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basic contributions to our culture

Invention of the screw propeller in 1836 by John Ericsson provided water transportation with a means
for using steam power that was far superior to any method of propulsion previously devised. In our day
radial refraction, brought to you by the faboratories of James B. Lansing Sound, Inc., provides the
best—and perhaps the ultimate—method of reproducing two channel stereophonic music in your

home. Radial refraction integrates two, balanced JBL precision loudspeaker
systems to eliminate the ““hole in the middle,” obviate “split’” soloists, and to
distribute the stereo effect over a wide area. The two, full-range, balanced
speaker systems used reproduce all of the phenomena required for full stereo
perception. Radial refraction was first used in the JBL Ranger-Paragon, a
magnificent instrument that has found its way into the great homes of audio
cognoscente throughout the world. Now a smaller unit, the JBL Ranger-Metregon,
has been designed to bring radially refracted stereo to the usual-sized living
room. No less than seven different JBL speaker systems may be used with the !
Metregon. You may wish to make use of JBL transducers you.now own for one channel, and

install matching units in the other. You may progressively upgrade your Metregon system. Write for
a complete description of the JBL Ranger-Metregon and the name and address of the Authorized

JBL Signature Audio Specialist in your community.

JAMES B. LANSING SOUND, INC., 3249 Casitas Ave., Los Angeles 39, Calif.




THE BRITISH INDUSTRIES

Soundbng Foard

The 1959 San Francisco and Los Angeles
High Fidelity Shows have some interesting
historic significance.

For one thing, it is a full year since the stereo
record was first demonstrated on the west
coast. Of course, at that time there was very
little in the way of stereo repertoire. Only a
few labels released “samples,” and these were
“experimental” first pressings...replete with
the sounds of the bowling alley, ping-pong
balls, the ferry boat, the railroad engine—
and of course, some incidental music. Ac-
tually, this was intentional and the basic
consideration in the arrangement of the stereo
program was to achieve (for these first
pressings ‘used to demonstrate the effects of
sterec) the greatest auditory perspective...
depth...dimension.

With regard to “timing,” these records were
a “found blessing” to the few phono pickup
manufacturers who had “first” models of their
stereo pickups and demonstrated them at the
1958 California High Fidelity Shows. It may
interest you to know that certain of these
manufacturers, even without our knowledge,
had rewired the Garrard Model RC88 record
changer as the ideal instrument for use with
their stereo pickups, and then reported to
us their complete satisfaction. Incidentally, by
this time Garrard changers, already wired for
stereo, were in production. Aside from the
“handful” of stereo pickups demonstrated at
the California High Fidelity Shows a year
ago, there was little else in the way of stereo
equipment for the “stereophile.”

Of course this will not be the case when the
high fidelity industry re-visits San Francisco
and Los Angeles for the 1959 High Fidelity
Shows. Music will be plentiful — music for
everyone — from the deep classics to the ex-
citing tempo of the jazz combo. Today . ..
the stereo repertoire already amounts to
something like 2,000 selections on about 25
labels! X

Naturally, British Industries will be at the
1959 San Francisco and Los Angeles High
Fidelity Shows, and at virtually every other
high fidelity show throughout the country in
1959. As in prior years, this year with our
stereo demonstrations, we will continue to
maintain the feeling of listening within the
home . .. of enjoying a musical experience.
We will be demonstrating BIC high fidelity
components as follows:

We are using the qamnd Model

RC 88 because this changer reproduces stereo
music precisely as recorded, without intro-
ducing any disturbing or distorting factors
such as rumble or wow. in fuct, the Garrard
changer performs better than most so-called
“professional” turntables, because this changer
is actually a superb turntable combined with
a scientifically engineered aluminum tone arm
which tracks at the correct stylus pressure
without undesirable resonances. You have
the added convenience of not only being able
to play records simply by hand, but also
stached, with the assurance that they are
being handled automatically more gently than
by any human hand. This is true on a Garrard
changer and at a price much lower than you




may have been led to expect. When consider-
ing the claims of changers “specifically de-
signed for sterco.” or turntables “to play
stereo properly,” it is well to remember that
for years Garrard changers have had all the
qualities necessary for this type of sensitive
reproduction. Now more than ever before, it
Is essential to insist on a Garrard changer,
and accept no substitute, if you want the finest
Stereo or, of course. Monaural reproduction.

The new IL IE A\ IK stereo amplifier and

preamplifier are being used to control the
sound. Leak professional quality amplifiers
are unique because they keep distortion down
to a trivial one-tenth of one percent (0.1%)
at full rated power...the lowest figure ever
achieved!” This explains why the Leak stereo
sound you will hear is so natural. and why
you could enjoy it for hours without fatigue.
Low distortion is the key to quulity stereo re-
production. Invest wisely. It is important to
remember that the amplifier and preamplifier
are the very heart of your stereo system.

You will hear the W'\arfedahz speaker
systems . . . integrated combinations of 2 or
3 Wharfedale speakers in enclosures designed
by G. A. Briggs. These systems are preferred
for stereo because of practical size, moderate
price and unusual versatility. The reason why
people so appreciate speakers and speaker
systems by Wharfedale is that Mr. Briggs
has designed them to reproduce music natu-
rally, without electronic, mechanical or
acoustic_coloration. You have only to hear
a pair of Wharfedales to realize, that in their
performance, they achieve a non-strident
musical quality. . . a quality of clean, spacious
sound that heightens the stereo effect.

A pair of C Super 8’s are used as an

alternate speaker system. You may well won-
der how such splendid sound could come
from so small a speaker enclosure. The an-
swer lics in patented RJ design principles,
which mean that no other small enclosure
can match the RJ in performance. Stereo
does create some new problems in room
arrangement which are easily solved with
versatile RJ enclosurcs.

We have prepared a series of Comparator
Guides covering the various BIC product
lines. If you have not already obtained them
at the shows. we will be happy to send them
to you. Please write. specifying the BIC prod-
ucts which interest you.

Z\é‘f

LEONARD CARDUNER

B.ILC
ENDORSED
QUALITY

Quality endorsed products of the BIC group

Garrard o Lleak o Wharfedale o R-J

River Edge . Genalex « S. G. Brown

Multicore

For complete information

address inquiries to Dept. ABI9

BRITISH INDUSTRIES CORPORATION
PORT WASHINGTON, NEW YORK
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for Ultimate Fidelity

60WATTS

by %k

Over 200 record companies, each with
its own impresario guiding variations
in recording method and technique;
but only one amplifier with the flexi-
bility and capacity to give you a uni-
formly high plateau of reproduction:

Sherwood's new 60-watt amplifier!

*outstanding honors

by most recognized

The Model S-1060 features six 7189
push-pull output tubes; 60 watts at
1%2% IM distortion; silicon rectifier
power supply; “tube-saver” delay re-
lay, DC preamp filaments. The most
compact 60-watter ever, it consumes
less power (only 110 watts) than many
20 watt amplifiers. Eleven front panel
controls include presence rise, tape
playback, scratch and rumble filters
12 db/octave, tape monitor, etc.

Model S-1060—60 Watt Amplifier, Fair
Trade $149.50; Model $-1000 1136
Watt Amplifier, Fair Trade $109.50;
either unit readily adapted to Stereo
by addition of Mode! $-4000—20 Watt
“Add-Stereo” Amplifier, Fair Trade
$109.50.

For complete specifications, write Dept. A-2.

—SHERWDOD- -

ELECTRONIC LABORATORIES, INC.
4300 N. California Ave., Chicago 18, IMlinois

The “complete high fidelity home music center” —
monophonic or sterecphonic.

bestowed, unsolicited,

testing organizations.
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The Quality Answer
For Tape-Disc

STEREO

A tape recorder with dual channel tape
electronics equal in efficiency to the
finest amplifier components . .. the
new Tandberg is designed to place the
stereo recording and reproduction of
tape and disc on the highest possible
plane. e

.-.The Quality Answer to
Stereo Recording

To ‘Record’ Stereo Disc on Tape—To Pre-

serve the Original Quality
® Stereo Disc Inputs built-in to take
the output of any stereo changer
or turntable,
To Make Live Stereo Professional Recordings
® 4-Track Stereo Recording at all
three speeds provide maximum ver-
satility and economy
To ‘Record’ Stereo Off the Air From Any
Broadcast Source
® Four ‘Record’ Inputs meet every
recording requirement, including the
mixing of any inputs.

...The Quality Answer to
Stereo Playback

To Playback Stereo With a Quality That
Meets the Test of the Most Critical Ear
® Two Amplifiers Built-in for port-
able stereo—plus two cathode fol-
lower outputs for tape deck stereo.
To Be Completely Versatile In Operation
® Exclusive Tandberg 4-Track Design
sets a new standard in professional
record/playback quality.
To Provide Top Performance
precedented Tape Economy
® Slow-Speed Quality cuts tape costs
75%.

and Un-

® Exclusive Tape Motion provides pro-
fessional performance at 17 i.p.s.
and 334 i.p.s.

Stereo Playback—Stereo Record
For Disc and Tape
You Can Have It All

With A Tandberg Tape System

Ask your local hi-fi dealer for a
Tandberg demonstration. For further
information write—

f
wlandberd s perich inc.

10 EAST 52nd STREET ¢ NEW YORK 22, NEW YORK
L
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JOSEPH GIOVANELLI"

Tuner Sensitivity and Quieting

Q. Can you tell me whether it is possible
to have an FM receiver which will com-
pletely suppress ignition noise interference
even when the latter appreciably exceeds
the desired signal? If not, what type of
circuit most nearly approaches this ideal?
Can you explain exactly how the sensitivity
in mv for 20 db quicting is obtained for
M tuners? Judging by the advertisements
in AupIO and other magazines, there are
two or more methods in use. What does
absolute sensitivity mean? What is the
theoretical limit of sensitivity of an FM
tuner? B. H. Murdoch, Belfast, Northern
Ireland

A. The only answer 1 ean give with re-
gurd to a tuner having perfect suppres-
sion, is that there is no such thing as per-
fection. Any limiter ean be upset when
overloaded with noise signal. The amount
of signal needed to accomplish this will
depend upon both the strength of the de-
sired signal and upon the design of the
limiting ecireuit. Probably the closest ap-
proach to this ideal is the diseriminator
circuit, preceded by two limiters. Following
very closely behind this is the ratio de-
teetor preceded hy a single limiter and
containing stifft AGC. As a matter of faet,
the diseriminator eireuit should also em-
ploy some AGC, especially at the front end.
This is because a tuner must handle signals
of greatly varying strength. In the New
York area, for example, it is possible to
receive signals as strong as 0.5 volt (yes,
15 volt) at the antenna terminals. At the
other extreme, the tuner must acecept sig-
nals as small as 2 microvolts and still
manage to quiet satisfactorily. That’s ask-
ing a lot of a front end, and it is the
reason that AGC is very mueh needed.
Notice that with the diseriminator cireuit,
two limiters arc needed, whereas with the
ratio detector, only one is needed. This
comes about because the ratio deteetor
cireuit has inherent limiting properties.
Further limiting would only reduce i.f.
gain, and this would serve no useful pur-
pose.

Now, let’s go into the problem of sensi-
tivity and quieting. There are several
methods for measuring these two quanti-
ties. When these are applied properly and
interpreted correctly, theyv mean much the
same thing. The standard employed by the
Institute of Radio Engineers may be sum-
marized as follows: What voltage, when
fed into a 300-ohm input, will give 30 db
quieting, when 22.5 ke deviation is applied?
Notice that there are two other terms
which must be taken into account hesides
input voltage and the number of db of
quieting. These are the input impedance
and the amount of deviation, or percentage
of modulation. If we make our measure-
ments at an impedance of 72 ohms and
feed the same power to the input, the
voltage appeunring at the antenna terminals
will be half that which would be obtained
at the 300-ohm impedance. This mneans that
if our tuner requires four mierovolts for
30 db of quieting at 22.5 ke deviation and
at an impedance of 300 ohms it will need
only two microvolts for the same degree
of quieting when an impedanee of 72 ohmns
is employed. This sounds like an improve-
ment, but a 72-ohn antenna system gives
us only half the signal voltage provided by

* 3420 Newlirk Ave., Brooklyn 3, N. Y.

a 300-ohm antenna system. Naturally it is
assumed that both antennas are of equal
efficiency; and that they are in identical
locations. In other words, the two measure-
ments are, for all purposes, identical.

Next, we come to the matter of deviation.
The I. R. E. used 22.5 ke hecause it cor-
responds to 30 per cent modulation. This,
in turn, is roughly equal to average pro-
gram level whose peaks are 10 db higher,
equaling 100 per cent modulation. This
figure was selected because people listen to
average program level most of the time,
rather than to peak levels. The Institute
reasoned, therefore, that mnoise impairs
average level more than it does peuk levels
because the average signal strength is
weaker than peaks. Other methods, how-
ever, make use of a deviation of 100 per
cent, 75 ke, as the basis for their quieting
measurements. This gives us an apparent
improvement of slightly more than 3:1.
Our tuner whieh required four microvolts
for 30 db of quieting will now require only
1.333 microvolts and actually slightly less,
for 30 db of quieting. If we use an an-
tenna system and input eircuit designed
for 72 olms impedance, we will have a
tuner requiring only 0.666 mierovolt for 30
dh of quieting. That sounds like a pretty
good tuner, but it's no better than our
original model, or should I say, “no better
than our original specifieations,” since we
have really done nothing at all to the
tuner. Actually, it’s all in how you interpret
the figures.

We can go even further in our direction
of smaller and smaller input voltages for
good quieting. All we need do is to assume
that good limiting ean be had with 20 db
suppression, rather than 30 db. We need
only '3 as much signal to obtain this de-
gree of suppression, and our figures are
growing small indeed, but then, so is our
suppression. There are other factors which
affect suppression.

There are other factors, however, which
ciused the standards committee of the In-
stitute of High Fidelity Manufacturers,
Inec., to propose a new set of standards.
Theyv note {hat as the signal strength de-
creases, not only does the noise increase
hut so does the distortion. This increased
distortion is largely caused by a narrowing
of the 1i.f. band-pass. Therefore, the
standards committee of tle Institute of
High Fidelity Manufacturers conceived the
idea of a total nsable signal measurcment.
The method for making this measurement
can be summed up as follows: What signal
voltage, at an impedance of 300 ohms, and
at a 75 ke deviation, will be required to
cause a signal at the output of the tuner
which shall consist of 3 per cent total noise
and distortion? The method deseribed takes
hoth these faetors into account, and this
method is quite valid. However, it certainly
is going to add mueh confusion to already
troubled waters.

Lastly, you wanted to know what is
meant by absolute sensitivity. It is ap-
proximately 0.71 mierovolt for 20 db of
quieting, at a deviation of 22.5 ke. The
reason thiat no greater sensitivity is possi-
ble is that the input ecircuit will contain
noise of its own which will be 20 db below
this value. Tt should be stated that this
measurement is based upon an input
impedance of 300 ohms. Any impedance
generates its characteristic amount of
noise, and there is no way we can prevent
this, unless this impedance were placed at

AUDIO e FEBRUARY, 1959
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Serving the owners of Garrard—
world’s finest record playing equipment—
and other discriminating listeners.

Precision Stereo Arm
for optimum performance with
any stereo or monaural cartridge

'ﬁ\:_ o 4L“ @1@5@
| i

=,
———
i

There’s a Garrard for every high fidelity system,
Fully wired for Monaural and Stereo records.

= i_, = <
(\/"“é ?;: e

v
RC98 RCB8 RC121/T3 TPA/32 301 4HF Model T/I0
Super Deluxe Intermix Stereo Transcription Transeription Manual
Changet Changer Changer Tone Arm Turntable Manual Player Player
367.50 $54.50 342.50 $19.50 $89.00 $59,50 $32.50

GARRARD SALES CORPORATION, oiv. of British Industries Corp., Port Washington, N. Y.

Canadion inquirles to Chas. W, Pointon, Lid., 6 Alcina Ave., Toronto
Terrltories other thon U.5.A. ond Canada to Garrard Engineering & Mig. Co., Ltd., Swindon, Wilts., England

A
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New Comparator Guide —

[ « Guide — FREE

] Garrard Sales Corporation, Dept. GB-19

| Port Washington, New York.

| Please send your new comparator guide
| which compares all Garrard players and
| their advanced features.

i Name____

r Address S

; City__ = State.
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To Your City ...

HIGH FIDELITY

SHOWS

SEE and HEAR the latest in STEREO-HIGH FIDELITY

from leading high fidelity manufacturers . . .

Don’t miss these public showings
of Hi-Fi Equipment . . . from
the most economical units for the
budget-minded to spectacular
home music theatres . . . com-
pare and enjoy them all.

*Complete Hi-Fi Systems and
Components.

*Amplifiers — Pre-Amplifiers —
FM-AM Tuners — Turntables
and Record Changers — Phono
Cartridges — Microphones —
Music Control Centers —
Speakers.

*Speaker Enclosures and Equip-
ment Cabinets — Finished and
Assembled or Do-It-Yourself
Kits.

THREE FULL DAYS OF CONTINUOUS DEMONSTRATIONS
FROM 1 P.M. TO 10 P.M. FOR EACH SHOW

RIGO SHOWS 1959

March 6,7, 8 Denver Cosmopolitan
March 20, 21, 22 Baltimore Lord Baltimore Hotel
April 3,4,5 Pittsburgh Penn-Sheraton Hotel
April 10, 11,12 Buffalo Statler Hotel

ADMISSION 75¢

RlGo Elltel'pl'ises Inc. 500 N. Dearborn, Chicago 10, Ill.
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temperature of absolute zero, which
would of course eure the random noise
generated across the impedance, but so
plaeing the impedanee would pose grave
problems for the tuner manufacturer.

Wlen making any measurement where
impedance is a factor, it is important that
the input to the tuner be truly mateched if
valid results are to be obtained. Most
signal generators have outputs of 50 or 72
ohms. Equal values of resistance should be
placed in each leg of the generator, and the
total should equal the impedance of the
tuner input. Only balanced generators
should be used, sinece an unbalanced unit
will introduce standing waves which will
affect the validity of the measurement. If
an unbalanced generator were used, how
ever, all the padding resistance would have
to be placed in the hot side of the line.

I wish to thank Mr. Leonard Feldman,
president of Madison Fielding Corp.,
Brooklyn, N. Y., for his invaluable assist-
anee in compiling this material.

High Fidelity Equipment and Dampness

Q. I have just purchased an Altec Lans-
ing 820C speaker for my seashore home.
Though I have the house on low heat all
the time, dampness is ever present at the
shore, and I have been told that dampness
will affect the puper cones of the speakers
or possibly cause the speakers themselves to
rust.

I would welcome your best opinion as to
whether 1his dampmess would also have
some adverse effect upon amplifiers, pre-
amplifiers, etc. What means, chemical or
otheruise, might be employed to overcome
this? John Sabritt, Philadelphia, Pa.

A. You are quite correet in your concern
as to what dampness ean do to high fidelity
equipment. Of course, much depends upon
the degree to which the equipmnent is ex-
posed. Extremely damp, salty air can easily
cause cones to go off center, and can ecor-
rode many ot the parts of your equipment,
leading to a breakdown of many of the
capacitors and to freezing of the controls.

Fortunately, there are things whieh can
be done to overcome this problem partially.
One thing which ean be done is to place
siliea gel in the boxes or cabinets in which
the equipment is contained. In addition,
vou could include in each cabinet to be
protected, a deviee known ns a Damp-
chaser. This deviee is used extensively by
piano tuners and manufacturers to keep
pianos dry and at a constant temperature.
These devices are also used by many
manufaeturers of electroniec organs to pro-
teet the chassis of these instruments from
the ravages of dampness. The Dampehaser
is nothing more than a heating clement.
Its purpose is to raise the temperature of
the deviee being protected two to four
degrees above the surrounding tempera-
ture; this simple aet will reduce condensa-
tion. These units are available in several
sizes, and I would recommend that you use
the largest possible size.

Once the equipment being protected is
turned on, its own operating temperature
will be sufficient to avoid condensation.
Because of this, the Dampchaser need not
operate ut this time. This ean be aceomp-
lished quite easily. Simply connect the line-
cord of the Dampchaser across the termi-
nals of the switeh of your system. When
the device is turned on, the Dampchaser is
automatieally shorted out of the circuit.
When the equipment is turned off, current
can flow through the device. Since the
power consumed is very small compared to
the deviece being protected, most of the
voltage will be developed across the Damp-
chaser, and almost none across the primary
of the power transformer. y:
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o Bright gold finish “Micrometer Preci-

sion’” land & groove tyse three-speed
control with automasic ‘On-Off’’
microswitch

Bright gold finish four ferminal stereo
head with three slides

Brand new ‘'Stereo Cempliont’’ vis-
<ous damped arm in gold crackle
finish

Heovy, 'Rumble-Proo®’’ steel base-
plate finished in gold crackle

Four and one-half pound polished
gold finished turntoble.

“Magic Magnet” vernier speed con-
trol varies pitch more than a third of
an octave!

Needle brush avtomarically dusts
needle when arm is returned to rest
and moy be removed to dust records

Hand-rubbed, piano finish cabinet
.base

Model .25B12GST

“Musicmaster’’
WoW.civrnd exceeds NARTB specs.
Rumble........ccccooiie within 44 db.
Speeds.......cociiiiiiiinnnn 33'4, 45, 78
Mounting Space

Depth ... ... 14"
Width

Over-all Height, 82"

ALL SPECIFICATIONS '\
SUBJECT TO CHANGE
WITHOUT NOTICE

AUDIO e FEBRUARY, 1959
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A GOLD PLATED
STEREOPLAYER!

Shipping Weight, 27 Lbs.
Het Weight, 21.5 Lbs.

Wow'" and Rumble” — literally at the van-
ishing point . .

Performance exceeds the most critical stereo
qualifications Complete as shown

(Cartridge not included)

$79.95

AND UNDERNEATH

Precision four-pole motor HAND BALANCED at 20,000 RPM!
HAND LAPPED spindle bearing, fitted to tolerance of % of
1/1000th”

SEE YOUR DEALER OR WRITE ...

ELECTRONIC importers inc.

77 4 Philip D. Hamlin, President

2128 THIRD AVENUE SEATTLE 1, WASHINGTON



ELIMINATES HUM

thanks to special construction |
and Mu Metal Shielding! |

STEREOTWIN 200

magnetic stereo hi-fi cartridge
that tits all record changers
and standard tone arms

Now *445° formerly $59.50

audiophile net

STEREOTWIN is the perfect cartridye
for stereo and monaural. No modifi-
cations or changes required in your
record-playing equipment, since
STrEREOTWIN 200 is perfectly shiclded to
eliminate hum! Instant stylus replace-
ment. Completely compatible for both
stercophonte and monophonic repro-
ductions. And now at a new low price!

SPECIFICATIONS: Magnetic cartridge « 7
mil diamond stylus * transient response
within 2 db from 20 to 20,000 eps * no
magnetic pull * instant stylus replice-
ment ¢ fits all standard tone arms and
record changers * eliminates hum problem.

The Turntable That Changes Records

MIRACORD XS-200

No other record-player has all these
features: Plays sterco and monaural
+« heavyweight, professional-type
turntable » push-button eontrolled «
Magie Wand spindle s automatie man-
ual player » automatie record changer
o intermixes 10” and 12” « plays all 4
speeds « free tone arm « 4 pole motor

5675°audiophile net

FAR AHEAD) THE FINEST BY FAR
Available at selected dealers.

i

&

For Free catalogue, please write Dept. A
AUDIOGERSH CORP.

514 Broadway, New York 12, N.Y.
WORTH 6-0800

LETTERS

Stereo Cartridges

SIk:

Reference your review of General Elec-
tric Stereo Cartridges in the December
issue. We feel we miuy be able to add fur-
ther useful information for vour readers
on the subjeet of hum in stereo systems, as
the result of our tests with G-E and other
popular magnetic eartridges in a number
of different reeord changers.

As the review mentioned, hum does not
seem 10 be much of a problem with most
turntables. As for changers, our tests
showed that hum pickup from changer
motors is not serious in a good proportion
of those tested.

In general, we found no problems with
changers whiech have four-pole motors with
a full four coils. At the other end of the
seale, we found a high possibility of hum
generation in a changer with a two-coil
motor directly beneath the cartridge. One
popular ehanger with a two-coil motor,
however, produced very little hum. This
motor has a heavy iron cross-section, and
is located well away from the pickup. Its
position, besides the faect that it appears
to operate at a very low flux density, re-

| sults in a very low radiated hum field.

Our tests showed the other major souree
of hum to be plono input wiring and
grounds. To assist in correeting this, we
recently published a 16-page booklet on
cartridge econnections and input wiring.
The booklet is available without charge
from our dealers or from our plant.

In summary, we feel that record-changer
performanee of our stereo cartridges
should be highly satisfactory providing
(1) the changer motor meets the design
criteria as noted above, and (2) the ear-
tridge econnections and input wiring are
made or changed sccording to our recom-
mendations.

W. W. DEaN,

Manager, Audio Components
Eugineering,

General Electric Company,

West Genesee Street,

Auburn, N. Y,

Large Box or Small Box

SIk:

Messrs. Williams and Noval, in aceept-
ing my invitation to explain their state-
ment about unvented speaker enclosures—
“A large box always allows more and
cleaner bass than does a small box”—have,
I am afraid, missed my point.

The substance of their answer is that the
statement referred to only applies when
the same speaker is used in both the small
and lurge boxes being eompared. This may
seem at, first to he a reasonable limiting
condition, until one realizes that there are
speiker mechanisms specifically designed
for a small box and entirelv unsuitabld
for «a large one.

When the first AR-1 ueoustie suspension
speiker system was introdueed, the final
resonant frequeney of the mounted woofer
(43 cps) was, to my Lnowledge, at least
as low as any closed box system available
commereially, and lower than the free-air
resonanee of many, if not most, speaker
mechanisms. I believe that this is still true
today.

Thus Messrs. Williams and Novak, in
not accepting my assumption of the same
final resonant frequeney in small-box and
large-box systems (an assumption which
implies the use of different woofer mecha-
nisms), invite the reader to compare small-

box bass performance, not with ezisting
large-box systems, but with a non-existent
system comprigsing a ‘“high-compliance”
speaker in a large box. Yet the high-com-
pliance speaker mechanism, in its current
subsonie-resonance form, owes its design to
predicated use in a small box.

The letter shows a graph in whieh the
mounted resonant frequency of a speaker
system is reduced by more than an octave,
and performance presumably improved, by
substituting a large box for a small one.
This is a perfectly valid analysis for a
speaker with conventional suspensions. On
the other hand, an AR-1 woofer mechanism,
mounted in a box so large as to allow a
final resonant frequency of 20 eps, would
provide inferior performance through in-
creased bass distortion and/or severely lim-
ited power handling ability. This is due to
the faet that voice-coil exeursions, for
constant electrical input, would continue
to increase (by a faetor of four for each
lower octave) below 43 eps. The original
resonant point acts as a protective device,
by limiting excursion at lower frequencies.

The AR-1 has a voice coil half an inch
longer than the gap, allowing a half inch
of exeursion without changing the amount
of copper immersed in the gap. This is an
unusually conservative design; speakers
with less voice-coil overhang relative to
their cone area should not be used at as
low a resonant frequency if they ure to
handle equivalent bass power as direct
radiators. When the speaker suspensions
are themselves stiff enough to provide a
resonant frequency high enough for the
necessary protection against over-large bass
exeursions, of course, the larger the box
the better.

In short, a direct-radiator speaker sys-
tem has an optimum resonant frequency (a
point explained in my patent! on the
acoustic suspension system), and.the de-
signer is free to determine what propor-
tion of mechanical and acoustical elements
he will employ to achieve this resonant
frequency. Box size, in relation to the par-
ticular speaker used, merely indicates what
part of the elastic restraint is mechanieal
and what part acoustie. In the acoustie sus-
pension svstem acoustic stiffness is a sub
stitute for, not an addition to, conventional
mechanieal suspension stiffness.

A brief comment on the remarks about
speaker Q: The AR-1 has a (), when driven
by an amplifier with a high damping faetor,
of less than 1. (Beranek,? ineidentally, sug-
gests that the Q of a direct-radiator, for
good transient response, should be less
than 1.36).

I originally controlled the Q of the
“grandaddy” of the AR-1 at will by a
series of small holes in the ecabinet. Al
though this is a perfeetly valid design ap-
proach, T found the results with lower Q's
unsatisfactory and I stopped up the holes
with plastie wood.

EpGgir VILLCHUR,
Acoustic Research, Ine.,
24 Thorndike St.,
Cambridge 41, Mass.

Maybe it WAS True!

Sik:

The recent article by Mr. Mahknit de-
seribing the Steampax recorder is positive
proof that Ameriean industry ecan meet

(Continued on page 10)
1 U. 8. Patent No. 2,775,309,

2 “Acousties,” Leo L. Beranek. MeGraw-
11ill Book Co., 1954, p. 226.
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HEATHKIT

- style
o performance
« quality

eoﬂl 30% c(’M .
o e BT Superbly designed cabinetry to house your complete sterco system.

il Delivered with pre-cut pancls to fit Heathkit AM-FM tuner (PT-1}),
sterco preamplifier (SP-1 & 2) and record changer (RP-3). Blank
panels also supplicd to cut out for any other equipment you may now
own. Adequate space also provided for tape deck. speakers, record
storage and amplifiers. Speaker wings wil. hold H=zathkit 8S-2 or
other speaker units of similar size. Available in unfinished birch or
mahogany plywood.

STEREO EQUIPMENT CABINET KIT
MODEL SE-1 (center unit) $§ 4995

Shpg. Wt. 162 Ibs.

MODEL SC-1 (speaker enclosure) $ 3995

Shpg. Wt. 42 Ibs. each

MONAURAL-STEREO PREAMPLIFIER World's largest manufacturer of
KIT (Two Channel Mixer) electronic instruments in kit form

MODEL SP-2 (stereo) $596.95 Shpg. Wt. 15 Ibs. . e
HEATH COMPANY

MODEL SP-1(monaural; $37.95 Shpg. Wt. 13 Ibs.
MODEL C-SP-1 (conver:s SP-1to SP-2) $21.95 Benton Harbor, 25, Michigan

Shpg. Wt. 5 Ibs.

Special “building block’> design allows you to ; = 3% :

purchase instrument in manaural version and add P " U a t)bsldiary of Daystrom, Inc.
stereo or second channel bater if desired. The SP-1 N

monaural preamplifier features six separate inputs
with 4 input level controls. A function selector
switch on the SP-2 provides two channel mixing.
A 20’ remote balance control is provided.

HIGH FIDELITY
RECORD CHANGER KIT

MODEL RP-3 $6 495

'] Turntable quality with fully automatic

features! A unique ‘“‘turntable pause” allows

record to fall gently into place while turntable is stopped. The tone
arm engages the motionless record, and a friction clutch assures
smooth start. Automatic speed selector plays mixed 334 and 45
RPM records regardless of sequence. Four speeds aveilable: 16, 3314,
45 and 78 RPM. Changer complete with GE-VR-I1 cartridge with
diamond LP and sapphirc 78 stylus, changer base, stylus pressurec

PROFESSIONAL STEREO-MONAURAL gauge and 45 RPM spindle. Shpg. Wt. 19 Its.

AM-FM TUNER KIT

MODEL PT-1 $8995 “EXTRA PERFORMANCE'’ 55

The 10-tube FM circuit features AFC (automatic WATT Hi-FI AMPLIFIER KIT

frequency control) as wel. as AGC. An accurate A real work horse packed with top quality

tuning meter operates on both AM and FM while features, this hi-fi amplificr represents a —
a 3-position switch selects meter functions without remarkable value at less than a dollar per  * 4
disturbing stereo or monaural listening. Individ- watt. Full audio output at maximum ]
ual flywheel tuning on both AM and FM. FM damping is a true 55 watts from 20 CPS A
sensitivity is three microvolts for 30 db of quieting. to 20 ke with less than 29 total harmonic MODEL 'W7-M $5495
The 3-tube FM front end is prewired and pre- distortion throughout the entire range.

aligned, and the entire AM circuit is on one printed Featuring famous *‘bas-bal” circuit, push-

circuit board for ease of construction. Shpg. Wt. pull EL34 tubes and new modern styling.

20 ibs.. Shpg. Wt. 28 Ibs.
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“BOOKSHELF'' 12 WATT AMPLIFIER KIT
MODEL EA-2 $2895

There are many rcasons why this attractive amplifier is such a tre-
mendous dollar value. You get rich, full range, high fidelity sound
reproduction with low distortion and noise . . . plus ““modern styling’.
The many features include full range frequency response 20 to 20,000
CPS =1 db with less than 19, distortion over this range at full 12
watt output—its own built-in preamplifier with provision for three
separate inputs, mag phono, crystal phono, and tuner—RIAA cqual-
1zation—separate bass and treble tone controls—special hum control
and it's casy-to-build. Completc instructions and pictorial diagrams
show where every part goes. Cabinet shell has smooth lcather texture
in black with inlaid gold design. Shpg. Wit. 15 Ibs.

cathode-fi

+115 db :

available program so is provided for LP, RIA
8 )

pg. Wt. 7 lbs.

HIGH FIDELITY TAPE
RECORDER KIT
MODEL TR-1A $9995 MODEL TE-1 $3995

Includes tape deck assembly. pre Shpg. Wt. 10 1bs. (Tape Preamplifier Only)
amplitier and roll of tape.

The model TR-1A provides monaural record/playback with fast
forward and rewind functions. 7Y and 334 IPS tape specds are
sclected by changing belt drive. Flutter and wow are held to less than
0.357. Frequency response at 715 IPS +2.0 db 50-10,000 CPS, at
334 IPS +2.0 db 50-6,500 CPS. The model TE-I record, playback
tape preamplifier, supplied with the mechanical assembly, provides
NARTB playback equulization. A two-position sclector switch pro-
vides Tor mike or line input. Scparate record and playback gain
controls. Cathode follower output. Complete instructions provided
for casy assembly. Signal-to-noisc ratio is better than 45 db below
normal recording level with less than ¢, total harmonic distortion.
(Tape mechanism not sold separately). Shpg. Wt. 24 Ibs.

HIGH FIDELITY AM TUNER KIT
MODEL BC-1A $2695

Designed especially Tor high tidelity applications
this AM tuncer will give you reception close to
FM. A special detector is incorporated and the
IF circuits are “‘broadbanded™ for low signal
distortion. Sensitivity and selectivity are excellent
and quiet performance is assured by a high
signal-to-noise ratio. All tunable components
are prealigned before shipment. Your “*best buy™
in an AM tuner. Shpg. Wt. 9 1bs.

HIGH FIDELITY FM TUNER KIT
MODEL FM-3A $2695

For noise and static-free sound reception, this FM
tuner is your least expensive source of high fi-
delity material. Efficient circuit design features
stabilized oscillator circuit and broadband IF
circuits for full fidelity with high sensitivity. All
tunable components are prealigned before ship-
ment. Edge-illuminated slide rule dial. Covers
complete FM band from 88 to 108 mc. Shpg.
Wt. 8 ibs.

“UNIVERSAL' 12 WATT
AMPLIFIER KIT

MODEL UA-1 $2195

Ideal for sterco or monaural applications, this
12-watt power package fcatures less than 27,
total harmonic distortion throughout the cntire
audio range (20 to 20,000 CPS) at full 12-watt
output. Usc with precamplifiecr models WA-P2
or SP-1 & 2. Taps for 4, 8 and 16 ohm speakers.
Shpg. Wt. 13 Ilbs.

E‘%SP' ®

HEATHKIT

YOU'RE NEVER OUT OF DATE
WITH HEATHKITS
Heathkit hi-fi systems are designed for maximum flex!-

bility. Simple conversion from basic to compiex systems
or from monaural to stereo is easily accomplished by

adding to already existing units. Heathkit engineering
skill Is your guarantee against obsolescence. Expand

.your hi-fi as your budget permits . . . and, Iif you like,
spread the payments over easy monthly instaliments
with the Heath Time Payment Plan.
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CONTEMPORARY
Model CE-1B Birch CHAIRSIDE ENCLOSURE KIT

Model CE-1M Mahogany MODEL CE-1 $4395 cat

Control your complete home hi-fi system right from
your easy chair with this handsome chairside en-
closure in either traditional or contemporary mod-
els. It is designed to house the Heathkit AM and
FM tuners (BC-1A and FM-3A) and the WA-P2
preamplifier, along with the RP-3 or majority of
record changers which will fit in the space provided.
Well ventilated space is provided in the rear of the
enclosure for any of the Heathkit amplifiers de-
signed to operate with the WA-P2. The tilt-out
shelf can be installed on either right or left side as
desired during the construction, and the lift-top
lid in front can also be reversed. All parts are pre-
cut and predrilled for easy assembly. The con-
. temporary cabinet is available in either mahogany
. . X TRADITIONAL or birch, and the traditional cabinet is available in
¢ Maximum Overall Dimensions: Model CE-1T Mahogany  mahogany suitable for the finish of your choice.
18" W.x 24" H.x 35);," D. All hardware supplied. Shpg. Wt. 46 Ibs.

¢ No Woodworking Experience
Required For Construction.

e All Parts Precut & Predrilled
For Ease of Assembly.

1000000000000000000000000000000000000000000008000

IT'S EASY .. . IT'S FUN
AND YOU SAVE UP TO ¥
WITH DO-IT-YOURSELF HEATHKITS

Putting together your own Heathkit can be one of the most
exciting hobbies you ever enjoyed. Simple step-by-step in-
structions and la-rge pictorial diagrams show you where
every part goes. You can’t possibly go wrong. No previous
electronic or kit bujilding experience is required. You'll
learn a lot about your equipment as you build it, and, of
course, you will experience the pride and satisfaction of
having done it yourself.

“*BASIC RANGE" HI-FI SPEAKER SYSTEM KIT
The modest cost of this basic speaker sys-
tem makes it a spectacular buy for any
hi-fi enthusiast. Uses a1 8" mid-range
woofer and a compression-type tweeter to
cover the frequency range of 50 to 12,000
CPS. Crossover circuit is built
in with balaace control. Im-
pedance is 16 ahms. Power rat-
ing 25 watts. Tweeter horn ro-
tates so that the speaker may
be used in eithar an upright or
horizontal position. Cabinet is
made of veneer-surfaced fur-
niture-grade slywood suitable
forlight or dark finish. All wood
parts are precut and predrilled

MODEL SS-2 $3995 for casy assembly. S?\pg. Wit.
Legs: No. 91-26 Shpg. Wt. 3 Ib. $4.95 26 Ibs.

DIAMOND STYLUS HI-FI

PICKUP CARTRIDGE LEGATO HI-FI SPEAKER SYSTEM KIT
MODEL MF-1 $2696 MODEL HH-1 $29995
Replace your present pickup with the MF-1 The startling realism of sound repro-
and enjoy the fullest fidelity your library of duction by the Legato is achicved
LP’s has to offer. Designed to Heath specifica- through the use of two 157 Altec
tions to offer you one of the finest cartridges Lansing low frequency drivers and a
available today. Nominally flat response from specially designed exponential horn
20 to 20,000 CPS. Shpg. Wt. 1 1b. with high frequency driver. The special
crossover network is built in. Covers
SRANGE EXTENDING" HI-FI 2510 20,000 CPS within +5db. Power
SPEAKER SYSTEM KIT rating 50 watts. Cabinet is constructed

of 34" wveneer-surfaced plywood in
cither African mahogany or white
birch suitable for the finish of your

The SS-1B employs a 15" woofer and super
tweeter to extend overall response of basic
58-2 speaker f”.’"? 35 o !6'000 CPS i§ db. choice. All parts arc precut and pre- \
Crossover circuit is built in. Impedance is 16 drilled for casy assembly. Shpg. Wt

ohms, power rating 35 watts. Constructed of 195 Ibs ! : i -
34" veneer-surfaced plywood suitable for light )
or dark finish. Shpg. Wt. 80 Ibs.

COMPANY < BENTON HARBOR 25, MICH.

MODEL SS-1B pioneer in a $ilbs/d/ary of Daystrom, Inc.
“do-it-yourself”’
$9995 i e = O Please send the Free Heathkit catalog.
electronics
Enclosed find $........ name

Please enclose postage
for parcel post—express
orders are shipped de-
livery charges collect. address

All prices F.O.B. Benton
Harbor, Mich. A 20% de-
posit is required on all
C.0.D. orders. Prices .
subject to change with-  City & state
out notice.

SEND FOR FREE CATALOG

Describing over 100 easy-to-bulld
kits in hi-fi, test, marine and ham
radio fields, Also contains com-

QUANTITY ITEM MODEL NO. PRICE

plete specifications “and sche-
matics.
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| LETTERS

| (from page 6)

the challenge and produce a badly needed
deviee, with features beyond the wildest
expectations, The article stirred muech ex-
citement among the members of our engi-
neering staff. We wish to compliment Mr.
Mahknit and the Steampax Corporation on
their revolutionary econtribution to audio
art.

We have acquired one of these machines
and have been using it the past weeks with
gratifying results. We have, however, in-
corporated a few changes to make the unit
more efficient. The biggest improvement
was that of changing the method of steam
generation. We used a special generator
utilizing photosynthesis as a means of sub-
liming ice into steam without the addition
of heat. (A rigorous mathematical treat-
ment of this method appeared in the Jour-
nal of the Hawk Run Chowder and March-
ing Society in February, 1953.)

This is a very efficient system—41.65
ergs input delivers 43.9 db of usable out-
put; this conforms to an efficiency of
1.05 x 103 per eent. The unit is small, about
the size of a sewing thimble, but quite
heavy relative to its size. The weight arises
through the necessity of making the com-
bustion chamber from neutrons to with-
stand the tremendous pressures. This is the
same generator as used on our Model
BlaT-4 combination calliope and stern-
wheeler steamboat.

The other changes made were small ones,
such as utilization of an extra handle to
make the apparatus completely portable,
and the addition of a 1-farad eapacitor
aeross the original .0004-ohm resistor in
the flyball governor feedback system to
stop a slight tendeney of the governor to
oseillate.

We wish the Steampax Corporation sue-
cess in their venture, because this is truly
a great step forward in science.

WOLFGANG LUDWIG GLUCK, President

Gluek Loudspeaker, Paddlewheel, and
Calliope Company,

Tuskatawny, Pennsyltucky

Industry People. ..

PEOPLE AND THINGS. Herbert H.
Borchardt, president ot the Recoton Cor-
poration, announces the resignation of
Jack Karns as vice-president. Alfred Wish,
formerly secretary, has been elected vice-
president, and Hank Miller, midwest sales
manager, has been elevated to national
sales manager . . . Stephanle Sass, forn-
erly girl Friday to the late, beloved Adolph
Gross, has joined Avnet Electronics Corp.
as new products manager . . . James Molr,
who contributes with fair regularity to the
pages of AUDIO, is the new technical di-
rector for Goodmans Industries—he as-
sures us that his new position will do
nothing to modity his rate of contribution
to AUDIO.

Lawrence J. Epstein has resigned as di-
rector of sales and merchandising for Uni-
versity Loudspeakers, Inc., to accept the
post of vice-president in charge of sales
and promotion with United Audio Prod-
ucts, Inec. . . . Syd Wimple has resigned
the presidency of Rockbar Corporation to
organize S. Wimpie Associates, Inc., at
Mamaroneck, N. Y. The firm will act as
sales and engineering representatives for
a group of manufacturers in the electron-
ics fleld . . . Stanley Neufeld, formerly
jobber sales manager, for Rockbar Corpo-
ration, has been appointed vice-president
in charge of sales for Brand Products,
Inc. . . . The entire record and hi-fi indus-
try was shocked to learn of the death on
January 1 of well-known well-liked Neil F.
Harrison, publisher of ""Record and Sound
Retailing.”

Dynamic Sideband Regulation
This exclusive KNIGHT circuit devel-
opment (patent applied for) makes
minimum distortion of FM; actually
reduces distortion caused by over-

possible very high sensitivity and
modulation at the FM station.

sk D-S-R

only 312952asy terms: $12,95 down

-
o]
—_
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-
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royalty of value’ features

£

knight KN120 deluxe stereo FM-AM tuner with exclusive D-S.R*
Separate FM and AM sections for simultaneous or separate operation ¢ Dual limiters on FM

Tuned RF stage on FM and AM » Less than %4% IM distortion for RF signals over 20 uv -

3-position AM bandwidth switch ¢ Cathode follower multiplex output jack ¢ Four cathode follower

main outputs ¢ Two '‘Microbeam’’ tuning indicators ¢ Edge-lighted 914" tuning scale; Flywheel

tuning for both FM and AM ¢« Handsome solid aluminum front panel, gold anodized, with beige

leathertone case » U.L. Approved + One-year guarantee.

compare these
order from ALLIED RADI O 100 N. Western Ave., Dept. 17-B9, Chicago 80, Il

created by ALLIED RADIO

knight’
the Koyaltg, of Vodue i

STEREO HI-FI
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HALF TRACK?
QUARTER TRACK?

VIKING ESQ HEAD ASSZMBLY

We believe it is time for a factual statement on quarter track tapes anc tape record-
ing. As a novelty, and in keeping with the constant trend toward miniaturization,
there is today a considerable interest in home recording of quarter track (four

track) tapes.

The laminated quarter track heads used on Viking decks may be used interchange-
ably with the half track heads for recording, and will provide for proper bias
and equalization at 3% ips tape speed. On special order, Viking will provide
quarter track erase heads, permitting monaural and stereo erase aad recording
of four track tapes.

However, the serious audio recordist will weigh these factors:

Quarter track heads provide a track width of only 43 mils as compared to
eighty mils—equivalent to almost six db of absolute signal-to-noise ratio.*

Reduttion of tape speed to 3% ips, instead of 7% ips, does not result in again
kalving the maximum possible tape output, but does necessitate a shorter head
gap toproduce equivalent frequency response. Such a head is less suitable for
recording applications.

These are the reasons why you will find full-size, maximum-performance, half
track heads on Viking recording models. Use the quarter trzck -heads for the
one thing they are designed to do best—playback of quarter track (or half track
music tapes).

For your own serious music recording we recommend consistent use of the half
track heads available on Viking recording decks, permitting maximum frequency
response and dynamic range. Your added tape cost (for raw tape) is your best
insurance of professional recording performance.

*Based on residual system hum, tube noise, etc. Viking tape components are sold through higk
ﬁdelxly dealers. exclusively. Further technicas
information may be obtained by writing directly
to Viking's Custamer Service Department.

NG ofF MINNEAPOLIS, INC.

" 9600 Aldrich Avenue South Minneapolis 20, Minnesota

EXPORT DIVISION: 23 Warren Street, New York City 7, New York
Cable: SIMONTRICE, NEW YORK (All Codes)
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MERCHANDISE

Trio

I have becn falling all over myself in
respect to the Hurman Kardon “Trio”
stereo amplifier, one of tlie very first of its
breed to reach the market and the first that
I received myself, for home use. It seems
as though it eame to me years ago, but it
was only last summer. I’ve been putting it
to work off and on ever sinee, und my
silence eoncerning it probably has H., and
. mildly batfled, if they had hoped for an
early response from me. After all, I did
ask to try tlie machine.

But, vou see, last summer I did not vet
realize (who did?) that eurly stereo dise
playing wus going to be so complicated—
so trieky, indeed, that, as readers will
remember, 1 found myselt very soon iloun-
dering in a sea of confusions concerning
those very faetors by whieh we must judge
good sound-in-the-round, matters like hum,
distortion, rumible, ete. Sure, I ean “judge”
theny, if you mean by that, judging their
presence or absence! No problem there.
The big trouble wus figuring out where}

I simply did not have the nerve (in the
usual and deliberate Canbyv absence of test
instruments) to go around judging indi-
vidual pieces of equipment (or even indi-
vidual records) when such over-all doubts
existed as to values here and values there.

To tell you the truth, I still am loath to
speak out strongly pro or con any indi-
vidual piece of stereo materiel und this for
exeellent reasons. Good sterco performance,
as we now fully understand, depends on a
working relationship and a praectical bal-
ance between a whole series of fuctors, of
components, from start to finish. A per-
feetly ‘“good” stereo cartridge may be bad
in effect, because its output, or its eompli-
anee, or what-have-you, is not “mated” to
an associated stereo eleinent—the reeord
it plays, or the amplifier into whieh it
feeds. Is it the reeord, the amplifier, or the
curtridge that is “wrong”? Not easy to say.
The important faet is that they are mnot
matehed.

We have liad enormous troubles of the
mis-matehing sort this vear and it is only
as these problems begin to sort themselves
out into a species of practieal standardi-
zation that I so muech as dare begin talk-
ing about individuul stereo elements—such
as the Harman Kardon “Trio.” So I ask
H. and K. for indulgence, the situation
being what it is.

In any case, though my own early-pro
duetion “Trio” is probably slightly obso-
lete by now, I hear favorable rumors con-
cerning its enrrent produetion. There are
many other stereo amplifiers around now
and, were I to scek a ‘representative”’
model at this moment, I'd find myself
buried knee deep in stereo amplifiers all
worthy of econsideration, More power to

12

Fdward [atnall Kanby

Harman Kardon, then, for having put out
virtually the first of the inexpensive breed
of dual stereo amplifier. That was why it
interested me in the first place, 'way baek.

I'll suy wmerely thut the “Trio” has
fucilities of eontrol whieh when I first got
liold of it were quite new to me, and now
are almost standard in the industry,
hardly needing any deseription. There is,
of course, the joiut volume control—about
whieh I opined in advanee last summer (I
don’t enjoy separate volume econtrols for
my two stereo chanuels); tlere is the
clearly neeessury balance control, shifting
the balance of power all the way from
right-channel-only  to  left-channel-only,
with anything in hetween you may wish
(and you will, too); there is the now-
standard funetion switeh that provides
stereo, reversed stereo (a useful and prae-
tieal switeh position, I insist—saving muech
time und patience in cases of accidental
reversed wiring or reversed stereo traeks)
——and the equally usefunl right-echannel-ouly
and left-echanuel-ouly positions, feeding
both spe:kers, giving you a basis tor ecom-
parative listening that vou'll find worth-
while.

This last position on the “Trio”, is useful
for varying inputs, since the amplilier has
a eomplete dual panel of inputs so that
anything and everything may be fed into
the machine in dual forinat. When only
one radio input is used, for instance, it
feeds into either the right or left channel
input—take yr elerce; the “right-only” or
“left-only™ switch on the front panel then
feeds it out to both amplifier systems. Just
switch the third knob, the one that seleets
between tvpes of input, to the proper po.
sition—radio in this ease. Same with tape
recorder, ete.

Yep, it sounds complex, hut it really
isn’t. Most newer sterco dual amplifiers
have these same switehing faecilities. This
was one of the earliest, and probably helped
to set up the standard formats now be-
coming familiar to stereo users. I found, in
sum, that there really wasn’t mueh I
couldn’t do with these controls.

There were some things I didn’t hother
to try, though. Harman Kardon has some
sort of dual output svstem that allows for
stereo speakers A and speakers B, the sec-
ond pair presumubly soniewhere upstairs in
the tront bedroom. I found, for myself,
that one pair of stereo spenkers at a time
kept me very thoroughly busv and so I
let speakers B go untried. A pair of extra
switehes and extra connections that, for my
eash, could huve been left off—but then I
might not represent the Vast Majority of
stereo huvers.

There is one other facility, however, that
s potentially wore useful (and is found,
too, on other more recently introduced
amplifiers) —the tanden teaming-up of the
two channels to make a single 24-watt
wmnplifier out of the pair of 12-watters.
Just 1lip o switeh. I had no immediate

need for this, though I tried it now and
then out of curiosity, but those who are
converting to stereo in caleculated steps
will find this feature temporarily very im-
portant. Use the amplifier first as a mono
unit, 24-watt, with your single mono ehan-
nel. When you're ready for a try at full
stereo, with the rest of the necessary equip-
ment on hand and in place, llip the switeh
and your single amp becomes two, of the
same total output wattage.

Or if you have a 20-watt (more or less)
single amplifier already in use, you ean put
the “Trio” to work as a second full-power
channel, using the two power amplifiers
again in tawdem; the dual preamp can
then serve for both chanuels. That’s where
the name “Trio” eame in—three modes of
operation.

I wouldn’t wiant to offer mueh eritieism
of this pioneer amplifier on the hasis of its
carliest production, as of last summer, but
I can safely observe a few points which
possibly apply to current production of the
nrodel. As to maintenance of proper phas-
ing between the two channels in all this
complexity of switehing, the less said the
better! My eurrent belief (I use the word
deliberately) is that Harman Kardon are
beyoud reproach straight through from
input to output, though for awhile I wasn’t
too sure. There’s only one lack, as I see it;
I'd like to see a speuker phasing switeh
somewhere on the chassis, preferably out
in front and handy for quick change. Tt is
still very much needed, to take care of the
inevitable phasing inconsisteneies that still
continue to erop up in all aspects of stereo
reproduction, straight from the original
niierophones down to inadvertently wrong
speaker connections in the home. Also, I
might add, for the very praetical purpose
of direet AB phasing comparisons. We all,
every one of us, should learn to know
what right and wrong phasing sounds like,
in a hundred circumstances.

Take out that “Speakers A and B”
business and put in a phasing switch in-
stead, would be my idea. Mavbhe it has
already been doue.

I have one maujor observation eoncerning
this amplitier that is important to mention
because it surelv applies to many another
model in the inexpensive cuategory, where
production costs must be kept rigidly
under control. That is the power trans-
former, whieh radiates a powerful amount
of ineipient hum, to an appalling distance.

I say “ineipient” because, obviously, the
hum that you don't pick up doesn’'t exist.
This partieular transtormer, its particular
location and the way it is used, are no
doubt quite conventional in terms of fa-
miliar praectice. In monophonie situations,
as of the past, with single audio eireuits,
no ecomplications of the ground loop cate-
gory, with mono magnetic cartridges of
high output, hum-bueking eoils and mno
vertical signal output, this transformer
would be just fine. No troubles to pile on
troubles.

But in all too many stereo applieations,
it eould end up as u liability, though not
neeessarily through its own fault. What if
vour stereo low-level ecirveuitry is highly
suseeptible to hum? It shouldn’t be, and
Harman-Kardon ean’t be blamed if it is:
hut the hum is generated just the same and
is unpleasant wherever the fault lies.

You should have hieard the roar of lum I
got when I moved the two well-shielded
German piekup transformers in the ESL
cartridge system near to this power truns-
former! Whose fuult? Who knows? But
the hum was there and it wasn't my fault,
bless me. The same in other eircumstances,
notably in the case of various sterco piek-
ups with total output noticeably lower than
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STEREO the

AND experts
MONAURAL
say...

in Hi-Fl
the best buys are

World-famous
EICO advantages
guarantee your complete satisfaction:

e Advanced engineering e Finest quality components

e ‘‘Beginner-Tested,’’ easy step-by-step instructions

e LIFETIME service & calibration guarantee

e IN STOCK — Compare, then take home any EICO

- equipment—right “‘off the shelf''—from 1900 neighbor-
hood EICO dealers.

-

Bookshelf
Monaural Integrated Amplifiers: Speakﬁ;sslystem
50, 30, 20, and 12-Watt

(use 2 for Stereq)_ -

S—  Speaker System HFS2.
Monaural Preamplifiers: 36 H X 15%4” W x 112" D

5
(stack 2 for Stereo)

Monaural Power Amlifiers:
60, 50, 35, 30, 22 and 14-Weatt
(use 2 for Stereo)

AUDIO e FEBRUARY, 1959

NEW STEREOPHONIC EQUIPMENT
HF85: Stereo Dual Preamplifer is a complete stereo
control system in ‘‘low silhouette’ design adaptable to
any type of installation. Selects, preamplifies, controls
any stereo source—tape, discs, broadcasts. Superb vari-
able crossover, feedback tone controls driven by feed-
back amplifier pairs in each channel. Distortion borders
on unmeasurable even at high output levels. Separate
lo-level input in each channel for mag. phono, tape head,
mike. Separate hi-level inputs for AM & FM tuners &
FM Multiplex. One each auxiliary A & B input in each
channel. Independent level, bass & treble controls in
each channel may be operated together with built-in
clutch.  Switched-in loudness compensator. Function
Selector permits hearing each stereo channel individu-
ally, and reversing them; also use of unit for stereo or
monophonic play. Full-wave rectifier tube power supply.
5-12AX7/ECCB3, 1-6X4. Works with any 2 high-quality
power amplifiers such as EICO, HF14, HF22, HF30, HF35,
HF50, HF60. Kit $39.95. Wired $64.95. Includes cover.
HF81: Stereo Dual Amplifier-Preamplifier selects,
amplifies & controls any stereo source — tape, discs,
broadcasts—& feeds it thru self-contained dual 14W am-
plifiers to a pair of speakers. Monophonically: 28 watts
for your speakers; complete stereo preamp. Ganged level
controls, separate focus (balance) control, independent
full-range bass & treble controls for each channel.
Identical Williamson-type, push-pull EL84 power ampli-
fiers, excellent output transformers. ‘‘Service Selector'
switch permits one preamp-control section to drive the
internal power amplifiers while other preamp-control
section is left free to drive your existing externa! ampli-
fier. ““Its performance is excellent, and the operation is
uncomplicated.”—H)-FI MUSIC AT HOME. ‘“‘Excellent”—
SATURDAY REVIEW. Kit $69.95. Wired $109.95. Incl. cover.

MONAURAL PREAMPLIFIERS (stack 2 for Stereo)
NEW HF65: superb new design, Inputs for tape head,
microphone, mag-phono cartridge & hi-level sources. IM
distortion 0.04% @ 2V out. Attractive “low silhouette’’
design. HF65A Kit $29.95, Wired $44.95. HF65 (with power
supply) Kit $33.95. Wired $49.95.

HF61: ‘'Rivals the most expensive preamps'’ — Marshall,
AUDIOCRAFT. HF61A Kit $24.95, Wired $37.95, HF61 {with
power supply) Kit $29.95. Wired $44.95.

MONAURAL POWER AMPLIFIERS
(use 2 for STEREOQ)

HF60: 60-Watt Ultra Linear Power Amplifier with
Acro T0-330 Output Xfmr.; “One of the hest-performing
amplifiers extant; an- excelient buy.” AUDIOCRAFT Kit
Report. Kit $72.95. Wired $99.95. Cover E-2 $4.50.
HF50: 50-Watt Ultra Linear Power Amplifier with
extremely high quality Chicago Standard Output Trans-
former. Identical in every other respect to HF60, same
specs at 50W. Kit $57.95. Wired $87.95. Cover E-2 $4.50.
NEW HF35: 35-watt Ultra-Linear Power Amplifier.
Kit $47.95. Wired $72.95. Cover E-2 $4.50.
HF30: 30-Watt Power Amplifier. Kit $39.95. Wired
$62.95. Cover E-3 $3.95.
NEW HF22: 22-Watt Power Amplifier. Kit $38.95.
Wired $61.95. Cover E-2 $4.50.
NEW HF14: 14-Watt Power Amplifier. Kit $23.50.
Wired $41.50. Cover E-6 $4.50.

MONAURAL INTEGRATED AMPLIFIERS
(use 2 for STEREO)
HF52: 50-Watt Integrated Amplifier with complete
‘front end’’ facilities & Chicago Standard Output Trans-
former. "“Excellent value”’—Hirsch-Houck Labs. Kit $69.95,
Wired $109.95. Cover E-1 $4.50.
HF32: 30-Watt Integrated Amplifier. Kit $57.95.
Wired $89.95. Both include cover.
HF20: 20-Watt Integrated Amplifier. “'Well-engi-
neered’’ Stocklin, RADIO TV NEWS. Kit $49.95. Wired
$79.95. Cover E-1 $4.50.
HF12: 12-Watt Integrated Amplifier. “‘Packs a
wallop' —POP. ELECTRONICS. Kit $34.95. Wired $57.95.
SPEAKER SYSTEMS (use 2 for STEREO)
HFS2: Natural bass 30-200 cps via slot-loaded 12-ft.
split conical bass horn. Middles & lower highs: front radi-
ation from 812" edge-damped cone. Distortionless spike-
shaped super-tweeter radiates omni-directionally. Flat
45-20,000 cps, useful 30-40,000 cps. 16 ohms. HWD
36”7, 15", 1114%”."Eminently musical; would suggest
unusual suitability for stereo.’"—Holt, HIGH FIDELITY.
Completely factory-built: Walnut or Mahogany. $139.95;
Blonde, $144.95.
HFS1: Bookshelf Speaker System, complete with fac-
tory-built cabinet. Jensen 8” woofer, matching Jensen
compression-driver exponential horn tweeter. Smooth
clean bass; crisp extended highs. 70-12,000 cps range.
Capacity 25 w. 8 chms. HWD: 11”7 x 23” x 9”. Wiring
time 15 min. Price $39.95.
FM TUNER

HFT90: surpasses wired tuners up to 3X its cost. Pre-
wired, pre-aligned, temperature-compensated “front end"’
— drift-free. Precision ‘‘eye-tronic' tuning. Sensitivity
1.5 uv for 20 db quieting — 6X that of other kit tuners.
Response 20-20,000 cps =1 db. K-follower & multiplex
outputs. “‘One of the best buys you can get in high
fidelity kits.”” — AUDIOCRAFT KIT REPORT. Kit $39.95*.
Wired $65.95*. Cover $3.95.

EICO, 33-00 Northern Bivd, L.I.C. 1, N. Y.

| SHOW ME HOW TO SAVE 50% on 60
| models of top-quality equpment as
| checked below. O Hi-Fi

‘ O Test Instruments [J Ham Gear.
Send FREE literature & name of neighbor-
' hood EICO dealer.

| NAME. -

: ADDRESS......

|

CITY ... 2 .......STATE... .

®LESS COVER, F. E. T. INCL.
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Copyright 1958 by Electronic Instr. Co., Inc.

Add 5% in the West.
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MAGNETIC TAPE HEADS

. . . used as original equipment on tens of
thousands of tape recorders .

\ e
"(\‘ on —~—

> T

- B

TLD-L
The TLD-L is a quarter-track stereo record/
playback head. Laminated pole construction,
fong life, 0.1 mil gap, and extended frequency
response; 30-12,000 cps + 2 db. at 3.75 ips.
Flush-ground and polished face results in su-
perior hum shielding and reduced oxide loading.
Net $21.60.

SE-50
The SE-50 is a quarter-track stacked-stereo
erase head with a polished metal face for low
tape friction. Efficient double-gap laminated
construction produces 60 db. erase at less than
0.5 volt-amperes of power per channel. Either
channel may be used independently for single
erase. Net $12.50.

e

TLD-M
The TLD-M quarter-track laminated record/
playback head is designed for recorders using
the new RCA tape cartridge. Electrical charac-
teristics are identical to those of TLD-L head.
Net $21.60.

SE-50M
The SE-50M quarter-track stacked stereo erase
head serves as a companion to the TLD-M
record head for cartridge machines. Net $12.50.

TLD-S§

The TLD-S is a high guality half-track stereo
record /playback head for all half-track stered
applications. It is well shielded, has a high
output, and is capable of a frequency resp

of 30-12,000 cps. +2 db. at 7.5 ips. Net
$19.50.

SE-100
The SE-100 half:frack stacked-stereo erase
head may be used in conjunction with the
TLD-S for stereo recording. Net $12.50.

N

SLS
The SLS is a half-track monaural record/
playback head for all single head applications.
It has high output, excelient frequency re-
sponse, and is well shielded. Net $8.10.
ME-100
The ME-107 is a half-track monaural erase
head. Net $7.50.

Nortronics tape heads art -furnished in many
impedances and mounting styles, and have pin
terminals in the rear. Rear maunting style
with leads is also available. These heads are
for installation in new equipment, conversion
of half-track stereo recorders to quarter-track,
and conversion of monaural machines to stereo.
The complcte line of recording and erase heads
is available for immediate delivery. Write for
more detailed information.

INC.

THE NORTRONICS CO.,

1025 SOUTH SIXTH STREET
MINNEAPOLIS 4, MINN.

in carlier mono equivalents and/or without
the useful hum-bueking coil arrangement
of the mono magneties. Also there’s likely
to be more trouble—adding up to more
lust straws on the consumer’s back-—with
many a three-wire stereo system still in
aetive stereo use.

As I say, let’s not try to pin blame on
any one aspeet or unit. Just let’s have a
better mateh all around, unprovements
throughout stereo. Each improvement
“improves” all the other components. By
this time, my original “Trio” power trans-
former, without any change at all, is far
less of a liability to me than it was at first,
simply becaunse other aspects of stereo
(including such seemingly remote factors
ag recorded level on stereo dises) have been
improved.

M3D Dynetic

I was almost ready to give up the idea of
comment on individual stereo cartridges,
su tough is the problem of over-all system
matehing, in whieh the cartridge is only
one element. But I have come to realize
that in these first months of stereo disc
the cartridge has been the really erucial
clement-—even more than speaker or ampli-
ier performance, or than stereo disc cut-
ting. (Cutters, after all, cost in the thou-
sands of dollars and are apt to be good.)
The cartridge will remain the most crucial
clement in stereo sound until performance
is a lot more standardized than it as yet.
So, perforee, I think I’d better comment on
cartridges as well as I can.

I'll say outright, first, that the most
satisfactory curtridge I've used so far
(and I have not tried a number reported
to be excellent) is the Shure M3D Dynetie.
First and foremost, that satisfaction 1is
not so much because of its innate, ideal,
ultimate quality as, very simply, its rel-
atively high output. That’s enough.

This baby bad the higgest wallop of any
cartridge I had tried up to the time I re-
ceived it, and for that reason alone it
instantly put every other cartridge I had
on hand into the shade. It hecame my im-
mediate favorite.

So simple! Just plug in this Shure, then
turn down the wvolume control. With that
casy motion, down goes virtually every
major form of unpleasantness in the way
of unwanted noise in my two so-so stereo
systems. (Not rumble; that is unaffected.)
Sounds silly here on paper, but you
wouldn’t snort if you could hear what this
does for noisy stereo.

So, you see, stereo improvement is easy
enough in praectice. Don’t throw out that
sloppy amplifier, don’t buy new trans-
formers, don’t get rid of your entire wir-
ing system for something new. Just go out
and buy a high-output sterco cartridge. My
congratulations to Shure for the most
utterly elemental improvenient in the entire
short listory of stereo dise reproduction
via magnetic cartridge! (And the same to
anyone else who has done as much in any
other cartridge, untried by me.)

Beyond the vital fact of effectively high
cutput, the Shure is smooth and pliant in
sound, almost fully equal to the very best
mono magnetic sound I've heard. I say
“almost” mainly to keep a safety factor in
reserve, for futurc reference, hut also be-
cause in this sound, clean and lovely on
any mono reeord, I think I still detect a
slight bit of bhreak-down in the loudest
recorded passage as compared to the very
top sort of sound from the best (several)
mono cartridges on the same record.

I put this dramatieally to the test on
the air a few weeks ago. I edited together
three slices of mono Mozart, via tape, the
first two played by top-level mono mag-

neties, the third by the Shure M3D sterco,
the outputs paralleled. The difference was
s¢ minor that I did not even mention it on
the air—nobody would have been able to
hear it. 1 mention it here as a less-than-
oue-per-cent sort of perfectionism, for
those with extremely analytical ears. I
suspect it applies to other top-flight stereo
cartridges too. But I would guess that
within the year even this small difference
will have vanished, via miuute improve-
meuts.

Beyond this, I’ll only say that the Shure
stylus is sturdy as well us highly com-
pliant, with the very desirable ‘“square”
compliance ratio between vertical and
lateral (same in both), that stylus chang-
ing is extremely simple and the stylus very
positive in the seating (like many nowa-
days, the stylus rides in a special insert
holder), that the entire M3D unit is so
very light in weight that your arm is likely
to ride dizzily up in the air unless you
redistribute the weight system (note that
niost early stereo cartridges were abnor-
mally heavy) and, finally, that after sev-
eral months of use not a shade of trouble
has developed. *Nuff said, exeept that an
alternative model, somewhat sturdier and
less compliant, is now offered primarily for
stereo changer use—the M7D.

Pickerings

I got two Pickerings though I asked for
only one, und Pickering & Co. are about to
experience a good pay-off for their gamble
with me. You see, I had some reservations
about that faney Pickering arm-and-ear-
tridge comho, the Unipoise, when I got the
original mono version some time back, so
decided I wouldn’t suggest that the com-
pany send me the stereo version. I didn’t,
but they did. And I now am pleased to find
that the Unipoise arm has been thought-
fully revamped for a heartening improve-
ment in over-all performance, quite aside
from stereo itself.

The biggest immediate difference is a
tricky plastic insert in that deadly necedle
point, upward-aiming, upon which the arm
“poises”. You may think that the main
purpose of this was to avoid serions bodily
stabbings, when the arm slid off the point
—whieli was often. That purpose is ful-
filled, because now the needle point itself
is afloat on its spindle and quite flexible.
You'd have a time trying to hurt yourself
with it. Tmpossible, I'd say, whereas before
there really was quite a serious hazard
involved for those of us who are habitually
hasty in our movements, or have hasty
children.

But a much sounder purpose was in-
volved as well. The new “damped” point
suspension seems to have removed my big-
gest objection to the old arm, namely that
though it tracked beautifully in a solid
situation, it jumped handfuls of grooves at
the slightest bit of a vibration or inadvert-
ent jar from the outside. Now, to my as-
tonishment, I can tread the famed Canby
loose floor boards at will and the Unipoise
stays put in the grooves as well as the best
of them.

I seem to note a more compaet anid
sturdier look to the arm itself, but don’t
have the old one with me at the moment to
compare shapes. Not important; the main
point is that the Unipoise, still admittedly
a precision arm and not to be handled with
pick-and-shovel tacties, is now a more use-
ful model that ean take practical advan-
tage of the undoubted theoretical value in
the ome-point suspension prineciple. Good.

The interunal stereo cartridge clement, I
gather, is the same as in the standard
Pickering stereo cartridge, which was for
many months the lowest-priced quality
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their speakms (mci speaker syst@ns by

1s that they are designed by G. A. briggs
to rveproduce music naturally, without eectronic,
mecnanical ov acoustical colovation.

G. A. BRIGGS

England’s warmly regarded
lecturer, author and foremost
authority on sound reproduction,
whose acknowledged musical
taste and uncompromising
principles guide every step of
‘Wharfedale manufacture.

WHARFEDALE LOUDSPEAKERS

bear Mr. Briggs’
unmistakable stamp
and echieve a
| non-strident musical
! quality which is

VY truly unigue. Full
Range, Bass and Trekle models,
indsvidually tested and certifiec.

WHARFEDALE SYSTEMS

are integrated
combinations of 2
or 3 Wharfedak
speakers, in
Briggs-designed
enclosures. They are
preferred for stereo because of
practical size, moderaie price

and unusual versatility.

FREE COMPARATOR GUIDE

sent on request illustrating all
models.

Mail to Dept WA29,

British Indusiries Corporation
Pert Washiongton, N. Y.
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City State_____
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magnetic on the books by a good many
dollars. The price in itself makes Pickering
a cartridge that everyvone should investi-
gate before jumping up the price ladder
towards the top.

My judgment of the fine Pickering
sound quality has been impeded, as usual,
hy those diabolicul outside complications.
The darned thing gives out with what hag
been more or less u standard level in the
stereo curtridge field—but is still a lot too
low for entirely too many so-so stereo
installations.

I suggest that basically this is a eriti-
cism of the rest of the stereo system,
which continues too often too sensitive to
hum and the like for any low-level stereo
cartridge, of any make or type. I suppose
it is technically also the ‘“fault” of the
cartridge makers, who, Lowever, mav be
quite rightly designing their cartridges
for the ideally best in sound, assuming that
the rest of the industry will design associ-
ated stereo equipment that is up to their
standards. It should be, of course.

Well, dar it, it isn’t—yvet. And so here
is a fine eartridge that may, or may not, be
practical in your home system, depending
entirely on the configurations of the rest of
the stereo dise ecircuitry. Frankly, this
cartridge lias suffered along with others in
my own all-too-typical early stereo systems.
I suffer, too, but deliberately because I am
mainly interested in what the current proh-
lems are likelv to be for the customer—not
on having the ultimate best for my priv-
ileged and lueky self. My systems are for
the most part average and, so far, the
Pickering has given gorgeous stereo sound,
at the expense of too much indefensible
hum. I'm using my Pickerings just the
same, hum or no, for their clean, sharp
sound (as clean as any I’ve yet heard) and
I expect shortly to try them for a change
in a top-drawer, humless system, just to
have the full pleasure of them, unalloyed.
It'll be great, I assure you.

I'm intrigued, by the way, at the manner
in whiech Pickering (i.e., Walter Stanton,
President) has adapted the well known
“T” stylus insert system of the old mono
Pickering to the needs of stereo. The “T”
unit by its nature had very little vertical
complinnee and to my unimaginative mind
seemed utterly un-convertible to stereo,
which requires vertical movement. Well, it
was converted and most effectively. The
“T” insert still slips in horizontally in a
jiffy but the point now moves up and down
a3 well as sidewise. Engineering ingenuity
did it, adapting a good practical design
feature to tricky new technical require-
ments.

Mystery Ceramic

I have several ceramies to report on,
eventually, but I've been mueh too im-
mersed in stereo listening, in magnetie
stereo, to get time to try them out critie-
ally. Again, apologies for the delay, along
with an ohservation that the ceramie stereo
cartridge is inherently a pretty darned
good idea, and a stereo “natural” more
than the magnetie, to begin with. T suspect
that ceramic sound should edge up a bit
higher in the stereo ceramie-vs.-magnetie
scale than it was able to in the older mono
era. Keep an eve on ceramic stereo. No
Lum pickup, you know.

I have a fine mystery cartridge on hand
that must be mentioned, though it is still
untried—because it lhas no label on it,
came in an unidentified box (from the
vicinity of Cleveland) and I can’t even
identify it positively as either magnetic or
ceramie, at this point. I’ve put it off, due
to pressure of other commitments, but one
of these days I'm going to have fun trying

to evaluate this interesting oddity, name-
less and typeless. We'll try it as though it
were a maguetic; we'll run it into ceramie
inputs. We’ll speculate too as to whether
it might be a ceramic adjusted for mag-
netic preamp inputs—a likelihood, these
days. Thanks to its caretully covered-up
outer eoustruetion and its utter anonymity,
we may never find out at all what it ae-
tually is. If it turns out to be my best
cartridge to date, there’ll really be a joke.

N.B. It's black, dull finish, streamlined
looks like & magnetie; I thought it was a
Shure but it isn't—I guess. Who knows?
Imagine being so modest as to forget to
put your trade name on your cartridge!
Like the juzz hi-fi record I reviewed a few
vears back (Good Time Jazz, wasn’t it?)
whieh had no titles und no performers in-
dicated. Just hi-fi. What more do you want?
They got so excited over the fi they forgot
to put a label on the dise. (It was good,
too.)

Allied AM and FM

For these many vears—haek into the dim
days before the war—I’ve been an admirer
of the great Allied Radio Corporation out
in Chieago and hail it, along with such
others as Lafayette in New York, as prac-
tieally the original promoter of the original
home hi-fi. But to date I’ve never had an
actual piece of Allied hi-fi equipment
around for evaluation. (Used to get their
stuff for my own uses ’way back yonder.)
Now I have on hand un important sample
of their latest produet line, a typical AM-
FM tuner out of the current crop, and I
find it interesting hoth in itself and as a
type. with a long historical series of earlier
“Knight” units figuratively stretehing out
behind it in the mail-order area, mass pro-
duced, low priced, sold straight to ve
customer without the old-time “middle-
man.”

Phew, what an oll institution is this
mail order business! I hought my first mail
order merchandise from Montgomery Ward
at the age of nine and I'm still at it—
bought two comyplete hed outlfits from Sears
by mail (truck, to be exaet) just last week.

Anyhow, this is a medium-fancy FM-AM
“stereo” tuner from Allied, and it surely
represents a solid ecurrent type of enlight-
ened medium-price home hi-ti. The likes of
it even come in kit form, in Allied’s newly
expanding kit division; but this Knight of
mine is the ready-made version. Name of
KN-120, and it goes for around $130, which
is cheap for the top of the line, two ecom-
plete tuners on one chassis.

Now y’all know I don’t think mueh of
AM-T'M stereo. My experience to date with
the same, as tuned via this model, is about
as usual. One lovely, clean stereo speaker,
the other full of blats and swishes and
sputters and fades, for a stereo blend that
is mostly non-existent. This isn’t Allied’s
fault, and anvhow. vou can use these two
tuners very neatly for many another pur-
pose, AM-T'AM stereo quite aside. I've had
a lot of fun with them.

You see, two tuners is only part of the
value. (And, of course, it is good to have
two independent svstems minus the com-
promise inherent in many AM-FM Siamese-
twin tuners.) There's much value too in the
intelligent control and econnecting circuitry
used in this model.

For instance, there ure four outputs in
the rear, which at first had me confused
like erazy——and, indeed, there is a problem
in  terminology, considering that there’s
room for only one syllable under each out-
put. Yow'll read AMP, TAPE, TAPE, AMP. And
above, the first two are called ouTPUT and
the other two ¥a. No mention of AM or

(Continued on page 82)
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A HYSTERISIS SYNCHRONOUS
TURNTABLE KIT FOR 4

Check these outstanding features,

they’re exclusive with Gray at this LOW price
5 5 K 0 2 0 3 ¥ 1 J |

Special hysterisis syn- i
chronous motor pro-
vides constant speedl
and lowest wow, flut-
ter and rumble con- |}
tent. ]
L T 1T P T T

Heavy machine
ground 12%*" turn-
table platter wifhI
micro polished 7"
shaft rotates in a su-
per oilite bearing with
noiseless nylon un- ||
derfacing fherebyl
guaranteeing free-
dom from vertical
movement...a stereo
prerequisite. i
) D S N A

-----1---

Customized S|Ip-l
proof, stretch - limited |}
composite belt offers i
vibrationless link

between motor and §

platter edge.
T I T rryrrt

Shock - proof motor
mount is adjustable in i
3 planes to compen-
sate for lifetime move-
ment and wear. |

N N W BN NN N B W A

Sturdy mounting plate §
offers maximum
shielding. Easy to ]
level and center be-
cause it extends past |
the platter and motor
structure.

GRAY “snee’ HSK-33 TURNTABLE KIT

Here’s an exciting project for anybody who wants professional
performance at a low kit cost. Gray engineering and custom mass
production techniques now make this wonderful value possible.
You'll be pleasantly surprised at how easy it is to fully assemble
—and have ready for monaural or stereo operation—this studio Micro precision parts

designed turntable. ] pretested for accuracy J
TBK turntable base kit . . . prefinished ond preci- only In SUb Ossemblles

Also AvAIlABlE. sion cut in walnut, mahogany, and blonde farmico N . T e N SN PSR e
® veneers . . . complete with all occessories for 14.95

quick assembly . . . ASSEmb'Y Iime 25 !

1
i
R
3
i
i
i
|
0
i
n

-l

minutes or less with
" simple tools. i

T~ - our 67th year in communications . . . L----------J
Manufacturers of I Ilgll Fldel]_ty D].V].S].OI]_
the world famous o
Gray tone arm. DEPT.A5 e« 16 ARBOR STREET, HARTFORD 1, CONN,
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EDITOR'S REVIE

AUDIO FIDELITY WEEK IN NEW YORK

LTHOUGH NOT OFFICIALLY proclaimed by New
A York’s Mayor Wagner, January 12 to 18 will

long live in our memory as Audio Fidelity Week.
Ou the occasion of the opening of the Dukes of Dixie-
land, for a two-week engagement at The Roundiable,
a plush night spot, Sidney Frey, president of Audio
IMidelity. gave a eocktail party to the press and an
assemblage of dise jockeys. What with celebrating,
dining, and listening to the now famous Dukes alter-
nating with a jazz eombo headed by Peter Appleyard,
the entire evening was somewhat of a suecess.

Barely recuperating from one such evening, we
were catapulted into another two days later—a joint
affair staged by Audio Fidelity and Stanley Warner
Cinerama Corporation—on the occasion ol AF’s re-
lease of the record with the musie of South Seas
Cinerama eovering its two shiny sides. This event

e,

started with a showing of the picture, followed by a
chartered bus ride to the Ilawaiian Room of the Lex-
ineton Hotel for a midnight luau, and the almost in-
evitable trek over to The Roundtable to hear the Dukes
again.

Not satisfied with that mueh entertainment, Sunday
night brought an affair at the Friars Club, where boy
renius Sidnev Frey received a plague which reads:

Mr. Stereo Award to Friar Sidney Frev as

Musie Man of the Year for his vision, enterprise,

and ingenuity in ereating the world’s first com-

mereial stereo record.

The plague was presented by Iarry Delf, Dean
of the Friars, and pietured are he and Sid (right)
at the time of the presentation. Following this,
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Jack Barry took over as master of ceremnonies and
entertainment continued for several hours. Then—it
being Sunday and The Roundtable being closed—the
Dukes and several others migrated to Nick’s in Green-
wich Village to listen to more Dixieland music with
considerable infiltration of the Dukes into the group
already playing.

We remember being told many years ago that one
could not burn the candle at both ends for a long
time. Our reaction to this adinonition has always been,
however, that as long as you can keep it up you do
get a much brighter light. Most of us Dixieland cats
have enjoyed the Dukes for a long time now, and we
are pleased to join in eelebrations for them and for
the man who brought them to us.

Sid has acecumulated a number of other honors dur-
ing the past year. Last August he beecame an Honor-
arv Admiral of the Texas Navy, and just before
Christinas, during a visit to New Orleans he became:
Colonel-in-Staff of Governor Long, Honorary Citizen
of New Orleans, Honorary Deputy Sherift of the
Parish of Jefferson, La., and an Honorary Member of
the New Orleans Jazz Club, in addition to receiving
the Mayor’s Certificate of Merit. New Orleans is the
home of the Dukes, and the renewed interest in Dixie-
land has reflected glory on their home town.

LOUDSPEAKER TESTING COMMENTS

Reactions to our comments on this page in the De-
cember issue are grouped at two opposite ends of the
scale—very few being deseribable as mild. By and
large, industry was unaninlous in agreeing with us—
not about the fact that someone had engaged in tests,
but rather that the methods and the eonclusions drawn
therefrom were, perhaps, unreal. Similarly, many of
our regular readers who are not in the industry agree
that no listening test by a given group of people is
valid with respect to the likes or dislikes of any par-
ticular individual.

On the other hand, some readers disagreed with us
most heartily. Theyv base their opinions on the idea
that what sounds good to a group of presumably well
trained listeners should therefore sound good to every-
one. One objection—and we must consider this one
valid—is that not evervone is so situated that he can
drop into an audio showroom and listen for himself
and that furthermore—and liere we have to agree also,
though we deplore the fact-—even when he can, the
demonstration facilities are often not ideal, to say
the least. To this objection, we might suggest a cure:
tell vour dealer vou will buy a speaker in a specified
price range, but that you must be satisfied with the
quality ; try to persuade him to let you try out a few
in your own home with vour own specific listening
habits—one at a time if necessary—but that you will
keep one of those you try out. Naturally the ones you
select for a home trial would be those you liked best
in the store, with only the final decision coming from
a more leisurely listening. Some dealers might go for
it, others might not. But for a bona fide sale, we think
it would be good business. At least, there is no harm
in asking, and then vou would end up with a speaker
vou liked and were sure you liked it.
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Vigilant acquisition radar for Nike-Hercules first
detects approach of distant aircraft, pinpoints its
location and instantly signals to battery control.

Two tracking-radar antennas, housed in radomes,
take over. One feeds target azimuth, elevation,
range data to computers; other tracks Hercules. then detonated at precise point of interception.

From Bell Telephone Laboratories...
Brainpower
for the brawny

Nike-Hercules

The Army’s newest surface-to-air guided missile—the
lethal Nike-Hercules—is now operational. Because it
is, no unfriendly plane will be able to fly sufficiently
high, fast or evasively to escape a fatal rendezvous
with it.

For Hercules has a “brain” — an intellect that
makes it a prodigy among today’s electronic robots.
Bell Telephone Laboratories developed it. Western
Electric (prime contractor for the entire missile
system) is producing it. Douglas Aircraft Company
is giving it its body.

This “brain” is a fully integrated guidance sys-
tem, almost entirely land-based. Only the vital signal-
recetving apparatus is expendable within the missile
itself. Other highly practical features: it defies “jam-
ming,” is completely mobile, is designed in separate
“building block” units which are replaceable in sec-
onds—and is deadly accurate.

Bell Labs scientists and engineers designed the
world’s largest and most intricate telephone com-
munications network for the Bell System. They de-
veloped about half of the Armed Forces’ radar equip-
ment during World War I1. And they pioneered the
nation’s first successful air defense guided missile
system —Nike-A jax.

They were eminently qualified to give Hercules
the brainpower it needed.

\ BELL TELEPHONE LABORATORIES

N ' World center of communications research and development
i >

R E

Bivoeisl

Two sets of radar data are electronically computed
and plotted. Hercules is “steered” by radio signals,



Realistic Bass Without "'Boom”

BRUNO STAFFEN"

The search for adequate bass has long occupied the interest of audiofans. One solution which ap-
pears to have considerable merit is presented by this author, and should be quite simple to try out.

HIS REPORT on a design and construe-
Ttion projeet is intended for the audio-

knowing musie listener who has a
tonal-range-balanee memory. He las a
reproducer system with all currently
known clements potentially able to create
live-sonnd illusion. and a latent interest
in a possible important refinement. The
purpose of this refinement is to obtain
a truly noble bass sound without need
for ear-splitting volume and, nost 1mn-
portant, without ecoloring the lower
ranges of other instruments or voiees.
The power-handling eapabilities and ef-
fieteney will allow him, if he must, to
rattle windows.

Because we were concerned, in this
project, with faithful tonal-range-hear-
ing impression only, the work was done
on a monophouie system. At the present
state of the art, the performanece of this
svstem 1s at the hest levels obtainable.
We were after a result that did not de-
pend on such critical elenents as infer-
action and room effeets. We also were
after a result that could be duplicated
by others. The “we” ave George Sellers
of Altadena, California, and the writer.
After muceh theoretical disenssion of
possible approaches, Mr. Sellers decided
to underwrite the eonstruetion and cost
of the elements needed, with the writer
supplying technieal guidance.

ITave vou had the experience of stand-
ing within a few feet of an open door

* 377 W. Inverness Dr., Pasadena 3, Cali-
fornia.

and being absolutely sure you were hear-
ing a person talking and upon entering
the roony, found it to be a sound repro-
duction? If so, vouw've heard a truly
superb reprodueer, capable of faithful
sound by the most ervitical standards.
During my seventeen vears of assoeia-
tion with the engineering department of
a loudspeaker mannfacturing company,
whieh maintains highest acoustie re-
search and development standards and 1s
generous with equipment and facihities,
I've heard only a few. This ineludes all
kinds and makes. If vour instruinent can
be adjusted to obtain this kind of abso-
lute realism, your pride is justifiable.
Now, leave all settings undisturbed
and try the seeond part of the test. Play
a recording with a representative group
of musie Instruments. Does the bhass
sound have the permeating vitality and
impaet like the last live performance
you've heard? In these tests we are not
using loudness extremes where car audi-
bility curves make enough of a difference
to account for what is heard. Rather
than confuse the issue with teehnicalities
of recordings, levels, and mierophoues, |
submit to vou that at a given loudness
range, as done in this test, our ears do
not juggle tone controls with different
live sound material content. 1f your
sound has the impaet of live bass with
tlie abhove test, this article has nothing
to offer. If not, I'm about to deseribe
preliminary thinking and comnpletion of
o recent eleetro-acoustic project which

gave highly satistactory snbjective re-
sults that vou ean surely duplieate.

The Problem

First, let me outline the problem so
you can follow what we are trying to do.
Many of us, with at least vestigial tonal-
halanee memory, upon return home after
a live musie performaunee, have thought-
{ully twiddled with the bass lift knob on
tlie musie reproducer. We also wondered
about getting the family or rooming-
mate to hold still forr a bigger corner
horn. Having experienced this live ghest-
thumping bass, we twiddle the knobs in
the hope that through electronie-cireuits
magie the same effect ean be simulated
at home. When the low bass hegins to
balance up about right, we become aware
of a seecondary(?) problem. Now, some
of the instruments have aquired a
changed tonal personality. The piano
sounds “different.”” A viola bhecomes a
hvbrid cello. Instrnments in what could
he called alto or contralto range have
aequired a baritone coloring. Let us
assume our hero has returned home after
an inspiring performance of the “Mes-
siah.” 1le¢’s heard a choral group with
perhaps a 30 or so instrument orchestra.
The organ pedal plus perhaps two or
three bass viols made a noble ground
for the rest. With the reproducer, by
the tinie he has electronieally lifted his
hass to approximate the impact heard at
the hall, the human voiees no longer
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Fig. 1 (left) Typical electronic bass-lift curve. Fig. 2. {center) Acoustic output of typical enclosure-speaker with electrical bass
lift of Fig. 1. Fig. 3 (right) Acoustic output of combined system. Main system adjusted for minimum coloration and bass lift
provided by auxiliary amplifier and speaker. Shaded areas show increase which adds unwanted coloration.
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NOT LESS
THAN 1B

DUCT "SHELF

24
®

DUCTED PORT

7

MATERIAL- 7" PL
INTERNAL VOLUME = 15,000 CU. IN
DUCT SECTION AREA (Ax8)=133 SQ. NS,
DUCT SHELF TO BACK MINIMUM

TOP SHOWN
REMOVED

Fig. 4. Suggested
arrangement  of
bass speaker. See
text for general
description.

sound clear and crisp. What happens?
To explain what happens, T must resort
to technieal language and some illustra-
tive charts. With a minimum of special-
ized jargon and gobbledegook, the intel-
ligent audio hobbyist will understand.
The sophisticate is asked to he tolerant.

Electronic 1ift and cut controls do not
affect just a restricted tone range of the
spectrum. They’re designed to give a
maximum effeet over a specified tone
range; but in operation, they also affeet
adjacent tonal ranges. This adjacent
range influence gradually diminishes to
zero ahout 3 or 4 octaves away from the
range of prime interest. All commereially
available preamps have this typical vari-
able control behavior. See Fig. 1.

Based on the previously mentioned
years of electro-acoustic work, the writer
has found that the tonal range needing
acoustic output increase to obtain live
bass impact corresponds roughly to the
3rd and 4th octaves below middle C. In
practicable scientifie numbers this is 35
to 100 eps. When the eleetronie-cireuit
“hoost” in this range is enough to get the
desirable hearing impaet, because of the
adjacent-range increase inevitable with
these cireuits, the first and seeond octaves
helow middle C have also heen appreei-
ably “boosted.”

It is this first-, second-, and some of
the third-octave range hoosting that im-
parts the “harrel” qualities to human
voices and adds unnatural coloration or
“formant” to various other instruments.
In secientific numbers again, this un-
wanted inerease is had over a range of
120 to 400 eps. Now the chart showing
the electronic lift obtained applies to
electrical signal only. Acoustieally, if the
speaker system has an ideally linear re-
sponse over this range, the inerease as
shown on the chart applies elosely. But
the acoustic output of almost all enclo-
sure-speaker combinations is stronger
over this 120 to 400 eps range than the
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adjacent octaves ahove and below. A few
really earefully designed svstems for
“Laboratory Referenee” use and some
theatre systems are smooth through this
range. So you can appreciate that en-
closure speaker systems of less than top-
level performance aggravate the colora-
tion problem with electronic hass lift.
For what this means in terms of acoustic
output see Iig. 2.

We can’t rebuild our loudspeakers, so
what we need 1s an electronic method
way to adjust or compensate the 120- to
400-eps range for no coloration of sound
and inerease the aeoustie output helow
100 cps to where the low-bass impact is
sutisfactory. To obtain a big hass sound,
the air around a listener has to he shaken
vigorously. With the main system low-
frequency eleetrical signal adjusted for
least coloration, the bass speaker can
put out just so much acoustic energy.
So the idea becomes to have it operate
thus and use an auxiliary bass reproducer
and amplifier in addition to the original
system. We can now obtain a bigger
total “bite” on the air to impart a larger
movement to the acoustic wavefront for
chest thumping impaet.

The bass auxiliary is to have negligible
contribution above 120 eps, so the aux-
iliary amplifier is “custom” modified to
minimize its electrical outpuat at all fre-
gueneies ahove 100 eps. It now drives the

hass speaker at low-hass tones only, so
the low-bass reproducer ean add any
amount of acoustic energy in the 35- to
100-cps range on top of and in phase
with the original low-frequency speaker.
Since the auxiliary system contribution
is negligible above 120-eps, it introduces
no coloration effects on instruments be-
ing reproduced by the electronically com-
pensated main system.

These are the elements we used. For
the auxiliary bass anplifier, a Heath
UA1 with a simple non-destruetive modi-
fication for low pass response. A Jensen
P15LI.  large-magnet speaker was
mounted in a solidly built ducted-port
enclosure of 15,500 eubie inches volume
designed {o be resonant at 45-cps. The
combination puts out a good 35-cps
fundamental tone.

The Low-Bass Speaker

This is not going to be a detailed con-
structional article on the speaker enclo-
sure. I propose to point out the im-
portant particulars in internal dimen-
sions and arrangement and allow you to
adapt the design to your particular case
and styling wants. The prototype enclo-
sure was styled and built to harmonize
with the rest of the furnishings in this
friend’s particular house. The hasic en-
closure illustrated in Fig. 4 gives a set
of dimensions to use as a point of de-
parture. You ean juggle the given inter-
nal shape to suit your furniture design,
but maintain the 15,500 cubic-inech vol-
ume, and the duct cross section area as
shown. Where a firm dimension is shown,
do not change it at the risk of being
unhappy with the results and having to
diseard costly wood panels. Firm dimen-
sions are 11-in. for duet length and a
7-in. minimum dimension for the space
hetween the enclosure bhack and duet
shelf. If you echange the proportions
suggested, the duct or tunnel spacing
must be changed to keep the cross-sec-
tion area at the specified 133 square
inches. Yes, it’s not small, but we're after
real bass and not a quasi-bass. A former
colleague summed it up perfeetly when
he asked a speaker-size critie, “Did you
ever see a small bass drum?”’ All the
classie construetion requirements apply.
These are deseribed in all thorough en-
closure artieles and inelude rigid panels,

SOURCE
| MAIN
. R MAIN
Figh S. "Black [id: PREAMP AMPLIFIER & SEERKER
gram of connec-
tions between
main system and
bass-lift auxiliary
AUXILIARY
system. [ LOW PASS | BASS SPEAKER
BASS
AMPLIFIER |
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tightly sealed joints, and judicious use
of braeing to reduece vibration modes.

For grille cloth or covering over the
auxiliary speaker openings, the usual
factors do not apply. Hi-Fi grille cover-
ings usually are chosen to hiave minimum
effect on extreme high frequencies. But
we want a maximum effect even though
there might be only vestigial amounts
present. At last, decorative considera-
tions ean have precedence over acoustie
effeets. But it is especially important that
the movement of air at the ducted reflex
port not be constrieted. We still want to
impart a really good shake. But bloeking
or absorbing “highs” is no faetor here.
The prototype has wood “shutters” which
are tilted, as shown in Fig. 5. They
would roughen up high-frequeney re-
sponse but offer no air flow resistance
for bass.

Anyv amplifier with 10 to 15 watts
undistorted output at 30 ¢ps will work
fine. The Heath UA1 was chosen because
of simplicity and low cost with entirely
adequate performance. Since all it has
to do is to drive the auxiliary enclosure-
speaker at 100-cps and below, the input
signal ean be picked off the main ampli-
fier after a voltage amplifier tube, or
connected to the speaker terminals of
the original amplifier. If you're one of
our sophisticates, I won’t presume to tell
you how to obtain the low-pass response
needed. For the rest of us who have no
enginecring background, a simple modi
fieation which is entirely adequate will
he deseribed. We will install a capacitor
in the amplifier at a point where it will
combine eleetrieally with the original
UA1l design to shunt out frequencies
above 100-eps. From about 90-e¢ps going
up in frequeney, the amplifier output
will gradually drop at 6 decibels per
octave. This means that each time the
frequency is doubled, the output voltage
drops 50 per cent. When we reach the
frequency of one octave abhove middle C
(523 eps) the output is only one hun-
dreth that of the wanted fourth oectave
helow. So the combined system can be
adjusted to give an acoustic balance like
that shown in the eurve of Fig. 3.

The eapacitor used is a 0.22-pf 400-
volt paper unit. On the UA1l amplifier,
it eonneets from pin #6 of V, (6ANS)
to any convenient ground. We used a
grounding lug on the filter-capacitor
mounting wafer. Because of crowded
wires it would be desirable to use thin
“spaghetti” insulating tubing on the
added capacitor leads to eliminate possi-
hle unwanted shorting. To restore your
amplifier to original wide-range opera-
tion, merely cut out the 0.22-uf added
capacitor. A simple SPST switeh could
be installed to make the change painless.

Auxiliary Amplifier Connection

Input to the auxiliary amplitier is
simply taken from the 16-ohm terminals
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Fig. 6. Complete bass-lift system enclosed in cabinet which does double duty as
storage for tapes and discs.

of vour present main amplifier, as shown
in Fig. 6. The half-megohm auxiliary
amplifier input will not even he notieed
by the 16-chm tap of your main ampli-
fier. If your present amplifier has ap-
preciable huin eontent, the auxiliary am-
plifier will boost this. If your added bass-
speaker hum is troublesome, try two
tests. First turn your preamp volume
control to least loudness. If hum is still
there, it is coming from somewhere after
the preamp. Next disconnect the input
terminal to the auxiliary amplifier. If it
is gone, then your main amplifier needs
attention. If not, then look into the
auxiliary amplifier. The reason this hum
subject is brought up is that we now
have muech electrical and acoustic power
at lower bass frequencies. This is bound
to magnify unwanted hum prohlems, but
can be reduced to near vanishing levels.
Unless your phono turntable is first rate,
it too ean hecome a rumble contributor.
With this combined system, the peak
power rating at low bass frequcncies is
your main amplifier power plus the aux-
iltary amplifier. The prototype uses a
nominal 25-watt amplifier for the main
system, which together with the 12 watts
of the anxiliary equals 37 watts of low-
hass electrical power. The {wo speakers
used are both of high counversion effi-
cieney so you ean imagine the air shak-
ing at low bass tones can be made quite
fearsome!

Because there is no direetivity prob-
lem with low bass tones source, the aux-
iliary speaker can be located anywhere
in the room relative to the more critical
main speaker system. The ideal position

is, of eourse, in a eorner. In faet if there
is a normally open doorway or archway
into an adjoining room, use the adjoin-
ing room for the auxiliary speaker en-
closure. Run just the speaker econnecting
wires and keep the modified amplifier at
the master control or equipment place.
Tor this enclosure one thing is important.
Weight the enclosure or wedge it some
way to prevent “daneing” at low fre-
quencies. Remember, we want it to shake
air rather than itself!

Before “buttoning up” the installation,
check the acoustie phasing of the com-
hined system. At your favorite listening
area, make sure the combined bass out-
puts add instead of cancel.

To check the phasing of acoustic en-
ergy, have an assistant hold the auxiliary
speaker wires on the auxiliary amplifier
output terminals. There will be an ahso-
lute maximum of about 15 volts at these
terminals, so the shoek hazard is slight.
With bass tone input of say 50-eps or
music content, listen in your favorite
listening area. At your signal, the assis-
tant is to do a quick wires reversal while
vou listen for change in hass level. Use
the connection “polarity” which gives
the best bass.

To balance the system, set the preamp
controls to give you the sound with least
colorations from the main speaker sys-
tem. Then turn up the gain on the aux-
iliary amplifier to obtain the bass fill-in
you want. Now the preamp controls will
give you over-all loudness control and
will allow trim-up on response balance.
You're ready to start enjoyment of your

(Continued on page 86)
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Converting the Revere or

Wollensak Recorders to Stereo

JOSEPH F. DUNDOVIC™

This simple conversion makes it possible to perform both stereo and
monophonic recording and playback using the new quarter-track sys-
tem. Similar conversion techniques can be used on many other machines.

HE FIELD OF TAPE RECORDING las
Tbeen marked by nwinerous advances.

From the original wire recorders it
has progressed to full-track tape, then
to half-track monophonie, staggered
stereo, and about two vears ago to “in-
line” stereo. Recently a new step has
been taken which is just as revolution-
ary. The quarter-track “four-channel”
system was introdueed, which permits
stereo tapes to be played in both diree-
tions.

Your tracks are recorded on the tape,
two being used for omne direction of
travel, and two for the other direction.
See Fig. 2 for track dimensions and
spacing. The quarter-track recording
bead still has two channels, but the
track width is approximately half that
of the old system, Alternate pairs of
tracks are used at a time: 1 and 3, or 2
and 4. By turning over the reels (similar
to playing the reverse side of record
dise) the second pair of tracks inay be
selected. Somec recorders possess two
pickup heads and reverse the direction
of tape travel to accomplish this se-
lection.

In the RCA Vietor system of quarter-
track stereo, the tape is completely en-
closed in a compaet plastic ease which

* The Nortronics Company, Inec., 1015 S.
Sixth St., Minneapolis £, Minn.

Fig. 1.

Stereo recording setup, with AM-FM stereo tuner and additional recording

amplifier used with converted Wollensak tape recorder.

is casily slipped in and out of place on
the recorder, a speeially designed and
construeted machine whieh is not eom-
patible with standard recls. Reel type
veeorders also will not accept the RCA
magazine. Most major reeorder manu-
facturers have magazine-type machines
m production.

Advanced teehniques in the manufac-
ture ol heads and tapes have resulted
in siech improvement in the high-fre-
queney response that 3.75 inches per
second has been seleeted as the standard
tape speed for the quarter-track stereo

system. The finer gaps (0.1 mil) and
laninated-eore construetion of the quar-
ter-track heads aetually produce a fre-
queney range out to 15,000 eps at the
lower tape speed. Signal output from
the new heads averages 2 millivolts at
1000 eps.

The eombination of thinner tupes,
half-speed, and the quarter-track sys-
tem, permit the almost unbelievahle
amount of over four hours of stereo
musie on one 7-ineh reel of tape. Need-
less to say, the price of stereo tapes
has taken a tremendous drop, making

SE-50C ERASE HEAD

TLD-L STEREO HEAD

TAPE TRAVEL
_—
028 |
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Fig. 2. Quarter-track system of track spacing in relation to the erase and the record/playback stereo heads.
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them fully competitive with the sterco
discs. Tupes also have the advantages
of allowing repeated playings with no
deterioration of quality.

Quarter-track stereo recorded tapes
on reels are now available in plentiful
supply through retail outlets. Magazines
for the RCA machines are also on deal-
ers’ shelves. Owners of quarter-track
players with reels can remove the tape
from the magazines and rewind onto
reels.

Thousands of owners of monophonic
and two-track stereo tape machines are
now faced with the problem of ohso-
lescence. It is, of cowrse, impraectical to
try to convert older tape recorders to
aceept the new magazines. However, it
1s a rather simple matter to install one
of the new quarter-track stereo heads
so that the reel-tyvpe tapes can he plaved.
In faet, bv the substitution ol stereo

Fig. 3. Quarter-track erase and recording

heacs as mounted on supporting plate.

The screw to the left of the erase head is
used for azimuth adjustment.

erase and reeord heads, aud the addi-
tion of a recording amplifier, steveo re-
cordings may be made in the home di-
rectly from the rvadio, stereo discs, or
Iive programs. The ability to reeord
sterco 1s the tremendous advantage tape
has over dises.

Conversion of Revere and Wollensak

This article will deseribe a repre-
sentative conversion of the Revere and
Wollensak recorders to stereo recording
and playback. Similar techniques may
he applied to other machines, some of
which are euasier to convert, and others
more difficult.

Both the Revere and the Wollensak
have a similar head nest construetion.
The monophonie machines use a com-
bination record/erase lead (Shure
TR-5). This head is mounted on a brass
basc-plate which pivots on a pair of
brass pins, and is held down by a spring
clip.

The half-track (two-channel) stereo
machines differ i that they use the
Shure Yo-track recovrd/playback stereo
head in combination with a separate
single-channel evase head whieh erases
the top track forr monophonie recording.
The same basic mounting plate is used
in the sterco machine, which has a built-
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Fig. 4. Full-scale template for locating the new head mounting koles in the removable
base plate.

in preammplifier for the seecond channel.
Fundamentally there are two steps in
the conversion.
They are:
1. Conversion to y-track stereo play
hack.
2. Conversion to ly-track stereo ve-
cording.
These two steps must be taken n the
above order, hut not necessarily at the
smme  time. Stereo vecording may  he

added at any later time after the play
haek Tunetion has heen aequired.

A stereo erase head is reeommended
for step one since 1t 1s as easy to install
as the monophonic erase head and the
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progression to step 2, for stereo record-
ing, is aceomplished with a minimum
of effort.

Figure 3 shows the new quarter-track
erase head ({(left) and record head
(right) mounted on the hruss base plate
from the recorder. The stacked erase
head pictured is the Nortronies Model
SE-50-WR. The reeord/playback head
is also made by Nortronies and is the
Model TLD-L1-WR, having laminated
cores and a smooth, flush type face.
These lieads may bhe ordered through
vour loeal dealer at $12.50 for the erase
head and $21.60 for the record head.

(Continued on page 68)

%

Fig. 5. View showing new head assembly mounted in place on Wollensak T-1500.
Head cover piece is upside down, with miniature jack mounted. To left is spring
clip with rubber pad cemented to underside.
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Sound Distribution at the
Brussels Exhibition

A. V. ]. MARTIN"

Differing from most sound transmission systems, the distribution throughout the exposition area is
accomplished by FM radio links, with separate receivers being employed at each loudspeaker outlet.

N EVENT OF INTERNATIONAL IM-
A PORTANCE, like the Brussels Exhi

bition, had to have a sound distri
bution system capable of ecreating a
nmusieal background of a quality which
suited the high ecultural achievement it
intended to display. The problem was
not easy, if only becanse of the variety
of environments scattered over a dis-
tance largelv exceeding oune mile. After
caveful planning, it was decided that
four simultaneous programs would be
necessary. They could be broadeast
either from a specially provided studio,
or from several points on the Exhibition
grounds, and could originate from miero-
phones, records, magnetic tapes, radio
programs, and telephone lines.

The total area was divided into sev-
eral zones, each receiving a different
prograni.

IHowever, provision had to be made
for instantaneous connection of all
sound sources to a common program, so
that announeements of a general interest
or emergency messages conld be heard
everywhere,

* 4916 Forbes St., Pittsburgh 13, Pa.

General view, showing the Atomium and the cable carriers.
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TREE PLANTED ZONES

®  BIRDSONGS SOUND SOURCES

Fig. 1. Map of the Brussels Exhibition. 1: Central Control Room. 2: Great Square. 3:
Garden, 4: Auditorium. 5: Elegance Pavilion. 6: Silent Zone. 7: Amusement Park,
independent sound. 8: Joyous Belgium, independent sound.

This ambitious project met with a
number of diftieultics. Tt was soon ap-
parent that the wuse of underground
cables was impraectical, and that a radio
link was necessary. Then the high-

quality requirement and immunity to

Model of the MBL (Belgian tube manu-

the numerous interferences pointed to
the use of frequency modulation, and
consequently to short wavelengths in
the VIIF range. When the specitications
were finallv frozen, less than one vear
was left to design, test, and install the
system. The final design, due to SBR,
uses five 250-watt FM transmitters,
feeding some 450 sound sources, each

facturer) pavilion.
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made of one receiver and four loud-
speakers. A few cable links have heen
provided over short distances, mainly to
pipe to the control room signals received
in two special pavilions nearby. Figure
1 shows the different zones in the Exhi-
bition. Roughly speaking, the left half
receives program A, and the right haif
receives program B, with the exception
of the wooded zones, where a special
program of birdsongs is received. Also,
at the extreme right, a silent zone 6 is
provided, where peace-lovers can take
refuge and relax.

The control room, in 1, is cable-linked
to the four points 2, 3, 4, and 5, the last
two being the Grand Auditorium and
the Elegance Pavilion.

Zones 7 and 8 are respectively the
Amusement Park and the Joyous Bel-
gium Fair, and have an independent
sound distribution.

Transmitters

The rather stringent main specifica-
tions for the transmitters were

Pre-accentuation: 50 s,

Frequeney stability : without modula-
tion *0.002 per cent; with =75 ke/s
modulation *0.001 per cent.

Frequeney accuracy: + 0.0003 per cent.

Temperature range: + 15 to + 35° C.

FM noise: better than 55 db below the
full modulation level.

AM noise: better than 50 db helow 100
per eent modulation level.

AY distortion: better than 2 per cent
trom 30 to 15,000 eps.

They have heen largely met hy the
design shown in bloek form in Fig. 2.
It uses the Marconi system, where the
crystal-controlled oseillator is frequency
modulated by a reactance tube.

The a.f. signal enters a eathode-fol-
lower, whose cathode load embhodies the
RC filter for pre-aceentuation, Then
there is a balaneed modulator, to drive
the reactance tube, shunt-conneeted
across the osecillator.

The oscillator is controlled by a
quartz erystal, which is part of a filter
coupled to the plate circuit. Thanks to
a special cut, the crystal can follow, be-
tween limits, the frequeney variation
due to the modulation, while at the
same time controlling the central fre-
quency of 4 me approximately. Feed-
hbaek to maintain the oseillation is pro-
vided by the grid winding ecoupled to
the plate eireuit. The grid is AGC-con-
trolled to eliminate amplitude modula-
tion.

The oscillator is followed by an r.f.
amplifier, the output of which is reectified
by a diode to provide the AGC voltage.
Then come four frequeney-multiplying
stages, the last one symmetrical and
doubling as a 5-watt driver for the final
250-watt push-pull output.

A variety of control instruments is
included: a.f. test oscillator, frequency
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OSCILLATOR

R.F. TO FOWR
FREQUENCY MULTIPLIERS

PRE-ACCENTUATION
FILTER

Fig. 2. Block diagram of the transmitters.

deviation indicator, ecalibrating quartz-
controlled oscillator, and monitor.

Each transmitter is made up of four
separate shielded units: modulator, fre-
queney multipliers, output stage, power
supplies. These units in turn arve
mounted in metallic closets with only the

grams have been received several hun-
dred miles away.

The aerials are simple dipoles on the
roof of (he building.

A control bay receives all program
mputs and distributes them to the vari-

ous transmitters, at a standard level.

DISCRIMINATOR
R.F. AMPL,
EC92

FREQ.
CHANGE

3 LF. STAGES
4 A

PHASE SPLITTER 0w

~ A.F. AMPLIFIE P-P OUTPUT

N/ )

EL84

REACTANCE TUBE

OSCILLATOR

Fig. 3. Block diagram of the receivers.

necessary foreed ventilation openings.
Radiation is thus kept to a low level, less
than 100 uv/m in the building.

The chosen frequencies are 76.60,
76.95, 77.65, 78, and 78.35 me outside
band II to avoid interfering with the
radio programs. Despite the limited
{ransmitter power the Exhibition pro-

Another bay insures monitoring hoth
of the a.f. and the r.f. signals.

Reception

The 450 or so receivers are all of the
same tvpe, represented in block form
Fig. 3. The r.f. amplifier is a grounded
grid EC92/6AB4, followed by a fre-

TREBLE CHAIN

30W.
»{ PREAMP . o p—
HIGH Y
O—> FILTER ‘EK]
Low 0W.
AMP, —‘
> PREAMP. > i - -
30w, ‘|
AMP,
BASS CHAIN
Fig. 4. Block diagram of the high fidelity system.
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quency changer and three . amplify-
mg-hmiting stages. Then comes a dis-
criminator, a tirst a.f. amplifier followed
by an adjustable eorreeting filter, a sec
ond a.f. wnuplitier, a phase splitter, and
a pair of KL84's in a 10-walt push-puli
output stage. Each receiver can he
tuned and locked on any ot the five
transmitted frequencies.

The design stems dirvectly from the
specifications. In particular, an output
variation of no more than 3 db was
indicated for a variation of input level
of 10 uv/m to 0.1 v/m. This eould only
be met with two limiting stages. The
specified signal to nowse ratio was 20 db
minimum for rf. signal of 2 nwv/nu with
a deviation of 24 ke at 400 e¢ps. This
dictated the use of the r.f. stage.

The small frequeney spaeing hetween
channels made compulsory a high sta-
bility of the loeal oseillator. This was
obtained by an automatic frequency
control, hence the symmetrical discrim-
inator, to drive the reactance tube.

It was also neeessary to mute the re-
ceiver in the absence of un r.f. earvier,

The French Pavil-
ion. Notice the
loudspeakers in
the star-shaped
objects and the
microwave relays
on the oblique
beam.

to eliniinate unwanted noises. A squeleh
cirentt. was then added, whielh euts-off
the a.t. for input signals below 5 uv.

The output stage teeds a cluster of
four loudspeakers; each of S-in. diam-
eter. to ensure a good sound diffusion.
Two of the loudspeakers resonate at 60
eps and two at SO eps, to provide =a
certain amount of low-frequency equali-
zation.

Sitee the recervers work in the open,
they had to he desigued for a wide range
of cliniatie conditions, mecluding i par-
ticular temperature variations ot 40° (.
Actually, during the first wights the tem-
perature went down to 09 C, and during
ot swmnmer afternoons, some of the
receivers were exposed to the sun, with
the results that one eould almost fry
eggs on the cabinets. Still, they earried
on undisturhed.

Lach receiver has a elosed metallie
cabinet and is placed in a metallie box
used @s an acoustical enelosure for the
loudspeakers. A rudimentary aerial s
provided. The design varies according to
the location.

Control room, showing three of the FM transmitters, five tape-playback machines,
and the patch panels and monitoring console.

28

i S S, SN S -

Portable additional sound scurce.

Special Zones

Cables have heen used to link the
control room 1 to the Great Square, 2,
and the garden, 3.

The Great Square (Grande lispla
nade) is frequently used for sport or
folklore shows, and it is neeessary then
that its loudspeakers be used for the
appropriate comnentary.

The Garden (Jardin des 4 Saisons)
deserves a special mention. It is believed
to be the first serious attempt to present
hi-fi in the open. The equipment cuin-
prises three Williamson-type 60-waltt
amplifiers. Figure 4 shows how the sig-
nal program, coming by cable from the
control room, is split between two pre-
amplificrs, one for treble and one for

(Contined on page 78)

One of the FM transmitters.
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Model EL 3516/G53
Technical Specifications

Three Tape Speeds—7%2, 3%, and 1% ips

Tracks —Dual
Heads—Stacked
Head-Gap—0.0002 inches

frequency Response—at 732 ips; 50 to 16,000 cps
at 33, lIps; 60 to 10,000 cps
at 17% lps; 60 to 5,000 cps

Wow and Flutter—0.15% at 7Yz ips
0.2% at 3% Ips
0.35% at 1% los

Volume Indicator—Magic Eye (Type EM-84)

Loudspeaker--Integrated, heavy magnet,
wide range

Controls—Piano-key pushbutton
y P N T
<< -

fast Forward and Reverse--Less than 2 minutes for
1200 ft. of tape

Automatic Stop—At ends of reel (with metaiized
strips)
Program Indicator—-Built-in, adjustable

tnputs—(1) radio/phono; (1) microphone (with mixing
facilities)

Outputs—(1) for external speaker; (2) for external
amplifiers with controls; {1) for external amplifier
without controls: (1) for headphone monitoring
recording circuit

Microphone—High-Impedance Dynamic

Tubes—EF-86 (2). ECC83 (2), ECL82 (1), EZ90 (1),
EM84 (1)

tine Voltage—117 volts AC 60:cycles
Power Consumption--80 watts
Dimensions—15%” x 13” x 8”7
Weight-32 ibs.

Case—Rugged. Furopean-designed, portable carrying
case (internally designed for optimum acoustic
baifling)

A matching companion picce, identical in ap-

pearance, containing a second amplifier and

speaker, is available to those who seek the

convenience of a complete portaale stereo-
tape playback system
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YOU
ARE LOOKING
AT A

Modern
Dutch

Masterpiece

The

STEREO
version of the
/VO/’¢°/€0 ‘«Continental’
TAPE RECORDER
Developed & Guild-Crafted
by
Philips
of the
Netherlands

We feel that the Sterco version of the Norelco ‘Continental’ is the
ideal tape recorder for those recordists, high fidelity enthusiasts and
music lovers who scek a professional quality machine at a truly
modest price. The data listed here, represent painstaking, conserva-
tive and substantiated laboratory measurements. If you find that
these data satisfy your technical requircments, and reflect those
qualities that you consider mandatory in your stereo equipment, by
all means listen to the Stereo version of the Norelco ‘Continental’
at your favorite HI-FI center or Camera store. There, we feel sure,
you will agree with us that the Norelco Stereo ‘Continental’ is, in-
deed, a modern masterpiece . . .

For further descripiive literature write to:
NORTH AMERICAN PHILIPS CO..INC.
High Fidelity Products Division

230 Duffy Avenue, Hicksville, L. I, N. Y.




Double-Duty Disc-Hop

Consolette

JOHN WHITACRE®

When you can’t find the sort of equipment you want on the market, build it yourself. Then you can be
sure that it will do exactly what you want it to do—as one station did. A real multipurpose device!

HAT 18 A Dise-llop Consolette?
w At our station the name has ecome

to mean: A coniplete audio con-
solette designed primarily for use by a
disc-jockey to “spin reecords” for a
crowd of dancers.

It is logical to assume a Double-Duty
Dise-Hop Consolette ean do another joh
besides the one mentioned above. At our
station it is used to provide excellent
faeilities in the auxiliary control room.

A dise-jockey playing recovds for
dances instead of a band or orchesti,
is this a new idea? The idea has bheen
popular in the Central Michigan area
for some time. No doubt some parts of
the eountry have heen doing this longer
than we have.

There are a few of you hig-station
engineers who are going to read this and
say: “Why build a speeial unit just to
play records over a I’ A. system? We
just grab a transeription turntable, a

* 2313 Alpha St., Lansing 10, Mizh.

publiec-address amplifier, a handful of
wire, and we’re in business.”

That'’s fine for you fellows who like
hard work. Iowever, I’in sure the unit
to be deseribed will run ecireles around
you for ease of setting up, eonvenience
in operating, and professional appear-
ance. Besides, it works beautifully as a
standby unit at the studio.

The Original Idea

Until two years ago our station bor-
rowed a couple of transeription turn-
tables from the auxiliary control room,
horrowed o public-address system, and
used a Collins 12Z-2 Reniote Amplifier,
as our portable unit. It worked fine, but
we found it to be tinie eonsuming to
move and hook up for a show. Our way
was old fashioned and expensive. Pos-
sibly it could he improved.

With this thought in inind, T ealled
on our eompany president. Since he was
formerly our chief engincer, I antiei-

Fig. 1. Front view of the Disc-Hop Consolette. The desk is 24 in., wide, 48 in. long,
and 32 in. high.
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pated a sympathetic ear. After hearing
me out, the program director and the
publicity director were summoned into
his office. Three meetings later plans
were complete for giving our station a
Double-Duty Dise-Hop Consolette.

Right away it had been decided not to
restriet its use for just doing dise-jockey
dances. It would be constructed to allow
its full use at the studio when not on
remotes or dances. This meant it should
have provisions for not only program-
ming but anditioning as well. Our mixer
amplifier would need at least two miero-
phone channels, two phono channels,
and a 600-ohm line-level input channel.
A way must be provided to mute speak-
ers when used at the studio, but still
allow them to he on all the time when
doing dances. A cue amplifier should be
ineluded so we could cue records prior
to broadeasting, listen to the cue on the
600-ohm 1nput channel, or listen to the
program on a pair of earphones. Ear-
phones were to be used on the cue ani-
plifiev hecause experience had taught
ns cue material ecould not be heard ahove
the public address speaker at some
dances.

To make it even more convenient for
doing dances, it must be light in weight
and easily moved through doors and up
stairs. Building everything into an at-
tractive desk seemed like a good idea.
Certainly it must have showmanship
without being “gaudy.” A minimum
amount of time must be spent moving
it and making ready for a broadeast or
dance.

From the unnouncers’ and operators’
standpoint, it must be simple to operate.
The engineers said reliahility was a
necessity.

A twenty-five watt public-address am-
plifier and a speaker with its floor stand
would be the only iteis we couldn’t get
into the desk.

Past experience had taught us two-
speed, twelve-ineh turntables with vis-
cous damped tone arms were fine com-
panions for doing record dances. If
we were content to play 16-inch tran-
seriptions on another turntable when the
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Reduce record wear...

I‘“JI"'O L?
aat ' 40

Less mass, higher compliance with G.E.’s
“Golden Classic’’ stereo-magnetic cartridge

ics ic” i . TEST RECORDS: 0 to 15KC WESTREX STEREO 1A
General Electric's “Golden Classic” has only one moving part [ L 00

the stylus — which “floats” freely in special-formula damping - o B . __
cushions. This means freer motion in the record groove. You get E ereouency response ERIEEEES
less wear on records and stylus, and superior sound at all ! — | —
frequencies. Hear the "Golden Classic” GC-5 or GC-7 soon. ) L - p—* ___L il
You'll agree they are a fitting climax to the famous General ] J_

Electric cartridge tradition.

The more moving parts, the more resistance to groove motion. c - =

® Plays both stereo and monavral records ® Frequency response,
20 through 20,000 cycles ® Output 8 mv ® Effective mass of
stylus about 2 milligrams ® Lateral compliance 4 x 10°® cm/dyne;
vertical compliance 2.5 x 10 ¢m/dyne ® Recommended track-
ing force with professional-type tone arm 2 to 4 grams. {Specifi-
cotions for Medel GC-5.) s h both st g

) . mooth response on both stereo and mon-
Model GC-5 (shown) with .5 mil diamond stylus, $26.95. . -
Model GC.7 with 7 mil diamond stylus, $23.95. Model CL-7 aprgl weFarci oSt High gymel
with .7 mil synthetic sapphire stylus $16.95 (Manufacturer’s sug-
gested resale prices).

separation, because the stylusis magnetically
linked to the coils.

TM-2G “Stereo Classic” tone arm

A professional-type tone arm designed for use with G-E stereo
cartridges as an integrated pickup system. Unusual two-step ad-
justment permits precise setting of tracking force from 0 to 6
grams, Lightweight, brushed aluminum construction minimizes
inertia. Statically balanced for minimum friction, reduced stylus
and record wear $29.95 (Manufacturer’s suggested resale price).

See and hear the G-E "'Stereo Classic’ cartridges and

tone arm at your Hi-Fi dealer’s now. For more information
G E N E R A L E LE c T R I c and the name of your nearest dealer, write General
Electric Company, Specialty Electronic Components Dept.,

44A2, W. Genesee St., Auburn, New York.
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Fig. 2. Back and top view of the desk. Note drawers for parts storage and com-
partments for records. The p.a. amplifier rests on the shelf between the two pedestals.

unit was used at the studio, the two
twelve-inch turntables would work well
for everything else.

Now we knew what we nceded. After
a diligent search was nade to loeate a
unit similar to what we wanted, an
amazing faect was evident! There was
nothing on the market that even re-
sembled our proposed unit. Maybe we
could buy individual units and make it
ourselves.

When you want something and ean't
buy it, for oue reason or another, what
do you do? Today many stations operat-
ing with a limited budget, build some of
their equipment. That scemed to he our
case. The projeet was started immedi-
ately.

Build it Yourself

A birch plywood desk measuring 24"
wide, 48” long, and 26” high, was built
for us by a local lumber ecompany. To
take away the “boxey” appearanee, both
ends of the desk were slanted inwmd at
the bottom. Six ineh maple legs were
mounted under the desk. This raised the
desk top to 32 in. We have found this
to be a comfortable operating lLeight
when seated. Three-quarter ineh ply-
wood was used for the desk top and one-
quarter ineh plywood was used on the
front of the desk. The rest of the desk
was made from one-half inech plywood
(see Figs. 1 and 2).

Two compartments for reecord storage
and two drawers for parts storage were
provided. The drawers were equipped
with magnetic catches so they wouldn’t
fall out when the desk was heing moved
(see Fig. 2).

Inside the desk, near the front, a shelf
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was inade to hold the publie address am-
plifier.

After the desk was contpletely as-
sembled, it was given two coats of out-
door spar varnish. It was well sanded
hefore the fivst coat of varnish was ap-
plied and rubbed thoroughly with steel
wool after the first eoat was dry. When
the seecond eoat of varnish was thor-
oughly dry, a good grade of furniture
wax was applied.

On the left side of the knee-opening
in the desk, an a.e. switeh and three
duplex outlets were mounted. This switeh
controls all the power distribution for
all the units mounted in the desk.

A housing for the mixer-amplifier
was consirueted by a tinsmith from #18
gauge sheet metal. Its dimensions are
10%4” deep, 18” long, and 8” high. In-
side the housing a pair of slides are
welded, one on each side near the hot-
tom. These serve as guides to aid the
serviceman in removing and veplacing
the mixer-aniplifier into the housing
with a minimum of diffieulty. An open-
ing was left in the back of the housing
3” high and 17” long so jacks and plugs
could be easily inserted or removed from
the nixer-amplifier ehassis. The housing
was primed and given two eoats of black
antonmotive enamel, after which it was
treated with a coat of automotive wax.

For the niixer-amplifier, an aluminum
chassis 3”7 x17”x10” was used. Steel
chassis-mounting brackets were used to
hold the frout panel to the chassis.

The front panel for the mixer-ampli-
fier was eut from a sheet of 1/16” alu-
minum. After all holes and eutouts were
made in the panel, we had it anodized
gold. As a finishing touch, two handles
were provided for lifting the amplifier

from its housing. Engraved plastie
labels were attached to the panel to iden-
tify the control funetious.

Presto, - Model T-2, two-speed, turn-
tables were mounted on the desk top
along with Gray viscous-damped tran-
seription arms. It was necessary to place
a one-half-ineh block of plywood under
each transeription arm to bring the arm
up to the height of the turntable.

The transeription arms are equipped
with Pickering Model D-140 phono ear-
tridges. Very little trouble is expe-
rienced with the cartridges skipping or
Jjumping when they are jarred. We at-
tribute this feature to the viseous-
damped transeription arms.

Circuitry

Referring to the schematie diagram of
the mixer-amplifier Fig. 3, it is quickly
recognized as a miniature andio eonsol-
ctte.

To keep the cost down, we employed
as few transformers in our cireuitry as
possible. Then too, since all units would
be housed in the desk, it was felt there
should be no drawbacks to using high-
impedance mixing. Using two 12AY7
tubes for our program amplitier may
seem a little strange to you, but my
reason for using them will be outlined
later.

Both phono preamplifiers employ a
12AY7 tube in a “losser-type” equalized
preanplitier circuit. They were used he-
cause they had lower hum level, less
microphonies, and showed evidence of
more stage gain than any tube we had
tried previously. These stages give us
plus or minus 1Y%, db variation from 30
to 10,000 eps when using the Columbia
Standard RTAA test record. A “scrateh
filter” is provided by inserting the .05-pf.
capacitor and the 5100-ohm resistor
across the input to each stage with the
switeh Sw, or Sw,. Using the filter
causes a rapid loss of high frequencies
above 4000 cps.

In the intermediate program amplifier
stage, one-half of V7V, another 12AY7
tube was used. This stage was thought of
more as another preamplifier stage than
as a driver for the program amplifier.
With this reasoning, the 12AY7 tube
was selected here for the same reasons it
was used in the phono preamplifier
stages.

For miecrophone preamplifier tubes, we
chose the 12AX7. 1t meets all demands
for low noise and excellent frequency
response. A 3 db rise in frequency re-
sponse is noted at 30 eps over what it
is from 70 to 20,000 eps. In other words,
the preamplifier is flat from 70 to 20,000
eps within 1 db. Most microphones have
a drop in their response below 70 cps,
so we accepted the 3 db rise at 30 cps
without reservation.

Some years ago the United Trans-
former Co. developed a portable remote
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A complete,
versatile stereo

control system

G-E "'Stereo Classic™’
Amplifier Model MS5-4000

AUDIO e

G-E “Stereo Classic’”’—40 watts of clean, balanced power

General Electric's MS-4000 “Stereo Classic” Amplifier
provides every useful variation in stereo and monaural
amplification, quickly and easily controlled by a single
set of knobs.

The balance control gives you maximum stereo effect
—without overloading one channel when the other is
cut down. A new contour control provides smooth,
gradual bass boost, while the speaker phasing switch

New G-E Remote
Control RG-1000

Now you can get the best stereo perspective without
moving from your chairl Two knobs permit adjustment
of channel balance and volume up to 30 fest from
the amplifier. Especially useful in stereo because of
individual preferences for channel balance and audio
variations. May also be used as volume control with
monaural amplifier. 30-foot cord included. $14.95*
*Manufacturer's suggested resale prices.

See and hear the G-E “Stereo Classic’” Amplifier and Tuner at
your Hi-Fi dealer’s now. For more information and the name of
your nearest dealer, write General Electric Company, Specialty
Electronic Components Dept., 47A2, W. Genesee St., Aubuyrn,

New York.

FEBRUARY, 1959

saves manual phasing. Be sure to see and hear the
MS-4000 soon.

OUTSTANDING PERFORMANCE FEATURES

* Full, balanced 20-watt output from each channel {28
watts per channel music power) ¢ Flat response within
0.5 db from 20 to 20,000 cycles * High sensitivity, ex-
tremely low hum and noise ¢ MS-4000 $169.95*
MS-2000 (28-watt Amplifier) $129.95%

FM-AM
Tuner FA-12

Receives even weak signals with unusually low distor-
tion, hum and noise level. No audible drift. Visual
meter provides FM center channel turing and maxi-
mum AM signal tuning. RF amplifier stage in both FM
and AM increases sensitivity. FM multiplex jack for
stereo adaptor. Built-in AM antenna; folded FM dipole
included. $129.95*

GENERAL B ELECTRIC
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broadeast amplifier whieh used 12AY7
tubes as a driver and output stage.!
Their ecireuit offered advantages we
wished to adopt for our mixer amplifier
output stage. We wanted to use a mini
mum number of tubes and employ as
few spares as possible. By using the
UTC eircuit we eould carry as few as
one 12AY7 to replace any one of five
12AY7’s that might go out in the mixer-
amplifier. By using an interstage trans-
former, we could accomplish a phase-
splitter stage and stage gain at the same
time. Our initial cost would be greater,
but there would be no tube to worry
about going bhad. The eircuit afforded
another advantage. We wanted to keep
the power-supply drain to a minimum.
By using low-current-drain tubes, we

1 John S, Carroll, “A four-channel audio
mixer, Radio § Television News, November,
1954,

could do it. Even with all these advan-
tages, we almost changed the eireuit
to a tube phase-splitter stage.

Construction Hints

Like nearly everyone, we were in a
hurry to see how the nixer-amplifier
was going to sound before taking any
measurements on it. With all the con-
trols turned down, it was plugged into
the electrical outlet. As soon as the am-
plifier warmed up, the VU meter needle
nearly went through the side of the
meter case. The meter was disconnected
and a pair of earphones plugged into
the amplifier. Listening revealed nothing
in the way of hum or oscillations. How-
ever, the oscillosecope showed an oseilla-
tion taking place around 30 ke. The oseil-
lation was finally extinguished by swamp-
ing the grids of ¥, with 100,000 ohm
resistors and putting a 200-uuf. capaei

tor from grid-to-grid of the same tube,

Later, measurements indieated we had
not damaged our intended frequency
range by doing this.

A 600-ohm input channel was pro-
vided on the mixer amplifier so a third
turntable might be used. A tape recorder
or remote line may also be fed into it.
It is a balaneed input, padded 30 db,
so that zero db input will place the
mixer control at 12 o’elock.

You will notice we placed a 10,000-
ohmn resistor from the grid of V, to
ground. This was done after it was
found we could overdrive V, thus ereat-
ing over 3 per cent distortion in the
output. ITad we exercised enough fore
sight to use larger building-out resistors
and a smaller master gain control, this
resistor probably would not have been
neeessary.

One-half of 7. is used to feed about
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Fig. 3. Complete schematic of the Disc-Hop Consclette. Following general broadcast layout and switching, it works with high-
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impedance mixing circuits throughout.
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Get big-speaker performance in a
‘“stereo-compact’”’ enclosure

General Electric’s LH-12 “Stereo Classic’ Speaker System com- OUTSTANDING NEW
bines enclosure compactness with full, smooth response over BASS PERFORMANCE

. E 3 o The woofer's high excursion cone
the entire audio frequency range. The complete unit — with

. and long voice coil quadruple Woofer
woofer, tweeter and crossover network — occupies only two power-handling ability. Treated
cubic feet of space. cloth cone suspension increases
But small size is gained through no sacrifice in sound. G.E.'s C°,mp]'°.'|’cfe' fAl?“m;;L{m rbhcse;
1 . voice col Oor 1ast, efricien ea
new Extended Bass design puts out four times as much power dissipation. All-steel welded

{+6db) at low frequencies as standard 12" speakers in the cauchion.
same enclosure. For superb stereo sound, we invite you to
compare this system with all others, regardless of size.

Complete LH-12 Speaker System in four most wanted fin-
ishes at $129.95%. LC-12 and LK-12 Speakers available for
separate mounting at $89.95*

Tweeter

e

Crossover network

LH-6 Bookshelf Speaker System

Only 9” high, 17%," wide and 8%" deep, yet provides
better low-frequency response than speakers tested in en-
closures up to twice the size. Perfect solution to problem
of getting high quality performance in a limited space.
May be positioned on side or end, as shown at right. Also
offered as kit without enclosure. From $49.95 to
$57.50* (Kit form, $29.95).

New EN-50 5-cu. ft. enclosure for 12" speakers available
in four finishes. $69.95*

There's a full line of General Electric speakers at your
High Fidelity dealer's. Finest performance—sensibly priced.

*Manufacturer’s suggested resale prices.

See and hear all the new G-E ‘‘Stereo Classic”” companents at your
Hi-Fi dealer’s now. For more information and the name of your
nearest dealer, write General Electric Company, Specialty Electronic
Components Dept., 45A2, W. Genesee St., Auburn, New York.

GENERAL @3 ELECTRIC
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one volt to the input of the public ad-
dress amplifier through the volume con-
trol R, Sw, is a three-position lever
switeh whieh selects program, audition,
or an external mput, for the public ad-
dress amplifier. We use a radio tuner
to feed the external input when doing
remotes with this unit.

One-half of a 12AUT7 is used for the
cue monitor. A three-position lever
switeh seleets program, phono cue buss,
or the auxiliary input ehannel, to be
amplified and fed to a pair of earphones.
This switeh, Sw,, has a spring-retuin
and upon releasing it, it always comes
back to monitoring the program bhuss.
A voltage-divider 1s connected aeross the
amplifier line-output terminals. We chose
this method of monitoring the program
so that when the unit was used on broad-
cast remotes, the operator would be able
to hear cue on the remote line. All audio
levels appearing on the earphones from
the eue amplifier are well balanced from
the three sources.

The VU meter is conneected aeross the
amplifier output through a 10,000-ohm
vesistor. It indieates 100 per cent or
zero VU when the amplifier is actually
putting out plus 4 db.
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Fig. 4. Bottom
view of the mixer-
amplifier showing
the cue pots and
details of the part
locations.

A 4-db “0” pad is placed between the
amplifier output and the line terminals.
Its purpose heing to eause the amplifier
output and remote line to “look into”
a nearly constant 600-ohm load at all
tines. 1t also keeps the VU meter from
being damaged if someone feeds exces-
sive cue level down the remote line from
the studio.

With the VU meter indieating zevo
when the awmplifier is putting out plus
4 dl into the pad, this means we are
feeding the remote line zero db.

In our power-supply cireuit, we used
a 20-ohm Globar resistor in series with
one side of the primary winding. For
those of you who might have had un-
pleasant experiences with the Globar
resistor in television sets, may I suggest
using a regular 20-ohm, 20-watt wire-
wound resistor. However, at the time of
this writing, the original Glohar resistor
is still operating perfectly.

By using the Globar resistor, we elimi-
nate the voltage surge when the amplifier
1s first switehed on. This will prolong
the tube filaments. It reduees trans-
former heating by lowering the primary
voltage. It reduces the availahle filament
and plate voltages. The former was de-

Fig. 5. Top view
of the mixer-am-
plifier showing
transformers used
and placement of
other parts.

sirable and the latter was no disadvan-
tage. The anplifier filament voltage is
6.0 volts to prolong its tube life. We had
plenty of available plate voltage to
spare, so inserting the resistor in the
primary of the power transformer was
to our advantage.

On the filament winding of the power
transformer, the center tap has heen
brought out to a voltage divider in the
plate-supply eireuit. This was as a pre-
caution against hum originating in the
filament eireuit of the preamplifier
stages.

Both phono channels are equipped
with “cue-switches,” This was done as an
experiment to see what could he ac-
complished along this line in high-in-
pedance mixing eireuits. Then too, it
was a necessity if we were to listen to
cue [rom four sources with a three-
position, spring-return lever switech. We
wanted to vetain the spring-return fea-
ture so that upon releasing the ecue
switeh, it would always return to moni-
toring the program ecireuit.

The “cue-pots” were constructed by
mounting each phono-channel potenti-
ometer on a small sub-chassis and then
fastening a small Microswiteh under the
extended potentiometer shaft (see Fig.
4). A flat spot was filed into the potenti-
ometer shaft where the miecroswiteh
lever would rest when the potentiometer
was elosed. A normally-closed Micro-
switeh was selected for the purpose.
When the potentiometer is in the elosed
position, the Miecroswiteh is making con-
tinuity and when the potentiometer is
In any position other than closed, the
Microswiteh is not making eontinuity.
After assembling the two parts on their
sub-chassis, the completed unit was
mounted to the back side of the front
panel with countersunk maehine serews.

Our “cue-pots” have worked very well
and without a failure for some time
now. They are noiseless from an eleetri-
cal and echanieal viewpoint. In faet,
it wouldn’t surprise us to see some
manufacturer ecome out with this idea in
the near future.

Carbon-deposited potentiometers
(Ohmite) with a linear taper were used
for all mixing and volume controls ex-
cept the publie address volume control
where an audio taper was used.

Building-out resistors for the pro-
gram and audition busses are 100,000
ohms. Very little interaction is expe-
rienced between mixing eontrols. Using
470,000-ohm building-out resistors would
have given us even less interaction he-
tween controls.

Buss-bar was used to make the mixer
husses. The program and aundition husses
are physically separated by about one
inch. Cross-talk is down about 50 db
between the two busses. However, the

(Continued on page 72)
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3 New Stereophonic Components
by

We have advanced upon a new era in high fidel-
ity—the age of stereo. And now we can enjoy
music reproduced in its eoriginal sculptured
dimensions with all the spatial breadth and
depth of the living sounds.

Stereo fidelity is high fidelity at its ultimate
best. And its demands upon equipment quality
are rigid and uncompromising. For only through
quality equipment can the realism of stereo be effectively achieved.

It is with considerable pride, therefore, that Pilot presents three new
stereophonic components: The SP-210 stereo preamplifier, and two basic
stereo amplifiers, models SA-232 and SA-260. Brilliantly engineered, the
monophonic and stereophonic performance of these units reveals the
painstaking care devoted to design.

The SP-210 consists of two identical preamplifiers with ganged controls
for balanced stereo operation. Every measure has been taken to achieve
maximum quality and versatility. Premium type, low-noise triodes are
used in all low level stages, and hum-free dc on all tube heaters. Inputs
are provided for all possible stereo source material: phono, tape head,
microphones, FM-AM, FM multiplex and tape recorder. The extreme

Pido?*

sensitivity of the phono input makes the SP-210
ideal for magnetic steree cartridges, as well as
for other types of pickups. There are also
outputs for connection to a stereo tape
recorder.

The SP-210 is housed in a modern, low sil-
houette metal cabinet with brass control panel.
It is matched to, and powered by the Pilot
SA-232 or SA-260 amplifier. The Pilot SP-210 is $89.50, complete.

Both the SA-232 and SA-260 basic stereo amplifiers consist of two
identical power amplifiers. The SA-232 delivers a total of 40 watts undis-
torted (80 watts peak). Distortion: harmonic 1%; intermodulation 1.5%.
Hum, 90 db below rated output. Total output of the SA-260 is 70 watts
undistorted (140 watts peak). Distortion: harmonic %%; IM 1%. Hum,
90 db below rated output. Each amplifier has power tap-off for the SP-210.

The SA-232 is priced at $89.50, and the SA-260 at $129.50. Both
are supplied with brass finished metal covers. (Slightly higher in the
western states.)

Complete specifications at your high fidelity dealer or write to Pilot
Radio Corporation, 37-04 36th Street, Long Island City 1, N. Y.

Electronics manufacturer for more than 39 years.
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Transformer Distortion

DUNFORD KELLY*

The causes of distortion in transformers are fairly well known to transformer engineers, but
there is little the user can do to avoid it. However, a thorough understanding of the para-
meters which cause distortion and the effect of core material, size, stacking, and operating
conditions will help engineer and experimenter alike in their choice and use of transformers.

UDIO TRANSFORMERS produce severe
distortion st low frequencies, fre-
quently more than the associated

vacuum tubes ereate. Despite this faet,
transformer distortion information is
practically non-existent. One obstacle
has been the requirement for an ex-
tremely pure sine wave for such meas-
urements.

The data to follow may he applied,
with simple calculations, to any trans
former not earrying direct current, with
known flux density, low-frequeney im-
pedance relations, and type of core ma-
terial. Even without design information,
distortion approximations are possible.
Commereially available core materials
have permeability tolerances as high as
two or three to one in the better core
materials. This reduces the possible ac-
curacy of transformer caleulations, but
the results can still be very useful.

Distortion Source

Distortion is eaused by the ferromag-
netie core material, which is required in
an audio-frequeney transformer to pro-
duece sufticiently high electrical imped-
ance. The value of the core material is
its high magnetie permeability compared
to the permeability of spaee. Available
permeabilities range from slightly above
unity to hundreds of thousands. Un-
fortunately, in a general way, the higher
the permeability the lower the power
handling capacity and the lower the
maximum frequency at whieh the core
material is suitable. All ferromagnetic

" 4638 10th Awe., Los Angeles 43, Cali-
fornia.

materials are non-linear and therefore
genervate distortion. The distortion pro-
duced in a transformer depends on the
relative cireuit impedances, the type of
core material and the flux density; not
at all on ecoil configuration, shunt ca-
pacitanee, and the other factors that de-
termine high-frequeney characteristies.

Ferremagnetic Theory

Ferromagnetism is complex® but some
of the properties may be considered in
an elementary mamner. Ordinary ferro-
magnetic materials are composed of
many erystals. These have no definite
arrangement. Each erystal, even though
unmagnetized, consists of many very
small magnets, called domains. These
have a random arrangement. Therefore
they produce no over-all magnetisin.
When an external magnetie foree is ap-
plied, the first effect is thought to be
the enlargement of the domains orig-
inally aligned in the general direetion of
the applied field, at the expense of the
other domains. This slightly inereases
the flux density in the material. With
greater applied magnetic foree, the
domains begin to realign themselves to
the erystal axis nearest the direction of
the applied field. They do not do this by
moving bodily, but by a realigninent of
the axes of rotation of the individual
electrons within the domain. The en-
tirety of one domain orients simul-
taneously. Iiach reoriented domain in-
creases the flux deusity, which therefore
changes by extremely small but finite

1 Richard M. Bozorth, “Ferromag-
netism.” D. Van Nostrand, 1951.
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Fig. 1. Curves of transmission, permeability, distortion, and impedance vs. flux
density for Audio A core material.

steps. This mechanism produces the re-
gion of highest permeability. A third
effect further inereases the flux density.
With sufficient applied field, the domains
smoothly shift direetion from the erystal
axes to which they had previously
aligned, to the direction of the applied
field. When this third effect is com-
pleted, the mnagnetic material is fully
magnetized, or saturated, and ean carry
no additional flux. The space which sur-
rounds the magnetic material ean ecarry
more flux, but because the permeability
of space is only unity, this contribution
to the total flux is generally negligible.

Magnetization involves the mechanical
activity just deseribed, and it requires
the expenditure of energy. When the
magnetized material is demagnetized,
not all of the expended energy is ve-
covered. The lost portion is converted
to lieat. This loss is termed hysteresis loss
and is ecommon to all ferromagnetic ma-
terials. At very low flux densities this
loss disappears, because the physieal re-
action ceases. The resultant distortion
also ceases.

Measurement Technique

Only the strongest harmonies were re-
corded in these measurements because
they are the umportant ones. hut the
higher odd-numbered harmonies con-
tinued uniformly down the graphs at the
highest tlux densities. The even num-
bered harmonics were not present be-
cause no direct current was present.
These measurements were made with a
conventional assembly of laminations of
ordinary size, rather than the long strips
used in standard transformer core metal
tests. The results, therefore, closely ap-
proximate actual transformers.

An exceedingly pure sine-wave volt-
age was hupressed on a resistor and the
test coll in series as diagrammed later.
(See Appendix.) The only important
departure from usual practice was in the
use of higher series resistance whieh in-
creased the transformer insertion loss
and increased the harmonic percentages.
This was done to allow measurements
over a wider range of signal level. Varia-
tions in series resistance alter the har-
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FAMOUS MEN OF MUSIC CHOOSE UNIVERSITY

Metropolitan Opera Star Leonard Warren, often referred to as the world’s foremost
baritone, has been acclaimed in most of today’s great opera houses from
Italy’s La Scala to Buenos Aires’ Teatro Colon and Moscow’s Bolshoi Theatre.
For his stereo system, Mr. Warren converted his full-range “Troubadour”
quickly, easily and inexpensively with a compact Stereoflex-2.

W hether converting or starting from scratch. . ..

For those who already possess a full-range monophonic speaker
system, or plan to buy one now with an eye to stereo conversion
later . . . University can “add” superb stereo at low cost, even in
rooms with “no” space for a second speaker. Here’s how:

Because bass frequencies below 150 cps are strictly non-direc-
tional and do not contribute to the stereo effect, they can be repro-
duced by one woofer—that of the main system. In this case, the
system supplies the combined bass of both channels as well as the
full mid and high range of one channel. The mid and high range of
the second channel is then provided by one of the three University
“add-on” speakers. Because such “add-ons” are not required to
produce low bass, they are small in size, easy to place for optimum
stereo and decor effect, and priced most modestly. You also save
the cost of a second woofer and large enclosure!

How University uses one woofer for two channel bass

This can be achieved in two ways, depending upon the kind of
woofer you have. A conventional woofer—with a single voice coil—
can receive these frequencies only after they are combined by the
special stereo adapter network Model A-1. However, with Univer-
sity’s exclusive DUAL VOICE COIL WOOFER? . . . containing two elec-
trically separate voice coils . . . no such network is required.
Instead, the stereo amplifiers can simply be connected one to each
voice coil, thus feeding the full bass directly to this unique woofer.

Starting from scratch, another attractive and flexible approach
would be to use a dual voice coil woofer in an enclosure along
with one “add-on,” the combination making a very fine mono-
phonic speaker system. Later, you can convert to stereo with a
duplicate “add-on,” as shown at left. Now, since the woofer’s posi-
tion for stereo is not critical, you can place it almost anywhere in
the room . . . and the two compact “add-ons” can easily be posi-
tioned for perfect decor and stereo effects . . . regardless of where
the woofer has been placed.

Whichever approach you choose, University “add-ons” put you
on the cost and space-saving road to true high fidelity stereo.

tUniversity woofers having dual voice coils are models: C-15W, C-12SW',

C-1SHC and C-12HC. These are employed in speaker systems: Debonaire-12 8-3, §:35;
Senior §-58; Mauster 8.6, $-68; Dean $-7, S-7S; Classic S-8, §-85; §-9, §-95;

Ultra Linear 5-10, §-108; S-11, S-11S; Troubadour S-12, §-12S.

(System models in light type are fully stereo adapted. System models in

bold 1ype, or any home built system with a dual voice coil woofer, can be easily

and inexpensively prepared for stereo with kit SK-1. User net: $5.95)

WIDEST SELECTION

OF HIGHEST

QUALITY

“ADD-ON"" SPEAKERS....

STEREOFLEX-2

MODEL SLC is housed in an at-
tractive fibreglas shell of char-
coal grey with gold anodized
grille and adjustable stand,
STEREOFLEX-1, in a handsome
wooden cabinet with fine wov-
en grille cloth. Each occupies
less than one cubic foot, mak.
ing them easy to place on
bookshelf, ““lite-pole,”” or wall.
Double horn-loaded, with 6"
mid-range driver and 2000 cps
crossover wide-angle tweeter.
User net: Model SLC—$43.50.
Stereoflex-1—Mahogany $54.50,
Blond or Walnut — $56.50.

STEREOFLEX-2 is a slim, elegant
unit, with matched woven grille
cloth, designed for floor place-
ment and makes an excellent
end table. Double horn-ioaded
with heavy duty compression
driver and extended air col-
umn for mid-range. Wide-angle
driver/horn tweeter with
“'BRILLIANCE"’control, 3000 cps
crossover. 2512”x10”x 19%%2"d
User net: Mahogany--$110.00,
Blond or Walnut—$113.00.

MODEL A-1 ADAPTER NETWORK:
Required only with speaker
systems not having dual voice
coil woofer. User net: $30.00.

FREE

- Guide to
high
fidelity
stereo and
mongphonic
speaker
systems and
cemponents

You'll find complete informa-
tion on how to select the above
and other major types of stereo
speaker systems . . . how to
adapt your present system to
stereo . . . how to choose a
monophonic system now for
efficient conversion to stereo
later...how to plan economical
‘‘do-it-yourself’”” monophonic
stereo speaker systems. See
your dealer, or write Desk R10.
University Loudspeakers, Inc.,
White Plains. N. Y.
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mouie percentages in approximately the
ratio of the total shunt impedance at the
coil terminals. More aecurate ealeula-
tion involves the exuet phase angle of
the transformer reactance which is less
than 90 deg. due to core losses. This
phase angle can be determined graphi-
cally from the serics resistanee, the eoil
impedance, and the transmission. All of
these are shown on the curves. As a prac-
tical matter, in eomparing transformers,
the assumption that both have 90 deg.
phase angles does not seriously reduee
the accuracy of the eomparison.

Coil resistance was completely ae-
counted for in the measurements by
adding the eoil resistance to the series
resistance and measuring the developed
voltages acrpss an unloaded seeondary
coil.

Ordinary Silicon Steel

Figure 1 eoncerns the imost widely
used transformer core material, non-
oriented silicon steel in lanination form.
This particular core? is one of the hest
available grades. Many faetors must be
controlled to produee good laminations.
These laminations were annealed after
stamping to remove the metal strains
which degrade magnetie properties. They
are very flat and free from burrs, fitting
together with a miniinunm air gap, and
allowing a maximum of material to fit
in the available space. Beside the obvious
requirenient of good permeability, the
resistivity should be high to mininize
the eddy current losses which result trom
cireulating eurrents in the core. Kddy
current losses are proportional to the
conductivity of the core wmaterial and to
the square of the lamination thickness.
The 3.6 per cent silicon in the core in
creases the resistivity about tfive fold,
affording a corresponding reduction in
eddy losses. The use of 29 gauge 0147
laminations instead of the eheaper 26
gauge 0188 results in about 5/9 as
much eddy current loss. If the lamina-
tions ure not insulated from each other,
the advantage ol suhdivision is lost.
These laminations have an oxide coating
produced in the annealing oven furnish-
ing useful insulation. Eddy losses waste
power, and reduce permeability. They
do not contribute distortion. The other
major core loss, hysteresis, depends on
the composition and treatment of the
core material. The non-linearity ot the
magnetization curve, often shown as the
bysteresis loop, is the eause of the distor-
tion produced in a transformer.

In Fig. 1, the third harmonie eurve
has two maxima. The one at the highest
flux density vesults from the well known
fact that the high power level nearly
saturates the eore material, causing very

2 Technical Bulletin M-21, “FElectrical
Steel Sheets and Coiled Electrical Steel
Strip.”  Allegheny Ludlum Steel Corp.,,
Pittshurgh 22, Pa.
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low permeability at the peaks of the
excitation eycle. The broad maximum in
the 25-gauss region is surprising. The
reason 1s the deerease in the permeability
of the core material with dropping volt-
age, which is also shown in Fig. 1. As
the permecability of the eore drops, the
transformer impedance drops propor-
tionately, impressing an inereasing part
of the core distortion on the cireuit.

These eurves were not plotted below
a few gauss heeause of the limits of this
particular measuring arrangement, but
other measurements on this grade of
core material show that below the one-
gauss territory the permeability becomes
nearly constant regardless of low low
the flux density drops. This eonstant
and low permeability region is the initial
permeability plateau. Hysteresis losses
and varying permeability, both of which
are shown by the hysteresis loop, to-
gether cause eore distortion. In the ini-
tial permeability region lysteresis losses
disappear and the permeability ceases
to vary. Thercfore at sufticiently low
flux densities ferromagnetic cove distor-
tion disappears. Below the 25-gauss
peak, the third harmonie distortion de-
creases. Another set of measuwrements on
this type of eore material shows a simooth
drop from the low-level distortion peak
to 0.25 per cent at 1/10 gauss. In all
probability the distortion ecompletely
vanishes at extremely low levels, too low
to have praetieal significance.

Transformer flux density is propor-
tional to signal voltage and inversely
proportional to frequenecy. Therefore
the highest flux densities oceur only at
the lowest frequenecies. Flux density is
also inverselv proportional to coil turns
and eross-sectional eore area.

Above the 253-gauss region the per-
ineability eurve is a straight line with
almost unitorin slope up to about 3000
gauss. The distortion curve shows ouly
moderate variation in this region. This
is to be cxpeeted when there are no
abrupt changes in permeability.

The maximum permeability is about
7700 at 4000 gauss. This is an exeellent
permeability for non-oriented silicon
steel laminations. It indicates that the
iron is at least average for its elass in
permeability and that the air gaps in
the magnetic cirenit are small.

Above the region of maximum per-
neability, the permeability curve drops
rapidly. At 15,000 gauss the permeabil-
ity is about 1/10 of the maximum, The
impedanee of the transformer aeceord-
ingly drops very abruptly in this part
of the excitation eyele, produecing severe
distortion.

The higher the flux density, the
greater the level, hut the more objec-
tionable the distortion and the lower
the developed impedance. In many ap-
plications it is the diminishing permea-
bility that limits the permissible flux
density. For example, the output trans-
former in a negative feedback amplifier
may be surrounded by sufficient degen-
eration to reduce the effeet of the core
distortion to a suitable level, and to pro-
vide uniform frequeney response, but
the power available from the output
tubes at low frequencies inay be severely
limited by the low value of shunt im-
pedance of the transformier at high flux
densities. This unpedance is largely re-
active, a partieularly undesirable load
for power tubes. Negative feedback does
not alter this situation. Fortunately high
flux densities are eneountered only at the
lowest frequeneles in the design spee-
trum.

The erowded harmonie speetrum of
ferromagnetic material results from a
peculiar kind of non-linearity. It is pos-
sible to have a large third-harmonie gen-
eration with negligible higher harmonies,
it for example, the change in gain is
proportional to the instantaneous signal
voltage. The non-linearity in magnetic
core material is not of this nature. In-
stead it 1Is characterized by several
regions with markedly different slopes,
and tairly abrupt transitions between
then.

Variable Frequency Response

The transniission curve of Fig. 1 illus-
trutes a faet often ignored in transformer
considerations. Frequeney response de-
pends on flux density ov signal voltage.
In this ease transmission varies from 13
per cent at 3 gauss to 70 per eent at
4000 gauss, or in decibels from ahout

18 db to — 3 db. This is at a eoustant
low frequency. The only variable is the
signal voltage. In a high-quality trans-
former the low-frequeney loss might be
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Fig. 2. Curves of transmission, permeability, distortion, and impedance vs. flux
density for Hipersil C-core materials.
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limited to 3 db at a few gauss. Under
those conditions the loss at 4000 gauss
might he about 0.5 dbh. The advertised
frequeney-response curve could show a
low-frequeney loss of anywhere from 0.5
db to 3 db and be technically correct.
Transformers surrounded by substan-
tial negative feedback do not cause this
type of variable-frequeney response in
a serious degree, but line matehing and
input transformers do not usually have
the benefit of negative feedback. When
several of such transformers are included
in one system, the effect on the bass re-
sponse 1s to transmit the strong bass
tones and drop out the weak ones. Even
if equalization is used, it eannot over-
come this handicap. For this reason alone
it 1s advisable that all transformers have
excellent bass response, Transformer al-
terations that improve the bass response
usually decrease the distortion as well.

Grain-Oriented Silicon

Figure 2 1s of grain-oviented silicon
steel.3 1 This material is made in ribbon
form, and wound on a mandrel. The re-
sulting loop is honded and cut into two
parts, each of C shape. When reassem-
hled, these are the transformer core. The
rolling of silicon steel produces a par-
tial erystal alignment, making the mag-
netie properties best in the rolling diree-
tion. This property is aceentuated in
grain-oviented eore material. It is of Hm-
ited value in laminations, where the mag-
netie flux travels both with the grain and
aeross the grain, but in the tape wound
core all of the flux travels with the grain,
taking full advantage ot the preferred
magnetie direction. As a result of the
grain orientation, the core losses are
lower and the permeability is higher than
in non-oriented silicon steel.

Cirenit values were chosen making
Fig. 2 directly comparable to Fig.
1. Obviously the oriented core is better
in several respects than the non-oriented
eore. The permeability is higher, the dis-

3 Bulletin 44-035, “Hipersil Cores for
Specialty Transformers and Reactors.”
Westinghouse Electric Corp., Sharon Plant,
Speeialty Transformer Dept., Sharon, Pa.

1“Armeco Oriented FElectrical Steels.”
Armeco Steel Corp., 9254 Curtis St., Middle-
town, Ohio.

tortion is lower, and most tinportant, the
maximum flux density is mueh higher.

Hipersil saturates very abruptly. Driv-
ing such a core at very high level, through
a series resistunce, causes the peak flux
density to be less than the terminal fun-
damental voltage would indieate, hecause
the core material saturates for only a
small portion of the eycle, reducing the
fundamental voltage only slightly, but
redueing the peak flux density materially.
This effeet is important only with a
sharp saturation point, and only at the
very highest magnetie field. It results in
Fig. 2 being somewhat optimistie regard-
ing the saturation flux density. The errvor
is negligible at 15,000 gauss but the end
of the curve is an actual peak flux den-
sity of about 17,500 gauss instead of the
20,000 shown. Fundamental voltage is
the usual consideration in audio trans-
formers, therefore these measurements
were hased on voltage.

The disadvantages of the oriented core
ave higher initial cost and less flexibil-
ity than laminations which ean he used
in various stack heights to vary the core
size. But the oriented steel has as good
characteristies at 15,000 gauss as the
other steel at 10.000. This is a power of
2% to 1, a tremendous improvement.

A useful comparison between the two
types of materials is the distortion ratio
at a partieular flux density. This indi-
cates the effect of substituting cores in
a transformer. In the region of 1000
gauss the grain-oriented core produces
only about half as mueh distortion as the
other core. At 10,000 gauss the differ-
cnees are greater, the oriented core pro-
duecing ahout one fifth the distortion of
the other core. At the same time, the
improvement in permeability is about
four fold. For these reasons Hipersil is
often chosen for high-quality output
transforners.

At very low flux densities the distor-
tion from the grain-oriented core is
slightly higher than from the non-ori-
ented core and the permeability improve-
ment is slight Therefore the oriented
core is not advantageous at low flux
densities.

Above 100 gauss the transmission
curve for Hipersil is higher and flatter
than the Audio A curve, and it extends
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Fig. 3. Curves of transmission, permeability, distortion, and impedance vs. flux
density for No. 4750 alloy core material.
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farther into the high-density region.

A transformer to do a particular job
at low frequencies will be considerably
smaller with an oriented core than with
a non-oriented core. At high frequencies
the small transformer with the oriented
core will be superior, because leakage
inductance and eapacitanee inerease with
coll size.

50% Nickel Alloy

Figure 3 1s of 50-50 nickel alloy.5-®
This material saturates at a flux density
only moderately lower than for non-
oriented silieon steel, while the permea-
bility is mueh higher. The initial per-
meability 1s about five fold better, and
the maximum permeability is three or
four fold better for this particular sam-
ple. This material is espeeially suitahle
for high-level line transformers and also
makes good output transformers but ex-
pense limits the latter applieation. This
type of nickel iron is available with
comparable permeability from several
sourecs, but that known as Hipernik is
partieularly suitable for power applica-
tions bhecause 1t is given a hydrogen
purifieation that reduees the hysteresis
loss to a very low value, resulting in a
total core loss at 10,000 gauss and 60 cps
of 0.24 watts per pound for 29-gauge
sheet. This may be compared to 0.52
watts per pound for 29-gauge non-
oriented AA silicon and 0.29 watts per
pound for 29-gauge grain oriented sili-
con.

At low and moderate flux densities
the 50-50 nickel iron produces consid-
erably lower distortion than Audio A.
As the flux density inereases, the im-
provement diminishes. At 10,000 gauss
the nickel iron produces about 24 as
mueh distortion as the non-oriented sil-
ieon steel.

The signal transmission curve for the
50-50 nickel iron is flatter than for
either type of silicon steel, and the per
cent transmission is better at all finx
densities np to 10,000 gaunss. This makes
it generally superior execept at extreme
flux densities.

Cheap Silicon Steel

A fourth material used for these ap-
plications is silicon steel of low cost,
indefinite pedigree, and poor qualities. It
contains less silicon and more impuri-
ties. The main specification is the priee.
The variations between materials of dif-
ferent manufaeture, and even hetween
suceessive batches, will be very great.
Although the curves are not shown, be-

(Continued on page 73)

5 Bulletin EM-16, “Allegheny Electrical
Alloy Steel 4750.” Allegheny Ludlum Steel
Corp., Brackenridge, Pa.

6 “Westinghouse Metals and Alloys.”
Westinghouse Eleetric Corp., East Pitts-
burgh, Pa.
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