT WEIGHT—=SMALL SIZE

Comparison shows how much lighter in
weight E-V units are than bulky, less sensi-
tive microphones. The Model 655, for ex-
ample, weighs only 11 ounces. Smaller
microphone with matte gray finish is natu-
rally unobtrusive and scarcely noticed if
it gets into the picture,

RUGGED—INDESTRUCTIBLE

Use of the blast-proof, corrosion-proof
E-V Acoustalloy diaphragm, enables these
microphones to withstand the most severe
shock without fear of Internal damage.
Even after immersion in water, operating
characteristics are unaffected. This means
fong, trouble-free, economical service un-
der all types of operating conditions.

WIDE-RANGE—STABLE

Because these dynamic microphones utilize
the exclusive E-V Acoustalloy diaphragm,
they are virtually flat across the entire
reproduced range. Furthermore, the frontal
cavity in each is used to load acoustically
the diaphragm itself for extended high-
frequency range.

NO BLOOPS AND POPS

E-V Slim-Trim models have Integral blast
and wind shield. This feature ellminates
bloops and pops from explosive labial
sounds, insures Clean quality throughout
the program with the maximum of maneu-
verability, and solves critical placement.
Location work outside with high ambient
wind nolse is made practical and easy.

*Reference Level: 1 mw/10 dynes/cm?

Reasons why
E-V is STANDARD EQUIPMENT

Vs BG

MODEL 650 DYNAMIC
Response 40-15,000 cps,
# 2 db. Power rating
—48 db*. Omnidirec-
tional. 50-250 ohm im-
pedance selector. Ducl
exfernal shock mount.
List, $150 Net, $90

MODEL 635 DYNAMIC

Compact, rugged for
hond, stond or boom.
Response 60-13.000 ¢ps,
* 2.5 db. Power rating
—55 db*. Omnidirec-
tionol. 50-250 ohm im-
pedance selector.

List, $75 Net $45

WW\W. aknerteaniadiahis
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MODEL 654 DYNAMIC

Response 50-13,000 cps,
=+ 2.5 db. Power rating
—55 db*. Omnidirec-
tionol. 50-250 ohm im-
pedonce selectar. Inte-
gral breath-blast filter.
List, $95 Net, $57

Write to E-V
Broadcast
Division for
helpful
information.

MODEL 655 DYNAMIC
Response 40-15,000 cps,
=+ 2 db. Power rating
—55 db*. Omnidirec-
tional. Integral blost
filter. 250 ohms imp.
Easy change to 50 ohms.
List, $200 Net, $120

MODEL 646 DYNAMIC
Small size. Response
40-14,000 ¢ps, > 2.5 db
in high range, spe-
ciolly compensated for
chest operotion, Pawer
roting —57 db*. Omni-
directional. Infegral
blast filter. Choice of
50, 150 or 250 ohms.
List, $140 Nes, $84

E-V dynamic microphones

are in daily use on network and
local telecasts and broadcasts—
in the studio and on remotes—
indoors and outdoors. They give
more in-service operating hours.
Smooth, peak-free, wide-range
response and wide acceptance
angle enhance naturalness in the
reproduction of voice and music.
No closely associated auxiliary
amplifier equipment is required.
Each E-V microphone is
guaranteed to be within its very
close tolerance specifications.
Standard connectors. TV gray
and satin chromium finishes.

Electho Yorce

BUCHANAN,

MICHIG AN

Export: 13 East 40th St., New York 16, US.A. Cables: Arlab
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to the
E.E. or
PHYSICS GRADUATE

with an interest
or experience in

RADAR o~
ELECTRONICS

Hughes Reseurch und
Development Laboratories, one
of the nation’s lurge electronic
organizations, are now crealing a
number of new openings in an
important phase of operations.

Here is

what one of
these

positions gffers
you

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

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

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

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

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

How
to
apply

If you are under 35 years of age
and have an E.E. or Physics
degree and an interest or
experience in radar or electronics,

write

to HUGHES

RESEARCH AND DEVELOPMENT
LABORATORIES

Scientific and Engineering Staff
Culver City,
Los Angeles County, California

Assurance is required that the relocation of the :
applicant will not cause the disruption of an 1
urgent military project. 1

H

W. R. AYRES*

Optimum Loading
for Power Amplifier

graphical methods may be employed for

power output prediction, and for the
estimation of harmonic distortion. \While
tube characteristic curves are essential in
basic vacuum-tube circuit design, optimum
loading of a high-fidelity amplifier is often
a practical compromise among varied con-
siderations, some of which may be evalu-
ated readily only by experimental means.
But experimeuts, like calculations, must be
carefully controlled as to content and in-
terpretation,. to usefully represent planned
operation or production practice.

IN PRELIMINARY AMPLIFIER development,

TMOOE  mATE
CHARACTERISTIC

o

PLATE  miLLiaAMPENES

pLATE

vouLTs

Fig. 1.

The Graphical Method

Amplifier loading sets the path of plate-
signal operation as displaved on conven-
tional plate-family characteristic curves.
Here the operating point is the no-signal
combination of plate-voltage, plate-current,
and grid bias, and is shown as P in Fig. 1.
In simple single-ended operation with re-
sistive loading. the load-line is straight and
passes through the operating point with a
negative slope equal to the reciprocal of the
load resistance. For greatest power output,
point P is customarily at the highest plate
voltage consistent with tube ratings and
power supply capability, with idling plate
current corresponding to rated plate dis-
sipation. Occasionally, and possibly with
higher distortion. the operating point must
be lowered in either voltage or current to
keep maximum-signal plate or screen dis-
sipation within satisfactory limits.

Assuming no distortion. maximum power
output without grid current is:

(Emaz Emin) _([mz.t
8

where Emin and Imaz are the instantaneous
values of plate voltage and plate current at
the intersection of the load line with the
curve for E¢=0, and Emaz and Imin are the
instantaneous values of plate voltage and
plate current at the intersection of the load

*RCA Victor, Camden, N. J.

watts,

lin€ with the curve for Ec equal to twice
the bias at the operating point.

The load resistance to bring about this
operation is:

Ry (Ema.z' nin

(Imaz ~Imin)

Power output is proportional to the area
of the right triangle bencath hypotenuse
AB. With common triode characteristics,
this triangular area, and hence the power
output, is greatest for a load-line slope
about half that of the bias lines it crosses -
i.e, for joad resistance about twice the av-
erage plate resistance. For pentodes and
beam-power types, point 4 may prefcrably
he positioned near the knee of the zero-
bias line.

With either triodes or pentodes, with or
without feedback, lower impedance loads
than these approximate values yield higher
distortion and reduced maximum power
output. Greater values of load impedance
also give reduced maximum power output,
but yield lower distortion at low levels.

In push-pull operation, because of the
transformer connection, the output is due
to the dynamic difference between the two
plate currents. Though the transfer charac-
teristic of each tube may be far from linear.
the difference between the two currents, ie.,
the composite current characteristic, may
be quite straight. Operating bias is ideally
chosen to minimize irregularities in the
composite characteristic; however, this fre-
quently requires such low bias that allow-
able plate dissipation would be exceeded.
Therefore, the bias is selected as a com-
promise between distortion and zero-signal
plate current.

At the time of peak positive grid signal
on one tube of a push-pull stage, the other
tube is cut off or nearly so, and a simplified
construction may be used in predicting
power output with a given load resistance.
The method is to draw on the plate family
a load-line having a slope of —1/4R;,
through the plate voltage axis at plate-
cathode supply voltage. Calling this poten
tial Ep, and the intersection of the load-line
with the zero-bias line (Emin, Ima:), the
maximum signal power output is:

P= (E» Emizn) (/mar)

ohms.

waits,

under the assumption that the output wave-
form is negligibly distorted.

The assumption of negligible distortion
is particularly valid in feedback amplifiers,
in which with original sinusoidal input, the
power amplifier grid signal waveform is
modified by feedback as required to pro-
duce sinusoidal output voltage. Thus in low
distortion push-pull feedback amplifiers,
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CABLES

Aptitude-tested Belden Intercommunications Cables are avail-
able for every type of installation and for every type of equip-
ment. The permanence and trouble-free performance of Belden
Inter-Com Cables assure you constant quality in your work. For
more profitable installations, specify Belden Inter-Com Cable.
Belden Manufacturing Company
4689-R W. Van Buren St.
Chicago 44, Ill.

GENERAL PURPOSE PLASTIC INSULATED CABLES.
Flexible, lightweight, and small diameter. Applications

include control, i and ication circuits.
A.W.G. and No. Condrs. 22-4
Stranding 7x30
Nom. Diam (inches) .168x.276
No. Pairs 2
Insulation Thickness (inches) 015

Tinned Copper Shielding
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HI-FI AMPLIFIER
= N & :

The Most Complete
and Versatile Control
of Sound Reproduction

ever offered!

DU

NEW LOUDNESS CONTOUR SELECTOR!

\ An exclusive Bogen control providing com-
i pensated frequency response to moatch any
! listening level.

ALL-INCLUSIVE RECORD COMPENSATION! f

et Seven positions for LP, AES, NAB, AM78,
i EU78, PFRR and Popular records, cover all |
¥ normal requirements,

NEW WIDE RANGE TONE CORRECTION!

[ Individual treble ond bass controls of
| remarkable flexibility. Bass control 17
| db to —18 db ot 40 ¢ps. Treble control
H 415 to —21 db ot 15 ke.

etk aib e ] et e

FOUR-POSITION INPUT SELECTOR!

Provides complete selection of matched
inputs for Magnetic Phono, Radio, TV and
Tape Recorded progrom sources,

—plus the finest overall |
performance ever offered
at a popular price! {

The DB20 embodies all the ad-
vanced design features that have
made BOGEN a by-word for qual-
ity. Power output is 20 watts with
5 feedback loops and partial
cathode loaded output reducing
distortion to a low, low 0.3%. Fre-
quency response is 20 to 20,000 I
cps £0.7 db, D.C. on preamp fila-

ments reduces hum to —75 db. {

WRITE TODAY FOR BULLETINIF-8 v}

' DAVID BOGEN
- co-’ INc.

29 NINTH AVE., NEW YORK 14, N. Y,

4000:9-0j

<
(=3
& g & 5
S 3 3
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=
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263V,
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Fig. 2.

power output at the grid-current point is
affected only slightly by the exact choice of
operating point.

The Experimental Method

If either low values of distortion are in-
volved, or if high accuracy is required, dis-
tortion prediction by graphical methods is
usually impractical. One reason is that the
accuracy with which published curves are
drawn and the closeness to which they can
be read is necessarily limited. Another im-
portant reason is that simply executed
graphical solutions assume resistive loads
and perfect power-supply regulation. A
third difficulty is that preparation of curve
families describing distortion vs. power out-
put for various load impedances and at vari-
ous frequencies is a laborious process by
graphical means. Wisely conducted experi-
ment solves the problem and checks the re-
sult at the same time.

A practical method is to set up the output
stage, power supply, preceding stage and
any other circuit elements likely to influ-
ence the distortion or power output capabil-
ity. For such tests one employs an output
transformer of a type as nearly like the
final model as can be estimated and pro-
cured ; or if an investigation of only the tube
is to be made, impedance-coupling may be
more satisfactory. Performance measure-
ments are then made to determine optimum
loading for the output tube.

A simple circuit and its related harmonic
distortion curves are shown in Figs. 2 and
3. Gain reduction by negative voltage feed-
back from output plate to preceding cathode
was 22 db at a measurement frequency of
1000 cps. Power output of 2 watts into
7000 ohms was obtained with approximately
5 volts r.m.s. input signal. For 6J7 and
6V6-GT, miniature types 5879 and 6AQS
could be substituted with little change in
performance. Impedance coupling is shown
for simplicity; for actual power into the
load, one must take output transformer ef-
ficiency into account.

The output impedance of this small am-
plifier is 400 ohms at the output plate in
the circuit as shown, and may be further
reduced to 160 ohms by bypassing the
6V6-GT cathode resistor. Assuming 90 per
tent transformer copper efficiency, the out-
put impedance on an 8-ohm voice-coil wind-
ing would be 1.35 ohms, or 1.05 ohms with
the 6V6-GT cathode bypassed.

Examination of the distortion curves of
Fig. 3 shows that if a small amount of
maximum power output capability can be
spared, considerable distortion reduction at
hstening levels can be realized by simply
operating with higher load impedance.

Since the usual assignment for amplifiers
1s constant voltage output (for constant
input), regardless of load or frequency
variations, it follows that higher load im-
pedances at high frequencies due to loud-
speaker voice-coil series inductance is more
helpful than burdensome as far as non-
linear distortion is concerned. At low fre-
quencies, however, harmonic distortion in-
creases due to shunting of the useful load
by finite reactance of the primary winding.
The extent to which the load-line can open
to elliptical form under these circumstances
(due to the alternating component of plate
current being large and out of phase with
plate voltage) is sufficient to increase non-
linear distortion appreciably. With the cir-
cuit of Fig. 2, at 2 watts output into 7000
ohms resistive load, distortion increases
with shunt reactance of 7000 ohms from
0.2 per cent to 0.7 per cent. With shunt re-
actance increased to 14,000 ohms, distor-
tion at 2 watts output falls below 0:4 per
cent.

The form of Fig. 3 is a particularly ef-
fective display for finding optimum loading.
These curves may be run at a mid-fre-
quency (say 1000 cps), and at the lowest
and highest frequencies at which rated out-
put is to be obtained. The resulting curve
families permit the designer to select load-
ing conditions which best fit the amplifier
to equipment requirements.

The multiple-frequency formality is nec-
essary because optimum loading is a com-
promise giving proper weights to tube over-
load, and power supply and output trans-
former limitations. One might argue that
if leakage inductance, iron distortion and
reactive loading are severe enough to in-
fluence optimum loading, then the output
transformer should be of better quality. On
the other hand, when the measured distor-
tion at rated power output is no greater at
the lowest and highest required frequencies
than it is at 1000 cps, the transformer is
probably better than is warranted by the
particular tube combination and circuit in
use.

1.8 ! T l " '7' !
4.6 (— FEEDBACK AMPLIFIER £ R » 3000
1000 ¢cps [
14 — "
- — DISTORTION VERSUS 1 To50
z 12— ourpur, vaRIOUS 1 7
o9 — LOAD RESISTANGES v ;
g5 10 I l Gy
=
@
< % o08l— 0.07% SOURCE ya /
z L — DISTORTION /
2 E os
2k © //,(
SHe P A
[ I 04 /, /l
e - e 17 7000
02 — :
0 — —— — —— l
04 02 03 05 07 40 2 3 5 7
WATTS OUTPUT FROM TUBE

Fig. 3.
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AMPEX BLECTRIC CORPORATION - RTDWOOD CITY - CALNEORN A

e _
low HIGH
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They’re the controls on the new AMPEX 350 Tape Recorder

Their quick, positive action will give station operators a new “sureness”
with tape. Cueing is exact; editing is faster; fumbling is out. Remote control
is available too. Responsiveness has always been a part of the Ampex
Standard of Excellence —but now it is better than ever, making the
AMPEX 350 truly the NEWEST OF THE BEST.

e STARTING WITH A SPLIT SYLLABLE

From pressing of the start button to stable tape motion takes 1/10th
second. Tape can be backed off from starting cues as little as one to two
inches. Precise starts become routine. Reliability is supreme.

e STOPPING WITHIN TWO INCHES

Even at 15 inches per second, the tape stops within less than two inches
after the button is pressed. Band type brakes give positive stops; no drift
or tape spillage can occur.

e EASIER CUEING AND EDITING

The Model 350 can be shuttled rapidly between fast forward and rewind
without stopping. Cues for starting, editing or dubbing are speedily lo-
cated. And for convenient editing, the capstan drives on the “pull side”
of the heads.

e ADJUSTMENT FOR REEL SIZES

A new switch selects proper tape tension either for 10Y%2-inch NARTB
reels or for 5 or 7-inch plastic RMA reels. Proper tension means longer
tape life, more accurate timing and truer performance.

AMPEX MODEL 350

The new slant puts all controls within Recorders from $975; Model 350 from $1095; Reproducers
easy reach of any operator, from $495. For further information write today to Dept. B-1279 A
tall or short.
IF YOU PLAN FOR TOMORROW, CORPORATION |

BUY AN AMPEX TODAY

934 CHARTER STREET, REbwooD City, CALIFORNIA

Distributors in princi&al cities; distribution in Canada
by Canadian General Electric Company
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EDITOR'S REPORT

COMING EVENTS

HOWS, EXPOSITIONS, CONVENTIONS, and the Audio
Fair are lined up for the next three months in a
fashion that places a staggering drain on the re-

sources of manufacturers and distributors, not to men
tion those who attend merely as visitors.

First on the list is the Western Electronic Show and
Convention—WESCON-—which takes place at the
Civic Auditorium in San Francisco August 19-21. This
gathering, corresponding to the [RE Show in New
York i March, is held in conjunction with the IRE
West Coast Convention, and offers twenty-five tech-
nical sessions at which over 130 papers will be pre-
sented. Two of the sessions are devoted to audio—the
first being a “Symposium on Measurement of Sound
System Performance” under the chairmanship of Vin-
cent Salmon, while the second is titled *"Acoustics and
Audio Systems.” Both sessions were organized with the
cooperation of the S. F. Section of the Audio Engineer-
ing Society and the IRE Professional Group on Audio,
and hoth are scheduled for Friday. August 21—one in
the morning and one in the afternoon.

The midwest’s hig event is the International Sight
and Sound Exposition combined with the 1953 Audio
Fair in Chicago, opening for a three-day run at the
Palmer House on September 1. The combined show is a
new event—since Audio Fairs heretofore have drawn
capacity crowds withont the addition of TV, it is prob-
able that the Palmer House will resemble a New York
subway car at rush hour. The combination of audio
equipment with television sets for the home is not such
a bad idea—from the audio standpeint. Comparing, in
the same exhibit, the sound quality of the average TV
set with that usnal from high-quality audio installations
should advance the interest in the latter to a great
degree.

S. I. Neiman, president of the ISSE, recently an-
nounced the establishiment of the Exposition’s gold
medals, to be given for outstanding products or services
in the industry. These awards constitute the first recog-
nitions to be given out by any of the many exhibit
managenients. Naturally there is considerable interest
in the Exposition’s medals.

But to the thousands who will attend the Exposition
the greatest attraction will lie in the many exhibits of
audio equipment—properly served up so as to be heard
as well as seen, which is one of the basic differences
between Audio Fairs and most other types of shows.
An audio show without the opportunity of hearing
would be about as useful as a necktie catalog printed in
black and white—the important part would be absent.

The first Audio Fair, held in New York in 1949,
drew an attendance of 3022—which was considered
adequate by all of the exhibitors. The second year drew
5500, the third 8000, and last year’s show in New York
registered over 13,000. Chicago’s first Audio Fair—
held following the Radio Parts Show in May, 1952,
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recorded an attendance of around 9000, and the Los
Angeles \udio Fair last February drew a record 17,000.
Since 1953 is audio’s biggest year since the industry
began to specialize on high-quality reproduction for the
home, new records are certain to he established these
coming few months.

San Francisco is interested in audio, too, and on
September 25-27 the Palace Hotel in the City by the
Golden Gate will play host to the Northern California
Audio Show, where some sixty exhibits will be pre-
sented.

Then conmies the New York Audio Fair, October
14-17. Three floors will he occupied this year, provid-
ing more room for exhibitors and visitors alike. As
usual, the AES will hold its fifth annual convention at
the same time. Of these affairs, more next month and
the next.

The Third Annual High-Fidelity Conference and
Audio Show in the greater Philadelphia area opens
November 3 for a two-day run, occupying the fourth
floor and the Crystal Room of the Benjamin Franklin
Hotel. This show is arranged by the distributors in the
Philadelphia area, but many manufacturers will present
their own exhibits in addition to those of the distributors.

To anyone planning to attend one or more of these
shows, a word of advice: wear a comiortable pair of
shoes, get plenty of rest for at least two weeks before,
he sure not to have a headache the day you attend, and
provide small bits of cotton for those Golden Ears in
case the going gets too rough.

A MUCH-ABUSED TERM

Observers at the recent Chicago show of the National
Association of Music Merchants conmment on the fact
that all sorts of merchandise is now being labeled “high
fidelity.” Tn bygone years, the RMA limited the use of
this term to sets which would reproduce up to 7500 cps.
However, the high-fidelity radio set of the mid-thirties
is a far cry from some of the superb equipment now
available. Even though reproduction from: some of the
$19.95 “high-fidelity” phonographs may be better than
was obtainable from the best equipment of twenty years
ago, it is still doubtful if they are entitled to be so
labeled. Someone will have to draw the line somewhere,
and soon, else the words liigh fidelity may become as
obsolete as the word wireless (in the U. S. A)).

SPEAKING OF AWARDS

A few months ago, & announced its awards for
records, hearing aids, and dictating instruments. De-
scriptions of the award winning instruments will be
found in this issue. We are pleased to note that the
V. P. Edison Voicewriter won for its designer, Carl
Otto, the National Industrial Design Institute award.
While this award was for appearance rather than per-
formance, it is pleasant to learn that another body agrees
with A in the selection of an award winner.
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PROFESSIONAL
AUDIO
EQUIPMENT

~ u

PICKERING CARTRIDGES...

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

di £.

g record ers.

and for purposes of quality control by |

MODEL 410 AUDIO INPUT SYSTEM...

is designed 10 provide @ complete audio control center. Model 410 may be used

in any high quality ployback system. Three input channels are provided—ane for
magnetic cartridges and 2 “flat” channels for other audio circuits. A 3-position
equalizer network is built into the magnetic carfridge channel and provides accurate
equalization for LP, AES and 78 rpm recording characteristics. Separate bass and
treble controls are also provided. These are of the step-type and permit bass and
treble adjustments in 2 db increments. The tone control circuits are intended to

compensate for record characteristics and for listener-environment acoustical

conditions, They are not intended to comp te for amplifier and/or loudspeaker

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

THE MODEL 190 ARM ...

MODEL 132 RECORD
COMPENSATOR . . .

is designed to be used in conjunction with a
magnetic cartridge preamplifier such as the
Pickering 230H ot any preamplifier which
provides 6 db per octave bass boos!. Sin
playback positions are incorporated:
¥—European 78 rpm Records
2-Victor 45 rpm and Decca 78 rpm Records
3-No high frequency roll-off,
500 cycle turnover
4-All Capitol Records, new Victor 33,
Audlo Engineering Society Curve
5-Columbia, London and most LP Records
6—To remove the hiss from old noisy records
Precision elements are used In {ts construction
to give accurate compensation. The 132€ is
inherently a low distortion R-C device.

MODEL 230H EQUALIZER-PREAMPLIFIER ..

is unique in its accuracy of equallzation and
frequency response. The Intermodulation

is designed primarily for use with microgroove
records. Its design has been recognized by
feading audio engineers as that which
incorporates all of the desirable tracking
characteristics. Analysls has shown that for
maximum performance with LP records the
vertical mass of the moving arm element must
be held to a minimum and further, that the arm
must be counterbatanced about the vertical
axls. This permits minimum stylus or tracking
force and provides maximum record llfe.

The Model 190 Arm embodies these all important
features necessary for proper microgroove
record playback.

PICKERING PROFESSIONAL AUDIO EQUIPMENT

s ) > Y

...Demonstrated and sold by Leading Radio Parts Distributors everywhere.
For the one nearest you and for detailed literature, write Dept. A-2.

@ P “:KEBING and company incorporated o Qceanside, L.I., New York

distortion is .2 per cent at normal output level.
It Is intended for use with high quality
amplifiers having galn and tone controls.
When used with the Pickering Model 132€
Record Compensator the 230H s ldeal for
radio station and recording studio use and for
applications requiring accurate low noise

and distortion free playback.
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Now a new
synthetic
helps

dial telephone

service

In a large, modern telephone office, two million relay contacts await the orders of
your dial to clear a path for your voice. They open and close a billion times a day.

AMONG the elements that guard your dial telephone service are
electrical capacitors. They help prevent the formation of arcs that pit and
may eventually destroy relay contacts. But millions more of these capacitors
are needed each year. How could they he made less costly?

Bell Lahoratories engineers, on the lookout for new materials. hecame
alert to the possibilities of the new “Mylar” polyester film. A product of
the Du Pont Company, “Mylar” is chemically the same as Du Pont’s “Dacron”
polyester fiber used to make fabrics. Bell engineers discovered that it also
had remarkable dielectric properties—of just the right kind to help their
capacitor problem.

The film takes the place of impregnated paper formerly used to separate
the metal foil electrodes. It is tougher, stands more voltage and needs no
impregnation. The new capacitors require no protective housing and are
much smaller and less costly.

Unrolled view (one-third size) of capacitor

unit wound with “Mylar.” The transparent

film is only 0.0005" thick yet stands handling

without breaking. Here is another example of the way America’s technology advances
through the sharing of knowledge. Just as Bell Telephone Laloratories
makes many of its discoveries—the Transistor, for example—available to
other companies, so does it adapt the inventiveness of others when it can
help your telephone service.

BELL TELEPHONE LABORATORIES

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

WWW.akmerieaniadiahistary.com
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The Sonotone "1010"

Transistorized Hearing Aid

HARRY A. PEARSON"

A complete description of the award-winning hearing aid which
uses vacuum tubes and a transistor in their most advantageous
applications. The author also discusses the design requirements.

lion people in this country with hear-

ing impairment who can be helped to
lead more normal lives with the aid of
the modern hearing aid. Yet many
choose to suffer in silence rather than
help themselves. Some insight as to the
reason for this may be gleaned from a
consideration of events leading up to
the present status of a person whose
hearing is sufficiently impaired to con-
stitute a handicap in carrying on nor-
mal conversation. Rarely does a person
lose his hearing suddenly, except as a
result of some disease or severe acoustic
shock. In such cases, the contrast be-
tween hearing and suddenly not being
able to hear, drives the person to do
something about it. First he seeks medi-
cal attention and then, if advised, he will
seek the services of a qualified con-
sultant to fit a hearing aid best suited to
his needs. It is more usual, however, for
hearing to be lost gradually over a
period of years. At first the loss is im-
perceptible, affecting only distant
sounds. Then, as more and more of the
high frequencies that carry the intelligi-
bility of speech are lost, the person has
to strain more and more to understand
normal conversation. He soon blames
his friends for not speaking clearly, and
gradually withdraws from social activ-
ity. He hesitates to seek medical aid.
When he finally does, and is advised to
wear a hearing aid, he hesitates. He
thinks that wearing a hearing aid will
reveal his impairment, not realizing that
without a hearing aid he is advertising
it. When such a person is finally con-
vinced by family, friends, and physician
that a suitably fitted hearing aid may be
an answer to his problem, it is little
wonder that he would like it to be in-
visible. It is for this reason that audio

T HERE ARE APPROXIMATELY three mil-

* Director of Research, Sonotone Corpo-
ration, Elmsford, New York.

Fig. 2. External ap-
pearance  of  the
Sonotone 1010.

engineers concerned with the design of
hearing aids strive to achieve maximum
performance in minimum space at rea-
sonable operating cost.

GCeneral Requirements

The principal purpose of a hearing
aid is to enable a hard of hearing per-
son to hear ordinary conversation. In
average conversation sound pressure
levels of about 60 decibels are produced.
Weak speech may be as low as 45 deci-
bels. The sound pressure level corres-
ponding to average normal threshold of
hearing for the frequencies most essen-
tial in speech (500 to 2000) is about 15
to 20 decibels. Hearing loss, as meas-
ured by an audiometer, is expressed in
decibels with reference to average nor-
mal threshold, so that the physical sound
pressure level required for a hard of
hearing person to just hear the fre-
quencies essential in speech is about
20 decibels (db) greater than his hear-

PENTODE
VACUUN
TUBE

PENTODE
VACUUM
TuBE

1ST GAIN STAGE
RESISTANCE

COUPLED
10

2u0 GAIN STAGE

2ND GAIN STAGE

RESISTANGE POWER STAGE 3!

COUPLED Tﬂnsronuu—{oﬂ
T0 RCUITS| |  GOUPLED
POWER TUBE TO PHONE

Fig. 1. Block schematic of a typical all-vacuum-tube hearing aid—the Sonotone 988.
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ing loss. From these considerations it
is clear that a person with a 30-db hear-
ing loss in the better ear requires a
sound pressure level of 50 db to just
hear, and therefore will have difficulty
understanding normal speech. But “just
hearing” is not sufficient. To understand
speech clearly its level should be about
20 db above the threshold. Therefore a
person with a 30-db loss would require
a sound pressure level of at least 30+
20+20, or 70 db to understand speech
well. If he wanted to hear weak speech
of 40 db level, he would need a hearing
aid with 30 db of acoustic gain, although
for normal speech (60 db) he could get
by with 10 db of gain. On the other
hand a person with 70 db loss would re-
quire a 50-db acoustic gain to hear nor-
mal conversational speech well. This
would require a sound pressure level of
60+50 or 110 db. It must be realized
that these are only “order of magnitude”
figures and are likely to hold for con-
ductive impairments. In nerve impair-
ments recruitment is likely to take place
and therefore somewhat lower acoustic
gains than those indicated above would
apply. The hearing loss of an indi-
vidual is seldom uniform for all fre-
quencies. So in addition to providing
adequate gain, provision must be made
to modify the frequency characteristic
of the hearing aid to the needs of the
individual. In practice this is done by
providing receivers having different
frequency response curves as well as
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Fig. 3. Battery compartment provides space
for both A- and B-batteries, and hinged door
gives access to fitting controls.

providing for control of the frequency
response of the amplifier. The proper
choice of ear to be fitted, power rating,
type of tone compensation, characteristic
of receiver, etc., is the job of the trained
consultant.

Design Considerations

The conventional hearing aid circuit
comprises a three-stage resistance-
coupled pentode vacuum-tube amplifier
with provision for a volume control and
frequency response adjustment, such as
that of Fig. 1. The input is usuaily a
miniature crystal microphone and the
output is a magnetic receiver.

\Vith the advent of the junction tran-
sistor a new tool has hecome available
to hearing aid designers for the realiza-
tion of the objectives previously dis-
cussed. The result of the effective inte-
gration of a junction transistor into the
design of a miniature hearing aid may
be seen in Fig. 2, which shows the Sono-
tone 1010. This was the first product
generally available to the public to use
the transistor. One of the outstanding
advantages of the junction transistor is
that it requires virtually no power for
electron emission whereas a subminia-
ture gain tube used in a hearing aid
requires about 5 milliwatts of power
from an A-battery. Generally two gain
tubes and one power tube are used in a
Learing aid. About one-half of the A-
battery power and virtually all of the
B-battery power is used by the output
tube. A good junction transistor will
deliver about twice as much output
power as a subminiature vacuum tube
for equal power supplied. In addition,
the cost of a given amount of B-battery

power is several times as great as the
cost of the same amount of power ab-
stracted from the single cell required
by the transistor. This is primarily due
to the fact that cells do not become less
expensive in proportion as they are
made smaller. From this alone it is
apparent that there is a great deal to
be gained by replacing the power tube
with the transistor. However, in Decem-
ber, 1952, when the 1010 was intro-
duced, the available junction transistors
also had some undesirable properties
that precluded their indiscriminate use
as replacements for the subminiature
vacuum tubes in hearing aids. Foremost
among these were noise and susceptibil-
ity to variation of certain parameters
with temperature and time. The noise
power generated by a transistor with a
20-db noise figure in the frequency
range from 300 to 3000 cps is about 10-3
micro-microwatts whereas the sensitiv-
ity of a typical microphone is about 1
micro-microwatt for 74-db sound pres-
sure level. This means that at a 60-db
sound pressure level the signal to noise
ratio is only 16 db, and for weak sounds
at 45 db, signal and noise are equal.
Temperature stability can be gained at
the expense of hattery power. Since a
microminiature gain tube uses only 5
mw, the advantage of the transistor
using current stabilization rapidly de-
creases. Variations of collector resist-
ance and operating current with time
are both serious problems in high-gain
low-power stages which operate with
currents of less than 1 ma and load re-
sistances in excess of ten thousand
ohms. By contrast, noise is no problem
at all when the transistor is used in
the power stage and the variation of
collector resistance has virtually no
effect since the load resistance is about
1/100 of that in a gain stage. Also, be-
cause the power stage is Diased to
operate at a relatively high current, (3
ma), 1t is relatively insensitive to
changes in temperature encountered in
the use of a hearing aid. These con-
siderations led to the adoption of the
junction transistor for the output stage
only. With the rapid advances in tran-
sistor technology taking place it is to be
expected that many of the problems dis-
cussed above will yield to solution. In
the meantime this choice has resulted
in providing a hearing aid having more
than twice the power output and operat-
ing at half the battery cost of a well
designed all-vacuum-tube hearing aid
of the same physical size.

In a space 3 x134x3 inches—only

PENTODE PENTODE JUNCTION
VACUUM VACUUM TRANSISTOR
TUBE TuBE NPN
[~ RESISTANCE cRoulDED
R f TRANSFORMER EMITTER
WoROY | Lo-ouT ‘COUPLED VOLUME | | onien To W-GUT | | o nsrormeR
PHONE [ [ CRCUTS T CONTROL CIRCUITS) %
» o e
GAIN STAGE DRIVER  STAGE POWER STAGE

Fig. 5. Block schematic of the 1010 hearing aid.
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about one-half the size of a pack of
cigarettes—a three-stage amplifier com-
plete with microphone and battery sup-
ply is housed. Since a hearing aid is
worn on the body, the design of the 1010
was aimed at ease of wearing. To
achieve this, the thickness was reduced
to 54 in. The case is formed of .015-in.
stainless steel polished to a smooth satin
finish which reduces noise due to clothes
rubbing. To take full advantage of its
thinness, a firm, readily removable two-
fingered spring clip, see Fig. 2, is used.
It may be mounted either on front or
back, has been provided for supporting
the 1010 on shirt or underclothing or
in a pocket. The volume control, located
in the upper right corner is provided
with a smooth deeply serrated knob so
that it may be operated readily through
clothing from the top or side by the
touch of a finger. The operating lever
of the oN-orr switch is located in the
upper left hand corner. A third position
on this switch reduces low-frequency
response, which is useful for hearing in
noisy locations. The microphone is flexi-
bly supported behind the grill at the

Fig. 4. The amplifier chassis, showing the

locations of microphone and volume control.

TR indicotes the tronsistor, and the small
white squores are tronsformers.

top of the instrument. Figure 3 shows
the back with the hinged cover open to
reveal the battery compartment. Silver
contact buttons mounted on stainless
steel springs are used for contacts in
the battery compartment. Immediately
above the battery compartment two
oval-shaped openings are visible through
which the low- and high-frequency con-
trol switches are adjusted. At the top
of Fig. 3 a small insert receiver is
shown connected to the output socket
of the set. Figure 4 is a front view of
the chassis showing the volume control
and microphone at the top, two trans-
formers below them, and the transistor
(TR) and two tubes below these. On
the left side below the microphone is a
female receptacle for connecting acces-
sories such as telephone pickup or ex-
ternal microphone.

Figure 5 is a block diagram of the
1010. Since the amplifier is used to
couple the transducers, the requirements
of the amplifier will become clear after
examining the properties of the trans-
ducers.
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The microphone shown in the upper
left corner of Fig. 4 is about 34 in.
square and 3/16 in. thick. It has a
series-connected, square twister bimorph
Rochelle salt crystal sealed in a chamber
to protect it from the effects of sus-
tained high humidity. A ribbed conical
aluminum diaphragm 1.5 mils thick pro-
vides the driving force for the crystal.
Grille cloth, of specified acoustic re-
sistance, seals the protective grille and
provides controlted damping. The free-
field frequency-response curve of this
microphone is illustrated in Fig. 6. It
has a smoothly rising frequency re-
sponse from 200 to 3000 cps and carries
out well to 7000 cps. This rising fre-
quency response is necessary to com-
pensate for the increase in sound pres-
sure at high frequencies that occurs at
the ear drum of a person when listen-
ing under constant sounil pressure free-
field conditions. It also serves to com-
pensate for the additional attenuation
of clothing at high frequencies. The
microphone has a capacitance of 300 puf
and a sensitivity of about 50 db below 1
volt per microbar. This means that for
ordinary speech the output of the micro-
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Fig. 6. Frequency response of the crystal
microphone used in the 1010.

phone is of the order of a millivolt.

A variety of receivers with different
frequency response is available from
which the qualified consultant may fit
the one Dbest suited to the needs of the
hard of hearing individual. One of these
receivers, type 8080, is shown in the
upper part of Fig. 3. It is only 54 in.
in diameter and 5/16 in. thick, small
enough to he concealed within the ear.
Yet it has a frequency response which
extends close to 4000 cps and can pro-
duce a sound pressure level of about
115 db in the ear when operating from
a power source of one milliwatt capacity.
Curve (A). Fig. 7, shows the frequency
response of 8080 receiver, while curves
(B) and (C) show the response curves
of two other receivers, types U-1 and
U-2, respectively. The U-1 is about four
to five b more sensitive than the 8080
and its frequency response extends to
3000 cps. The U-2 is of lower sensitivity
and has relatively greater high-fre-
quency emphasis. The frequency-re-
sponse curves were made using the
standard 2-cc artificial ear as defined in
ASA Z-249. All of these receivers are
of the maguetic type. A concentric mag-
netic system embodying a cylindrical

Alnico Magnet and a coil on a permalloy
core constitutes the driving system of
the receiver. The diaphragm is a thin
round sheet of permalloy about 4 mils
thick to the center of which a round
slug is welded for carrying the flux.
The diaphragm is held accurately spaced
about 4 mils from the magnetic system
on a machined shoulder in the brass
shell. A housing and a cap complete the
assembly. The frequency response of the
receiver is controlled by proportioning
the mass and stiffness of the diaphragm
and the associated cavities and apertures
in the cap and shell. The impedance of
the receivers 1s about 90 ohms at 1000
cps.

From the previous discussion of the
receiver characteristics it is clear that
to develop a sound pressure level of
about 120 db the amplifier should have
an output of about 1 mw. Similarly in
the discussion of the sensitivity of the
microphone it was shown that the out-
put of the microphone is of the order
of 1 mv for conversational speech. To
provide 1 mw for the receiver from 1
mv at the microphone, the voltage gain
of the amplifier should be about 50 db.
Figure 8 shows the electrical frequency
response of the amplifier, and Fig. 9 is
the circuit schematic. Reference to the
block diagram, Fig. 5, will facilitate fol-
lowing the schematic. Starting at the
output end, the transistor is connected
with emitter grounded and biased to
draw 3 ma of emitter current with 1.25
volts on the collector. This provides a
power input of 3.75 mw to the trausistor
irom which it is possible to get 1.5 mw
into the load. The load impedance re-
quired is theoretically

E 123
I~ .003

or about 400 ohms. While it is possible
to wind 400-ohm receivers, this is not
as efficient as providing transformer
coupling. A 2-to-1 stepdown transformer
of microminiature size was designed to
match the receiver to the load imped-
ance required for maximum power out-
put. This transformer weighs only 5.6
grams, or less than 1/5 oz. Since the
transistor requires driving power, a
Sonotone microminiature power tube
Vs was designed to provide it. To as-
sure adequate output to drive the tran-
sistor even when the A and B batteries
have dropped to their end-point voltage,
an initial operating current of 50 pa at
15 volts was chosen. The load required
by the tube was about 0.7 meg., while
the input resistance to the transistor
was about 270 ohms, A microminiature
transformer of high-nickel permalloy
was designed to match the input resist-
ance of the transistor to the required
load. The high-impedance winding re-
quired 10,000 turns of #48 wire, a wire
so fine that a bundle of ten such wires
has the cross section of a human hair.
Vs is fed from the output of Vs through
a volume control having a 40-db range.
This volume coutrol is isolated from the
grid circuit of V: by Cs and R to pre-
vent noisy action which would result if
grid current were to flow through it.

R=
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Fig. 7. Response of three types of reccivers

used with the 1010. (A), type 8080; (B), type

U-1; and (C), type U-2. All three are plotted

to show relative acoustic output when coupled

to a 2-cc artificial ear. Dotted curves indicate
undamped response.

The input of tube V' is derived from the
microphone through a low-irequency
control circuit. The operation of the
low-frequency controls may be under-
stood more easily by reference to Fig.
10. Here e represents the open circuit
voltage developed by the microphone,
Cx represents the capacitance of the
microphone (300 puf). The other sym-
bols correspond to those on Fig. 9. Fig-
ure 10 shows that with the switches in
the position indicated, the capacitance of
the microphone. R:, C:, and R: constitute
two stages of high-pass or low-cut net-
works. This provides the greatest
amount of low-frequency attenuation.
When the upper switch is moved from
1 to 2, one of the cascaded networks is
eliminated. This provides less low-fre-
quency attenuation. If now the switch
at the lower end of R; 1s moved to the
right, the full low-frequency response
is available. Reference to Fig. 8 shows
the effect of these controls on the low-
frequency response of the amplifier.
The high-frequency response modifica-
tion shown in this figure is controlled
by switching C» in or out of the circuit.
It is quite remarkahle that despite the
inclusion of two microminiature trans-

(Contisined on page 49)
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Fig. 8. Frequency response of the omplifier
for various positions of the fitting controls.
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The Dictating Machine-

A Specialized Recording System

the art of sound recording by his in-

vention of the Business Phonograph.
Far down on his list of possible uses
was home entertainment. We have re-
cently celebrated the 75th anniversary
of Mr. Edison’s invention and the com-
pany he founded has recently placed
upon the market a completely new con-
cept of the Business Phonograph.

The dictating machine has held a
rather unique place in the recording
business. Representing the largest sales
(over 40 million dollars per year) of
recording equipment in daily operation
by *“consumers,” it has never heen rec-
ognized by the technical fraternity be-
cause of its highly specialized nature
and application. Technical manuals, text
hooks and journals usually devote a
paragraph or two to “another use of
recording is in the business dictation
field . . . .”

Reviewing the history of the dictating
machine business, it is seen that for
many years its product consisted of the
simple, robust, voice-powered wax cyl-
inder; with vertical “hill and dale” re-
cording gouged by a 1/10-0z. recorder
operating a sapphire cutting stylus and
played back by a 1/3-0z. reproducer
using a sapphire ball. In 1930-31 elec-
trical amplifiers were added to some of
the cylinder instruments and in 1941
electronics began to play an important
part in the business. In 1945 the elec-
tronically powered wax cylinder system
reached its peak of performance and
popularity. Other media then began to
throw off their swaddling clothes and
by 1948 plastic was well on its way to

IN 1877 Tuomas A. EpisoN initiated

*Manager of Engineering, Ediphone
Division, Thomas A. Edison, Inc., West
Orange, N. J.

6000
TO REPRODUCE THE FRICATIVE CONSO-
NANTS, 2, TH, F, AND S, REQUIRES A $500
RANGE 'OF 20 TO 6000 GYCLES.
5000
4500,
4000
d 35005/
3000
10 REPRODUCE THE *STOP" CONSO-
TS, 8,0,J,G,R T,CH, ANO K, REQUIRES 2500
A RARGE OF 109 T5 3500 CYCLES.
| 200015
1 TO REPRODUCE THE VOWELS,
4,E,1,0, AND U, REQUIRES A 15005
| RANGE OF 500 T0 2000 GYOLES 10005
1
N e % 3000 ]
N 20¢/

Fig. 2. Frequency range required for intelligible
transmission of various speech sounds.
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RICHARD M. SOMERS*

BN _
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RELATIVE MICROPHONE OUTPUT - db
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DISTANCE FROM MOUTH IN INCHES

Fig. 1. Curve showing relative microphone
output for various distances from dictator’s
mouth.

replace the wax cylinder. From just
two manufacturers during the first 65
years or so, the industry has expanded
to over 50 today—altho only a few per
cent of the sales are effected by other
than four companies.

Just what is a dictation machine? It
is a strange object into which one talks
and, in some mysterious way, a neatly
typed letter suddenly appears on the
desk. Nobody really wants one—a
charming girl would be, shall we say,
more acceptable. It is a machine tool,
usually purchased by one man for an-
other’s use. It must pay for itself in one
to two years. Dictating machines, called
instruments by the field, are one of the
few equipment items used by top
executives and department heads, rather
than only by skilled or semi-skilled
labor. Yet in spite of all this, it is a
part of a man’s business life and a
failure to produce the finished letter is
inexcusable.

Let us consider some other strange
aspects of this equipment. It is used
by totally inexperienced people as an
adjunct to their thoughts. The micro-
phone is waggled in accordance with
the dictator’s position, varying from
zero to a foot or more from his mouth
with the resultant wide variation in
output shown in Fig. 1. The recording
is done in the middle of a factory or
overlooking a busy street or in a quiet,
sound proofed modern office. The old
voice-powered models did their best in
the noisy places—they did not record
the background but made fine record-
ings of the shouting dictator. The user
often forgets how to operate even the
relatively simple controls and, to cap the
climax, rarely listens to his recording.

Intelligibility Requirements
The office dictating machine has only

one function—to record the voice in a
manner and with sufficient secondary in-
formation that a typist can transcribe
it. This brings us to the question of re-
cording quality, which most technical
people not in this business usually call
“sufficiently good for voice recording.”
In general, dictating machines will not
record music satisfactorily. But on the
other hand, good musical recorders
would be unsatisfactory for office dicta-
tion. Let us see why.

Three basic intelligibility require-
ments are recognized in the voice field.
That requiring the narrowest frequency
spectrum is called Sentence Intelligi-
bility, wherein only the general context
of a whole sentence can be understood.
The second, requiring a somewhat wider
band is called Word Intelligibility. The
modern telephone is the best example
of this range. The third is called Sylla-
ble Intelligibility wherein each syllable
of each word is readily recognized, and
this is the type required for dictation.
A study of the chart (Fig. 2) and of
references ¥ 2 3-4 shows that, to obtain
a syllable intelligibility of some 98 per
cent, the frequency range of the equip-
ment would have to be from 20 to 6000
cps.

Good low-frequency response is un-
desirable because slamming doors, ma-
chine tool vibration of buildings, foot-
steps, and closing desk drawers fall in
this range. Since these low frequencies
do not add much to syllable intelligi-
bility, we omit them from consideration.
and we end up with a sharp low cut at
100 to 150 cps and a high cut at be-
tween 5500 and 6000 cps. The low cut

NORMAL GROOVE

Fig. 3. Normal recorded groove in comparison
with slightly cusped groove, and one which
is severly cusped.
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is usually obtained hy RC filters and
interstage coupling. Recorder resonance
generally determines the upper fre-
quency limit, aided by some RC fltering

to prevent fuzz from unwanted har-
monics.
Power Handling Curve

Theoretically, a stylus will record

frequencies up to the point where the
wavelength is equal to the diameter of
the stylus tip. Above this value “cus-
ping” occurs. This is caused hy the
stylus tip wiping out part of the groove.
Actually, it is extremely difficult to
reach this frequency experimentally in
emhossed recordings because of the
springback of the record material whicly,
at times. may be as high as 50 per cent
of its original displacement. The spring-
back is never uniform—i.e., the original
groove shape is changed in a non-linear
manner depending on original ampli-
tude, history of the material, tempera-
ture, type of material, and so on. Thus,
although cusping would seem to deter-
mine the ligh-frequency cutoff point,
actually 1t does not do so for several
reasons.

First. as the cusping point (Fig. 3)
is a function of amplitude and irequency.
among other factors, it will be seen
that the cutoff frequency will depend
on the desired permissible maximum
amplitude.  Secondly, the distortion
which arises from cusping merely re-
sults in the generation of harmonics,
the lowest one of which is twice the
fundamental frequency. By using a
rather sharp high-irequency cutoff slope,
these harmonics are not reproduced
through the transcriber’s hearing de-
vice.

Iigure 4 shows a form of curve useful
in predicting embossed plastic perform-
ance over an extended high-frequency
range. By appropriate choice of varia-
bles, a single curve depicts all conditions
and allows the designer to sclect rela-
tive values of recorded amplitude, stylus
radius, groove velocity. and cutoff fre-
quency suitable to his conditions.

The maximum recorded amplitude in
the middle register is usnally matched to
the output power available from the re-
cording amplitier. The low-frequency
maximum amplitude is limited by the
distance between grooves. Thus, a curve
can be drawn of maximum permissible
recording amplitude (power) wvs. fre-
quency, as in Fig. 5. If this curve is
compared to the one of peak speech

Fig. 4. Effect of
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energy vs. frequency, (Fig. 6), it can
be scen that they are of the sanie general
shape and order of magnitude. Thus, a
flat recording is actually obtained over
the voice-frequency range because the
system can and does handle the maxi-
mum power of the voice at all frequen-
cies. This phenomenon also explains
one of the important reasons why the
dictating machine cannot be used for
music—the average maximum energy
curve of musical instruments is quite
different. For example, Fig. 7 shows the
relative energy output for the drum and
cymbal.

i .
§::.... 11 ' il
1 I .

s T

- T e
FAEQUENCY I CYCLES PER STCOND

1= 1l
Ltto & o o |
| | Gaoovt seacmc

RULATMVE RECOROWG LEVEL -

o.
FAEQUENCY 1N CYCLES sER SECOND

Fig. 5. Curve showing maximum recorded
amplitude vs. freq y for embossing on

plastic.

Fig. 6. Curve showing peak speech energy vs.
frequency.

It is well to keep in mind the fact
that these curves have nothing whatever
to do with frequency response (fidelity)
except that they do point up the im-
portance of the amplitude at which a
frequency response curve is measured.
Obviously, a true picture will be ob-
tained when using the standard constant
input signal method only if the nieasure-
ment is made at a very low level. Alter-
natively, the frequency response can be
measured hy changing the input level
in accordance with the voice energy
curves and correcting the output ac-
cordingly.

Signal-to-Noise Ratio

With the level of playback so low, as
in earplione reception, it is possible to
obtain an apparent signal-to-noise ratio
of nearlv infinitv. This means, simply,
that the playback volume is adjusted so
that the noise is below audibility. A
“normally” measured ratio ot only some
15 to 25 db is entirely sufficient to ob-
tain this result. It becomes clear, then,
that when loudspeaker playback is at-
tempted, as would be required for music,
the noise would be unacceptable. But
practice in the dictation field requires
that the controls be set for the maximum
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permissible recording level. Several au-
tomatic methods of obtaining this result
will be described later.

Plastic Medium

It might prove interesting to consider
why the four principal dictating equip-
ment manufacturers all use embossed
plastic media. Two forms are in use
today—the tlat disc, usuaily about 0.010
in. thick, and the beit, some 0.005 in.
thick. Each has its advantages and dis-
advantages. The fact that both forms are
in successful competition would tend
to indicate that the end results of both
are acceptable. The main reason for the
use of these shapes, as against “filar”
tyvpes. such as tape or wire, is the sim-
plicity and directness of locating any
portion of the recording. This is obvi-
ously necessary during transcription but
is also important during dictation.

Many methods of recording could be
emploved on these two forms of meduim.
The most important criterion is, of
course, the number of words that can
be recorded per square inch. This re-
duces to the factors of linear speed and
lines per inch. Strangely enough, all
the known practical methods of record-
ing seem to require ahout the same lin-
ear speed for equivalent recorded qual-
ity. The mechanical methods—cutting
and embossing—are limited in minimum
speed of the medium by their tip radii
and angle for reasons of strength and
life. The photochemical methods are
limited by their slots, and the magnetic
by 4their gaps. As this equality is un-
doubtedly one of chance, it is readily
conceivable that one of these methods
might suddenly outstrip the others as
the result of a new discovery.

There are many other factors con-
tributing to the selection of embossed
plastic. Cleanliness is a nice one. Those

(Continued on page 46)
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Fig. 7. Relative energy curves for bass drum
and cymbals. Compare with Fig. 6.
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The

Bread-Pan
Layout

L. B. HEDGE"

HERE ARE FEW serious workers in the audio field who
Thave not sweated out an original or newly published cir-

cuit on an old bread board—then built it into a “profes-
sional looking” chassis and discovered that the fight had
only begun. It seems a part of the innate perversity of in-
animate objects of the electro-acoustic genre that they will
not display their most exasperating peculiarities and sensi-
tivities until they are set up in a final model—the most care-
fully contrived bread-board layout will not fool them.

One practical answer to this ever present hair whitener
(Audio engineers do not get that distinguished look just
from over-exposure to good music!) is shown in the ac-
companying photos—The Bread Pan Layout. I first used it
when a weekend emergency required installation of a
booster amplifier in a theatre sound system which, in a
moment of weakness, I had agreed to care for in sickness
and in health. That amplifier, built in a bread pan com-
mandeered from the home kitchen, was still serving nicely
in the theatre system four years later when I took off for
the wars. The layout plan it suggested has been enlarged
upon since then (I now buy my own bread pans, for ex-
ample!) but it is still basically the same idea.

An ice pick, a ruler, a Boy Scout knife, a pencil, and the
basic aluminum bread pan will put you in business for this
simple.fayout job—a compass and some self-tapping sheet
metal screws will help, but you can do without them (Fig.
1). A sheet of light aluminum (roofing material, or another
pan to cut up) will provide easily formed internal shields
and. a cover to be slipped over the bottom if desired. A pair
of metal shears, a brace, a burr reamer and some wood
augers (an expansion bit, if available) will complete the
tools and material for a neat, fast, and business like job

(Fig. 2).
*8219 Massachusetts Ave. N. W., Washington 16, D.C.

Left, top to bottom: Fig. 1. A bread pan and a few simple tools are
the essentials in this scheme. Fig. 2. A few additional tools and
some light aluminum sheet will help. Fig. 3. No template is required
—mork the holes ond cut-outs in pencil on the pon itself. Fig. 4.
A knife cuts large or irregular holes easily. Below: Fig. 5. A wood
bit will cut the medium-sized holes.
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The author proposes a simple developmental cir-
cuit layout method which is an excellent substi-
tute for the well known “bread board” form of
construction. The advantages of the old method
are retained to a large extent, yet the new
method permits permanent use if desired, or at
least offers an opportunity to approximate final
construction while “de-bugging.”

Parts layouts, mounting-hole and lead-through-hole loca-
tions can be marked directly on the aluminum pan with a
pencil (Fig. 3). Small holes are punched with the ice pick
(just started for metal-screw holes),-and larger ones can be
cut out on a compass drawn line with the punch blade of
the knife (Fig. 4) or with a wood auger (Fig. 5) or the
expansion bit (Fig. 6). The burr reamer will open up holes
too small for the expansion bit, or in between auger sizes
(Fig. 7).

Boits can, of course, be used as with any other chassis
for parts mounting, or self-tapping screws will secure
socket flanges, receptacle plug wells (Fig. 8), and similar
parts. Layout, cutting, and assembly of the whole chassis is
the work of but a few minutes.

The advantages of this layout system are numerous and
not all of them are completely obvious. Parts can be ar-
ranged in the same manner they would be on a more con-
ventional chassis—under and over placement can be used
to shorten leads, balance circuitry, etc. Secondary shields
are easily formed and attached. The metal in these pans
and roofing sheets is thin (0.020 in. approximately) but the
shape, use of stiffening contours, and rolled edges makes
them surprisingly sturdy. Since these pans come in a vari-
ety of shapes and sizes, unit construction in this style is
easily planned and executed. The ease of working the light
metal, and the simplicity of making “patches” where they
are required make the successive revisions incident to a
“cut and try” shakedown of a new job easy and effective.
By no means the least of the advantages of the bread-pan
scheme lies in the fact that a system, once beaten into work-
ing shape, can be put into permanent service “as is.” A
magnetic recording system thus put together has heen in
use by the author for over three years. The recording-play-
back amplifier with master switching controls was set be-

(Continued on page 54)

Right, top to bottom: Fig. 6. An expansion bit cuts the large round
holes. Fig. 7. An ordinary reamer can be used to enlarge holes to odd
sizes. Fig. 8. Self-tapping screws are used to secure sockets, plug-
wells, and similar parts. Fig. 9. Typical unit construction—a mag-
netic recording unit with oscillator in foregraund, power amplificr,
record-playback amplifier, and power supply left to right in the rear.

Below: Fig. 10. Typical panel-chassis unit ready for installation.

AUDIO ENGINEERING e AUGUST, 1953

WWW. atmeidsaanadioRhistery.com

25


www.americanradiohistory.com

Handbook of

Sound Reproduction

EDGAR M. VILLCHUR

Chapter 12. The Power Amplifier, Part 11

Continuing the discussion of the output stage with a consideration of the
effect of source impedance upon the performance of loudspeakers and
an analysis of methods used to reduce source impedance to a minimum.

Source Impedance of the Output Stage

All sources of electrical power have
an internal impedance of their own
which appears, electrically, in series
with the load. The full output voltage
of a battery or generator (see Fig. 12—
10) is not applied directly across the
load, but to a voltage divider whose
two arms consist of the internal im-
pedance of the power source and the
load impedance. Figure 12—10 shows
that as the load impedance is decreased,
the distribution of total voltage will he
shifted in favor of the voltage drop
across the source impedance, and the
voltage appearing across the load will
be correspondingly less.

When the source impedance is much
higher than the range of values of the
load impedance, as it is in Fig. 12—11
the fotal impedance presented to the
electrical source will be affected very
little by changes in the value of the load.
The small fraction of total voltage taken
up by the load will vary almost in step
with the load impedance variation it-
self, but the total current drawn from
the source will remain practically con-

INTERNAL
IMPEDANCE
OF GENERATOR

LOAD

Fig. 12—10. The internal impedance of an
electrical generator in relation to the load.

stant. Such a relationship between a
source of power and its load is there-
fore spoken of as providing constant-
current operation.

Constant-current output is not suit-
able for the dynamic loudspeaker. As the
speaker impedance increases many-fold
at resonance the voltage across the
speaker will, with constant current, rise
correspondingly while the current re-
mains the same, and the increased power
delivered to the speaker in this fre-
quency region will result in heavy ac-
centuation.

Where the source impedance is much
smaller than the range of values of load

26

impedance, as in Fig. 12—12, the in-
stantaneous value of the total load pre-
sented to the source is determined al-
most exclusively by the load itself.
Current drawn will therefore vary ac-
cording to the changing values of load
impedance, but the voltage across the
load comprises almost all of the total
generator voltage under any conditions,
and will change very little. This pro-
vides constant-voltage operation.
Constant-voltage or near-constant-
voltage operation is normally chosen for
the loudspeaker load. As the impedance
of the loudspeaker increases in the re-
gion of bass resonance it is the current,
not the voltage that changes. Since the
current is decreased for substantially
the same voltage the electrical power
delivered to and absorbed by the speaker

is also decreased, but this is in partial
compensation for the increased electro-
mechanical efficiency of the speaker
motor in the resonance region. The de-
crease of power in the treble may not
be so compensated. However, the speak-
er’s rated frequency response character-
istics, whatever they are, have usually
been measured under conditions of
near-constant-voltage drive. Speakers
driven by a source having a high in-
ternal impedance tend to be shrill.
The actual source impedance of 'a
push-pull output stage consists of the
plate resistance of the tubes in series,
as illustrated in Fig. 12—13. This is
is the source impedance seen by the pri-
mary of the output transformer; the
value of source impedance seen by the
speaker itself is stepped down by the

IMPEDANCE RATIO
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Fig. 12—13. Method
of calculating source —
impedance seen by
speaker.
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Fig. 12—11 (above). Constant-current operation due to high internal impedance. Doubling the
value of the load almost doubles the load voltage, but has little effect on the current. Fig.
12—12 (below). Constant-voltage operation due to low internal impedance. Doubling the value

af the load almost halves the current, but has
is analogous to the operation of

little effect on the voltage across the load. This
the output stage and loudspeaker.
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transformer impedance ratio. The damp-
ing factor is the relationship between
load impedance and source impedance
(the former divided by the latter), and
may be calculated from either the pri-
mary or secondary circuits.

The combined plate resistances of the
two push-pull tubes in Fig. 12—13 is
1600 ohms. The transformer has been
chosen, according to the tube manual rec-
ommendations, to present a 5000-ohm
plate-to-plate impedance to the tubes
when it is properly terminated, and the
secondary in this °case is matched to a
speaker with a nominal impedance of 10
ohms. The source impedance seen by the
speaker is thus 1,600x10/5000, or 32
ohms at the 10-ohm tap, and the damping
factor may be calculated from either the
primary or secondary circuit as 5000/
1600 or 10/32, both terms yielding a
value of 3.12. Six db of negative voltage
feedback will approximately double the
damping factor.

The use of a low-internal-impedance
output stage to-drive a loudspeaker has
another important effect on operation,
which is really part of the same pic-
ture. The loudspeaker, like an electrical
motor, hecomes an electrical generator
when the voice coil is subjected to
motion. The output of this generator—
looking back into the amplifier this
time—is applied to a voltage divider
consisting of the amplifier source im-
pedance at the transformer secondary
(at this instant taking the place of a
load), and the internal speaker imped-
ance” The speaker is thus “loaded
down” electrically against mechanical
hangover.

Low amplifier source impedance, low
voice-coil resistance, and high mechan-
ico-electric efficiency of the speaker gen-
erator all increase the effectiveness of
the electrical braking action of the
amplifier for any ringing oscillation
unauthorized by the signal. When the
voice coil faces a low-impedance load
it cannot move, in response to inertial
or elastic restoring forces rather than
to the signal, without sending appre-
ciahle energy into this load, so that
whatever extra mechanical energy it
may possess is quickly dissipated. The
low source impedance, however, appears
in the output signal circuit as a series
element, and so damping is achieved
without the usual energy waste and
efficiency loss. With a high-source-im-
pedance stage driving the loudspeaker it
takes longer for mechanical hangover
energy to be dissipated electrically.

Since triode power amplifiers use a
load impedance greater than their plate
resistance they have inherently good
damping factors. Pentode and beam-
power tetrodes, on the other hand, are
connected to a load whose impedance
value is much smaller than the plate

7 This internal speaker impedance con-
sists of the d.c. resistance of the voice-coil
—usually about 94 to 34 the value of the
nominal impedance—and the self-inductance
of the voice-coil, which is only significant
at the higher frequencies. Motional imped-
ance is not seen as an internal impedance
by the speaker generator, since this mo-
tional impedance is itself the effect of the
back em.f. generated by the speaker.

resistance, and therefore have poor
damping factors. The use of inverse
feedback on such stages can increase the
damping factor beyond that of triodes
without feedback. In all cases the d.c.
resistance of the voice coil must still be
contended with. Figure 12—14 illus-
trates the very small improvement in
damping that is to be had by increasing
the damping factor beyond a value of
two. A further reduction of source im-
pedance, however, can bring the output
stage closer to constant-voltage opera-
tion.

Effect of Feedback on Amplifier
Source Impedance

From the above it may be inferred
that a relative independence of gener-
ator output voltage from changes in
load impedance is an indication of low
internal impedance, or at least of some-
thing just as good that can be counted
as low internal impedance. Negative
voltage feedback, as we have seen, pro-
duces precisely that independence be-

tween output voltage and circuit con-
ditions that we are seeking—any voltage
changes not proportional to the signal
are opposed—and theretore effectively
lowers the output source impedance of
the amplifier. An output stage with high
source impedance will, after sufficient
feedback has been applied, exhibit the
same relatively constant voltage output
at speaker resonance and in the higher
treble ranges as a stage with initially
low source impedance.

The damping effect of negative feed-
back can be illustrated in a less abstract
way, in Fig. 12—15. Thinking of the
speaker as a generator, back em.f. ap-
plied to the transformer secondary has
two effects; it directly stimulates cur-
rent changes in the plate circuits of the
push-pull tubes, and it introduces a sig-
nal into the feedback loop. The feed-
back signal will be amplified, and must
reach the output plates in such phase
as to reduce the voltage applied to them
from the direction of the speaker. Plate
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Fig. 12—14 (above). Damping effect of amplificr source impedance on speaker. (After Olson)
The lack of significant improvement after the source impedance has been reduced to one
half the value of speaker impedance is due to the series resistance of the voice-coil.
Fig. 12—15 (below). Effect of negative voltage feedback on amplifier source impedance.
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and grid signal voltages are always
180 deg. out of phase, so that the in-
stantaneous polarity of the negative
feedback voltage reaching the grid will
be the same as that of the speaker back
emf. reaching the plate. Thus, when
the speaker em.f. drives the plate more
positive and increases tube current flow,
the grid is also driven in the positive
direction, decreasing the instantaneous
resistance to current flow between cath-
ode and plate. \When the speaker e.m.f.
drives the plate in the negative direc-
tion and decreases tube current flow,
the grid is also driven more negative;
this increases the instantaneous forward
resistance hetween cathode and plate,
but decreases tube resistance to the cur-
rent change created by the back em.f.
The changes in plate voltage caused by
free speaker oscillations are thus ap-
plied to a resistance whose instantaneous
value is always decreased by the feed-
back signal, and the change in current
flow, and energy dissipation, is in.
creased.

The effect of negative voltage feed-
back on internal impedance may seem a
little unreal, like a magician’s vanishing
act. One may well ask—have the in-
ternal plate resistances of the output
tubes really disappeared? Has a circuit
been created in which the signal no
longer has to dissipate energy in the
tube resistance to current flow? The
answer to both questions is negative. If
the voltage across the load does not go
up with an increase of load impedance,
it is because the total signal voltage
applied to the load-internal impedance
voltage divider has gone down. We may
secure constant-voltage operation and
high damping—both indices of low
source impedance—but the optimum
load impedance must still be calculated
on the basis of the original, actual plate
resistance. This resistance remains in
the circuit where it always was, and
takes up its normal share of output
voltage.

In the years prior to the general use
of negative feedback in power ampli-
fiers, a resistance-capacitance network
was usually strapped across the output
transformer primary of pentode stages
to compensate for the variation of load
impedance with frequency.

Negative current-controlled feedback
increases rather than decreases the
source impedance of the stage over
which it is applied. Tt does this in two
ways: (1) by providing a resistor in
series with the load, which the load
sees as a direct addition to the value
of the tube’s plate resistance; and (2)
by influencing the input signal towards

AMPLIFIER

Fig. 12—16. Negative current feedback. The

feedback voltage across Rg varies with the cur-

rent through the load rather than with the

voltage across it. Note that an un-bypassed

cathode resistor is in exactly the same posi-
tion in the circuit as Rg above.
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providing constant-current operation.
Any change in current caused by a
change in load impedance sends back a
feedback signal whose effect is to op-
pose the change.

The source impedance of an amplifier
with current feedback (see Fig. 12—16)
may be expressed as:
RlnI=Rp+Ro—A'Rc=Rp"‘(I—A')Rq
where Rint=Source impedance of cur-

rent-feedback amplifier

Re=Plate resistance of output
tube or tubes

A’'=No-load voltage gain be-
tween point of re-entry
of feedback signal and
point from which it is de-
rived (taken as negative
when feedback is purely
negative)

Rc=Resistance in series with
the load (often the cathode
resistor) from which the
feedback IR drop is de-
rived.

With positive current feedback the
sign of A’ must he reversed. Since the
expression (I A4’)Rc may become larger
in absolute value than Rp, the source
impedance may be reduced to a ‘neg-
ative” value, which is a fictional way of
expressing the fact that the speaker sees
a generator, of such polarity that more
current is drawn than would be by an
external short circuit.

When current feedback is used with
a reactive load an additional complica-
tion appears, as will be seen in the
following paragraphs, in the form of
varying phase shift of the feedback sig-
nal from the signal voltage.

The Output Stage and the Loudspeaker—
Variation in Load Reactance Characteristics

We have spoken of the speaker im-
pedance in mechanical terms: we have
seen that above the resonant frequency
of the speaker’s mass-elasticity system
the effect of inertia is predominant over
that of the restoring forces, and the
mechanical system is mass-controtled.
We have also seen that below the speak-
er’s resonant frequency the effect of the
suspension forces hecomes predominant,
and the system becomes compliance-
controlled. The speaker therefore con-
stitutes a load of varying mechanically
reactive characteristics, and the velocity
of motion of the voice coil will usually
not be in phase with the force applied
to it. Voice-coil velocity and force will
instead maintain a phase relationship
analogous to that between voltage and
current in the equivalent electrically re-
active circuit.

Tt is obvious that the amplifier cannot
“see” a mechanical impedance directly
—the mechanical load (including the
acoustical influences) must be trans-
lated into electrical terms hy the elec-
tro-mechanical transducing system of
the speaker. The translation takes place
tlirough the medium of the motion-in-
duced back e.m.f, but it plays tricks.
What appeared at resonance as a mini-
mum mechanical impedance (a mini-
num of force was required to produce
a given voice-coil velocity) is trans-
formed into a maximum electrical im-
pedance. This is a reasonable expecta-
tion ; since the required force is reduced,
the load does not have to draw as much

Fig. 12—17. Equivalent circuit to electrical
load presented by the spcaker ta the ampli-
fier. Rva=Voice-coil resistance; Lva= Voice-
coil inductance; Ly, Ry, Cy=Components of
motional impedance reflected by the compli-
ance, resistance, and mass respectively of the
speaker mechanical-acoustical system, forming
a damped parallel-resonant circuit.

current and presents a higher electrical
impedance to the source. The decreased
mechanical impedance of the speaker is
communicated to the amplifier through
an increased back e.m.f. which varies
directly with voice-coil velocity and
which introduces an increased motional
electrical impedance.

Not only does the conversion from
mechanical to electrical impedance re-
verse the minima and maxima of im-
pedance values over the frequency spec-
trum; the nature of the reflected re-
actance characteristic is also reversed.
Force on the voice-coil must be in phase
with the magnetizing speaker current,
but the force will usually be out of
phase with voice-coil velocity. The ve-
locity-dependent back emf. is thus
shifted in phase, and the final current
that flows in the speaker circuit suffers
a phase shift {from the signal voltage.
Graphical or vector analysis will show
that a mecahnical mass-reactance causes
the current to lead the signal voltage,
which makes the speaker load capaci-
tive, electrically speaking, and that a
mechanical compliance-reactance causes
the current to lag, which means that
the latter is reflected into the electrical
system as an inductive reactance.

The electrical speaker load seen by
the amplifier is thus a complex one, and
may be represented (with certain sim-
plifying assumptions) in the equivalent
electrical circuit of Fig. 12—17. This
is not a mechanical-electrical analogy,
but it does include the electrical char-
acteristics reflected into the amplifier
output circuit from the mechanical-
acoustical system of the speaker. Figure
12—18 illustrates the variation of single-
unit speaker reactance characteristics
with frequency. The inductive effect at
the higher frequencies is due to the
self-inductance of the voice coil rather
than to motional impedance.

With a constant-voltage source of
power the vagaries of speaker reactance
or resistance have no significant effect
upon the voltage across the speaker
terminals. Thus, although negative volt-
age feedback may be derived from

(Continued on page 44)
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Matched Line of Hi-Fi Equipment

HARRY F. OLSON*

An evaluation of the various parameters which must be considered in the
design and assembly of components for a high-quality home music system.

tion” means sound reproduction in

which the characteristics of the original
sound are reproduced with realism and
naturalness. The science of sound reproduc-
tion has advanced to the stage where it is
now possible to provide the listener in the
home with high-fidelity sound reproduction.
However, great care must he exercised in
the development -and design of the sound
reproducing equipment in order to achieve
truly high-fidelity performance. Considera-
tion must be given to the characteristics of
speech and music, from the standpoint of
handling these sounds without any attend-
ant distortions. Furthermore, not only
must each element of the system be of high
quality, but the elements must be matched
one to the other so that no losses or dis-
tortions occur in coupling the units together
to form the complete system.

This paper will outline the characteristics
of speech and music affecting the design
of high-fidelity sound reproducing equip-
ment and will establish the characteristics
of such a system which will reproduce
the sounds of speech and music. In addition,
it will describe an integrated and matched
set of components which has heen developed
and designed in accordance with these
principles.

T HE TERM “high-fidelity sound reproduc-

Characteristics of Speech and Music

From the standpoint of speech and music.
sound waves may e described and defined
in terms of six physical variables,? namely,
frequency, intensity, waveform, duration,
growth and decay. and vibrato.

Frequency is the number of cycles oc-
curring per unit of time. To produce the
significant and characteristic sounds of
speech and music with frequency fidelitv.
the frequency range of the sound reproduc-
ing system should cover the frequency
hand from 40 to 15.000 cps without apore-
ciable frequency discrimination. Such a
system will reproduce well helow 40 c¢ps
and above 15,000 cps because the cutoff in
any practical system will not be sharp or
abrupt.

Intensity of a sound field in a specifed
direction is the sound energy transmitted
per unit in a specified direction through a
unit area normal to this direction at the
point. The reference level2 of 0 dbh corre-
sponds to 10-18 watts of sound power flow
per square centimeter. The sound repro-
ducing svstem should he capable of produc-
ing an intensitv level in the average room.
of at least 100 dh. Under these conditions
it will he possihle to match the intensity
Tevel of a svmphony orchestra. Scattered
tests have shown that the sound levels
found in home reproduction offer a fignre
of 65 to 75 dh. Ordinary conversation has

* RCA Laboratories, Princeton, N. J.

1H. F. Olson, “Musical Engineering,”
McGraw Hill Book Company, New York,
N. Y, 1952, p. 246.

2 Acoustical’ Terminology, American
Standards Association, Z 24.1—1951, p. 23.

an average level of 70 db. Thus it will be
seen that a top level of 100 db is quite
adequate. The lower level of sound repro-
duction is limited by the ambient noise in
the room, and the noise in the sound repro-
ducing system. System noise should fal!
below the ambient noise in the average
room so that the room and not the system
becomes the limiting factor with respect
to noise.

The waveform of a complex sound is
determined by the fundamental frequency
and the overtones. The overtone structurec
is expressed in the number, intensity, dis-
tribution, and phase relations of the com-
ponents. The waveform or timbre is the
most important fundamental attribute of
all speech and music. It is the timbre that
plays the most important part in determin-
ing the character of a voice or a musical
instrument. If the response of a sound
reproducing system is not uniform with
respect to frequency, the original overtone
structure will not be reproduced because
there will be deviations from the original
amplitude of the components. As a result.
the character of the voice or the musical
instrument will he impaired or destroyed.
If the sound reproducing system introduces
nonlinear distortion, then spurious har-
monics and overtones are produced which,
of course, alter the timbre and the resultant
character of the voice or musical instru-
ment. Therefore, the nonlinear distortion
should he less than a perceptible value.

Duration is the time that a tone persists
or lasts. There does not appear to be any
limitation in almost any system as far as
reproducing a tone of any duration.

The arowth of a tone involves the time
required for the tone to build up to some
arbitrary fraction of its ultimate value of
intensity. The decay of a tone involves the
time required for a tone to fall in intensity
to some arhitrary fraction of the reference
intensitv. The growth and decay of a sound
emitted by a musical instrument depends
upon the particular instrument. In some.
such as the piano, the build-up time is short
while the decay time is long. In the pipe
organ, the growth and decay time are
both relatively long. Tn a sound reproducing
svstem, the transient response of the system
determines whether it can follow the
growth or decay characteristics of musical
instruments. A reproducing system with
good transient response will reproduce
faithfully all sudden changes in the ampli-
tude envelope. Thus it will be seen that
it is important that the sound reproducing
system exhibit good transient-response
characteristics.

Vibrato means primarily a frequency
modulation of a musical tone. The vibrato
is also accompanied by an amplitude modu-
lation at the modulating frequency as well
as a pulsating change in tibre. The vibrato
is used as an artistic embellishment by
singers. Under these conditions, the average
rate of the frequency modulation is seven
eps. In sound reproducing systems using
moving parts in the reproduction, such as
the turntables in recording and reproducing
phonograph records, any variation in speed
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will produce a frequency modulation. This
is a form of vibrato usually called a ““wow”
in technical language. The wows due to
variation in speed are most noticeable in the
reproduction of music. The mechanical
elements in a system should be free of non-
uniform motion which produces any notice-
able wow.

Characteristics of a Hi-Fi System

The preceding section has outlined, in
terms of the characteristics of speech and
music, the requirements for a high-fidelity
sound reproducing system. It is the pur-
pose of this section to correlate these
characteristics with the subjective charac-
teristics of hearing, and to give a specific
set of data for the development and design
of the system.

Frequency Response

The determination of the frequency-re-
sponse range needed in high-fidelity sound
reproduction involves the response of the
human ear and the frequency ranges en-
countered in speech and inusic. The fre-
quency range of the average normal ear of
a young person is 20 to 20,000 cps. How-
ever, it has been shown? that no appreciable
loss in quality of *sound reproduction oc-
curs when a sound reproducing system
covers a frequency range of 40 to 15,000
cps. This range, therefore, may be treated
as ideal. Any attempt to evaluate the effect
of restricting the frequency range between
these limits involves a personal judgnient
of quality. In general, the choice between
ideal and restricted frequency ranges be-
comes a matter of economic considerations.
That is to say, the user must make his
own decision as to 4 balance between cost
and the frequency range.

Nonlinear Distortion

Nonlinearity in the elements of a sound
reproducing system produces distortion in
the form of spurious harmonic components
which were not present on the original
sound. Since all the elements of a system
are nonlinear in some degree, means must
be devised for measuring the effects of the
nonlinear distortion which is produced. This
is done by subjective tests. Tests* have
been performed to determine the per-
ceptible, tolerable, or objectionable levels
of nonlinear distortion as a function of
the frequency range. In a high-fidelity
system the perceptible level of non-
linear distortion is the logical one be-
cause one can hardly ask for more than be-
ing unable to hear the distortion. For
an upper frequency limit of 15000 cps
and a listening level of 75 db, it has
been shown that a total r.m.s. distortion
of 0.75 per cent is perceptible to critical
listeners. The value is selected as the ideal
for this level of reproduction and this fre-

3\W. B. Snow, J. Acous. Soe. Am., Vol.
3, No. 1, Part 1, p. 155, 1931.

“H. F. Otson, “Elements of Acoustical
Engineering, 2nd Edition,” D. Van Nos-
trand Company, New York, N. Y., 1943,
p. 488,
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Figs. 1 to 5 (top to bottom). Type SRC-51

record player, ST-1 ond SVT-1 tuners, the

latter with a built-in preamplifier/omplifier

combination, the SYP-10 amplifier/preampli-
fier, ond the SV-1 preamplifier.
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quency range, The ear is‘not as critical to
distortions for higher levels of sound re-
producton, and this value may be relaxed
at the higher levels. For example, at a
sound level of 90 db and an upper frequency
limit of 15,000 cps, total r.m.s. distortions
of about 2 per cent are hardly perceptible.
Any compromise with the ideal nonlinear
distortion becomes involved in complex sub-
jective problems which cannot be easily
resolved.

Transient Response®

Since all speech and music is in a continu-
ous state of change, it is, of course, of a
transient character. Therefore, a high-fi-
delity system must be capable of reproduc-
ing these rapid changes without any ap-
preciable deviation. Poor transient response
leads to fuzzy reproduction in the high-
frequency ranges and hangover of the tones
in the low-frequency ranges. As a result,
much of the character of struck-string and
percussion-type instruments is lost in a
system with poor transient response.

One of the common methods for testing
the transient response of a loudspeaker is
by observing the response to a tone burst.
A tone burst is a single-frequencv sine-wave
signal of short duration. having a rec-
tangular envelope. The duration of the sia-
nal mav vary from 50 to 500 milliseconds,
derending upon the frequency. It may be
said that a tone burst consists of a signal
of practicallv instantaneous rise and decay
periods. A deviation from the rectangular
envelope denicts the transient response of
the londspeaker. Tt will he seen that a rec-
tangular envelope. that is. the almost instan-
taneous rise and decav of the tone burst, is
a very severe test. Therefore. anv loud-
speaker passing this test will handle any
transients encountered in speech and music
without distortion. From the shape of the
envelope of the tone hurst emitted hy the
loudspeaker, it is possible to correlate the
shape with the freauencv-response charac-
teristic. For example. if there is a peak in
the freauency-response characteristic. some
time will be required for the output to
huild un to the steady-state value after the
electrical input has been anplied. and some
time will also be required for the ontput to
decay after the electrical input has heen
stonped. Tf there is a dip in the frequencv-
resnonse characteristic, there will be a rapid
build up in the outnut after the electrical
input has heen aonlied : then this is followed
by a very low. steady-state value and then
another ranid rise in the output when the
electrical input has been stooned. From the
forezoing, it will be seen that the growth
and decav characteristics of speech and
music will nnt he reproduced unless the
svstem exhibits zood response to transients.
Faithful transient response requires a
smooth frequency-response characteristic.
Directivity®

The directional characteristic of a loud-
speaker is the response as a function of
the angle with respect to some reference
axis of the system. The directivity patterns
are usually depicted in polar codrdinates.
The directivity of a piston-type radiator,
such as a cone, becomes sharper as the
ratio of the diameter to the wavelength
increases. However, the directivity pattern
can be controlled by the shape and material
of the cone. If the directivity varies with
frequency, then frequency discrimination
will result for points removed from the
axis. In most conventional loudspeakers,
the high-frequency response is confined to

5.6 H. F. Olson, Aupio ENGINEERING,
Vol. 34, No. 10, p. 15, 1950.

a narrow beam, and is thus materially re-
duced when the observation point is a few
degrees off the axis. This makes it im-
portant that the directivity pattern of a
high-fidelity loudspeaker should be broad
and independent of the frequency.

Power Requirements’

The efficiency of a loudspeaker is the
ratio of the acoustical power output to the
electrical power input. Therefore, the acous-
tical output power requirements involve
the efficiency of the loudspeaker, and the
electrical input power to the loudspeaker.
Sound level requirements will vary over
wide limits due to individual preferences.
In the home a pattern of listening to radio
sound reproduction has been established by
the average listener. It would seem that
the volume control of the radio receiver is
adjusted so that speech is reproduced at
conversational level and no change is made
as the program changes to music. Ordinary
conversation has an average level of ap-
proximately 70 db. This pattern of listening
has been substantiated because tests have
shown that the sound levels found in home
reproduction yield a value somewhere be-
tween 65 and 75 db.

During the past seven years, hundreds
of demonstrations of high-fidelity sound re-
production have been made to visitors to
the RCA Laboratories. They were made
in the Living Room Laboratory,® designed
to simulate the acoustics of the living
room in the average home. The average
power to the Type LC-1A loudspeaker was
0.050 watt. This electrical input gave a
sound level of 80 db. Over one half of the
listeners have commented that the level of
reproduction was too high. There have been
very few that have felt it was too low. An
average sound level of 75 db would thus
be adequate for home sound reproduction.
The electrical power input corresponding to
this sound level is approximately 0.016 watt.

The above considerations involve average
power. Obviously the sound reproducing
system must be capable of handling the
peak power. The ratio of peak® 10 to aver-
age power in speech and music is approxi-
mately 10 db. This means that the peak
power level corresponding to the average
power level of 0.016 watt is 0.16 watt.
Following this, if an electrical input of
0.050 watts will deliver a level of 80 db,
then an electrical input of S watts will de-
liver a sound level of 100 dh. Tt has heen
shown that the peak sound levelll in a
desirable seat in a concert hall with a
large symphony orchestra playing “full
orchestra” is not likély to exceed 100 db.
The listener can therefore simulate in his
living room the sound level of a symphonv
orchestra with only five watts electrical
input to the loudspeaker.

The question may arise as to the reason
for 10 and 20 watt power amplifiers if 5
watts 1s sufficient. The fundamental reason
is that a ten-watt amplifier will deliver 5
watts of output with less distortion.
Furthermore, a larger amplifier allows a
reserve so that, even with changes in the
tubes with age, etc., which may reduce the
top output somewhat, it will still deliver
S watts with low distortion.

7QOlson and Morgan. Radio and Tele-
vision News, Vol. 44, No. 5. p. 50, 1950.

8H. F. Olson, J. Acous. Soc. Am., Vol.
15, No. 2, p. 96, 1943.

¢ Wolff and Sette, J. Acous. Soc. Am.,
Vol. 2, No. 3, p. 384, 1931.

10 Sivian, Dunn and White, J. Acous.
Soc. Am., Vol. 2, No. 3, p. 330, 1931.

11 Bell Laboratories Record, Vol. 12,
No. 10, p. 314, 1934,
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High-Fidelity Sound Reproducing
Equipment

The components shown in Figs. | to 13
have been developed and designed in ac-
cordance with the principles outlined in
the preceding sections. They are part of
a new line of “Matched High Fidelity”
Equipment which will be marketed by the
Engineering Products Department of RCA.

Players and Tuners

The Type SRC-51 record player, shown
in Fig. 1, is a three-speed automatic record
changer. It is provided with two inter-
changeable spindles for standard center
hole and “'45” records. Center hole records
are handled by a gentle pusher-type plat-
form. There 1s an easily inserted spindle
for 45-rpm records. The spindle is designed
to eliminate wear of the center hole ot the
record. Reproducer hieads are of the plug-in
type, designed for the users’ choice of
cartridges.

The AM-FM tuners, Types ST-1 and
SVT-1, shown in Figs. 2 and 3, include
separate tuned r.f. stages and triode con-
verters on both AM and FM to insure
low-noise reception. Wide bandwidth in
the if. stages insures broad response, and
sharp skirts on the band-pass character-
istics of the i.f. sections provide good
selectivity. A 10,000-cps narrow band-
elimination filter cuts out the beat note
produced by interchannel interference i
AM reception. A completely shielded
chassis minimizes oscillator radiation and
insures electrical isolation of lhe tuner.
Double-shadow tuning eye and ‘“no-drift”
af.c. on FM simplifies tuning.

1he Type ST-1 tuner provides adequate
output to drive an amplifier such as the
Type SVP-10 which contains a preampli-
fier, but requires a preamplifier such as the
Type SV-1 to drive straight power ampli-
fiers such as Types SP-10 or SP-20.

The SVT-1 tuner of Fig. 3 has a built-in
preamplifier which provides sutlicient out-
put to drive the Types SP-10 or SP-20
amplifiers. This amplifier may also be
coupled between the record changer L'ype
SKC-51 and the SP-10 and SP-20 ampn-
fiers. It is provided with the following
controls : input selector switch for phono-
graph (Ortho, LP, AES, 78 compensa-
tions), radio, television, auxiliary, and
tape; volume; tuning; bass; and treble.

Amplifiers

The SVP-10 amplifier, shown in Fig. 4,
is a combined preamplinier and power am-
plitier. It is provided with the following
controls ; selector for phonograph (73,
LP, AES, Ortho compeusations), radio,
television, auxiliary and tape equipment;
volume; bass; and treble with an OFF-ON
switch.

The SV-1 preamplifier, shown in fiig. 5,
is designed 1o operate in the high-quality
system with the SP-10 and SP-20 power
amplifiers. There are five input jacks with
a control for selecting -the following in-
puts: input selector switch for phonograph
(Ortho, LP, AES, 78 compensations),
radio, televnsnou, and auxiliary ; one volume
control for all mnputs; a bass control; and
a treble control with an oFr-oN swnc_h

The SP-10 power amplifier, shown in
Fig. 6, is a high-quality unit with 10-watt
output. Full output is obtained for an input
of 0.5 volts. The amplifier supplies 6.3 volts
ac. at 1.2 amperes and 250 volts d.c. at
8.0 milliamperes for operation of the SV-1
preamplifier.

The SP-20 power amplifier, shown in
Fig. 7, is a high-quality unit with 20-watt
output, which is obtained for an input of
0.5 volts.
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Loudspeakers'

The SL-8 and SL-12 loudspeakers, the
former shown in Fig. 8, are extended range
8- and 12-inch single-cone loudspeakers for
high-fidelity application. These loud-
speakers were especially designed for a
smooth frequency-response characteristic.
A loudspeaker with a ragged and non-uni-
form response frequency will introduce
frequency discrimination, will not exhibit
good transient response, and will tend to
accentuate noise.

The smooth response of these loud-
speakers was obtained by employing a par-
ticular shape for the curvilinear cone, a
special pulp for the material of the cone,
and a damping ring 1 the outer suspension
which provides a matched terminating
acoustical impedance. The shape and ma-
terial of the cone play importaut roles in
determining the directivity pattern of the
loudspeaker. In wide-rauge loudspeakers
the pattern should be broad in order to
reduce frequency discrimination for listen-
ing points removed from the axis. The ma-
terial and shape of the cone were selected
through extensive research and develop-
ment so that a distribution angle of more
than 40 deg. was obtained in these two
loudspeakers.

The LC-1A loudspeaker,’® shown in
Fig. 9, is a duo-cone loudspeaker. It was
first demonstrated in a test at Tanglewood,
Massachusetts, on July 29, 1947 in comi-
parison with a_full symphony orchestra.
‘The Shed at Tanglewood in which the
demonstration was conducted is an immense
structure—239 feet long, 200 feet wide at
the rear, and 40 feet high, and seats OGU0V.
A record was made of a selection played
by the Boston Symphony Orchestra, and
twelve LC-1A loudspeakers suitably housed
for this type of auditorium were placed
at the front of the stage to repro-
duce it. In the demonstration, the orchestra
played the first portion of ‘the selection;
and then suddenly the orchestra stopped
playing, and the remainder of the selection
was reproduced from the record. Dozens
of music critics from several large cities
stated that it was scarcely apparent where
the live orchestra left off and the repro-
duced sound began.

One of the outstanding features!4 of the
original LC-1A loudspeaker was the broad
directivity pattern. This has been broadened
even further so that now uniform response
is obtained over an angle of 140 deg. and
the characteristic is even more uniform than
in the preceding model.

These desirable characteristics are due
to the following new features: a series of
conical domes placed on the surface of the
large cone, a damping ring in the suspen-
sion system, and a multiple vane deflector
in front of the high-frequency cone. The
series of domes placed on the low-frequency
cone breaks up the symmetry of the umt
and thereby eliminates interference nor-
mally characteristic of a symmetncal shape.
The high-frequency efficiency is improved
because the solid angle into which the high-

(Continued on page 53)

12 It is beyond the scope of this paper to
provide a complete technical presentation
of the theory, devclopment, and design of
these loudspeakers. This complete treat-
ment will be reserved for another paper in
Avupio ENGINEERING.

13 Olson nd Preston, RCA Revicw, Vol.
7, p- 1585, 1946. This paper describes the
first model of this loudspeaker which was
introduced in 1947.

14 Olson and Preston, RCA Review, Vol.
7, No. 2, p. 155, 1946.
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6 to 9 (top to bottom). Type SP-10
power amplifier—10 watts, Type SP-20 power
amplifier—20 watts, Type SL-8 loudspeaker and
the newest model of the LC-1A loudspeaker.

Figs.
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Fig. 1. Performance data for the Pilotuner,

model AF-824. The upper section shows the
four phono equalization curves, and the lower
limit curves.

shows the tone-control

New Equipment

NEW MODEL PILOTUNER—AF-824

Pilotuner AF-821A has resulted in a

new model—AF-824—which has several
advantages over the earlier unit. The AF-
821A was reported in this column in March.
While the tuner section in the new model
appears to be electrically and mechanically
identical with the earlier set, the audio sec-
tion is radically changed, providing better
operating conditions and greater flexibility
in matching recording curves.

The phono preamplifier has been rede-
signed to provide four different curves—
LP, NAB, AES, and FOR (signifying
foreign) —with curves shown in the upper
section of Fig. . To accommodate the extra
control, the power switch has been coupled
with the volume control. In addition to the
circuit change, three fixed terminating re-
sistances have been provided, so it is now
only necessary to plug the pickup lead into
one of three input jacks, labeled 15,000,
27,000, and 47,000. These three values will
match the most popular pickups.

IMPROVED DESIGN in the a.f. portion of the

[ ]

Fig. 2. The new
model AF-824 Pi-
lotuner.

[}

Changes in the tone control circuit pro-
vide smoother operation of the controls,
and a sufficiently wide “flat” section at the
center makes it unnecessary to use an ex-
treme of accuracy in setting the controls to
obtain a uniform response.

A study of the schematic, Fig. 3, will
show the new output circuits, both of which
are cathode followers. Two circuits are
employed so that it is possible for the user
to use the tuner portion to feed another
amplifier and control unit with its own con-
trols, if desired, which may possibly have
different  characteristics.  Another use
which, to this reporter, is more important
is that the detector output may be fed to
a tape recorder, even though the normal
output of the tuner is feeding an amplifier
and speaker. Since neither volume nor tone
controis affect the detector output, any
change in the control setting to provide the
desired sound level or response will have
no effect on the recording being made. Fur-
thermore, both of the outputs are from
cathode followers, and any shielded cable
connected to the detector output Will have
no effect on the frequency response of the
regular output. And, of course, the low im-
pedance of the cathode-follower output
eliminates the possibility of affecting the
frequency response adversely by long leads
to the amplifier.

For crystal cartridges, the preamp may
be switched out of the cucult and a spare
input may be used for TV, tape playback,
or other source. A two-section volume con-
trol reduces hum and crosstalk below audi-
bility, maintaining an excellent signal-to-
noise ratio as the volume is lowered. With
both L-C and R-C filtering, which uses a
total of 180 uf of capacitors, and with a
hum-balancing adjustment, the residual
hum level is about 80 db below 1 volt at full
setting of the volume control, with the in-
put shorted.
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Fig. 3. Schematic of the complete tuner, including phono-preamp and tone control circuits.
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"LO NG PLAYING"
PORTABLE TAPE RECORDER

The PREsTO RC-7 has already been acclaimed “the finest tape recorder of
its size available.” Although portable in size, the RC-7 embodies features

|
s 3

and heavy duty construction found only in larger, more expensive, studio- Compare the RC-7 with any
type machines. studio-type recorder

Now, with the new RA-1 reel adapter, this precision recording instrument e Instantaneous speed accuracy
becomes an indispensable piece of equipment for every station and record- e Dynamic range better than 50

ing studio. With this adapter, the RC-7 accommodates reels up to 101%” db. at 3% distortion

diameter, providing continuous long-period recording or playback. e Three-motor drive

If you are contemplating a portable tape recorder, don’t buy any—until e No friction clutch or friction
you see the PRESTO RC-7 with 10%%” reel adapter (RA-1). Without a doubt, brakes

- by i . . §
it’s the best buy in professional tape equipment! o Heavy duty construction

throughout
® Separate erase-recording-

Present PRESTO RC-7 owners may convert their machines with Egpbeicl SR

this adapter for just $39.00. Write today for details!
cps.

® Reel size: to 10%* (with RA-1
' @W cdap'er)
L' RECORDING CORPORATION

PARAMUS, NEW JERSEY

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

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

UFACTURER OF PRECISION RECORDING EQUIPMENT AND DISCS

® Twin speed: 7':"/sec or
15"/sec.

® Frequency response to 15,000

P

Export Divisian:

Canadian Division:

WORLD'S LARGEST M

L
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Multiple-Track Magnetic Heads

KURT SINGER" and MICHAEL RETTINGER"

A description of an economical construction method for multiple-track magnetic
heads used in recording on 35-mm perforated magnetic film, particularly when such
heads are used in a theater for the stereophonic presentation of motion pictures.

ITH THE ADVENT of “Cinerama,”
w increased attention is again being

directed to the recording and re-
producing of stereophonic sound in mo-
tion pictures. It may be remembered that
in 1940 the Walt Disney production
“Fantasia” was reproduced stereophioni-
cally with the use of three photographic
sound tracks and one photographic con-
trol track with three frequencies. Since
magnetic recording has, to a large ex-
tent, replaced photographic recording in
motion picture studios, it stands to rea-
son that future stereophonic recordings
will be made with magnetic film.

Two six-track heads were constructed
for the purpose of obtaining data for
multichannel magnetic recordings on
35-mm  magnetic film. Subsequently,
such a unit will be referred to as a
cluster, in distinction to any of the six
heads of which a cluster is composed.
Two methods of construction were em-
ployed: one cluster was built by assem-
bling six individual heads in their proper
shield cans; the other unit, by combining
two. half clusters, which will be de-
scribed in greater detail later.

The width of each track was .080 in.
and the space between the tracks was
084 in. Each outside track was .050 in.
from the closest sprocket hole edge. The
heads were numbered 1, 2, 3, 4, 5 and 6,
number 6 being closest to the recorder
panel.

Assembling six individual heads in
their proper shield cans presented nu-
merous difficulties. not only in respect to
the construction of the individual heads,
which had to be made small enough to
allow some space between the heads for
individual azimuth adjustment, but also
with respect to assembly. Each head

ot RCA Victor Division, Radio Corpora-
tion of America, Hollywood, Calif.

Presented on May 1, 1953 at the SMPTE Con-
vention in Los Angeles, California. This article
will also appear in the SMPTE Journal.

CoRE-
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BRASS AaCx

Fig. 1. The brass rack used in the No. 2 head
cluster.
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SHIELD

Fig. 2. Mu-metal partition used in the No. 2
cluster.

had to be adjusted for track placement,
head height, bearing, azimuth, and ro-
tation (to bring the six gaps into one
line). All adjustments were made under
a microscope, utilizing special tools and
assembly fixtures. The cluster was then
plasticized in a rectangular aluminum
receptacle.

Assembling the cluster composed of
two half clusters was easier and quicker
and could he performed with greater
accuracy in every respect. Six half
cores, wound with a pre-determined
number of turns of wire, were put in a
brass rack, into which grooves had been
milled for the placement of the cores.
Additional grooves had been provided
in the rack between the core grooves
for the location of mu-metal partitions
required for shielding purposes. After
adjusting core positions under a micro-
scope for accurate track placement with
a special assembly fixture, the mu-metal
partitions were inserted in their grooves,
the cluster was filled with casting resin
and placed in an oven for curing. Before
the half cluster was completely poly-
merized, the greased, .020-in. thick mu-
metal partitions, which were twice the
size of the cores (see Figs. 1 and 2),
were pulled out of the rack, and the half
cluster was allowed to cure for the re-
quired period. This was done to permit
the lapping of each half cluster on a
flat plate; otherwise, with the partitions
protruding, this lapping would not have
been possible. \WWhat was desired above

all was that all the pole faces should be
in the same plane. The partitions had to
be inserted to produce grooves in the
plastic, and they could be removed only
while the plastic was hot and incom-
pletely polymerized.

After soldering the coil ends to a
small terminal board fixed to the brass
rack, equipping the cores with the re-
quired front and back gap spacers, and
re-inserting the mu-metal partitions, the
two half clusters were screwed together,
after which the cluster was plasticized
n the same type of receptacle used for
the six-individual-head cluster. In this
discussion, the cluster made by assem-
bling six individual heads is referred to
as cluster No. 1, and that built by com-
bining two half clusters, as cluster No, 2.

It may be noted that the azimuth of
each head of cluster No. 2 can be set,
under a microscope, eleven times more
accurately than the azimuth of any of
the six heads of cluster No. 1. The rea-
son for this is that the combined gap
length of the heads of cluster No. 2,
including the interstices between the
tracks, is eleven times the gap length
of an individual head. Thus, the com-
bined length of the heads of cluster No.
2 can be utilized for the azimuth setting
of any one head, because all the pole
faces are in the same plane as noted
before.

The inductances of each of the heads
varied slightly about a nominal value
of 5 mh.

Performance

The operational tests for both clusters
consisted of the following:

(1) Determination of mavimum sen-
sitivity bias. Approximately 10 ma bias
per head was required for each cluster.
This test was made at a frequency of
400 cps at a level 20 db below the nom-
inal 100 per cent modulation level.

(2) Determination of 100 per cent

(Continued on page 51)

Fig. 3 (left). One of the heads used in the
No. 1 cluster. Fig. 4 (right). Receptacle used
for both clusters.
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there arer:f points to a triangle. ..

THE POINT OF

determines the type of loud-
speaker best capable of
providing optimum perform-
ance at lowest possible cost.
__There are over 50 different
__“University models to choose
from...each designed to
serve most efficiently and
economically in its intended

application.

Radial type projectors and paging speakers
with 360° dispersion for maximum coverage
at lowest cost and ease of installation.

Reflex trumpets in various sizes for incomparo-
ble efficiency, distance, and noise penetration.

Wide-angle and bi-directionol types, marine
and submergence models for heavy industry.

Paging and "talk-bock™ speokers in numerous
sizes, power and frequency characteristics ond
mounting arrangements.

*Explosion-proof”, blastproof, and even super-
power types from 100 to 720 watts capacity.

High fidelity, full-frequency response types for
indoor and outdoor use.

University Loudspeockers ore appli-

cation-engineered 10 assure customer

\ satisfaction, avoid waste of amplifier
power andspeaker capacity andreduce

Bl initial equip t and instaliation costs.

=~ University helps you to sell more sound
——— jobs ... make more profit you can pocket.

Fasals s Why spend more for more than you

g need— CHECK UNIVERSITY FIRST!

il

FREE—new 1953 copy of the ‘

University Technilog ¢ Complete up-
to-date manual of sound theory,
application and installation require-
ments ® SEND for your copy today. UNIVERSITY LOUDSPEAKERS ¢ INC,
80 SOUTH KENSICO AVENUE, WHITE PLAINS, N, Y,
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Minim and Maxima

Actually the proportional system which
we now use was first developed along about
the 13th century, when the beginnings of
counterpoint—more than one melodic line
at a time—made some kind of time co-
ordination absolutely necessary for musical
notation. It boasted such fancy terms as
maxima (or duplex longa, the double-
long), longa, brevis (short), semi-brevis,
mining  (the mininluni—except that it
wasn't), the seminimim and the fusa (per-
haps indicating that the notes were so fast
they melted together. . . . ) Note the gen-
eral avoidance of a single “unit,” plus the
acceptance of the fractional theory, in part.

The British, in characteristic fashion,
still retain a good part of this terminology
and so do other musical nations. They
don’t even know about our theoretical
*“unit,” the whole-note, which to them is a
semibreve, a half-breve! The English call
our half-note a minim and our quarter a
crotchet, our eighth a quaver (it quavers
but it doesn’t melt)—thereby setting up a
system which is completely non-informative
as to the indicated relationships. Com-
pounding logic with illogic, they proceed to
the semiquaver, which is, as it says, a hali-
quaver (sixteenth-note) ; then onward via
the hemidemi system; the imperturbable
British musician calls our 64th note—
which is always very fast—a hemidemi-
semiquaver. They don’t have to use them
very often, luckily, and if the British can
pay taxes in guineas and pounds and
shillings they can cope with any phlegmi-
hemidemisemi that comes their way.

Hemi or otherwise, the mathematical
proportion is the foundation of rhythm
writing and we need add but one more
joker, of the expected variety: given a
theoretically exact set of fractional rela-
tions and even a good, measurable time
speed for the unit-note, we must still leave
room for added flexibility of remarkable
amplitude, in the actual playing, The math-
ematical musical time-ruler is made of
stretchy ruhber, as you know ii vou've ever
checked up on a Strauss waltz—where the
unit value is a quarter-note, three to a
measure, and the speed 1s . well,
waltz speed. It would take a rubber metro-
nome with fluid drive to keep track of the
quarters and the eighths and sixteenths in
that music!

* 780 Greenwich St., New York 14, N. V.
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EDWARD TATNALL CANBY*
Keeping the Score Il. Rhythm

(Did you ever try to “keep time” to a
metronome? It’s uncanny how ‘‘wrong”
the inetronome always is—you are ready
to swear that it plays unevenly, not you.
Moreover, you are perfectly right, if you
accept music in its own terms. Except for
gross errors, good playing is invariably
inexact as to time values.)

* k ok ok &

Maybe it’s just as well I’'m not a teacher
at this point. A teacher is supposed to make
everything very, very simple, so the little
tots—or the dopy adults—will have a good
time and enjoy their education. It's the
indigestion that comes later that I'm think-
ing about. Sometimes you just have to get
sick and start all over again. Sure enough,
a quarter-note is half of a half-note and
if you count “ONE, two, three,” ONE, two
three, you'll have three-four time. Ask any
metronome. But that, my friends, is not
music, even if a couple of million music
students are doing it right now at this
very moment. (Almost a couple of million
of them will fall by the wayside before they
ever get near enough to real music to hear
it.)

Bar Lines

To end, then, let’s assume that all and
sundry reservations above-mentioned have
been absorbed concerning musical flexibil-
ity. If so, we can speak of the system of
notation as miost teachers do, as though it
were indeed a fixed and rigid system, when
we know it is not. Convenience, no more.

In most recent music, hetween roughly
1650 and 1850, the rhythmic flow is marked
off into regularly recurring pulses, felt
throughout the whole musical texture even
though individual elements in the music
often ignore it or thrust against it (synco-
pation). In notation, this pulse is regularly
preceded by a bar-line, a vertical line
across the musical staff. (It has been added
in modern reprints of older music where
no bar lines were originally used—often
merely as an eye convenience, to help keep
one’s place and to count off “measures”
for locating a given spot. In much con-
temporary music the pulses are irregularly
spaced, though the bar lines continue to be
used.)

The time signature in recent music of

this sort consists of two figures, plus some-
times a word or two that indicates the
tempo or speed in general terms. The top
figure of the fraction you will see thus
written out indicates how many “units”’
you will find between the recurring pulses
in the music, within the bars or measures.

Some people call this the “count”—since
You can count it out or beat it out. In such
counting, you say “one” for the strong
pulse, and add succeeding numbers for the
intervening units.

The lower number of the written fraction
indicates the arbitrary fractional value of
the “unit”—which is more often than not
the quarter-note. Thus “three-four” time,
written § at the head of the music, has a
pulse that recurs every three units of time-
beating, as in ONE two three, ONE two
three, and each of those units is represented
by a quarter-note’s worth of abstract time
value. (Or two eighths or four sixteenths.)
Two-two_time, or 2/2, is countel ONE
two, ONE two, and the unit for this count
in the music is a half-note.

Confoosin’? A wee bit—but you have no
idea how much more subtle it all is than I
have here indicated! I'll leave you with
one last questioning, to stir up more of that
mental indigestion. Think hard—and then
try to pin down to a simple definition the
nature of this “count” or “beat” or “pulse”
I've been talking about. Is it a point in
time, or an area in time? (It's both.) Is
it a percussion, or merely an innter nervous
explosion, an unheard but strongly felt
“ummph?” (It is more often that than it
is a measurable peak of volume.) Indeed,
you'll find that the rhythmic pulse like al-
most every other part of music is one of
those elusive things that begins nicely and
logically, in the analysis, as a neatly sci-
entific mathematical element and ends up,
after a good long close study. as basically a
phenomenon of human psychology—a part
of the human animal and a small piece of
Life itself. The basic pulse of life, after
all, is the heart beat, which has its tempos,
fast and slow, that by a strange sort of
coincidence are immediately related to the
pulse of music. The heart beat is a throb
a pound, and a flow—so is musical rhythm ;
the lung-pulse is a long drawn out and
smooth rhythni—such as we find every-
where in music. Other functions of life
have rhythms too—even to the rhythms
of the seasons and of the ages of men (see
Haydn, above) ; all of them find some sort

AUDIO ENGINEERING e AUGUST, 1953

WWW. akhetrieaniadiahistory com


www.americanradiohistory.com

i STYLUS-DINK
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IN MUSIC, LISTENING QUALITY IS EVERY-
THING. 1t is the $#1 MUST. Without it every-
thing else becomes meaningless. The AUDAX
CHROMATIC has that quality to a degrec not
equalled by any other pickup—this according to
the thousands of AUDAX users, themselves.

Since all jewel-points wear out, replaceability of
the stylus at home is of i1he greatest praciical
importance. Audax not only provides for this
importani replaceability, but each AUDAX stylus
is replaceable independently of the other.

But only YOU can decide what sounds best,
thereforc—See and Hear the AUDAX CHRO-
MATIC and . . . you be the judge.

TRADE MARK

Pointer No. 39 in Weil’s “ELECTRONIC PHONO
FACTS”* reads: “No jewel-point is permanent, be
it diamond or sapphire. Therefore, periodie eheck-
ing is neeessary if good reproduction and the
records themselves are to be preserved. . . .>* The
variation in durability of jewel-points (any jewel-
point) gives extreme imporiance to the ever
present (uestion:

WHEN TO CHANGE STYLUS?

A microscope will show a flat on any diamond
(much sooner on sapphire) afier 40 or so hours of
play, yet the jewel is in good playing condition.
Hence, in diagnosing wear, it is the presence of
actual cutting edges that is important. This makes
a microscope (8$15.00 10 over $100.00)—almost
useless 10 an untrained observer. He can see, but
he can’t judge. (See April issne of HIGH FIDEL-
ITY)—The Audak Company has developed the
STYLUS-DISK which makes home-analysis of any
jewel-point very simple. This AUDAX DISK is
made of a specially eompounded soft material.
One side is made for LP, whereas the other side
is for standard grooves.

STYLUS-DISK

Pat. Pend

A highly ingenious method has been devised 1o put
extra pressure on each side of the stylus so that
any culling edge is immediately exposed. To ac-
complish this, the grooves are recorded eccen-
trically. If worn or defective, the stylus will serape
the delicate surface of the grooves, leaving a
visible indication.

To wait. as heretofore, for that distorted sound
which comes with a worn stylus means scores of
records already ruined. If directions are followed,
this new STYLUS-DISK should have a life-span of
many years. Yet it costs only $3.90 net. If your
favorite store hasn’t yet a shipment of STYLUS.
DISKS, write direet to us.

*“Be sure to obtain a copy of 1953 “ELECTRONIC
PHONO FACTS” from your dealer.

AUDAK COMPANY
500 Fifth Avenue New York 36

Creators of Fine Audio-Electronic apparatus for over 25 years

il ST " The Standard by Which Olbhors Ave Judged and Veltad”

One single magnetic unit plays all home records.
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The NEW
h
DC-AG CONVERTER

W(axder

Delivers MRE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specCially engineered for pro-
fessi 1 and cial appli ions re-
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage batteries or from PC line
voltage. Three “Custom” models, deliver=
ing 300, 400, or 500 watts 115 or 220 V. AC.
Wide range of input voltage, 12, 24, 32, 64,
110 or 230 V. DC. Unequalied capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
fregquency control feature.

HOW LEADING NETWORK
USE CARTER CONVERTERS

P\:rvo_!lo shows T%’m:ny
“Welcome Travellers ro m, aboard
N.Y.C. R.R. “Twilight piketsi Carter
“Cusfom” Converter makes recording pos-
sible on board the train, from regular train
current converted to 110 V. AC. Radio net-
works, stations, program producers use
Carter Converters for all sorts of on-the-
spot recording. ¥

artlett, star of NBC

MAIL COUPON FOR CATALOG

FGRF MOTOR CO

2648 N, Maplewood Ave.
Chicago 47

Carter Motor Co. -

2648 N. Maplewood Ave., Chicago 47

|

|

: Please send new catalogs containing com-
1 plete information on Carter *Custom' Con-
) verters and other Rotary Power Supplies.
: Name.
: Address

State.

of relationship to musical expression.

When the doctors can create life as well
as assist it, when the robot makers have
made their robot, then perhaps we'll get
to a finai scientific pinning down of the
elements of music to literalism. Mean-
while, music continues as a part of life
itself in more ways than you can shake a
stick at. Think of it that way and you'll
have no trouble at all in understanding
our ingenious present methods of preserving
the living music upon the dead surface of
inked paper.

A CAPELLA

A Festival of Choral Music. Choral Cham-
ber Group of Pamplona, Morondo.
Westminster WL 5195

A virtuoso amateur group of fifteen Spaniards
who have won assorted prizes in Europe. They
make a conventional bow to older choral music—
a piece by Victoria (16th century) and a few
madrigal-style works, not well done to my ecar
but their forte is what might be calted “color
choral.” semi-folk arrangements, with solos, much
bumm-bumming, imitation guitars, strings, etc.,
done with fine subtlety, good feeling. and fine
musicianship. Nice Spanish {eeling, moody, ro-
mantie, dark-colored, though not particularly
‘authentic” from the strictly ethnic viewpoint.
A stunning soprano solo voice.

Recorded at a performance, this shows almost
no indication of it—except an ill-advised and
startling burst of applause at the very beginning
of the first side. \Was this \Vestminster's con-
scicuce, apologizing for the on-the-spot job?
No nced for it at all!

The Triumphes of Oriana. Various Eliza-
bethan composers. Randolph Singers.
Westminster WAL 212

This is a triumph of common sense alertness
and good musicianship. The famous series of
several dozen madrigals published in 1601, each
ending with the refrain "‘Long live fair Oriana,”
referring to Queen Elizabeth I, is mentioned in
every music history, but as is so often the case
of the entire sct just one is commonly sung, over
and over again, as a historical “example,” the
madrigal by Woeelkes entitled "As Vesta was
from Latmos Hill Descending.” The other mad-
rigals in the set are never heard, because they
aren’t generally available in print, which is
merely because nobody has had the gumption to
reprint them.

Mr. Randolph had the brilliant idea of record-
ing the whole series, in honor of Elizabeth II,
of course, and he had the gumption as well to go
out and dig for the treasure. It wasn’t an easy
job at all but few of us can do less than admire
a man with such a pleasing and sure-fire bit of
library research on his hands! A bit like setting
out to uncover the collected plays of Shakespeare,
for the very first time.

There are 32 works here, not to be played as
a lump—they are individual entities, unrelated
to each other beyond a similarity of style and
refrain. Several were written after the Queen’s
death, which necessitated a slight adjustment in
the refrain to take care of the “long live” section.
Recording is Wesminster’s rather typical do-
mestic variety, ultra-clear, ultra-close. Fortunately,
the music was written for solo voices sitting
about a table and the sound is reasonably faithful
to that conception, in spite of a touch of tonsil
scraping here and there. The Randolph group
doesn’t blend as faultlessly as the old English
Singer and other such famed madrigalists—the
St. George Singers, for instance—but intelligent
musicianship makes up for it. Text provided, and
you should invariably follow same while listening,
Music of this sort exists to enhance the text, word
by word, phrase by phrase.

Flemish Choral Music. Chent Oratorio So-
ciety, De Pauw. Esoteric ES 514

Another semi-amateur group, this one number-
ing a hundred or o singers, well recorded via
Telefunken-Ampex-Scully in an ideally live
acoustic, warm resonant but sharp and clear. This
group specializes in Flemish *“popular” music—
over some four or five hundred years—and their
older music is as well done as the newer. A
wide variety of material here, all most attractive

in the listening. Those who know the Trapp
family repertory, ranging from sacred music
through Christmas music, folk settings and

tyrolese yodels, will find a similar mix-
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ture here, in the Flemish tradition. As in the

case of the Trapps, some of it gets pretty bull-
froggy, some of it is almost too sentimental. A
piece for every taste. Unexpected novelty: a 16th
c. lute picce played on a guitar, very nicely.

Gregorian Chants, vol. 2. Monks of the
Benedictine Abbey En Calcat, Boys’ Choir
from L’Alumnat. Period SPL 570

An attempt to recapture the actual atmos-
phere of monastic life,” this recording, played at
length, certainly gets over the special mystery of
this kind of Catholic dedication, splendidly aided
by peals of distant bells, cathedral acoustics and
an organ, The a capella (unaccompanied) por-
tions are superb, with the special French-Latin
way of nasal singing that may represent the
nearest approach to older styles of vocal art that
we now have. But the works with organ—alter-
nating with the others—are anachronistic, sully-
ing the pure and easily understood ancient choral
modes with alien modern harmonies, suggesting
perhaps César Franck or Gabriel Fauré, of the
late 19th century. The theory is that this makes
the old music more palatable; my conviction is
that the music in the original, without accom-
paniment, is able much more easily to make its
own genuine sense. to the listening ear that has
patience to give it a fair trial It is solid stuff
and nourishing. Why sugar-coat roast beei?
Stunningly realistic recording; crackly surfaces
on my copy.

OPTIONS

Beethoven: Piano Concerto #5, “‘Empe-
ror.
A. Gieseking; Philharmonia, von Kara-
jan. Columbia ML 4623
B. Badura-Skoda; Vienna State Opera
Orch., Scherchen,
Westminster WL 5114

If you can put out of mind the eleven other
available LP versions (by hasty count), these
two make a significant and interesting compari-
son. Badura-Skoda is voung, Austrian. ome of
the finest pianists for Mozart and Schubert we
have, a sensitive musician. Gieseking is an old
master, long established as one of the world's
wonder pianists, a specialist, strangely, in De-
bussy, but superb in German music too.

The “Emperor” Concerto takes heroic playing;
on direct comparison (I did a radio program that
blended the two performances via tape trickery),
Badura-Skoda plays well, but Gieseking has the
strength, the long experience, the sense of huge
drama, to pit his piano against the mighty or-
chestra on more than equal terms—next to him,
B..Skoda’s playing is sincere but almost timid.
The old master truly knows his stuff as few others
do! Moreover, Scherchen's rather fussy, heavily
dramatic Beethoven is no good foil for Badura-
Skoda, whereas van Karajan’s more straightfor-
ward style supplements Gieseking to perfection.
Both are fine performances, in the upper brackets
but each playing will bring a greater appreciation
to you of Gieseking’s mastery.

Technical we have another story. English
Columbia's Gieseking recording is one of those
so-so affairs, perhaps from disc originals, put
out by U.S. Columbia with what amounts to a
flat high end, no pre-emphasis; it will sound
muddy and muffled with normal LP settings.
Loud passages are not always clear. Westminster's
recording for Skoda is up-to-date tape, the disc
cut with the sharp pre-emphasis Westminster
favors (and I don’t). In order to balance these
I had to play the Columbia disc flat in the highs,
the Westminster with the full NAB roll-off—a
startling difference. With this equalization, the
Giescking disc is plenty good enough for fine
listening; the Westminster is rather close, the
piano a bit hard in tone.

Mozart: Divertimento in E flat, K. 563,
for strings. (Violin, viola, cello.)

A. Bel Arte Trio. Decca DL 9659

B. Pognet-Riddle-Pini.

Westminster WL 5191

One of thiose misleading Mozart works, written
for a handful of instruments and yet big—in
every musical sense. Those who know the famed
Sinfonie Concertante for violin and viola, a prime
Mozart favorite, will find this work, in the same
key, startlingly similar, though the Sinfonia boasts
a full orchestra and two soloists. These two
performances are both sensitive, intelligent Mo-
zart playing. Of the two I'd rate the Dececa ver-
sion as very slightly ahead of the Westminster;
it is the more intense and Romantic, where
Westminster’s is cleanly classical.
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There’s a nice technical difference. West- |
minster’s trio plays close-to in a good liveness,
sounds like a trio. Decca’s, on the other hand,
is miked so that the three instruments souud as
rich and big as a string orchestra—but the eifect | ’ l
is not overdone. Which is “right”’? Who can say | I t s tr u e
—for the plain fact is that the music is very big L ]
music. For many listeners, then, the big Decca
sound will make full appreciation of the musical
sense more easy. For those who like trios to be
trios, the other version will do beautifully. Again,
it’s a pleasure to own both.

A

Schumann: Die Davidsbundlertiinze
(Dances of the Leaguc of Little Davids).
A. Joseph Battista. M-G-M E3011

B. Adrian Aeschbacher.
o e Decea DL 7531 (107) (ul'llu“y

This is one of those fizable collections of |
little piano pieces, to be played continuously as
one large work, that were a Schumann specialty
(the best known being *“Carnaval,” basis of the I
ballet music for orchestra). This work is as usual ‘os's ess
full of fanciful keyboard tome painting; Schu- ®
mann's two make-believe characters, Eusebius
the dreamy one and Florestan the fiery, have
signed their initials to the eighteen pieces accord-
ing to their opposite temperaments--they werc
the chief imaginary members of Schumann's
League of Little Davids who, needless to say,
went about fighting musical Philistines wherever
they appeared in the then musical world. Schu-
mann edited his own inusical journal and filled it
with his brilliantly playful serious comment on
the then musical scene, the 1830s.

M-G-M continues its outstanding recent piano
recording here; Decca improves upon its recent
run of rather dry, toneless piano recordings. On
quick comparison most of us would choose the
M-G-M for the bigger piano sound, but the Decea,
aside from a rather hissy surface, is almost as
good. Both are very steady—as are most new
LP piano discs from reputable companics. (That
is, if your own turntable is good; piano shows
up turntable faults with merciless accuracy. If
you collect piano, get a good manual heavyweight
table of the Presto or Rek-O-Kut variety. You'll
notice the difference at once on piano.)

Joseph Battista’s Little Davids are the more
tempestuous here; Herr Aeschbacher has a drier,
more staccato technique, but his is the more
accurately phrased and executed. I’d suggest his
(Decca) for pianists familiar with Schumann,
the Aeschbacher (M-G-M) for non-pianists. |

The A-433A/A-333A Amplifier
Combination has
EVERYTHING . ..

Record Cross-Ovet Control,
more power “with lower
distortion,” wider
frequency . .. priced
amazingly low at $198.00

The 601A Altec Duplex Speaker.
Unconditionally guaranteed,
when mounted in a
properly designed cabinet,
to reproduce all of the
tones from 30 cycles to
22,000 cycles. Only Altec
makes this quality
guarantee. The cost, $99.00

Haydn: Symphonies #45 (‘‘Farewell”),
#7 (“Midi’’). Phila. Orch. Ormandy.
Columbia ML 4673

It is gratifying to see that the early sym-
phonies of Haydn, largely resurrected in the last
few years thanks to LP (Thc ‘“‘Farewell” was
the only pre-LP work of the sort that was gen-
erally known) are now at last reaching the major
symphony orchestra repertory. Who would have
believed, ten years ago, that the Philly would
get to play number 7—in the complete list of
104 symphonies!

Unfortunately, the music is victim in this re-

cording of a familiar misconception—that which This famous Altec Lansing combination gives you
divides all music into “symphonic” and ‘“‘cham- ) . .

ber.” That is a strictly 19th century idea which the superb quality of world-famous ALTEC Fidelity

has become rooted in our very periorming or- . .

ganizations themsclves and in our concert life, ata price you can afford, a price aclual]y lower than
which gengraily splits cleanly into the one or .

the other. Only a few of the newer ‘little sym- M = .

phonies,” chamber orchestras and the like have matey Or(hnaly sound SyS‘emS. ASl\ your

been able to provide the proper in-between musical at 3 =

conditions for the playing of a vast amount of dea]er for a den]onS“anon Of Altec Flde]”Y‘ Le[ your

carlier music that is certainly not our “chamber”
music and even more definitely not symphonic,
in our inflated sense.

These two symphonies, written for a small
group or “orchestra” (by today’s standards),
playing intimately and close-to, are here grossly
over-inflated to fit the arbitrary classification of SEE YOUR DEALER
symphonic. Perhaps the effect is in part due to
Columbia’s  well-meaning  engineers—but  the
music, for those who know the extraordinarily
sensitive beauty and delicacy of this sort of ex-
pression, sounds muddy, loud, coarse; the per-

formance relatively crude and superficial. I de- [\ i I\N G
tect a bit of that old attitude towards Haydn so M
rife among our elder conductors, that his work \"YW v

is merely pretty in a formal, bewigged manner
without true depth. Nothing could be farther

from the trutli, especially concerning the ‘“‘Fare-
well” which, under its surface pleasantry, is to
me one of the most profound musical expressions

we have. | 9356 Santa Monica Blvd., Beverly Hills, Calif. ® 161 Sixth Ave., New York 13, N.Y.

ear decide and your pocketbook approve.

OR WRITE TODAY !
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NEW PRODUCTS

¢ Improved Brook Preamplifier. Although
similar to the earlier Model 4B in appear-
ance, the new Brook Model 7 preamp-
control unit has the additional feature of
built-in power supply, as well as a num-
ber of other notable improvements in
circuitry. Hum level of the unit is well
below thermal noise. of the tubes, Fre-
quency response with controls set in fiat

.
@ €8 N

position is stated to be within 1 db from
13 to 30,000 cps. Separate 10-position
stepped bass and treble controls provide
a wide range of attenuation and boost. A
9-bosition playback-characteristic control
permits matching the playback require-
ments of virtually all makes of records.
In view of being self-powered, the new
Brook Model 7 may be used with any
standard basic amplifier. Complete tech-
nical specifications will be mailed free
upon request to Brook Electronics, Inc.,
34 DeHart Place, Elizabeth, N. J.

@

o

e High-Power P. A. Amplifier. Rated at
125 watts with less than 5 per cent dis-
tortion, the Masco Model MA-125 ampli-
fier is sufficiently powerful for covering
football stadiums, large indoor arenas,
factories, and other area with similar
sound requirements. Despite its high
power, the MA-125 is a portable unit com-
plete with preamplification and four input

channels, three for high-impedance micro-
phone and one for phono. Separate con-
trols are provided for bass and treble.
Circuit features include stabilized inverse
feedback, constant voltage output, oil-
filled filters, and automatic safety inter-
lock switch, Complete technical informa-
tion can be obtained from Mark Simpson
Mfg‘.r Co., 32-28 49th St, Long Island 3,

® Heater Rectifier. Developed especially
for reducing hum by supplying d. ec.
heater voltage to the first stage of high-
gain amplifiers, the Vector rectifier-filiter
unit is provided with an octal plug and
occupies a space above the chassis less

than 2 ins. square by 4 ins. in height.
Since its rated input is 6.3 to 7.5 volts
a.c, it can be connected directly to the
filament winding of the power trans-
former. It provides up to 0.3 amperes
d.c, the d.c. output voltage being 85 per
cent of the a.c. input at 0.3 amperes load,
and 95 per cent at 0.15 amperes load.
Filtering is adequate to reduce the a.c.
component in the load over 20 db. Vector
Electronic Co., 3352 San Fernando Road,
Los Angeles 55, Calif.

40

® Ampex Model 350 Tape Recorder. De-
signed for both professional and semi-
professional tape recording, this new Am-
bex model represents a number of de-
partures from previous studio recorders.
The tape transport mechanism is sloped
at a 30-deg. angle, thus affording easy op-
eration from either sitting or standing
position. The control panel, directly in
front, is also slanted. All tape motion con-
trols are push button operated. To avoid
tape stretch and breakage when small

plastic reels are used, a switch is in-
cluded which automatically compensates
for the increased tape tensions encoun-
tered with such reels. For servicing, the
top plate is pivoted at the balance point.
For routine checks and adjustments, the
tape transport may be secured in a verti-
cal position with its underside exposed,
even while the machine is operating. Like-
wise, both the top and bottom of the am-
plifier-oscillator unit may be serviced
without interrupting operation. A two-
speed recorder, the 350 may be obtained
to operate at 3% and 7% ips, or at T%
and 15 ips. Full details may be obtained
from Ampex Electric_ Corporation, 934
Charter St., Redwood City, Calif.

® Corner Speaker Enclosure. Authentic
furniture design is combined with quality
sound reproduction in the new Musicorner
line of speaker cabinets recently an-
nounced by University Loudspeakers, Inc.,
0 S. Kensico Ave., White Plains, N. Y.

Though specially designed to house the
University Model 6201 coaxial speaker, the
Model 6200 extended range unit, or the
wide-range Diffusicone-12, the Musicorner
can serve equally well as the housing for
most standard 12-in. speakers. Available
in a wide range of finishes, Musicorner
dimensions are 37" highx 28” wide x 15"
ep. .

AUDIO ENGINEERING
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e Acetate 45-rpm Recording Blanks. Re-
cently announced as an addition to the
line of Audiodiscs is a new 7-in. lacquer-
coated aluminum-base recording blank for
immediate playback on any 45-rpm phono-
graph. Identified by a red label, the new
Audiodise has the standard 1%-in.-di-
ameter center hole and is designed to use
a brass center-hole adapter when record-

ing. The adapter is placed over the center
pin on the recorder turntable, fitting
snugly within the center hole of the disc.
The turntable drive pin engages the drive-
pin hole of the disc in the usual manner.
Paper labels on both sides of the disc
provide ample clearance between adjacent
surfaces of stacked records. Two re-usa-
ble brass center-hole adapters are in-
cluded with each package of 25 discs.
Audio Devices, Inc., 444 Madison Ave,
New York 22, N. Y.

® Microphone Mounting. A long felt need
by public speakers is satisfied by the new
Atlas Model TB-1 duplex microphone
mount with desk attachment. It is de-
signed to fit any standard fioor or desk
microphone stand, and permits the use of

two microphones, thus reducing the possi-
bility of a speaker getting “off mike”
when turning his head. When desired the
unit may be used to mount a single micro-
phone at the rear of the desk attachment.
Atlas Sound Corp.,, 1451 39th St., Brook-
lyn 18, N. Y.

e High Fidelity Record Changer. Con-
structional features of the new V-M
Model 935HF changer include a laminated
turntable with precision-formed concen-
tricity, a die-cast aluminum tone arm
which is virtually free of resonance ef-
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HARVEY the House of Audio @3

McINTOSH
HI-Fl UNITS

Model C104

PHONO PREAMPLIFIER
and EQUALIZER

Provided with five inputs ond selector switch, ond accommodates FM-AM
Tuner, crystal pickup, low level and high level magnetic pickups, low
level microphone, and other signal scurces. Phono section has three.
position switch for selecting correct turnover, and a versatile treble
control to provide required roll-off, to match most record charocter-
istics. Seporate boss ond treble, boost and attenuation controls are
effective on oll input chonnels. A maoster power switch ond volume
control complete the attractive 5-knob panel. Power is obfained from
main amplifier. Supplied with tubes and power cable.

Less Cabinet (with knabs and panel) 549.50
In Mahagony Finish Cabinet -57.50

30 Watt AMPLIFIER
Madel A-116

Incorporates the famous patented Mclntosh
output circuit for extremely high quality per- o
formance. Frequency responie ot 30 watts is
+ 5 db from 10 to 50,000 cyctes, Harmonic distortion is less than
.5% ot 30 watts from 20 te 20,000 cycles. Intermodulation distortion,
with peck below 60 watts, is less than 1%. Has twe high impedance
inputs for .25 and 2.5 veolt signals, ond four outputs: 4, 8, 16, ond
600 ohms. Power supply is built in; with provision for furnishing power
to McIntosh ond other preomplifiers. Uses $BG6 outpul tubes.

Complete with Tubes $] 39.50

JIM LANSING

FOLDED HORN
CORNER CONSOLE

An ideal quality system for

smaller quarters. A true expo-
nential folded horn has been
incarporoted to provide effec-
tive reor loading for rein-
forced response lo lowest fre-

quencies. Above 150 cycles,
the speaker cone acts os o direct rodiotor. Equipped
with @ Model 130A 15 inch low frequency unit, a Model
175D1LH high trequency driver, horn, and Koustical lens assem-
bly, together with o Model N1200 dividing network, this
efficient lwo-way system provides sound reproduction for the
vtmaos! in listening enjoymenl.

Height 39%"; Depth 23"  Model D-38001M ' ¢qq59

Front Width 233" (mahogony)

Shipping weight 135 1bs.  Mode! D‘J"O?J,znde) 33450

Other JIM LANSING Units ond Systems in Stock.

R.C. A. MICROPHONES

Broadcast quality units of tested and praven performance

fdeal far on-the.air and recerding studic applications.

Known ta, and preferred by leading sound engineers.
Model 44-BX (Ribbon). $129.00
Model BK-1-A (Pressure) 79.50

Visit the HARVEY AUDIOtorium

i you want to See and Hear the
finest . . . the widest sclection of
high fidelity equipment . . . be sure
to visit the HARVEY AUDIOtorivm.
1t wiil thrill you.

NOTE: Prices Net, F.O.B.,, N.Y.C.
Subject to change without notice.
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HARVEY carries
a complete line of

AMPEX

PRECISION MAGNETIC
RECORDING EQUIPMENT

All models are on Demonstration at the Harvey AUDIO-
torium, and are Available for Immediate Deliveries
directly from Stock. Write for Complete Details.

The NEW

TRAVIS TAPAK

Portable
TAPE RECORDER

A dry-cell bottery-operated tape
recorder which closes up to
small suitcose size: 10x14x5Y)
inches. The Tapok is ideally
suited for on-location recording anywhere: ot sea, in the air, aboard
trains, in cars, or on foot. It erases, records, monitors, and has built-in
editing device. Pravides for fast power-rewind and instantanecus playback
through single earphone heodset. Drive mechanism is spring-powered.
Runs 5.6 minutes on one winding. Indicates when spring has run down,
and permits rewinding without interrupting recording operation. Records
ot 7V [sec.

Complete with microphone, ecrphone, two flosh cell A

be":rios, and 67 v. B bottery. $309.95

The NEW

FISHER

FM-AM TUNER
Model 50-R

A high quality front end for receiving both
FM ond AM broadcast signals. FM section employs
Armstrong System with 13 microvolt sensitivity for 20db
of quleting on 72 shm antenno input (3 microvolts for 300 shm input).
Frequency response is uniform from 20 to 20,000 cycles, * Idb. AFC con
be switched in or out of operotion from front ponel. AM section employs
superheterodyne cireuit with front pancl knob for selecting wide bond.
width for high fidelity reception or norrow bond-width for greater selectiv-
ity. Sensitivity is less than 1 microvalt for 1 volt output. Hos built-in
10kc filter.

Four knobs furnish the following controls: Power Switch, Volume, Tun.
ing and Selector Switch for AM-broad, AM-sharp, FM, FM.AFC, phono,
TV. Cathode follower output permlts long line without high-frequency
losses. Complete with tubes, AM loep, FM dipole, and

built-in power supply ' ! : s] 59.50

CARTER SUPER CONVERTORS

Deliver ¢clean 60 cycle AC power at 115 volts.
Operate from storage batteries or ather DC
saurce, and ovailable for 6, 12, 24, 28, 32,
44, or 115v input voltages. ldeal for an-
locatian recordings with quality equipment.
Write for complete daota ond prices.

JET.

CANNON
ELECTRIC

CANNON PLUGS and CONNECTORS

The standard of quality for over 15 years. You'll

find them wherever the vltimate is required in low

level sound transmissiaen, and general electrical and

electronic applications. Write for complete data

ond prices.

COMPLETE STOCKS CARRIED AT ALL TIMES
FOR IMMEDIATE DELIVERY

HIIIWEV RADIO COMPANY. INC. |

103 W, 43rd Street, New York 36, N. Y. * JUdson 2-1500
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fects, and a 4-pole 4-coil motor which
affords freedom from induced hum when
the changer is used with magnetic ear-
tridges. The changer is furnished minus
cartridges, but with interchangeable
heads into which most top quality car-
tridges can be mounted. The unit plays
all three sizes and speeds of records auto-
matically, with intermix of 10- and 12-in.
records of the same speed. A muting

switch affords noise-free changing cycle.
Descriptive brochure is available from the
V-M Corporation, Benton Harbor, Mich.

/ l_ 1- i
L= AT]Y AN
The Greatest Name 1n TURNTABLES
For High Fidelity Record Reproduction

e Presto 8-Hour Tape Reproducer. Op-
erating at a tape speed of 3% Ips and
accommodating up to 14-in. reels, the new
Presto Model PB-17 playback unit will
automatically play up to eight hours of
recorded material without interruption.
At the end of each reel, the machine will
either stop or repeat, as desired. Fre:

Record reproduction begins with-the
quency response is 50 to 8000 cps. A dual-

turntable, and there can be no
compromise with turntable quality
where the best sound reproduction
is desired.

REK-0-KUT has long ‘been famous

for outstanding disec recording

equipment and this specialized skill has
contributed immeasurably to making l

REK-0-KUT turntables the accepted

quality standard among professionals

and music lovers alike.

Model T-12H

REK-0-KUT turntables are available in
two- and three-speed models priced from $59.50
at leading Dealer-Distributors.

track unit, the PB-17 may be used with
pre-recorded program material available
from an increasing number of sources.
’ For individual users of industrial back-
ground music, as well as for operators
of wired music systems, it combines low
initial cost with minimum operating over-
head. Presto Recording Corporation, Para-

mus,

Write for Descriptive Literature.

REK-O-KUT CO.

38-038 Queens Boulevard, Long Isiand City 1, New York
® Console Home Tape Recorder. Known

as the “"Recordio Grand"”, the new Wilcox-
. Gay Model 3F40 is a 2-speed dual-track
_| tape recorder with all functions con-

trolled by push buttons. Excellent audio
quality is afforded by a 6-watt amplifier
with push-pull output, which feeds into
a 12-in. p.m. speaker mounted in a bass
reflex enclosure. In addition to miero-

NOW...PROFESSIONAL QUALITY SOUND REPRODUCTION
RIGHT IN YOUR OWN HOME!

[ THE AMAZING NEW

IRCHILD

SERIES 215

DIAMOND 7
kCARTRIDGE y _n

Replace any modern pickup with this new eartridge,
and enjoy recorded imusic as never hefore! High

compliance — freedom of stylus to yicld to rapid lateral
deflections — provides these exciting improvements:

m

First 1o achieve

I near-perfecy
cral compliance

f d
or optimum, Hi.Fj
pcrformancc

® Neic shades of tone color from fine recordings! ” ith /inest phone input, the unit is equipped with a
® Neiwo clear timbre in high volu ; hords! dlamo,,d retractable cord which is terminated with
) - WM/ PIani0.C 0TS fo 3 Stylus an input jack for radio-phono-TV record-
rd3, 450, ing. A visual index counter facilitates lo-

cating a desired recording on a given
spool of tape. Fast forward and fast re-
wind operate at 10 times normal record-
ing speed. A simple panel control permits
choice of 7% or 3% ips. The entire re-
cording unit is mounted on a sliding
drawer which can be closed while the unit
is in operation. Cabinet dimensions are

| 30 ins. high by 22 ins. wide. Wilcox-Gay
Corporation, 79 Washington St., Brookiyn
1, N. Y.

® Rich low-frequency tones never previously heard!

® Arm resonance, “‘needle talk,” rendered inaudible!

® Stylus wear greatly reduced, record quality preserved!

® And above all — TRACKING DISTORTION ELIMINATED!
High compliance, low-mass stylus assembly and

smooth linearity of extended range are exclusive
features of the new Fairchild 215.

78 TPm records

Aow Owy

3750

ORDER FROM YOUR AUDIO DEALER—or write direct fo:

/ﬂ/l/ RECORDING:

9th Ave. & 154th St,, Whitestone, L, 1., N, Y.
Manufacturers of the World's Finest Professional Sound Equipment

e Improved Variacs. Surface oxidation of
the brush track on_Variacs is virtually
eliminated, even under continuous opera-

tion at fixed settings and high overload,

,‘(?
A /
0 .
// U ‘ ME”" by Duratrak, a silver alloy which is now
. / ( £0 I 5 hZing applied to all Va]riact ;nqdels.ssg\‘l\_zgi
1 ts at least twice a
B S aien arlier models may

could be handied by e
%i applied to the new units with complete
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safety. With this new development, the
limitation of the brush and track has
been removed from the adjustable trans-
former, and ratings may now be deter-
mined by the same factors that apply to
any fixed-ratio transformer, namely the
temperature rating of its electrical insula-
tion. General Radio Company, 276 Massa-
chusetts Ave.,, Cambridge 39, Mass.

o Eighteen-Inch Woofer. Frequency range l
of 30 to 4000 cps is covered by a new
R. m. driver recently introduced by C.-S.
Manufacturing Company, 4089 Lincoln
Blvd, Venice, Calif. Gone resonance
ranges from 27 to 31 cps and maximum

power input is 25 watts. Quter edge of

the cone is treated with Pyralin to im- |

prove damping and reduce distortion.
Voice-coil diameter is two inches and
impedance is 12 ohms. The unit is con-
structed on a heavy cast-aluminum frame

and contains a 2%-1b. Alnico V magnet.

® Three-Way Crossover Network. Cross-
over frequencies of 800 and 5000 cps are
rovided by the New Wharfedale Model
S/CR/3 crossover network designed for
use with high-quality three-way speaker
systems. The unit is of constant-resist-

ance half-section construction, and in-
cludes built-in_ variable attenuator
across the high-end output terminals for
adjusting upper frequency
When desired the network can be used
as a two-way crossover by ignoring the
treble terminal. Maximum input is 30
watts. Attenuation is at the rate of 12
db per octave. For descriptive literature,
write Dept. W, British Industries Corpora-
tion, 164 Duane St.,, New York 13, N. Y.

response. |

“AUDI- BALANGE”

PATENT APPLIED FOR

"The greatest omplifier improvement in recent years” . . . A
godsend to both owner and service man.” . . . “It used to toke
me hours to do what Audi-bolance does in seconds.” . . . “Does
even better than I've been able to do with meters, this bolances
tubes dynamicoally.” “The problem hos plogued us for years,
it is now possible to keep perfect balonce in output tubes ¢on-
sistently for lowest distortion.”” . . . “Audi-balance is the per-
fect solution.”

Just one of the features that moke the brand new Classic
omplifiers by Newcomb so exciting. Write for catalog of 8
completely new home music amplifiers priced from $39.50

W\B00r’s Mty Al ““\\’\\\\‘QX

to $269.50 oudiophile net.

The Clatdic 25

For the sound thrill of a life-
time this superb new 25 watt
custom amplifier has every
practical operational feature
electronic engineering con
offer you. Even more impor-
tant is the incomparable lis-
tening pleasure it provides.

Savings of os much os, or mare thon, the
entire cost of these fine amplifiers ore being
reported by enthusiastic purchasers. This is
due to their unique design which removes
the usual necessity of o remote control being
near the omplifier, tuner ond chonger. These
items can now be installed in o hall closet
or any similar out of the woy locotion leav-
ing only the beoutiful remote control and

NEWCOMB

DEPT. T 6824 LEXINGTON AVENUE, HOLLYWOOD 38, CALIF

AUDIO ENGINEERING e AUGUST, 1953

WWW. atmeidsaatadioRhistery.com

15 years of quality leadership

Fhe Clasdic 15

This outstanding 15 watt am-
plifier is unique in luxury
features and technical per-
fection at a surprisingly mod-
erate cost. Its smartly de.
signed remote control unit is
a superlative piece of engi-
neering, beavutifully finished
in brushed brass.

Substantial Installation Savings

the speaker, with no messy confusion of
wires, in the living room. No accessories
connect directly to the remote control. Al
inputs connect only to the main amplifier.
The savings in cabinetry and of installatian
labor are obvious and very real to those
who toke advantage of this new complete
remote control design

Write for Catalog
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SOUND HANDBOOK
(from page 28)

points directly across the speaker, the
feedback signal does not include the
speaker’s back e.m.f. The signal voltage
across the speaker may be thought of
as the vector sum of fictionally ab-
stracted IZ drops across various cir-
cuit elements of Fig. 12—17; this sum
must always, according to Kirchoff’s
law, be equal to the applied signal voli-
age in both phase and magnitude. What
happens physically is that the voltage
remains steady while the phase and
magnitude of the current change. It is
the speaker current rather than voltage
that reflects instantaneous voice-coil ve-
locity in a constant-voltage system.

It would therefore be most desirable
if variations in current amplitude could
be made to influence the feedback volt-
age. Such a system has been proposed.®
The phase-shifts between signal voltage
and current, and between signal voltage
and voice-coil velocity, however, present
difficulties in using current-controlled
feedback with the reactive speaker load.

Putting the question of phase-shiit
aside for the moment, it may be seen
that the relationship hetween the mag-
nitude of the voice-coil velocity and of
speaker current is inverse, so that cur-
rent-controlled feedback for correcting

8 H. F. Mayer, “Control of the effective
internal impedance of amplifiers by means
of feedback,” Proc. I.R.E., March
p. 213.
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inaccuracies of voice-coil motion rela-
tive to the signal must be positive rather
than negative. (To illustrate: if the
speaker overshoots, the instantaneous
voice-coil velocity is greater than called
for by the signal, but current is de-
creased from the normal hy the exag-
gerated back em.d. The current-con-
trolled feedback voltage must be positive
if a decrease in feedback is to create the
required compensatory cut in output
signal. The same relationships hold for
speaker velocity held back from the
normal by undue restraint from the sus-
pension system.)

‘I'his positive feedback, 1f it could be
applied in proper phase at all frequen-
cies, would improve speaker perform-
ance but degrade amplifier performance.
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The increase in amplifier distortion can
be overcome by using negative voltage-
controlled feedback in addition to the
current feedback, so that the instantane-
ous magnitude of the negative feedback
voltage is made to vary inversely with
the magnitude of the current.® The sys-
tem begins to look as though it uses
feedback which is at least partly niotion-
controlled, and as though it dispenses
with the need for a separate feedback
coil or similar element in the moving
system. But the assumption made ahove,
that a current-controlled signal can be
applied in proper phase at all freauen-
cies, is not correct. The large, varying,
and reversing phase shifts, at critical
frequencies, between signal voltage, cur-
rent, and voice-coil velocity remain to
plague the feedback circuit. Figure 12—
19 illustrates phase relationships, at a
particular frequency, between the am-
plifier signal voltage, the speaker voice-
coil velocity, and speaker circuit current.

2 It is interesting to note that the effect
of both negative voltage feedback and posi-
tive current feedback is to reduce amplifier
source impedance, up to the point of zero
impedance. When positive current feedback
begins to drive the amplifier source im-
pedance negative, however, the voltage
teedback, which. is innocent of knowledge
about internal impedances and knows only
that it must oppose voltage changes across
the load, has the opposite effect from cut-
rent feedback: where negative source im-
pedance dictates that the output-voltage
decrease with an increase of load, negative
voltage feedback tries to keep the output
voltage con:tant. Thus, if positive current
feedback reduces the amplifier source im-
pedance to ~10 ohms, 20 db of negative
voltage feedback will increase this imped-
ance to approximately — 1 ohm.

These relationships may be checked by
an examination of the equations describing
the effects of current and voltage feedback,
respectively, on source impedance. Current
feedback causes a new quantity Re—A’K¢
to be added to or subtracted from the source
impedance, so that the final sum can pass
the zero mark and reverse its sign. Nega-
tive voltage feedback, on the other hand,
multiplies the source impedance by the
l—lA’ﬂ; in this case the source
impedance, whether it is posifive or neg-
ative, will always be reduced in absolute
value, and driven towards but never to
zero from either direction.

fraction
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SIGNAL CURRENT, AND FORCE ON VOICE- COIL
o

VOICE-COIL VELOCITY,
/ AND BACK E.MF,

SIGNAL VOLTAGE

[
Fig. 12—19. Phase relationships, in frequency

region just above speaker resonance, between
signal voltage, current and voice-coil velocity.

Another proposal to make feedback |

dependent on back em.f. has been
made,' in which the speaker is con-
nected in a bridge circuit, and_ the in
stantaneous voltage changes due to
motional impedance detected. Here, too,
the varying reactive phase shifts be-
tween the output and feedback signals
present a problem.

The two systems referred to are illus-
trated in Fig. 12—20. The phase-shifit
problem in these circuits is similar to
that which exists in direct electro-me-
chanical feedback systems, where the
transducer creates a shift between force
and velocity. In all cases the minimum
effect of the phase-shift is to limit the
reductien of non-linear effects that can
be achieved. The feedback factor is a
complex quantity—that is, it has both
magnitude and phase—and the extent to
which the feedback signal is other than
180 deg. from the signal with which it
ts mixed is the extent to which 1ts hene-
fits are lost. Beyond a critical point, at
which feedback has no effect on either
gain or distortion, further phase-shift
bares the second edge of the feedback
sword, and distortion is increased.

Part IIT of The Power Amplifier will
follow next month.

10} P. Wentworth, “Loudspeaker damp-

ing by the use of inverse feedback,”
Avublo ENGINEERING, Dec, 1951, p. 21.

(a)

Z* BLOCKED
IMPEDANCE OF
SPEAKER

FEEDBACK VOLTAGE

(8)

Fig. 12—20. Proposed motion-controlled feed-

back systems: (A) Positive current feedback

added to negative voltage feedback (after
Clements). (B) Bridge circuit.

A new concept
of recorded music

THE HEATHKIT

Daal
RECORD
PLAYER KIT

@® Dual matched speakers for room
filled perimeter sound

@ Ploys all record sizes, all speeds

® Newly developed ceromic car-
tridge

@ Automatic shut off for changer
and omplifier

MODEL RP-1 . . .

Here is a new introduction to

quality record reproduction. A

simple to operate compact table

top model with none of the spe-

® cialized custom installation prob-

lems usually associated with high

; fidelity systems. Two matched

speakers mounted in an acousti-

Shipped cally correct enclosure reproduce

Express & all of the music on the record. Re-

Only ; production with the unique sensation of being
s in a halo of glorious sound.

The world famous VM Tri-O-Matic record
changer plays all three record sizes at all three
speeds. Automatic shut off for both changer and
amplifier after the last record is played. A wide range ceramic cartridge features
an ingenious "turn-under” twin sapphire stylus for LP or 78 records without
turning the cartridge. Simplified easy to assemble four tube amplifier featuring
compensated volume control and separate tone control. Proxylin impregnated
fabric covered cabinet supplied completely assembled. You build only the amplifier
from simple step-by-step instructions. No specialized tools or knowledge required.

The Heathkit Dual Kit includes cabinet, VM player, speakers, tubes, and all
circuit components required for amplifier construction. If a kit project has ever
tempted you, here is the perfect introduction to an interesting and exciting pastime.
Build the Heathkit Dual and enjoy unusually realistic room filling reproduction of
fine Fecorded music.

SHIPPING
WT, 30 LBS.
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Enjoy the new advantages in this

TAPE
RECORDER

Completely Self-Contained,
with Push-Pull Supersonic
Bias-Erase Oscillator, Audio
Amplifier, Speaker and Micro-
phone in Carrying Case.

Here in the new Dual Speed Model PT-150 you have today’s
handiest, quality-built tape recorder at low cost—for
home, studio, school or commercial use. New design
completely eliminates slippage under all operating
conditions. Vibration is reduced to absolute minimum.
Gives you the many fine features of the famous
PT-125—plus built-in audio amplifier and speaker,
ready to plug in and use anywhere, anytime. Can
also be used with separate external audio system.
Recording and playback are remarkably
clean, natural and full-toned. Size 12}%” x

12" x 9)%2" high. 50
Model PT-150 Net $124
(Slightly Higher West and South)

Wherever you Are
You Can Enjoy
the TapeMaster

Model PT-150A
{Improved Model PT-125)

Net $10950

PORTABLE PROFESSIONAL QUALITY
DUAL SPEED TAPE RECORDER

Push-pull supersonic bias-erase, less audio
amplifier and microphone. Designed for use
with your own audio amplifier, radio or
radio-phono combination, or with
separate external audio system.
In attractive sturdy waterproof
leatherette carrying case.
Size 1215” x 12" x 9%” high.
Transport mechanism and
preamplifier available
without case for
custom installation.

Write for
Bulletin 112

Cable: Harscheel
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compact high quality, dual speed, portable

010°

l CGROSS SECTION OF RECORD SHOWING GROOVE

Export: Scheel International, Inc.
4237 N. Lincoln Ave., Chicago 18, US.A.

DICTATING MACHINE

(from page 23)

of us who struggled through the years
with the “chip brush” of the wax cyl-
inder or the “thread” from the com-
mercial master needed little prodding
toward embossing. The bluntness of the
embossing stylus permits relatively wide
changes in material without causing
comparable changes in depth of groove.
Embossing in plastic has the advantage
(at least when the flat disc shape is
used) of permitting reuse of the record.
It is merely necessary to heat the plastic
beyond its ‘“‘memory” point (about
180° F. for Vinyl) and the previous re-
cording amplitude is reduced some 40-
50 db—a complete wipeout for all prac-
tical purposes.

The present state of the art is fluid,
but it still appears that the embossed
disc is the best. One of the problems in
embossing is the choice of shape and
form of the groove. Figure 8 shows a
cross section of the grooved record to
show that the material is not disinte-
grated but merely “pushed around.”
Thus the *“horns” contain the material
displaced by the grooving. The play-
back stylus must distinguish between
the land and the groove. Many ideas
have been tried to rid the record of one
or both of the steep horns without much
success and with rather bad effects on
high-frequency  response.  Specially
formed and/or cocked (tilted sideways)
styli are old methods. The present art
has licked the problem, for all practical
purposes, by recording at amplitudes
high enough to wipe out the land many
times in each revolution of the record.

ORIGINAL SURFACE OF REGORD
GROOVE
/

/ / HORN

/
/ / rawo ooon”

|

et o —2

Fig. 8. Cross section of recorded disc, using

| embossing process. Note relative shallowness

of grooves, and their relation to the “lands.”

The Ediphone instruments employ a
ball-tip recording stylus of 1.7-mil
radius, and a playback tip of 3-mil
radius which just fits the groove made
by the smaller recorder stylus. Pressures
range around 55 grams for recording
and 15 grams for reproducing. Maxi
mum permissible reproducer side thrust
for typical groove depths of 0.2 mils
(bottom of groove to top of horn) is
about 1.0 gram—quite different from
the values in typical phonograph pick-
| ups. Yet all of the dictating machines
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will record and play back with the record
tilted 30 deg. or more.

Two other characteristics not peculiar
to embossed plastic alone are tearing
and static. Tearing of the groove tends
to occur in the cusping range. Static
attracts dirt and raises surface noise.
Both have been brought under control
by our company by multiple spraying of
the disc with a liquid whose formula is
a trade secret. The result is about a
2-to-1 gain in effective frequency range
and a reduction of static to a negligible
value. Five-year aging seems to have
little, if any, effect on its efficacy.

System Requirements

Dictating machines are interesting
devices, even forgetting their specialized
recording and playback requirements.
Take, for example, the problem of cue-

ing or indexing. Although the dictator |

creates the index, it is the transcriber
who must use it. Letter length must be
reasonably well defined, and corrections
or changes must be clearly indicated so
the girl may locate these points in ad-
vance, since they may refer back some
distance into the body of the letter. AS
the recorded intelligence per inch of
recorder travel is rather high, the cor-
responding index motion is magnified
on the scale.

One important requirement for dicta-
tion is extremely fast starting and stop-
ping of the record. At first thought, it
might be assumed that starting and
stopping times may be several tenths
of a second. This is based on the fact
that human reaction time between the
original thought impulse and the start
of an action is about a minimum of 0.1
second. Of course this does not apply
to dictation, for the user usually decides
what he wants to say before he presses
the start switch. Most of the machines
on the market today reach recording
speed in 1040 milliseconds and stop
in the same or shorter time. It is ob-
vious then that heavy turntables, man-
drels, or other flywheel-type devices are
out of the picture—at least in that part
of the drive chain following the clutch.
Theoretically, the flywheel could be
placed before the clutch. This has never
proven practical, even in the largest
model machines, as space and size are
very important factors. The lack of any
material flywheel effect is in itself a
large distinction between the dictating
machine and other recording and play-
back equipment. Yet keep in mind the
fact that these machines both record
and reproduce and that flutter and wow
effects enter as a product rather than
a sum.

The transcribing machine is quite
different from a phonograph and even
from the dictator’s executive instrument.
Fast start and stop is, if anything, even
more important to the typist for she
usually listens only to short portions
while typing. If the machine stopped
slowly each time or coasted past the
desired stop point she would either miss
words or have to backspace and repeat
the last few words every time she re-
started. Although she may do this auto-
matically, it is an unsatisfactory ex-

pedient because of the time loss and the |

ALL-WEATHER COMMUNICATION DEMANDS

/‘ T
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THAT'S WHY THE APELCO RADIOTELEPHONE USES

CHOARD 02

Applied Electronics Company, Inc., of
San Francisco, builds the aApELCO

260S Radiotelephone for point-to-point
communication in oil exploration.

This dependable equipment is the last word
in rugged construction, designed to
operate without failure in climatic extremes
ranging from 35°F. below zero to the high
temperatures and heavy humidity of tropical
climates. For intermittent duty, the
equipment must operate effectively from
80 volts to 140 volts input at 50-70 cycles.

Model 260S
Power Supply

Because the rugged performance
of APELCO Radiotelephone equipment is
strongly dependent upon the quality
of the components used, Applied Electronics
specifies and uses CHICAGO Sealed-in-Steel
Transformers throughout.
Wherever optimum dependability and
rugged performance are requirements,
you’ll find cHicAGO—the world’s
toughest transformers.

Model 260S
Radiotelephone

Frce "New Equipment’ Catalog

You'll want the full details on CHICAGO'S New Equipment Line, cover-
ing the complete range of "Sealed-in-Steel” transformers for every
modern circuit requirement. Write for your Free copy of Catalog
CT7-153 today, or get it from your electronic parts distributor.

v/  Export Sales Div.:
Scheel International, Inc.
4237 N, Lincoln Ave.
Chicago, Ill., US.A.
CABLE ADDRESS:
HARSHEEL

DIVISION OF ESSEX WIRE CORPORATION
3501 ADDISON STREET, CHICAGO 18, ILL.
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SIMPLIFIED WIRING —New offset lug design permits
grounding all sleeves together quickly... easily.

2-SIDED JACK FRAME — provides rigidity and mini-

mizes wire breakage.

CIRCUIT — Tip and sleeve. Has normal through contact.

« Featuring New Offset Lug Design

MOUNTING —Fits any standard 19” rack.

General Electric Jack Strip Accessories available include:

Dress Panels

... Marking Strips . .. Patch Cords.

For information write: General Electric Company,
Section 4483, Electronics Park, Syracuse, New York

GENERAL @D ELECTRIC

The original audio anthology is still
being ordered by people who have
worn out their first copy or who have
just learned about the book. Contains
reprints of 37 articles which appeared
in AUDIO ENGINEERING from May
1947 through December 1949. An in-
valuable reference work on audio in

Name (please print)
Address

City e R e

‘%azé’q euerylbody neads the
audio anthology

the 2nd aud}no anthology

the 2nd audio anthology continues
from where the first left off and con-
tains reprints of articles from January
1950 through July 1952. In both
books the articles were brought up to
date, corrected where necessary, and
assembled by subject. the 2nd a a may

the home. still be had with board cover.
———————————— CUT OUT ~— MAIL TODAY == e o o o o o o o om o e
Book Division, Dept. 3B,
Radio Maogazines, Inc.,
P. O. Box 629, Mineola, N. Y.
Sirs: Enclosed is [J check ] money order for $. . .. . .. Please send me
. copies of audio anthology (paper cover) @ $2.00 each
copies of the 2nd audio anthology (paper cover) @ $2.00 each
..... copies of the 2nd audio anthology (board cover)] @ $3.00 each

. State
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mental upset it occasions.

Most typists require a rather wide
range of speed control on their equip-
ment. Strange as it may seem, they
usually set the playback speed quite a
bit off from the recording speed. Often
shrill voices are slowed down and
gutterals increased in speed. Some girls
like to type more or less in step with
the recording, while others stop typing
and listen to a short sentence. Further,
most girls do not remember what they
type nor do they think in terms of sen-
tences while typing.

Speed ranges are controlled by a
knob on the front of the machine and
vary from 1.5:1 to 3 :!. Usually the
typist desires to be able to slow down
and speed up the record over a greater
range than she believes she will ever
wish to use. For all practical purposes,
a 2:1 range would satisfactorily take
into account differences in dictotors and
recording machines.

The backspacing problem is a nice
one to solve. The ideal would probably
_be a system connected to the girl’s mind
so that when she pressed a button she
would hear a repeat of the exact word
or words she wishes. This being highly
improbable of attainment, the next best
solution might be a dial to select the
amount of repeat obtained. However.
the words dictated per inch of groove
vary greatly from dictator to dictator
or even with one individual as he
changes from grasping for the right
word to reeling off a standard sentence
or reading a section of prepared ma-
terial. It is not probable that men’s
speaking and dictating habits can be
changed, so the backspacers employed
are of the types that give a fixed physi-
cal backward movement to the repro-
ducer stylus. With around 250 lines per
inch and “average” dictating speed of
100 words per minute, and an average
repeat of 5 to 15 words, the stylus should
move about 0.008-0.012 inches per re-
peat stroke, and it must move rapidly.
Tone arms tend to have quite a bit of
mass, even in the smallest machines, so
it takes considerable power to move
them rapidly. One company uses the
drive motor, resulting in a repetitive
stepping action; the others employ mag-
netically operated ratchet type drives.
It might be noted in passing that the
constant angular velocity disc, cylinder
and belts maintain relatively constant
word pickup per backspacing operation.
The constant linear velocity disc with
its varying r.p.m.,, as used by one manu-
facturer, will vary its word pickup per
groove of backspacing between the in-
side and outside of the disc.

Because of the use to which dictation
instruments are placed, simplicity, di-
rectness and flexibility of operational
controls are important. At first thought,
forgetting costs, the designer might lean
in the direction of complete automatic
ity. The difficulty of such a system is
that it is limited in use to the conditions
for which it was designed, and attempts.
to use the equipment under other condi-
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tions often result in mechanical failure.

There are, however, two types of
semiautomatic approaches that may be
and are used. The first is a manual
preventive; for example, interlocks pre-
vent operating the lever that will lower
the recorder stylus unless a record is
in place. This type requires a sturdy
mechanism. The other type is permissive
preventive. In this case the lever could
be operated normally, but an internal
interlock would prevent the stylus from
being lowered. A signal of some sort
would indicate that the equipment is
not ready for use. In both types the
system must be completely restored by
a normal, everyday act on the part of
the user. In the examples cited, the
normal act would be to put the record-
ing disc in place.

This concludes the general discussion.
Part 2 will describe the application
of these principles to modern dictating
equipment.
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HEARING AID

(from page 21)

formers and a host of RC coupling net-
works, the “full” electrical response
curve of the amplitier (Fig. 8) does not
vary by more than 2.5 db from the mean
over the frequency range of 400 to 7000
cps. In order to get this large number
of components into the small space occu-
pied by the amplifier, all of the capaci-
tors are high-K ceramics except for
the tantalum capacitor used to by-pass
the bias resistor in the transistor stage.
Figure 11 shows the over-all acoustic
gain of the Sonotone 1010 when fitted
with a U-1 receiver. The mid-frequency
acoustic amplification is ahout 55 db
and the maximum sound pressure level
in the ear may be 125 db. This is suffi-
cient to provide satisfactory hearing for
individuals with a hearing loss as great
as 75 db. This response may he modi
fied by setting the fitting controls.
Many individuals with small low-fre-
quency loss and excessive high-fre-
quency loss require more low-frequency
attenuation than can be provided with
the fitting controls. Additional fre-
quency-response modifications are based
on the selection of a receiver, as indi
cated by the curves of Fig. 7.

The battery complement required to
operate the 1010 consists of a 1.25-volt
mercury A battery and a 15-volt B bat-
tery. The A battery furnishes the cur-
rent required to heat the filaments of

AUDIO ENGINEERING e AUGUST,

o High Fidelity Record Reproduction

7, 10, AND 12
INCH RECORDS

3-SPEED

Jull Ao

RECORD CHANGERS

MODEL 3/522*
Intermixes 10 and 12-inch records
LIST PRICE $65.00
{iess base)

MODEL 3/521*
Non-Intermix Model
LIST PRICE $54.50
{less base)

*Available in
cream, brown or
gray finish.

The High Fidelity Record Changer -

RECORD CHANGER BASE

wood, Mahogany Finish, heavy \\  /
consteuction. List price $3.50 \ /
On Sale ot Leading Dealers. Write for Complete Literature J
ROCKBAR CORPORATION e 211 East 37th Street, New York 16, N.Y
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'HYCOR

TYPE 4200
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This unit has been developed to
meet present day requirements

for compactness. The filter requires
only 3y2 inches of rack space.

Features . . .
® LOW HUM PICKUP through the use of torold coils. The unit ma{ be used In circults having signat
levels as low as —40 dbm without the necessity for taking special precautions against hum pickup.
® LOW DISTORTION: The filter may be used at levels up to plus 20 dbm with negligible intermodu-
fation distortion. . . X
® RELIABILITY: All capacitors and inductors are hermetically sealed for lifelime service. Aging effects
are negligible.
General Specifications . . .
DIMENSIONS: Standard rack panel, slotted, 312" high. Maximum depth 712",
CONTROLS: Low frequency cutoff selector knob, high frequency cutoff selector knob, on-off key.
RANGES: Both low and high frequency cutoff controis cover 100, 250, 500, 1000, 2000, 3000,
4000 and 5000 cycles.
ATTENUATION: Approximately 16 db, per octave on both high and low frequency cutoff points..
IMPEDANCE:  500/600 ohms, In-out.
FINISH: Engraved panel finished In medlum gray baked enamel.
(Special colors available upon request.)
The filter has standard input and output jacks located on
the front panel in addition to the terminal block at the rear.

11423 VANOWEN ST., NORTH HOLLYWOOD, CALIFORNIA SUnset 3-3860

ne.

Manufacturers of Precision Resistors, Toroid Inductors and Electric Wave Filters
REPRESENTATIVES:
Jack Beebe, 5707 W. Lake Street, Chicago, lllinols
George €. Harris & Co., Box 3005, MuniCipal Alrport, Wichita, Kansas .
Marvin E. Nulsen, 5376 E. Washington St., Indianapolis 19, Indlana
Burlingame Associates, 103 Lafayette Street, New York City

For turther intormation

contact your nearest

Hycor representative or
write for Bulletin §
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vitra-fidelity
vitra-vtility win vltra-smart
"LIBRETTO"

remote
control

HEAR the difference, SEE the difference

Rauland model 1826

ultra-fidelity ensemble

in the

The proof of unprecedented
\ - superiority of the new RAULAND
)| °° Ultra-Fidelity Ensemble is in
its unmatched performance.
=l B =~ | That proof awaits you now at
_%J your Hi-Fi dealer. The Master
Amplifier is of matchless
quality. The unique self-powered
“Libretto” Remote Cortrol-Preamp,
with its amazing flexibility,
is an ingenious innovation. The
laboratory tests are a revela-
tion, but the ultimate proof of
superiority is in the thrilling
listening and operaling experience.
The specifications summarized |
below can only hint of the quality
of this new dimension in sound.

|
1

the master amplifier

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

x 9% x 87 high.
the LIBRETTO

5@ remote control

A true remote control,com-
pletely self-powered and capa-
ble of operation several hundred feet from
amplifier. Uniquely fashioned in the form of
a luxuriously bound book (only 834 x 11 x 2”
thick). Backbone lifts to provide easy access
to tuning controls. Operates flexibly in either
horizontal or vertical positions.

CONTROL FUNCTIONS

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

Custom-Engineered, Custom-Styled
For Audio Connoisseurs

See the RAULAND
1826 Ultre-Fidelity
ensemble ot your Hi-Fi
dealer, or write for
full detoils.

RAULAND-BORG CORPORATION
3515 W, Addlson St., Dept. AD, Chicago 18, .
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Fig. 9. Complete schematic of the 1010 hearing aid. Switches marked “Cons Lo-Cut” and
“Cons Hi-Cut” are intended for adjustment by the hearing consultant. The wearer can change
low-frequency response to some extent by means of the “User's Switch.”

the gain and driver tubes, as well as
the current for the transistor, a total
of 13 ma. The B battery furnishes the
current for the screens and plates of the
gain and driver tubes—a total of 60 pa
| at full B voltage. Laboratory tests indi-
| cate a useful life of 65 hours for the A
| battery and 2000 hours for the B bat-
| tery. With respective costs being 30 and
|95 cents, this results in a total cost of
bs

.. | Y2 cent per hour. Even for fifteen hours

use per day, the operating cost is only
two dollars and a quarter per month—
little enough for the advantage of good
hearing.

Accessories

Figure 9 indicates additional items
which may be plugged into the acces-
sory receptacle on the side of the case.
The external microphone is designed to
be worn on the outside of the clothing
and is attachable by means of a pin plug
which pierces the clothing from the in-

1 side. The pins engage jacks on the back

{ of the microphone, thus permitting the
connection to be made to the instrument
without visible wires. \When the cable
plug is inserted into the instrument
| jack, the internal microphone is discon-
nected from the circuit.

The telephone pickup is an inductor
which is simply held near the receiver
of a conventional handset. It is of rela-

| —
1
H
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= |
| z {
e 44
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2 |
| o |
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| 1 1] :T ‘> | 1}
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l FREQUENCY IN GYCLES PER SECOND
Fig. 11. Over-all acoustic gain curve from

microphone to receiver output.

tively low impedance, and is equipped
with a switch to open or close the cir-
cuit. The cord plug is inserted into the
instrument jack, thus paralleling the
pickup coil with the high-impedance
crystal microphone. To use the tele-
phone, the wearer closes the switch on

CMHSOO‘yI 1t 02”1000Aw'

"

L1}
€1 300 up)

———o

O T M-

R4
0.39MEG.
1.0MEG.
R3
MEG.

Fig. 10. Low-frequency control circuit.
the pickup coil--shorting the micro-
phone—and the input signal is derived
solely from the inductor. At the con-
clusion of the phone conversation, the
switch is opened and the microphone is
again operative. This has the advantage
of completely eliminating outside noises
during telephone conversations.

Conclusion

This discussion indicates how the re-
quirements for an effective hearing aid
are met by the Sonotone 1010, which
was designed to integrate the advan-
tages of the battery economy of the
junction transistor with the inherent
quietness of microminiature vacuum
tubes. The result is a hearing aid about
half the size of a pack of cigarettes,
providing 55 db of acoustic amplification
and capable of producing a sound pres-
sure level of 125 db in the ear. In addi-
tion, a wide range of over-all frequency
responses is made available for fitting
a wide variety of hearing impairments.

Many members of the Technical Op-
erations Division of Sonotone Corpora-
tion contributed to the successful devel-
opment of this hearing aid. I am in-
debted to all of them for making it pos-
sible to prepare this report.
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MULTIPLE-TRACK

MAGNETIC HEADS

(from page 34)
TABLE 1
Magnetic Head Number
1 2 3 4 5 6

10,000-cps response improvement in
db due to perfect azimuth

+09 +1.0 +05 +0.

+0.8 +1.6

modulation level at bias current estab-
lished in (1). A 400-cps signal of a
level of +1 dbm can be applied to the
record head to obtain playback head out-
put with a distortion content of 2.5 per
cent.

(3) Frequency characteristic. The
frequency characteristic was determined
at a recording level of 10 db below 100
per cent modulation. We made use of
our standard pre- and post-equalization
frequency characteristics as currently
employed in our PM-63 racks. Measure-
ments were made by recording on cluster
No. 1 and reproducing first on cluster
No. 2 and then on cluster No. 1 itself.
The difference in the frequency charac-
teristics thus obtained can be ascribed
to difference in slit azimuth between
cluster No. 1 and cluster No. 2. In
general the frequency characteristics of
both cluster No. I and No. 2 were well
within the limits set up for our standard
magnetic heads used for single and
triple track recording.

(4) Determination of slit azimuth
differences between the six heads in
cluster No. 1. This measurement was
made by making frequency recordings
with cluster No. 1 as recording head.
The recordings were then reproduced
first on cluster No. 2 and then on cluster
No. 1. Since cluster No. 2 was con-
structed in such a manner that the
azimuth deviation of all its component
heads was the same as explained in de-
tail in the first part of this paper, the
difference in high-frequency output ex-
perienced between using cluster No. 2
and cluster No. 1 as reproducing heads,
represents the azimuth difference of the
individual heads of cluster No. 1. Table
I indicates the improvements in 10,000-
cps response that were obtained when
playing back the recordings made on

cluster No. 1 on itself, as compared to
playback on cluster No. 2.
(5) Cross-talk of adjacent heads. The

curves of Fig. 6 depict the signal-to- |

crosstalk ratio between adjacent heads.
This measurement was made by record-
ing frequencies at a level 10 db below
100 per cent modulation on head No. 3
of cluster No. 1 and No. 2. While re-
cording on head No. 3, normal recording
bias without signal was applied to the
adjacent heads No. 2 and No. 4. Sub-
sequently, heads No’s 2, 3 and 4 were
used as reproducing heads and the out-
put levels obtained from the three ad-
jacent tracks were noted. In Fig. 6, the
line marked siGNAL indicates the output
from the track on which the various
frequencies had been recorded. Below
the signal reference line, two curves are
shown which indicate the outputs that
had been obtained when playing back the

8L/

Fig. 5. The two clusters in completed form:
left, No. 1, and right, No. 2.

tracks adjacent to the originally re-
corded track. It can be seen that the
crosstalk from cluster No. 2 is some-
what higher ‘than the crosstalk from
cluster No. 1, particularly at the high
and low frequencies.

Shown also on the figure is the curve
obtained when the 40-db equal loudness
contour characteristic is superimposed
on the crosstalk curve for cluster No. 2.

CROSSTALX VS. FREQUENCY OF ADJACENT HEADS
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It'’s the New

STEPHENS 15" Coaxial
and TERMINAL

Has it! 4%

L ]
b
Vs
¥

| and uﬂ"

THE LATEST

SPEAKERS

The new STEPHENS 206AX 15" coaxial
speaker employs a 7% Ib. Alnico V magnet
for optimum clarity and freedom from dis-
tortion at whisper and power ¢rescendo lev-
els. Improved and extended frequency
response is due to the new diaphragm and
| high frequency throat structure. Aluminum
die cast for prevention of warping: .. plus
other outstanding features. A must for
those who demand the finest in musicol
reproduction.

25 watts

40 to 16000 cycles
1200 cydles

32 Ibs.

Power Capacity
Response
Crossover Frequency
Total Weight

Price wwon 12200 net
Also:

Newly
designed
STEPHENS
Corner
Cabinet,
Model 626
for 15"
lovdspeakers.
Ideal for

the 206AX
speaker.

Price . . .. "760 net
®

F R E E ! Send for new
== *Z “TERMINAL’S AUDIO CATALOG*

a complete guide for true
sound reproduction.

7 ,
Terminal
@Radio Corp.

OPEN THURSDAY EVES. TILL 8
85 Cortlandt St., New York 7, N.Y.

AMPLE PARKING AFTER 6 P.M.

WOrth 4-3311
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SAVE
3315

This
GCROUP SUBSCRIPTION PLAN

You and your friends and co-workers
can now save up to $1.00 on each sub-
scription to AUDIO ENGINEERING.
The more men in a Group, the more
each saves. If you send 6 or more sub-
scriptions for the U.S.A., and Canada,
they will cost each subscriber $2.00,
1/3 less than the price of a regular
1 -year subscription. Present subscrip-
tions may be renewed or extended as
part of a Group.

AUDIO ENGINEERING is still

the only publication devoted
entirely to

is our

® Audio

e Broadcasting equipment

® Acoustics

® Home reproduction systems
® Recording

® PA systems

® Psychoocoustics

(Please print)
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This curve shows that both the extreme |

lows and extreme highs are not audible
when the crosstalk from cluster No. 2
is reproduced at such a level that its
1000-cps component is 40 (b above
threshold.

(6) Determination of signal-to-noise
ratio. A signal-to-noise ratio of 57 db,
referred to 100 per cent modulation out-
put, was measured. For comparison pur-
poses it should be mentioned that the
signal-to-noise ratio on the PM-63
channel with MI-10795-1 magnetic
heads lies between 55 and 60 db.

The crosstalk values shown on Fig. 6
appear more than adequate for motion
picture plesentatlon in auditorium-type
theaters. This is based on the findings by
Mueller,! which show that the useful
volume range for dialog in a theater is
ot the order of 25 db, and that even for
music this range never exceeds 35 db.
In the case of review rooms, in which
the audience noise is from 30 to 35 db
above hearing threshold, compared to
40 to 45 db in auditorium-type theaters,
the use of magnetic decouplers may
prove desirable.

1W. A. Muecller, “Audience noise as a
litnitation to the permissible volume range
of dialog in sound motion plctures, J. Soc.
Mot. Pict. Engrs., July, 1940.

BEPORTS

MONTHLY sUMMARY of product develop-
ments and price changes of radlo elec-
tronic-televislon parts and equipment,
supplled by United Catalog Publishers, Inc,
110 Lafayette Street. New York City, pub’
lishers of Radlo’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 advantage.
A complete descrl tion of most producta will
be found in the Official Buying Guide, Rndio’s
Master—available through local radio parts
wholesalers.
CORRECT!ON: Fisher Radio
In the July column, Model 50-C Control Chassis was
erroneously reported as discontlnued. Actually. new
model numbers were assigned to the 80-C to designate
new cabinet styles as follows: 80-CB (Blond wood
finish) ; 50-CM  (Mahogany wood finlsh); 50-Cll
{Chassls only). No changes were made in specifications.

Books and Manuals
SAMS & CO.—Addel No. AA-4 ‘"Audlo Amplifiers and As-
sociated Equipment,”” Volume 4 at $3.95 net.

Recording Equipment, Speakers,

Amplifiers, Needles, Tape

AMPEX ELECTRIC—Added Audlo Magnetic Tape Duplica-
tor; Series 350 Audio Mugnetlc Tape Recorder; Series
450 Audlo Magnetic Tape Reproducer.

BERLANT ASSOCIATES- Discontinued Model 503 Console
Tray for mounting Basic Recorder; Model 702 Console
Cahinet.

RECORDINE—Discontinued 201-B
Three-Way Turret llead.

FAIRCHILD Model
ORRAOIO INDUSTRIES—Discontinued Puper Base “TIrish*’

Tape No. 205RKA.
FERMOFLUX- -Added lleadset Adaptor Model BMA-1 at
$2.25 n

RECOTON I:I)RF -Added Model 850 Replucement Phoneedie
Kit at $39.98 jet.

ROCKBAR CORP.—Added Model 3/531 Three-Speed Non-
Intermix Reeord Changer with 2 plug-in shells and
mounting hardware. less cartridges at $40.87 net; Model
3/532 Three-Speed Intermix Record Changer with 2
plug-In sheils and mounting hardware, less cartridges
at $48.75 net; Model 3/534 Three-Speed Record
Player with 2 plug-in shells and mounting hardware,
less cartridges at $25.20 net.

TALK-A-PHONE-—Increased price on Model LM-5 Master
Station for 5 Sub-Statlons to $34.80 net.

UNIVERSITY LOUDSPEAKERS—Added several new High-
Fidelity Corner Enclosures for 12-in. Speakers. Increased
price on Model PH Reflex Loudspeaker Projector to
$18.60 net.

EASY-HANDLING

MAGNETIC TAPE REELS

Precision manvfactured In accordance
with the exacting standords set by the
N.A.B. e

die pecovs®t o ,moO““d

gasy ' orp €89¢*

hand
1, surm ond !

owoaY:
. Com
easity:

1ekly.
14 oysemble a5
pone”

P

GreY.
5 G e

TAPE REELS. STORAGE CANS, AND SHIPPING
CASES FOR EVERY PROFESSIONAL REQUIRE-
MENT ALWAYS IN STOCK

White for descriptive literature and priee list

COMPCO CORPORATION
Mansfaeturers o{/ ﬁnfl (H:dutll for the Andio.
sual imdustry,

2251 W. St Paul Ave. Chicogo 47, lliinois

MOVING?
Radio Magazines, Inc., P. 0. Box 629,
Mineola, N. Y.

Please notify Circuiation Department at least
five weeks in advance to make sure you get
every copy on_time,

RECORDING TAPE
(PLASTIC BASE)

at NET PRICES
in Cartons of 12
WHERE ELSE WOULD THERE
WASHINETON, D. C.: Magnetic
BE MORE RED A TAPE?
+1200 ft. plastic tape with plastic reel included.
Fach reel individually boxed. Cholce of mationally
famous top quality brands such as: Reeves (SPN-12)
8.20; Webcor (2806) 3.20: Audio (1251) 3.23;
Seotch (111-A) 3.25; Scotch H.0. (120A) 3.89:
Irish, Professional grade (211 RPA) 3.80.
FOR AN INTERESTING HOBBY AND A CHANCE TO
EXCHANGE TAPES WITH PEOPLE FROM ALL OVER
THE WORLD JOIN:
A. Tape-Respondence International
3488 - 22 St., San Francisco, Calif.
(Fred Goetz, Secretary)
B. Voleespondence Club
1614 N. Mangoe Ave., Chicago, Illinofs
(John Schirmer, Secretary

Feodr e sk e b el sk ek R bk e ek ek ek
USED RECORDING TAPE (PLASTIC BASE)

1.99 for 7°—1200 foot
.99 for 5"— 600 foot
.59 for 4”— 300 foet
.29 for 3”— 150 foot

Plastle reels Included with

all above sizes.

Money cheerfully refunded if you do
not find this tape cleanly erased and as
good as new. (If you are skeptical and
from Blissouri send us 12¢ in stamps
and we'll rol) you a sample.)

New emply plastic reels in boxes for easy|
labellng. 37 10¢; 4" 22¢; 57 24¢; 77
30¢: 7" Professional reel (2% hab) 75¢
ea. EMPTY BOXES: 3” 3¢; 4" 5¢; 5” 5¢1
7" 10¢ ea.

We carry new recorders, recording blanks, tape, tape
recorders, etc. at large savings. PLEASE INCLUDE
SUFFICIENT POSTAGE.

COMMISSIONED ELECTRONICS CoO.
2503 Champtain St. N.W., Washington 9, D, C.
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MATCHED Hi-Fi LINE

(from page 31)

frequency cone operates is reduced, thereby
increasing the acoustical load imposed upon
the small cone. At the same time, the
conical diffusers increase the distribution
angle due to a reduction in propagation
velocity in the low-frequency cone and to
diffraction of the sound emitted by the
high-frequency unit. The damping ring in
the outer suspension provides a terminating
acoustical impedance which eliminates
standing waves in the suspension and cone.
As a result, the response frequency charac-
teristic is very smooth and the response to
transient sounds is very faithful.

Cabinets™ ™

The cabinets designed for these speakers
are of the phase-inverter type. The walls
are of heavy construction combined with
bracing which minimizes vibration. The

internal damping is provided by diagonally
placed sound absorbing material which is
located away from the cabinet walls, plac-
ing it where the sound volume current is
high and giving high absorbing efficiency.
In this way effective damping of standing
waves is obtained with a minimum of ab-
sorbing material. Excessive low-frequency
absorption which would reduce the effi-

13 H. F. Olson, Aunio ENGINEERING,
Vol. 35, No. 11, p. 34.

18 H. F. Olson, Radio and Television
News, Vol. 45, No. 5, p. 53, 1951.

ciency on the low-frequency range is
thereby obviated. The design of the cabinets
incorporates a configuration which is func-
tional from an acoustic diffraction stand-
point and is esthetic from a styling view-
point. While the cabinets are contemporary
in spirit, they can be combined with virtu-
ally any decor. They may be used either
horizontally or vertically.

An equipment cabinet, type SE-1, which
matches the loudspeaker cabinets, is avail-
able in the same finishes. This cabinet will
house a record changer, tuner, and pre-
amplifier. These units may be mounted
either lorizontally or vertically depending
upon mounting of the cabinet. The two
cabinets are shown in Figs. 10 and 11.

Matched High-Fidelity System

The first two sections of this paper have
outlined the characteristics of speech and
musiC, and the characterists of a high-
fidelity sound reproducing system which
must be correlated with the characteristics
of speech and music to obtain a specific set
of data for the developement and design of
the system. The third section of this paper
has described the components of the RCA
High-Fidelity System which have been de-
veloped and designed following the funda-
mental principles given in the first two
main_sections of this paper. There is one
remaining consideration, namely, satisfac-
tory operation of the various possible as-
semt?lages of components to form a variety
of high-fidelity systems. In other words, it
15 not enough that all the elements each
exhibit high-fidelity performance; the ele-
ments must be matched so that no loss in
fidelity results when the units are used to-
gether to form a complete system. There-
fore these units have been designed to
operate together as a system. The units
are provided with input and output im-
pedances such that when connected to-
gether, according to simple instructions, all
units are “matched.” Volume controls pro-
vide correct inter-unit voltages at normal
setting and with minimum noise levels. All
grounds are carried through the system
in a_scientific manner so that “ground
loops” which would cause hum and induce

-osctilation are eliminated.

COMING EVENTS.

August 19-21—1953 WescoN (WESTERN
Electronic Show and Cenvention), Civic
Auditorium, San Francisco, California.

September 1-3—INTERNATIONAL SIGHT AND
Sounp ExposiTioON, combined with the
Cuicaco Aupio Fair. Palmer House,
Chicago, 111

September 13-16—THE ELECTROCHEMICAL

SociETY, INC., Sessions on corrosion,
electrodeposition, and batteries. Ocean
Terrace Hotel, Wrightsville Beach, N. C.

September  25-27—NorTHERN CALIFORNIA
Aupto Suow. Palace Hotel, San Fran-
cisco.

October 14-17—Fifth Annual Convention
of the Aupio ENGINEERING SociETY, and
Tue Aupio Fair. Hotel New Yorker,
New York City.

November 34—Tuiko AnNuUaL Hicn-
FipeLity CoNFERENCE and Aubio SHow.

Benjamin Franklin Hotel, Philadelphia. |
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See-Hear Sound of the Future
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Tape Master

H. F. 500
TAPE RECORDER

Presented by

THE AUDIO FAIR

HOTEL NEW YORKXER
O 4T & LAY NEW TORE CITY

OCTOBER 14.15.14.17.193)

$279°

A professional-type tape recorder . . .
the HF 500 offers you all the ad-
vantages of the rear illuminated pro-
fessional VU meter for indicating level
in both record and playback positions.
Full range response: 30 c¢ps-15,000
cps; Signal to noise ratio 50 db or
better; Single speed 7.5” per second;
wow and flutter 0.3 maximum, Inputs:
No. 1 low level microphone-Impe-
dance 2 meg. (low impedance trans-
former can be supplied) : No. 2 high
level input for 600 ohm line or phono-
radio-Impedance 100,000 ohms; All
triode amplifier (6 triode stages);
Power amplifier equipped with loud-
ness control; Tri-acoustic output cir-
cuit; Operates on 105-125 volt, 60
cycles AC. Complete specifications on
request.

Mail or phone Orders Filled—
259% Deposit, Balance COD

Send for Free Catalogue,
“Music of the Masters”

LEONARD RADIO
INC.

69 Cortlandt St., New York
COrtlandt 7-0315
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AMPERITE

Studio Microphones
at P.A. Prices

il

Models
RBLG—200ohms
RBHG—Hi-imp.

List $42.00

Ideal for
BROADCASTING
RECORDING
PUBLIC ADDRESS

“The ultimate in micro-
phone quality,” soys
Evan Rushing, sound
engineer of the Hote!
New Yorker.

® Shout right into the
new Amperite Micro-
phone—or stond 2 feet
owoy—reproduction is
always perfect.

¢ Not affected by
any climotic conditions.
® Guoranteed to with-
stond severe “knocking
oround.”

“Kontak” Mikes
Model SKH, list $12.00
Model KKH, list $18.00

Special w
Offer: °"

.A;;';ERI;E @ﬂf”_")’;lnc.

cial Introduetory Ofter,

rite for Spe! {Grated folder.

d 4-page i

561 BROADWAY « NEW YORK 12. N. Y.
Canada: Atlas Radio Corp., Ltd., $60 King St. W., Taronto

NOW | m(ﬂ;

with SOUNDCRAFT
I;:!?FESSIONAI. RECORDING TAPE

*A

micro-polished

Perfect reproduction — thot's the reason
you'll want to use Soundcraft Professional
Recording Tape. Every high is crisp, clean
—every low clear, full-bodied. Soundcraft
Tape is Micro-Polished; polished, buffed
and re-polished to a glossy smoothness,
to produce greater output uniformity,
lower distortion, improved high fre-
quency response, better head contact
and longer head life.

I} you want quality second to none, be
sure to ask for Soundcraft Professional
Tape . . . the one and only Micro-Polished
tapel

REEVES

SOUNDGRAFT

CORP.

Dept. B-8

10 East 52nd Street

New York 22, N. Y,
*PAT. APPLIED FOR
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BREAD-PAN LAYOUT |

(from page 25)

Fig. 11. Another view of bread-pan amplifier
arranged as a panel-chassis unit.

| two chokes,

| hind a panel, with shaft extensions used

to bring out the controls mounted in the
pan-unit (Figs. 10 and 11). A power
switch and pilot lights were added on
the panel, and the electron-ray tube con- |
nections carried thru a short tube-base, |
tube-socket extension cable. Evidence of
changes during construction is seen in
the unused holes and empty sockets in
the power amplifier and oscillator chas-
sis. The complete unit gives no superfi-

{ cial suggestion of its unorthodox con-

struction and in performance it equals
that of the development layout—it is
that layout. The application of the
bread-pan layout to a new job will be
found easy and effective, as well as eco-
nomical of time, energy, and money—
and the layout will end up in a form
usably permanent and easily translated
into a more conventional setup for pro-
duction or other application if required. |

Fig. 12. Complete recording unit is conven-
tional in oppearance.

—CLASSIFIED—

Rates: 10¢ por word per insertion for noncommoerclal
advertiesments; 25¢ per word for commereis! adver-
tisamante. Ratet are net, and no disconsts wiil be
allowed. Copy must bs accompanied By remittsnce In
full, snd must resch ths New York offica by ths
first of ths month preceding the date of Iseus.

THE AUDIO EXCHANGE, INC. buys and
sells quality high-fidelity sound systems and
components. Guaranteed used and new eguip-
ment. Catalogue, Degt. AL, 159-19 Hillside
Ave., Jamuica 32, N. Y. Telephone OL 8-0445.

FOR SALE: Pentron 9T-3C tape recorder,
in perfect condition, used only 30 hours, $98.
Hofman, 90-A Kirkland St., (g;imbridge. Mass.

One Panoramic Sonic Analyzer in excellent
condition, immediate delivery. S. Myers,
Warren, i’u.

EXCHANGE Hammond Solovex for Kli
schorn. Eugene Roy, 5 Hillside 8t., Haverhill,
Mass

WANTED : Experienced audio man to serv-
ice my Hi-Fi equipment. Private party. Beling,
phone TAlbot 3414, San Diego, Calif.

30% DISCOUNT on factory-fresh, guaran-
teed LP records. Send one dime for catalo
and __ literature. SOUTHWEST RECOR
%:e\LES. Dept. &, 4710 Caroline, Houston 4,

xa8.

Williamson Uttra-Linear, Acrosound output,
Amperite relay (delayed piate
voltage), TN7's, KT-06's, vector turret sock-
ets, $85; Consumers’ Research Triode ampli-
fler-preamplifier, 6B4G’s, $55; Jensen JAP-60
Coaxial 15-in, speaker, $30; portable dual
bass-refiex enclosure, 526' Utah 12-in. speaker,
Kainer projector, $15; Webster 3-speed 356-27
changer, GE RPX-050 cartridge, $30; Webster
156-18 changer, $15; Columbia Microgrodve
Player, $12; new GI-R9OL 2-speed disc re-
corder, $25; Revere T-100 recorder.
$110; Astatic JT-30 microphone, $7; new
DN-HZ dynamie, $12.50; Collins FM-11 tuner,
$50; Teletone AM-FM 8-tube table radio,
30 ; new National SW-54 communications re-
ceiver, $45; Hallicrafters Sky Buddy, $20;
Zenith 3-way portable, $15; Alrline personni
portable, $10; Executone Intercom, master
and remote, §15; Sperti portable sunlamp,
$37.60 model, $12.50 ; Rider Chanalyst 162-C,
$85; Approved A-200 signal generator, $20;
Neon sign transformer, Everything
guaranteed excellent, priced FOB. V. R. Hein,
418 Gregory, Rockford, Iilinois.

WANTED : Fisher 50-C Master Audio Con-
trol, Garrard RC-80 chan&er with or without
cartridges, Pickering or GE cartridges, Acro
300 transformer. Reuel A. Myers, 1598 Mad-
dux Dr., Redwood City, Calif.

BEAT WIIOLESALE prices on Williamson
amplifiers and coml)lete systems ! Nicely As-
sociates, Kenton, Ohio,

FOR SALE: Rek-O-Kut Deluxe Challenger
disc recorder. 3314 and 78 r.p.m. Almost new.
Must sell. Wilbur J. Reimer, Fairview, Okla

" FOR SALE : Concertone 1401 dual-track re-
corder, $250. Norman W. Tetenman, 2350 E.
27 Street, Brooklyn 29, N. Y.

FAIRCHILD 541A1 cutterhead, equalizer,
microgroove, thermostylus attachments. Box
101, St. Albams, N. Y.

_REK-O-KUT dual-speed G-2 transcription
turntable. Brand new, $100. Larrabee, 421
E. 52nd 8t, New York 22, N. Y. PLaza 9-5726.
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men
over

More than six times as many
men of your age will die of
lung eancer this year as died
in 1933. Our research scien-
tists still don’t know why.

They do know, however, that
over half of those who will
develop lung cancer can be
saved . . . if they get proper
treatment while the disease is
still in the silent, symptomless
stage. That’s why we urge yqu
to have a chest X-ray every
six months no matter how well
you may feel.

For more information call
us or write to “Cancer”, care
of your local Post Office.

American Cancer Society

PROFESSIONAL
DIRECTORY

Custom-Built Equipment

U. S. Recording Co.

1121 Vermont Ave., Washington 5, D. C.
LIncoln 3-2705

“EVERYTHING IN HIGH FIDELITY”

From Primary Components
to Completed Custom Audio Equipment

Sound Cor,

820 West Olympic Bivd. « Los Angeles 15, Calif.
Richmond 7-0271 ZEnith 0271

“WE HAVE IT”

HI-FI COMPONENTS EXCLUSIVELY

HOLLYWOOD
ELECTRONICS

7460 MELROSE AVE.

HOLLYWOOD 456

CALIFORNIA

WESBTER 3-8208
¥
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Indusry Noles ...

Purchase of Measurements Corporation,
Boonton, N. J. by Thomas A. Edison, Inc.,
to be operated as an Edison subsidiary,
caught entire industry by surprise. Man-
agement personnel will remain unchanged
with Harry W. Houck, former Measure-
ments president, becoming vice-president
and general manager of the subsidiary,
with Jerry Minter, vice-president, and
John M. van Beuren, former chairman of
the board, serving as vice-presidents.
Harry G. Riter, 3rd, takes over the presi-
dency of Measurements in addition to be-
ing president of Edison.

Correct name of the new transformer
manufacturing company resulting from
the merger of Tetrad and Triad is Triad—
not Tetrad as delineated in this space a
couple of issues back ... Raytheon is first
major manufacturer to announce price re-
duction on stock model transistors—made
possible by large volume production .
RCA vVictor Division announces construc-
tion of new component plant at Findlay,
Ohjo, located 50 miles southwest of
Toledo—the new plant will be RCA’s
fourth manufacturing center in the Buck-
eye state Newest location in Graybar
Electric Company’s nationwide distribu-
tion network will be Green Bay, Wis., with
complete office, display, and warehouse
facilities slated for opening on or about
August 17.

Industry People ...

Personnel changes at David Bogen Com-
pany, New York, bring Vinton K. Ulrich,
formerly with National Union Radio Cor-
poration, in as general sales manager, re-
placing W. Walter Jablon, resigned, and
promote Mortimer Sumberg to distributor
sales manager . . . Robert P. Lamons has
been upped to sales manager of the An-
drew Corporation, Chicago—succeeded as
regional sales engineer by Robert C. Bickel
who headquarters in Ridgewood, N. J.
. . . Brewster Freifeld named to head up
new Chicago office of Audio Devices, Inc.
—Bryce Haynes, A-D sales vice-president,
in announcing new omce. stated that the
Windy City has become ‘‘the third largest
market in the country for sound recording
materials.’

liecuion of W. Walter (Wally) Watts
as vice-president in charge of ‘l'echnical
FProducts, and of Theodore A. Snuth as
vice-president in charge of The lkngineer-
ing Lroducts Department of the RCA
Victor Livision, announced by Walter A.
Buck, vice-president and general manager
of the Division . . . Maj. Gen. Edmond H.
Leavey, U. S. A. (Retired) is newliy-elecied
president of Federal Telecommunication
Laboratories, 1lnc,, Nutley, N. J

Promotions in the sales organization of
the Gates Radio Company, Quincy, 111,
find Lawrence J. Cervone in as sales man-
ager. Formerly head of the Gates New
York sales oitice, Cervone is replaced by
Ed Wilder in the company's Eastern of-
fice . . H. H. Seay, vice-president and
general sales manager, Bell Sound Sys-
tems, Inc., Columbus, Ohio, receiving con-
gratulatlons on recent election to board
of directors—similarly honored was R. E.
Grace, Bell’'s assistant secretary . . .
William A. Ready has retired as chairman
of the board of The National Company,
to be succeeded by Raymond C. Cosgrove,
formerly president of the RTMA . .. After
an absence since 1948, Hugh J. Daly has
returned to Eicor, Inc.,, as sales manager
of the tape recorder division.

New additions to the board of directors
of Audio & Video Products Corporation,
New York, include: Kenneth B. Boothe,
Martin V. xleben, Jr., Bernard B. Smith,
and Irving M. Buckley . . . George V.
Rosenquist and Robert C. Jackson have
been added to the management staff of
J. C. Warren Corporation, manufacturers
of tape recording equipment, Freeport,
N. Y.—-Rosenquist was formerly an ex-
ecutive of Lee Spring Company, while
Jackson was assistant publisher of Quick
magazine Russell J. Tinkham has
been appointed manager of audio sales by
Ampex Corporation—will headquarter in
company’s Redwood City faetory. Form-
erly head of Ampex's midwestern sales
dlstrlct with headquarters in Chieago, he
will be replaced by E. L. Xoller, until
recently manager of field engineering, who
in turn will be replaced by J. L. Stultz.
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C ' core

technique
at its best

AUDIO TRANSFORMER

Once again this famous Audio Transformer
is available OFF THE SHELF. Little wonder
that the Partridge CFB leads the way in ‘'C’
core transformers—these figures speak for
themselves

Series leakage induct 10 mH; Coupling between pri
maries—leakage induct. for one half (other shorted)
30 mil; D.C. resist. per half primary 88 ohms;
Power up to 60 w. from 22 ¢/s to 30 Ke/s; dis-
tortion less than 1 per cent. with no negatlve feed
baek.

PRICE $40 DUTY PAID

If you experience difficulty in nblalmng CFB
transformers, please write, mentioning the
I name and address of your local jobber. Re-

member, there is NO SUBSTITUTE for the
CFB.

' PARTRIDGE
TRANSFORMERS LTD

TOLWORTH, SURREY, ENGLAND.

GROMMES

AMPLIFIERS

Model 50 PG
Anuav——---‘-.....wm s55uu

oncn. Power svipet, 10 weth. 10 wete poak. Divtedten ot
10 we, 1%, bermoaic snd T, lntermmdvietion Proquoncy
E lM'-nﬂlﬂl&lu 30 30,000

Model 210 PA PRE-AMPLIFIER

Completely varioble feedback equalization for reproduding

' '9Qs0

Response 6 1o 100,000 CPS. iM dm loms
"WHRITE FOrR CATALOG

PRECISION ELECTRONICS, Inc.

9101 King Avenue, Franklin Park, Ill.

55
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SOUND FOR LISTENING ENJOYMENT
... with the HARTLEY 215

LOUDSPEAKER

Bad sound is an imposition. Aside from contributing nothing to
listening enjoyment, it is actually a disturbing element. The only
thing it creates is the wish for relief . . the desire 10 shut it off.
If sound is intended for listening enjoyvment, then ohviously it must
be free from distortion. The choice of loudspeaker then hecomes one
of vital importance. When Hartley owners confirm that the Hartley
215 sounds clean and can be listened to for hours, they mean that it
is free from boomy hass, sirident highs, resonant peaks, and other
forms of distortion. They mean that the IHartley 215 was designed
and built for listening enjoyment. The most remarkable fact, they say,
is that the Hartley 215 sells for only $57.50.
Hartley Products are now availuble in America
through franchised Hartley dealers.

For compleie information regarding the Hartley 215, and the
new Boffle Speaker Enclosure. Preamplifier, and Main Am-
plifier, write to Depariment AE-8

Prices slightly higher West of tlie Rockies

H. A. HARTLEY CO., INC
521 East 162nd Street, Bronx 51 N Y
LUdlow 5-.4239

A truly portable (17 Ibs.) recorder
that records and reproduces with
excellent quality and without flutter
ond wow being detectable to the
ear.

Brief Specifications
® TAPE TRANSPORT POWER —

Spring driven, Centrifugal boll
governed.

WINDING INTERVAL —

7 to 8 min. at 7% in./sec. and
15 min. at 3% in. /sec.

® BATTERY LIFE —
“A" battery 10 10 20 hrs.,
‘B” bottery 40 to 80 hrs.

AUDIO & VIDEO PRODUCTS CORP.
730 FIFTH AVENUE, NEW YORK 19, NEW YORK

TAPE SPECIALISTS
FOR OVER 5 YEARS

AUDIO

WWW. ammericeadiadioRistery. com
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KNEE-ACTIO
Rotor

DA V[le exclusive, patented, 'KNEE-ACTION"

Rotor embodies the most advanced principles in

switch engineering.

Developed by DAVEN’s own staff of switch spe-
cialists, it makes possible the fabrication of units with
a greater number of switch positions and poles in
smaller space than previously possible.

“KNEE-ACTION" insures low contact resistance and
uniform contact pressure over the life of DAVEN
Switches. Silver alloy contacts, slip rings, and rotor
arms dare used on all units.

Because a greater number of poles per deck is avail-
able, more compactness is possible . . . a feature
which is in line with the present trend toward smaller
size components which will render maximum per-
formance in minimum space.

DAVEN also offers you every facility for solving your
particular switch problems. It stocks a large assortment
of standard parts . . . will develop special switches
from these standard components . . . or will engi-
neer special switches to meet unusual requirements.
DAVEN's Development Engineering Department is at
your service to help you. Call on DAVEN today!

Write for your Free copy of DAVEN's new, 28-page brochure on SWITCHES.

D)/AWV/IE N/
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ULTRA COMPACT UNITS...OUNCER UNITS &
|
HIGH FIDELITY.... SMALL SIZE.... FROM STOCK
UTC Ultra compact audio units are small and light in weight, ideally suited to remote amplifier and
similar compact equipment. High fidelity is obtainable in all individual units, the frequency response
being = 2 DB from 30 to 20,000 cycles.
True hum balancing coil structure combined with a high conductivity die cast outer case, effects good
inductive shielding.
Type Secondary List . ‘i
No. Application Primary Imped impedance _ Price
A-10 Low impedance mike, pickup. 50, 125/150, 200/250, 50 ohms $16.00
or multiple line to grid 333, 500/600 ohms .l
A-11  Low impedancCe mike piCkup, 50, 200, 500 50,000 ohms 18.00

or line to 1 or 2 grids (multiple alloy shields for low hum pickup)
A-12 Low impedance mike pickup, 50, 125/150, 200/250, 80,000 chms overall,

or multiple line to grids 333, 500/600 ohms in two sections 16.00 |
A-14  Dynamic microphone to one 30 chms 50,000 ohms overall,
or two grids in two sections 17.00
A-20  Mixing, mike, pickup, or mul- 50, 125/150, 200/250, 50, 125/150, 200/250,
tiple line to line 333, 500/600 ohms 333, 500/600 ohms 16.00
A-21 Mixing, low impedance mike, 50, 200/250, 500/600 200/250, 500/600 18.00
pickup. or line to line (multiple alloy shields for low hum pickup)
A-16  Single plate to singte grid 15,000 ohms 60,000 ohms, 2:1 ratio 15.00
A-17 Single piate to single grid  As above As above 17.00
8 MX unbalanced D.C.
A-18  Single plate to two grids. 15,000 ohms 80,000 ohms overall, >
Split_primary. 2.3:1 turn ratio 16.00 o
A-19  Single plate to two grids. 15,000 ohms 80,000 ohms overall, .
8 MA unbalanced D.C. 2.3:1 turn ratio 19.00
A-24  Single plate to multiple line 15,000 ohms 50, 125/150, 200/250, TYPE A CASE
333, 500/600 ohms 16.00 12" x 1%2” x 2” high
A-25 Single plate to multiple line 15,000 ohms 50, 125/150, 200/250,
8 MA unbalanced D.C. 333, 500/600 ohms 17.00
A-26  Push pull low level plates to 30,000 ohms 50, 125/150, 200/250,
multipte line plate to plate 333, 500/600 ohms 16.00
A-27 Crystal microphone to mul- 100,000 ohms 50, 125/150, 200/250, 'y
tiple line 333, 500/600 ohms 16.00 T

A-30  Audio choke, 250 henrys ¢» 5 MA 6000 ohms D.C., 65 henrys @ 10 MA15000hms D.C, 12.00
_Filter choke 60 henrys «» 15 MA 2000 ohms D.C., 15 henrys a» 30 MA 500 ohms D.C. 10.00

UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh
one ounce, are fully impregnated and sealed in a drawn aluminum housing 7" diameter...mounting
opposite terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles,
except for 0-14, 0-15, and units carrying DC which are intended for voice frequencies from 150 to
4,000 cycles. Maximum level 0 DB.

Type
No. Application Pri, Imp. Sec. Imp. Price

0-1  Mike, pickup or line to 50, 200/250 50,000 $14.00
1 grid 500,600
0-2 Mike, pickup or line to 50. 200/250 50,000 14.00
2 grids 500/600
0-3  Dynamic mike to 1 grid 7.5/30 50.000 13.00
0-4  Single plate to 1 grid 15,000 60,000 11.00
0-5 Plate to grid, D.C. in Pri. 15,000 60,000 11.00
0-6_ Single plate to 2 grids 15,000 95,000 13.00
0-7  Plate to 2 grids, 15,000 95,000 13.00
OUNCER D.C. in Pri. .
CASE 0-8  Single plate to line 15,000 50, 200,250, 500/600 14.00
7N LS D-9  Plate to line, D.C. in Pri. 15,000 50, 200,250, 500,600 14.00
%" Dia. x 1%" high 530 push pull plates to line 30,000 ohms 50, 200,250, 500/600 _ 14.00
plate to ptate
0-11_ Crystal mike to iine 50,000 50, 200,250, 500,600 14.00
D-12  Mixing and i §0. 200/250 50, 200,250, 500,600 13.00
D-13 Reactor, 300 Hys.-—no D.C.; 50 Hys.—3MA.D.C., 6000 ohms 10.00
0-14  50:1 mike or line to grid 200 i megohm 14.00
0-15 10:1 single plate to grid 15,000 1 megohm

1S5S0 VARICK STREET - NEW YORK 13, N_ V.

EXPORY DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: “ARLAB"
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