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the only fifteen-inch extended range speaker made with a 4" voice col

the JBL. SIGNATURE D130

The four-inch voice coil in the JBL Signature D130 stiffens the speaker cone to form a rigid acoustic piston. Combined with
suspension which permits long linear excursion, the D130 produces crisp, accurate bass. ¢ The four-inch dural center dome
ié attached directly to the voice coil to form a large, effective high frequency radiator. The shallow curvilinear cone permits
an excellent distribution of highs. ¢ The large voice coil is made of edge-wound aluminum ribbon so that, with small mass,
an unusually large amount of conductor is subjected to the lines of force in the gap of the precision-machined Alnico V
magnet. « A pot structure of pure iron provides a low-reluctance return path for the magneto-motive force. Such extremely
efficient use is made of the permanent magnet material that stray magnetic fields are virtually non-existent. « Tight electrical
coupling and meticulous, close-tolerance workmanship combine to produce the most efficient extended range loudspeaker
made anywhere. It is unsurpassed in its handling of transients. Bulletin number SB1002 describing the JBL Signature Model

D130 will be sent to you free upon request.

efficient use is made of the permanent magnet materialithatstravlioreermticcfields are virtually non-existent. » Ticht electrical
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*outstanding hon-
ors bestowed, un-
soliclted, by most
recognized testing
organizations.

No matter what your source of music
—FM, your own discs, or tape—you
will enjoy it at its best coming from
Sherwood'scomplete home musiccenter
... most honored of them all! Sherwood
tuners for example . . .

First to achieve under one microvolt
sensitivity for 20 db FM quieting in-
creases station range to over 100 miles.
Other important features include the
new “‘Feather-Ray” tuning eye, auto-
matic frequency control, flywheel tun-
ing output level control and cathode-
follower output.

Model $-2000 FM-AM Tuner $139.50 net
Model $-3000 FM (only) Tuner $99.50 net

For complete specifications, write Dept. A-10.

ELECTRONIC LABORATORIES, INC.

4300 North California Avenue, Chicago, 1llinols

IVIIVYWGI vulpuL.
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TRANSFORMER

FROM TRIAD

NEWS

High Fidelity
Output
Transformers

For the
6BQ5 and 6CA7 Tubes

Triad *Primary Secondary | Max.
Type Impedance Imped Lgvel
No. p mpedance | wattsg
FOR PP EL-84 (6BQ5)
HSM-181 | 8000/2000 CT.| 16/8/4 15
Split Primary
HSM-182 | 8000/2000 CT.| 500/250/ 15
Split Primary 125
S-142A 8000 CT. 16/8/4 15
FOR PP EL-34 (6CA7)
HSM-186 | 6600 CT. 16/8/4 25
HSM-187 | 6600 CY. 500/250/ 25
Split Primary 125
S-146A 6600 CT. 16/8/4 25
FOR PP Par EL-34 (6CA7)
HSM-192 | 4000 CT. 16/8/4 65
HSM-193 | 4000 CT. 500/250/ 65
Split Primary 125
S-152A 4000 CT. 16/8/4 65
a j *Proper taps on Primary for
| tapped screen operation,

Ask your distributor for
Triad's new catalog TR-58

TRIAD TRANSFORMER CORPORATION
l 4055 REDWOODR AVE. 812 E. STATE STREET

5 VENICE, CALIFORNIA HUNTINGTON, INDIANA

A SUBSIDIARY OF LITTON INDUSTRIES

2

| Split Primary | 125 | |

AUDIOCLINI

??

JOSEPH GIOVANELLI*

Transformer Impedance

Q. I was recently given what seems to
be a fine oulput transformer, but I don’t
Ikmow its impedance. The wires are divided
mto two groups, the first of which contains
those colored red, blue, and reddish yellow,
while the second contains those colored
black, brown, orange, and yellow. The
first group is cvidently the primary, and
the second, the secondary, but how will 1
proceed from here? Al Kerper, Brooklyn,
N. Y.

A, My first recommendation would be to
locate the model number and the mname
of the manufacturer of the transformer,
and then consult his catalogue for the
desired information. If, for any reason,
you are unable to follow this course, pro-
ceed as follows:

Assume first that you have correctly
identified the groups of wires. Red goes
to one plate, blue to the other, and red-
dish yellow to B plus. (proper phasing of
the primary leads can be found only by
trial & ervor. If the phase is reversed, the
amplifier will oscillate. Black is probably
the common on the secondary winding. It
is probable that the brown is the 4-ohm
tap, orange the 8-ohm tap, and yellow the
16-ohm tap. However, to be certain, meas-
ure the resistance of each lead with respect
to black, or common, arrange the leads in
order of aseending resistance values, and
they will be in order of ascending im-
pendance values, although the resistances
do not equal the impedances. You will find
that the lowest resistance you will come
across will be less than one ohm, whereas
the impedance represented by this resist-
ance is 4 ohms.

You now have the probable impedances
of the secondary and next you must find
the impedance of the primary. This is done
by conuecting a resistor of appropriate
value across the secondary, feeding in a
signal from an audio oscillator at a given
voltage, and then noting the voltage ap-
pearing across the primary. The square
of the voltage ratio between the signal
fed in and the voltage appearing across
the primary gives the impedance ratio of
the two windings.

Illustration: Start with the 8-ohm tap.
‘onneet an 8-ohm resistor from this tap
to commoun. Conneet your audio generator
across this resistor and feed the secondary
with 1 volt of signal of approximately
400 cps. Measure the voltage appearing
between the red and blue leads (primary).
Be sure to nse a fairly sensitive a.c. volt-
meter for this purpose, so as not to load
down the primary circuit. Let us assume
that you get a reading of 30 volts. Since
the ratio of the voltage fed in to that
appearing across the primary is 30:1, the
turns ratio is also 30:1. The impedance
ratio is equal to the square of the turns
ratio, so we find that the impedance of
the primary is 302, or 900 times that of
the secondary. Sinee the impedance of the

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

pealiiig, i buss . Lie  DUILIEY . (e square

secondary is 8 ohms, the primary im-
pedance must be 7200 ohms. This primary
impedance is correet only when the see-
ondary is terminated in an 8-ohm load.
Within limits, the transformer can be used
to mateh a range of impedances. The only
thing which is really constant is the turns
ratio. Do not confuse the impedance of the
transformer with that of the internal im-
pedance of the amplifier. This latter is a
funetion of the amount of negative feed-
back applied. A diseussion of internal
impedance can be found in an earlier
AUDIOCLINIC.

Frequency Response

Q. Is it possible to sweep a high fidelity
preamplifier or amplifier and observe the
over-all response curve as is done in video
alignment? If so, how? dAlso, how can I
determine the frequency response of a
loudspeaker? Robert 4. Poltzer, Chicago,
1.

A. Yes, methods for rapidly sweeping the
audio spectrum are often employed. The
audio generator is made to sweep the
spectrum and is, of course, fed into the
device to be checked out. The output of
the device is conmected to a scope for
direct display, or to an assembly which
noves a pen over a moving drom in ae-
cordance with the dips and rises in re-
sponse. By this means, a permanent graph
of the response of the equipment is ob-
tained.

Measuring the response of a Joudspeaker
is quite complicated because of at least
three variables whiech you will encounter
besides that of the speaker itself. Were it
not for these, the method would be quite
simple. Feed a series of andio-frequency
tones into the spealker. Place a microphone
near the speaker to pick up these tones.
The output of the mierophone feeds the
measuring device.

The first question which arises is: how
flat is the response of the mierophone? In
order to be sure, you have two courses open
to you. One is to use a calibrated micro-
phone, especially designed for this type
of work. The second is to send your own
mierophone to the Bureau of Standards to
be calibrated. Then, superimpose the graph
of the mierophone’s response over that of
the plotted response of the speaker in
order to obtain the speaker’s true response.

Another problem is that of the room in
which the measurements are made. Any
resonances, antiresonances or reflections
present within the room will greatly in-
fluence the response curve. It is necessary
to make these measurements in a room de-
signed especially for such work. Such a
room is known as a space room, or anechoic
chamber, because of its complete free-
dom from reverberations. Most of us do
rot have such rooms available, but we
can approximate the conditions found in
them very closely by making the measure-
ments out-of-doors. A rooftop is a good
spot, but it may be resonant at several
frequencies, and the effeet of this will to

AUDIO e OCTOBER, 1958
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Subject: A New Deluxe Garrard Player

Mool FSCF

(stereo-engineered and wired)

This new Garrard precision player is basically a four speed
deluxe transcription turntable and transcription tone arm —
combining in one unit the distinguishing qualities of both.
Already mounted on a single unit plate

for simplest installation, the 4HF
forms a superb instrument,

complete at only

o

Push-button system for auto-trip mechanism. A touch of the finger disen-
gages the tone arm completely from the player mechanism, and arm becomes
_independent as if mounted separately.

Auxiliary stop mechanism built into tone arm rest, Unit shuts off when the
arm is placed on rest.
__ Professional transcription tone arm newly designed with plug-in universal
shell to take all stereo and monaural cartridges. Simple, accurate, weight
adjustment.

Four speed unit with variable - or — speed adjustment on all four speeds.
Heavy duty turntable, 12 inch diameter; heavy weight steel with rubber
traction mat.

New center spindle housing with pressure lubricating system, for iong life
and dead quiet operation.

rﬂ'h_\_‘ WWW.MQM@&@MWMEUM system for auto-trip mechanism. A touch of the finger disen-
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be given erroneous response readings. An
unpaved area considerably removed from
buildings or trees is probably the best lo-
cation, but here you can run into the
danger that ambient noise may be picked

up by the miecrophone.

The last variable which may be en-
countered is that of the angle at which the
soundwaves strike the diaphragm. It is
undesirable to measure the frequency dis-
persion of the unit, rather than its fre-
quency response.

To Your City ...

Tuner Problems

Q. 1. The AM section of my tuner pro-
duces more hum and background noise
than the M. I have heard other tuners in
which the AM section is quiet. 2. When T
connect the I'M section of the tuner to my
H I G H FI D E L I TY S H o w S double conical TV antenna, I reccive the
same station at many places on the dial.
What is causing these two conditions and
what can I do about it? Robert MeDonald.
Oakland, Calif.

A. 1. The hum which is present in the
AM section of your tuner can be caused
by several things: perhaps the AM sec-
. tion is mot well filtered, leading to the
SEE and HEAR fhe |a1'e51' mn STEREO-HIGH FIDELITY supposition that perhaps one of the filter
s . . . capacitors has become defective. There
from leading high fidelity manufacturers . . . may be a leak between the heater and
cathode of one of the tubes. It may be
generated as a result of poor grounding
or oxidized house wiring. If this latter is
the case, I don't believe there is much you
can do, especially if you are an apartment
dweller as T am. There is also the possi-

Don’t miss these public showings  *Amplifiers — Pre-Amplifiers — bility that the hum is caused by some-
of Hi-Fi Equipment . . . from  FM-AM Tuners — Turntables L o, e G eI s gter
. 1 connected. I have an AC-DC dictating ma-

the most economical units for the and Record Changers — Phono chine which, when turned on, introduces
budget-minded to spectacular Cartridges — Microphones — bum into every AM receiver in the house.
home music theatres . . . com- Music Control Centers — B evishig Lor|hepmilaniinio sdurees
| can sometimes be minimized by the use

pare and enjoy them all. Speakers. of an outside antenna. It need mnot be
*Speaker Enclosures and Equip- elaborate. Make it about 20 feet long and

ment Cabinets — Finished and kee.p it well 1nsu1:}te(1 from surrounding
objects. The lead-in wire from the an-

*Complete Hi-Fi Systems and Assembled or Do-It-Yourself tenna should be of coaxial eable, so that
Components. Kits. the lead-in caunot pick up any interference.

Naturally, the shield of the cable should be

returned to a good ground, as should your

tuner chassis.

] (Continued on page 104)

THREE FULL DAYS OF CONTINUOUS DEMONSTRATIONS

FROM 1 P.M. TO 10 P.M. FOR EACH SHOW THE COVER PHOTO

Rigo Fall Shows 1958

Oct. 10, 11, 12 Cincinnati Sheraton-Gibson
Oct. 17, 18, 19 Detroit Statler
Nov.7,8,9 Omaha Paxton : !
T 0 . 2 St Lk

Nov. 21, 22, 23 Seattle New Washington The Jemsen DS-100 Dual Stereo loud-
1959 speaker system on the cover represents a
; ] ’ radical departure in stereo speaker system
January 16, 17, 18 Mlnneapohs Leammgton design. It consists of two complete three-
= " oy way speaker systems in a single cabinet.
March 6, 7, 8 Denver CosmOPOht‘ln All directional elements (the mid- and high-

frequeney units coveriug the range above
600 cps) are located on two Stereo Direc-
ADMISSION 75¢ tors, shown above. These assemblies are
swivel mounted so that the user can aim
the direct sound at any desired angle with
the cabinet flat against the wall. Two
super-low-resonance woofers in duct-loaded

RIGO Enterprises Inc. 500 N. Dearborn, Chicago 10, III. acoustic enclosures are aimed at the floor

for added loading.

4 AUDIO e OCTOBER, 1958
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BIG SPEAKER PERFORMANCE
IN SMALL SPACE. ..

because Audette Sr. employs all the features of high-fidelity
systems twice its size! It is a two-way spcaker system, with
true Helmholz construction. It has an extremely wide fre-
quency range (45-17,000 cps), and an amazing balance of
natural sound. All in a cabinet only 22” wide x 10%” decp
x 27" high, including matching legs!

: USE 2 FOR STEREO — 1 FOR MONAURAL
5 In Mahogany $69.50 In Walnut or Blonde $74.50

"“LzAkudoi't@ 8

For Small Space

Without Sacrificing Quality!

Superb two-way speaker performance in a cabinet 11”7 x
2334” x 10”. Use as a consolette (legs available) or place on
table, bookshelf, anywhere! Richly grained Brown or Blonde
Tan Leatherette covered case. RSO (4 brass legs—$5.95)

USE 2 FOR STEREO —1 FOR MONAURAL

LORENZ-LP-312 TYPE LP-312-2

12” WIDE-RANGE WIDE RANGE
LOUDSPEAKER 12” SPEAKER
$39.50 nct with twin

bi-axially mounted
TB-2 Tweeter
Combination

\ Price: includes IHP-1
: Hi Pass crossover

$59.50 nct

AUDIO e OCTOBER, 1958
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Speakers That Open
a new world of

stereo-sound!

|
COMPASS-1

with exclusive circular tweeter

and exclusive phasing switch

SOUND IN EVERY DIRECTION!

Brilliantly designed and engincered,
COMPASS-1 combines a 127 woofer,
with exclusive circular tweeter, and
front-and-back grilles...to gently envel-
op you in sound, eliminate *“dead spots”
and provide highest-fidelity reproduc-
tion anywhere in a room! Can be used,
too, as end tables and room dividers!

USE 2 FOR STEREO—1 FOR MONAURAL

The ecxclusive phasing switch insures
unison-operation on monaural, and op-
timum quality on stereo. Frequency
range 20 to 18,000 cps. Size 22%” wide
x 157 deep x 20” high.
Mahogany $149.50

Walnut $154.50

LORENZ-LP-208
8" WIDE-RANGE N
| LOUDSPEAKER -
| $19.95 ne LORENZ LP 65

HORN-TYPE TWEETER
$8.50 nct

The exclusive phasing switch insures

it E AN cnmAanaF I AR A ANGTIREE . omA Cren
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THANKS, STEREOPHILES

FOR MAKING POSSIBLE THIS

NEW LOW PRICE!

STEREOTWIN 200

the stereo cartridge
by the makers of

MIRACORD XS-200

NoW 344°° formerly $59.50

audiophile net

Because you discovered that STEREO-
TWIN 200 helped you achieve stereo
sound like none you ever heard hefore
. .. you bought this perfect cartridge
in great numbers! So many, in fact,
that production savings now permit us
to reduce the price to a low, low $44.50.
If you’ve been holding off on convert-
ing to stereo, now is the time! And,
STEREOTWIN is perfect for monaural.

SPECIFICATIONS: Variable reluctance car-
tridge ¢ .7 mil diamond stylus » tran-
sient response within 2 db from 20 to
20,000 cps. * no magnetic pull ¢ instant
stylus replacement e fits all standard tone
arms * eliminates hum problem

The Turntable That Changes Records

MIRACORD XS-200

No other record-player has all these
features: Plays stereo and nmionaural
» heavyweight, professional-type
turntable s push-button controlled o
Magic Wand spindle » automatic man-
ual player » automatic record changer
e intermixes 10” and 12” » plays all 4
speeds « free tone arm « 4 pole motor

s6750a.udz'aph.ilc net

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

i

A

For Free catalogue, please write Dept. A

AUDIOGERSH CORP.
514 Broadway, New York 12, N.Y. TEEHEE

iy
r s"',

Q. E
S
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LETTERS

FM Detector Information

SIR:

I am sure others Dbeside myself have
niissed the Aupio PATENTS column by
Richard Dorf, since they were always in-
teresting and informative, whether perti-
nent or mot to the enjoyment of good
quality sound and/or musie.

Also, would it be possible soon to have
an article on wide-band, low-distortion I'M
detectors, with particular reference to the
“counter” type and the wide-band ratio
detector as used by H. H. Scott. I suppose
it would also be necessary to include some-
thing about the mechanics of wide-band i.f.
cirenits as used with these detectors. I seem
to have missed all references to these in the
literature except a few glib explanations.

Wi, LEwis,

2026 Bedford St.,

Los Angeles 34, Calif.
(Two excellent papers on FM detectors and
wf. amplifiers were published by the
Lesearch Laboratory of Electronics, Massa-
chusetts Institute of Technology, Cam-
bridge, Mass., and may possibly be obtain-
able from them. These papers are: “Inter-
ference in frequency-modulation reception,”
by J. Granlund, Technical Report No. 42,
Jan. 20, 1949 ; and “A receiver design for
rejecting interference,” by Roy 4. Paana-
nen, Technical Report No. 245, Sept. 22,
1952. Both are quite fechwnical, and hardly
suited to wmagazine reprinting, although
simplified versions would be useful to most
readers. We shall endeavor to cover the
subject in the near future, however, as well
as to get Mr. Dorf back. Ep.)

Stereo-Mono

Sir:

I have been interested and somewhat
amused by the discussion about the proper
nomenclature of non-stereophonic or usual
method of sound reproduection.

Actually, neither of the two accepted
methods is truly stereophonic. The single
source method—our present ‘monaural” or
“monophonice” system—presents the sound
to the listener as if he were seated behind
a window (to borrow a very apt deseription
I once read in Aupio). This sound has
musical dimensions—frequency and ampli-
tude—but it has no spatial dimension; it
represents a single point. Whether the
listener uses both ears or ouly one, it still
is a point source to him.

The method we call “stereophonie,” using
two loudspeakers with each receiving sig-
nals from its own microphone and each
separated from the other, does have space
dimension. A listener is able now to per-
ceive the direction of the sonnd bhut not
the precise location of the source. This is
not true stereo, nor does it require two cars.
A person who is deaf in one ear can easily
identify the direction from which a sound
is coming in the same way a one-eyed per-
son can point out an objeet but cannot
accurately judge its distance. Certainly this
isn’t true depth perception. It is more like
a photograph or a 2D motion picture.

The third method is the most perfect of
all. It consists of placing two microphones
alongside a dummy head at the location of
the ears and carrying the sound picked up
by each of these microphones to separate
carphones, one on each ear of the listener.
Now the listener is actually able to per-
ceive depth. Tach of his ears receives only
the information which it would receive
were he at the location of the mierophone.
With this method, the sonnd ean cireulate

LAOULLUL  WAUD MUV VAL UL VALY UV AU Dulll
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around the listener, or can move nearer to
or farther from him and he can still tell
where the source is. This requires two ears,
is the equivalent of visual stereo, and ean
properly be called stereophonic or binaural.
To get back to nomenclature, we are
calling spatial sound reproduction ‘stereo-
phonic” and even, at times, ‘“binaural,”
neither of which is correct. People know
what is meant, however, and the term will
stay with us. Why not, then continue to
call single-source reproduction “monaural,”
as long as everyone knows what is meant.
We still call rubber “rubber” after one of
its very minor uses.
JoEL C. HERTSCHE, JR.,
2105 N.E. Klickitat St.,
Portland 12, Oregon.
(In conwversation, the terms already have
degenerated to “stereo” and “mono”—ithus
effectively dodging the issue, or al least
avoiding it. However, Dr. Olson’s article in
the Scpiember issue seems to offer already
acecepted definitions for the wvarious terms,
and during the past month the Institute of
High Fidelity Manufacturers has accepted
“‘monophonic” as the correct term for what
we used to call “monoaural”—or single-
channel—reproduction. We think “mono-
phonic” will win out in the long run. Ep.)

General Comments

SIR:

The AUDIOCLINIC article on negative feed-
baeck will possibly mislead many of your
readers, as nowhere is it pointed out that
the negative feedback in IMigs. 1, 2, and 3
is a function of the internal impedance of
the driving source conmnected to the input.
A low-impedance source (such as a cathode
follower) will allow very little feedback,
and a zero-impedance source will allow none
whatever.

Mr. Canby says . .. there just ain’t any
two amplifiers alike. Not even two of a kind
—+though in theory they should be identical.
. . . as soon as two of them are teamed
together, all sorts of troubles and confu-
sions pop up to prevent a smooth, balanced
equality in the two sound tracks.’” What
does Mr. Canby think a dual-channel stereo
amplifier consists of, if not two of a kind?
and why should these two of a kind be any
more identical than any other two of a kind
that do not happen to be on the same
chassis? I doubt that manufacturers of
stereo amplifiers do any selective matehing
of components to assure that both channels
have exactly the same shape response curve
and other features. I even doubt that the
spees on part values are any tighter than
those used for monophonic amplifiers.

Winpiam C. HoLy,

919C Birch Road,

East Lansing, Mich.
(Interesting last paragraph, isn't it? We
wmagine Mr. Canby was referring to inter-
connection problems. Eb.)

Record, Anybody?
SIR:
I am trying to locate someone who owns
a Russian record (Label MWL) of Arensky’s
Violin Concerto. I am collecting recorded
violin concerti (have 164 already) and wish
to add this one. I am willing to buy the
record, rent it for taping, or huy a tape
copy of same.
O. PorrATA DORIA,
College Station,
Mayaguez, Puerto Rieo.

AUDIO e OCTOBER, 1958
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stereo sound equipment . ..l hene ot iA,

stereo
tape deck kit

HEATHKIT

mopeL TR-1p 5143925

Enjoy the wonder of Stereophonic sound in
your own home! Precision engineered for fine per-
formance, this tape deck provides monaural-record /play-
back and stereo playback. Tape mechanism is supplied complete. You build only the
preamplifier. Features include two printed circuit boards—low noise EF-86 tubes in
input stages—mic and hi-level inputs—push-pull bias-erase oscillator for lowest noise
level—two cathode foliower outputs, one for each stereo channel—output switch for
instantaneous monitoring from tape while recording. VU meter and pause control for
editing. Tape speeds 3% and 7} IPS. Frequency response =2 db 40-12,000 CPS at 7%
IPS. Wow and flutter less than .3%. Signal-to-noise 55 db at less than 1% total harmonic
distortion. NARTB playback equalization, Make your own high quality recordings for
many pleasant listening hours.

. . g ~ I

stereo equipment
cabinet kit

CENTER SECTION MODEL SE-1 $14.995

95
SPEAKER WING MODEL SC-1L or R 53992 ea.

Beautifully designed, this stereo equipment cabinet has'
ample room provided for an AM-FM tuner—tape deck
— preamplifier — amplifiers — record changer — rec-
ord storage and speakers. Constructed of ¥%” solid-
core Philippine mahogany or select birch plywood,
beautifully grained. Top has shaped edge and sliding
top panel. Sliding doors for front access. Mounting
panels are supplied cut to fit Heathkit units with extra
blank panels for mounting your own equipment. Easy-
to-assemble, all parts are precut and predrilled. In-
cludes all hardware, glue, legs, etc. and detailed in-
struction manual., Speaker wings and center unit can
be purchased separately if desired. Overall dimensions
with wings 82" W. x 377 H. x 20” D. Send for.free details,

DELUXE AM-FM
TUNER XKIT

HEATHKIT
MODEL PT-1 $8995
Here is a deluxe combination
AM-FM tuner with all the ad-
vanced design features required
by the critical listener. ldeal for
stereo applications since AM
and FM circuits are separate and
individually tuned. The 16-tube
tuner uses three circuit boards
for easy assembly. Prewired and
prealigned FM front end. AFC
with on /off switch—flywheel
tuning and tuning meter.

STEREO PRE-
AMPLIFIER KXIT

HEATHKIT 95
MODEL SP-2 $56

This unique two-channel con-
trol center provides all controls
necessary in stereo applications.
Building block design lets you
buy basic single channel now
and add second snap-in channel
later for stereo without rewiring.
12 inputs each with level con-
trol—NARTB tape equalization
—6 dual concentric controls in-
cluding loudness controls—
built-in power supply.

55 WATT HI-FI
AMPLIFIER KIT

HEATHKIT
MODEL w-7M 55495

First time ever offered—a 55-
watt basic hi-fi amplifier for $1
per watt. Features EL-34 push-
pull output tubes. Frequency re-
sponse 20 CPS to 20 KC with
less than 2% harmonic distor-
tion at full output throughout this
range. Input level control and
"on-off" switch provided on
front panel. Unity or maximum
damping factors for all 4, 8 or 16
ohm speakers.

12 WATT HI-FI
AMPLIFIER KIT

HEATHKIT
MODEL UA-1 $219°
Ideal for stereo applications, this
12-watt power package repre-
sents an outstanding dollar
value. Uses 6BQ5/ELB4 push-
pull output tubes. Less than 2%
total harmonic distortion
throughout the entire audio
range (20 to 20,000 CPS) at full
12-watt output. Designed for use
with preamplifier models WA-
P2 or SP-1. Taps for 4, 8 and 16
ohm speakers.

For complete information on above kits—Send for FREE FLYER.

HEATH COMPANY * a subsidlary'}lf:\aaystrom, Inc. * Benton Harbor 25, Mich.
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easy-to-build

LOOk ... how simply you can
assemble your very own high fidelity
system! Fun-filled hours of shared
pleasure, and an everlasting sense
of personal accomplishment are
just a few of the rewards. Heathkits
cost you only HALF as much as
ordinary equipment and the quality
is unexcelled. Let us show you

how easy it really is!

(V{ Install a.001 ufd disc condenser from socket
B7 (NS) to ground lug B11l (NS). Cut the
leads so that they are just long enough to
reachand dress the condenser close to chas-
8is, over the wirea already present.

{ ) Connect a 470 K@ resistor (yellow-violet
yellow) from aocket B7 (S) (2) to B8 (NS).
Mount as cloge to the socket as posaible.

Step-by-Step
Assembly
Instructions . . .
Read the step . . .
perform the operation

... and check it off—

it's just that simple!
These plainly-worded,
easy-to-follow steps

cover every assembly
operation.

Easy-to-follow
Pictorial
Diagrams . . .
Detailed pictorial
diagrams in your Heathkit
construction manual
show where each and
every wire and part is

to be placed.

Learn-by-doing
Experience

For All Ages . . .
Kit construction is not
only fun—but it is
educational too! You
learn about radio,
electronic parts and
circuits as you build
your own equipment.

Top Quality
Name-Brand
Components

Used in All Kits...

Electronic components
used in Heathkits come
from well-known manu-
facturers with established
reputations. Your
assurance of long life
and trouble-free service.

HEATHKIT

bookshelf 12-watt
amplifier kit

MODEL EA-2

$9895

There are many reasons why this attractive amplifier is a tre-
mendous dollar value. You get many extras not expected at this
price level. Rich, full range, high fidelity sound reproduction
with low distortion and noise . . . plus “modern’' styling, mak-
ing it suitable for use in the open, on a bookcase, or end table.
Look at the features offered by the model EA-2: full range fre-
quency response (20—20,000 CPS * 1 db) with less than 1%
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 equalization—separate
bass and treble tone controls—special hum control—and it's
easy-to-build. Complete instructions and pictorial diagrams
show where every part goes. Cabinet shell has smooth leather
texture in black with inlaid gold design. Front panel features
brushed gold trim and buff knobs with gold inserts. For a real
sound thrill the EA-2 will more than meet your expectations.
Shpg. Wt. 15 Ibs.

TIME PAYMENTS AVAILABLE
ON ALL HEATHKITS
WRITE FOR FULL DETAILS

8 AUDIO e OCTOBER, 1958
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chairside enclosure kit
This beautiful equipment enclosure will

”EW make your hi-fi system as attractive as any

factory-built professionally-finished unit. Smartly designed for maxi-
mum flexibility and compactness consistent with attractive appear-
ance, this enclosure is intended to house the AM and FM tuners
(BC-1A and FM-3A) and the WA-P2 preamplifier, along with the
majority of record changers, which will fit in the space provided.
Adequate space is also provided for any of the Heathkit amplifiers
designed to operate with the WA-P2, During construction the tilt-out
shelf and lift-top lid can be installed on either right or left side as de-
sired. Cabinet is constructed of sturdy, veneer-surfaced furniture-
grade plywood }%” and %” thick. All parts are precut and predrilled
for easy assembly. Contemporary available in birch or mahogany,
traditional in mahogany only. Beautiful hardware supplied to match
each style. Dimensions are 18" W x 24” H x 35)5” D. Shpg. Wt. 46 Ibs.

CE-1C Mahogany
CE-1CB Birch

CONTEMPORARY

Be sure to specify
model you prefer

9 15

}‘ CE-1T Mahogany
|  TRADITIONAL
|

*4 3%

Ceseessesssesse

HEATHKIT

high fidelity FM tuner kit

For noise and static free sound reception, this FM tuner is your least
expensive source of high fidelity material. Efficient circuit design
features stablized oscillator circuit to eliminate drift after warm-up
and broadbana IF circuits assure full fidelity with high sensitivity. All
tunable components are prealigned so it is ready for operation as soon
as construction is compieted. The edge-illuminated slide rule dial is
clearly numbered for easy tuning. Covers complete FM band from
88 to 108 mc. Shpg. Wt. 8 Ibs.

MODEL FM-3A $26.95 (with cabinet)

HEATHKIT

broadband AM tuner kit

This tuner differs from an ordinary AM radio in that it has been de-
signed especially for high fidelity. A special detector is incorporated
and the IF circuits are '"broadbanded"’ for low signal distortion. Sen-
sitivity and selectivity are excellent and quiet performance is assured
by a high signal-to-noise ratio. All tunable components are prealigned
before shipment. Incorporates automatic volume control, two outputs,
and two antenna inputs. An edge-lighted glass slide rule dial allows
easy tuning. Your "best buy'' in an AM tuner. Shpg. Wt. 9 Ibs.

MODEL BC-1A $26.95 (with cabinet)

HEATHKIT

master control preamplifier kit

Designed as the "master control” for use with any of the Heathkit
Williamson-type amplifiers, the WA-P2 provides the necessary compen-
sation, tone, and volume controls to properly amplify and condition a
signal before sending it to the amplifier. Extended frequency response of
= 11 db from 15 to 35,000 CPS will do full justice to the finest program
material. Features equalization for LP, RIAA, AES, and early 78 records.
Five switch-selected inputs with separate level controls. Separate bass

and treble controls, and volume control on front panel. Very attractively

pioneer in
“do-it-yourself”
electronlcs

AUDIO e OCTOBER, 1958

styled, and an exceptional dollar value. Shpg. Wt. 7 Ibs.

| @& sgbsidiary of Daystrom, Inc.

HéATH COMPANY - BENTON HARBOR 25, MICHIGAN

MODEL WA-P2 $19.75 (with cabinet)
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MODEL W-5M

$5075

To provide you with an amplifier of top-flight performance,
yet at the lowest possible cost, Heath has combined the
latest design techniques with the highest quality materials
to bring you the W-5M. As a critical listener you will thrill
to the near-distortioniess reproduction from one of the
most outstanding high fidelity amplifiers available today.
The high peak-power handling capabilities of the W-5M
guarantee you faithful reproduction with any high fidelity
system. The W-5M is a must if you desire quality plus
economy! Note: Heathkit WA-P2 preamplifier recom-
mended. Shpg. Wt. 31 |bs.

high fidelity amplifier kits

[/
HEATHKIT 70-WATT

MODEL W-6M

$10995

For an amplifier of increased power to keep pace with the
growing capacities of your high fidelity system, Heath
provides you with the Heathkit W-6M. Recognizing that as
loud speaker systems improve and versatility in recordings
approach a dynamic range close to the concert hall itself,
Heath brings to you an amplifier capable of supplying
plenty of reserve power without distortion. If you are look-
ing for a high powered amplifier of outstanding quality,
yet at a price well within your reach, the W-6M is for you!
Note: Heathkit model WA-P2 preamplifier recommended.
Shpg. Wt. 52 Ibs.

HEATHKIT DUAL-CHASSIS
MODEL W3-AM

$4975

One of the greatest developments in modern hi-fi reproduction was
the advent of the Williamson amplifier circuit. Now Heath offers
you a 20-watt amplifier incorporating all of the advantages of
Williamson circuit simplicity with a quality of performance con-
sidered by many to surpass the original Williamson. Affording you
flexibility in custom installations, the W3-AM power supply and
amplifier stages are on separate chassis allowing them to be
mounted side by side or one above the other as you desire. Here
is a low cost amplifier of ideal versatility. Shpg. Wt. 29 1bs.

high fidelity amplifier kits

HEATHKIT SINGLE-CHASSIS
MODEL W4-AM

$3975

In his search for the “perfect’ amplifier, Williamson brought o
the world a now-famous circuit which, after eight years, still ac-
counts for by far the largest percentage of power amplifiers in use
today. Heath brings to you in the W4-AM a 20-watt amplifier in-
corporating all the improvements resulting from this unequalled
background. Thousands of satisfied users of the Heath-
kit Williamson-type amplifiers are amazed by its ouistanding per-
formance. For many pleasure-filled hours of listening enjoyment
this Heathkit is hard to beat. Shpg. Wt. 28 Ibs.
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HEATHKIT

high fidelity
amplifier kit

$3550

For maximum performance and versatility at the lowest
possible cost the Heathkit model A-9C 20-watt audio
amplifier offers you a tremendous hi-fi value. Whether for
your home installation or public address requirements
this power-packed kit answers every need and contains
many features unusual in instruments of this price range.
The preamplifier, main amplifier and power supply are all
onone chassis providing a very compact and economical
package. A very inexpensive way to start you on the road
to true hi-fi enjoyment. Shpg. Wt. 23 Ibs.

MODEL A-9C

HEATHKIT

electronic
crossover kit

mooeL xo1 5] 895

One of the most exciting improvements you can make in
your hi-fi system is the addition of this Heathkit Crossover
model XO-1. This unique kit separates high and low fre-
quencies and feeds them through two amplifiers into
separate speakers. Because of its location ahead of the
main amplifiers, IM distortion and matching problems are
virtually eliminated. Crossover frequencies for each chan-
nel are 100, 200, 400, 700, 1200, 2000 and 3500 CPS. Amaz-
ing versatility at a moderate cost. Note: Not for use with
Heathkit Legato Speaker System. Shpg. Wt. 6 Ibs. -
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NEW LOW PRICE!

“LEGATO”

high fidelity speaker system kit

Wrap yourself in a blanket of high fidelity music in its true form. Thrill to
sparkling treble tones, rich, resonant bass chords or the spine-tingling
clash of percussion instruments in this masterpiece of sound reproduc-
tion. In the creation of the Legato no stone has been left unturned to bring
you near-perfection in performance and sheer beauty of style. The secret
of the Legato’s phenomenal success is its unique balance of sound. The
careful phasing of high and low frequency drivers takes you on a melodic
toboggan ride from the heights of 20,000 CPS into the low 20's without the
slightest bump or fade along the way. The elegant simplicity of style will
complement your furnishings in any part of the home. No electronic know-
how, no woodworking experience required for construction. Just follow
clearly illustrated step-by-step instructions. We are proud to present the
Legato—we know you will be proud to own itl Shpg. Wt. 195 Ibs.

:-----.-nvco-n-voon'i
+  MODEL HH-1-C
. (imported white birch)

MODEL HH-1-CM
(African mahogany)

$299

e e sssvveere

HEATHKIT HEATHKIT

BASIC RANGE RANGE EXTENDING

o W-M‘_F’ L] - ()
high fidelity speaker system kits

MQSD_QE" $3995 A truly outstanding performer for its Designed to supply very high and
size, the Heathkit model SS-2 provides very low frequencies to fill out the

you with an excellent basic high fidelity speaker system. The response of the basic (SS-1)
use of an 8” mid-range woofer and a high frequency speaker speaker, this speaker system ex- MODEL & 95
with flared horn enclosed in an especially designed cabinet tends the range of your listening SS-1B 99
allows you to enjoy a quality instrument at a very low cost. pleasure to practically the entire
Can be used with the Heathkit “range extending'' (SS-1B) range of the audio seale. Giving the appearance of a single
speaker system. Easily assembled cabinet is made of veneer- piece of furniture the two speakers together provide a su-
surfaced furniture-grade 4" plywood. Impedance 16 ohms. perbly integrated four speaker system. Impedance 16 ohms.
Shpg. Wt. 25 Ibs. Shpg. Wt. 80 |bs.

COMPANY . BENTON HARBOR 25, MICHIGAN

Free Catalog! 5
g pioneer in ﬂ bsidiary of Daystrom, Inc.
“do-it-yourseif”
Don't deprive yourself of S| ellec{im/cs [7] Please send the Free HEATHKIT catalog.
the thrill of high fidelity or £
R o [ Enclosed is 25c for the New HI-Fl book.
your own equipment any
longer. Our free catalog name
lists our entire line of kits
with complete schematics address
and specifications.
Send for it today! city & state
veseressssssccccscarenes s ALSO SEND THE FOLLOWING KITS:
NEW! ""DOWN-TO-EARTH"’ QUANTITY ITEM MODEL NO. PRICE
HIGH FIDELITY BOOK
THE HOW AND WHY OF HIGH FIDEL-
ITY, by Milton Sleeper, explains what high
tidelity is, and how you can select and plan
your own system. This liberally-illustrated,
48 pagelbook tells you the H_I Fl
is;?,%nw:?o::g:fg::néiﬁzm‘?r} 250 Enclosed find $............... Please enclose postage for parcel post—express orders are shipped delivery
minology. charges collect. All prices F.0.B. Benton Harbor, Mich. NOTE: Prices subject to change without notice.
AUDIO e OCTOBER, 1958 11
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Talk B8 %

by John K. Hilliard

Director of Advanced Engineering

LOUDSPEAKER EFFICIENCY

Loudspeaker efficiency is an important
design factor that is often overlooked or
misunderstood by those who enjoy high
fidelity. It is only logical to assume that
any device should be engineered to be as
efficient as possible whether it is an auto
engine, an amplifier or a loudspeaker.

Speakers which have very low efficiency
were not designed with that feature in
mind. Rather this low efficiency is a
by-product of one of the simpler and less
expensive engineering methods used to
achieve bass response and low distortion.

Such designs, in an effort to achieve greater
bass and low distortion, utilize a heavy
cone which has inherently low resonance.
This heavier mass provides greater bass
but carries with it the high price of poor
transient response, loss of mid and high-
range efficiency and smoothness, and
heavier amplifier requirements.

Many speakers following this design
approach require as much as 16 times the
amplifier power to obtain the same listen-
ing levels as more efficient units. Ten watts
versus 160 watts seems like an extreme
design compromise. Few, if any, of the
stereo amplifiers will provide sufficient
power for full dynamic range at normal
listening levels with such Jow efficiency
speakers.

With a more carefully integrated design
approach, and the acoustical laboratories
necessary to truly evaluate results, it is not
necessary to make this compromise to
achieve bass. A properly designed mag-
netic structure will provide a strong flux
throughout a long air gap. Cones, with
their compliance and voice-coil designed
for long linear excursion throughout the
audio range, will operate in this high flux
with great efficiency. Such a design has Jow
distortion and good bass without any com-
promise in efficiency or transient response.

All ALTEC speakers are the result of such
integrated design principles. Their bass
reproduction is in proper balance with the
rest of the audio spectrum. Their distor-
tion and transient response have received
careful attention. Their efficiency is as high
as present engineering art permits.

It should be remembered that a good loud-
speaker design need not sacrifice a part of
the whole performance in order to provide
a single outstanding feature.

Listen critically at all levels of loudness.
You will readily distinguish the superiority
of ALTEC loudspeakers.

Write for free catalogue: ALTEC LANSING
CORPORATION, Dept. 10A-B, 1515 S.
Manchester Avenue, Anaheim, Calif., 161
Sixth Avenue, New York 13, N. Y. 5.
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tneir compliance and voice-coll designed
for long linear excursion throughout the

BOOK REVIEW

Music and Western Mau, edited by Peter
Garvie (Philosophical Library, 328 pp.,
$7.50).

In 1955 the Canadian Broadcasting
Corporation organized a series of fifty
weekly one-hour programs designed to
trace the development of Western music
by means of commentary and recorded
illustrations. Twenty-one critics, musicol-
ogists, composers and musicians took part
in the symposium, which covered more
than twenty centuries of music. When
listeners began to write in, asking for
copies of the scripts and information
regarding the discs played, C.B.C. pro-
ducer Peter Garvie was convinced that
his series had the makings of a fine book.
Accordingly, he edited the entire set of
lectures and arranged for their publica-
tion.

In terms of scholarship and musical
authority, the list of contributors to this
new survey of music history is impres-
sive: Paul Henry Lang, Karl Geiringer,
Denis Stevens, Gustave Reese, Willi
Apel, and the other 16 writers are names
any anthologist would be proud of. The
book is carefully edited, includes an in-
dex, and notes related books and records.
Yet, despite the quality of its parts,
Music and Western Man, as a whole, falls
short of the marlk.

In the book's Preface, Mr. Garvie
writes that his aim was “to provide a
history of music in western civilization
and to explore western civilization
through one of its aspects.” A tall order,
indeed. ISven the best-intentioned editor
must realize that, with several contrib-
utors to contend with, he cannot hope
for a perfectly uniform approach. Musle
and Western Man proves no exception to
this rule. In some chapters, the historical
perspective is treated in detail, hut it is
only touched upon in others. The writing,
too, varies from one author to the next,
ranging from dry to colorful, academic
to informal.

Perhaps the book’s chief shortcoming
is that it was originally conceived for the

N/
“The minute he says his sounds more realistic, you know what to do.”

WWW mnﬁ@ﬁ@ﬁhlﬂ@ﬂlhjsb@rv com

ear rather than for the eye. Within the
framework of a radio broadcast, the com-
nmentator cannot examine his subject as
thoroughly as on the printed page. The
clock becomes his master, and the pacing
of the script an all-important considera-
tion. During the course of the programs,
records are played to illuminate the
commentary, thus adding the depth of
understanding that words alone cannot
suuply. In his chapter on the medieval
trouveéres, Denis Stevens describes a song
for soloist and chorus by Guillaume
@’Amiens: “A young swain is making
amorous advances to an attractive bru-
nette who is trying to keep her mind on
the cows she is supposed to be looking
after. The chorus chimes in after every
verse: ‘Keep a lookout! Is anyone watch-
ing? If anyone’s watching us, give me a
shout!"” At that point, the record is
played, and the listener properly en-
lightened.

But what is the reader to do about the
hundreds of similar recorded examples
sprinkled throughout the book? Unless
he already has a superb record collection
(highly unlikely in view of the fact that
this book is designed for the music lover
whose musical knowledge and experience
is limited), or has access to an un-
usually large record library, he will be
hard put to find all the records listed in
the book. TFor one thing, some of them
were privately recorded especially for
the broadcasts. Others are discontinued
78-rpm. records, and many of the LP
discs are parts of multi-record albums.
such as the History of Musie in Sound
(RCA. Victor).

To be successful, an enterprise of this
nature requires the collaboration of a
book publisher and a record company.
In this way, all musical examples will
have been recorded by one company, and
will be as accessible to the music lover
as the text itself. As a series of radio
programs, Music and Western Man seems
a praiseworthy idea, but a great deal is
lost in the “translation.”

—Harold Lawrence
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The sighing wind ... the rippling water .. . the roaring surf ...each voice clear
and distinct yet blending into the glorious symphony of the sea. This quality of
living natural sound can be yours to enjoy with High Fidelity by Grommes...
the natural tone of each voice...each instrument...the sparkling clarity and
realistic depth of the live performance . .. high fidelity reproduction at its finest.
Grommes Hi-I'i components are craftsman-designed and assembled with jewel-like
precision .. . built to last for years of musical enjoyment. Beautifully styled in
gleaming gold and white set in leatherette cases.

Visit your Grommes Hi-Fi Dealer . . . see and hear these exciting new Stereo High
Fidelity Amplifiers, Preamplifiers and Tuners.

2 000000 0PO00 0000000000000 000090000000000000000000000000000000000000000000000000000000000:!

[] Please send me Free Color
Brochure featuring the new
Grommes Hi-Fi Series.

N o
HIGH FIDELITY
sagrACTEALES

gammp/i_ Div. of Precision Electronics, Inc. Dept. AU-10, 9101 King St., Franklin Park, 1iI.

Name

Street City. State
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Fdward Zatnall Canby

1. THE GREAT IMPROVEMENT

I'm feeling much better this month about
stereo—as I knew I would, given a little
time.

Last month’s somewhat dismal effusion
was, I felt, a necessary expression of a
state of mind through which most of us
who listen to stereo have already gone,
or will have to pass, in these early days
of a new era. If the facts were few and the
constructive tips practically nil last month,
the confusion and the indecision were
genuine.

I asked the cditor how he had reacted to
what I wrote and he opined, somewhat
glumly, that well, he supposed it had to be
said. It did.

But now the skies are clearing. The blue is
just over yonder. T am now enjoying almost
every stereo dise worth enjoying. I can, at
last, write record reviews of the stereo
dises in no more than twice the time it
takes to review a comparable mono dise.
Only occasionally,. now, do I start a new
stereo record and find myself three or four
liours later still stuck with it, fiddling with
equipment, speaker placement, phasing,
balanece, distortion (in the record? or some-
where else?) and so on.

I'm beginning, finally, to be able to
judge a stereo disc for itself without hav-
ing to go through endless comparisons,
backtrackings, changes of feeling, doubts,
unpleasantnesses. And best of all, 'm be-
ginning to be amazed at the high quality
of the latest bateh of stereos that have
come in. Also, retroactively, the fine qual-
ity of some of the earlier ones. One must
constantly re-assess, re-judge, re-listen, in
this formative period of what is in part a
new phonograph art. It takes work and it
takes time.

I'll accordingly pass on to you my pres-
ent thinking, on a more positive and defi-
nite plane than last month’s. It'll change
further, of course, as will yours, while the
disecs come in and the new stereo playing
cquipment burgeons.

Level

As evidence piles up, there are several
rather clear-eut areas where you may ex-
pect a bit of trouble in stereo dise. Maybe
“trouble” isn’t the right word, for I mean
in some cases a positive annoyance like
distortion and in others a negative lack,
like missing bass.

First, there is the matter of reccorded
level. It varies presently from one record
to another in rather drastic degree, as
noted in the RECORD REVUE. Some stereo
dises are cut really high-level, others seem
remarkably low. Perhaps, to tell the truth,
the difference is really not much greater
than in the past with mono dise. But if so,
it is far more touchy in the stereo situ-
ation.

Cutting level is, of course, the sum result
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of a whole bateh of erncial factors and rep-
resents a sort of final balance, for the mo-
ment, as chosen for a particular set of
circumstances. Judgments differ, circum-
stances differ, compromises that may be
made are many. The choice may be—low-
level.

Low-level stereo disc is dangerous right
now, as mentioned in one of my record re-
views, because we have prevalent troubles
with hum and rumble. Jack up the play-
back volume and up comes whatever rum-
ble and/or hum is present in the system.
Good eqnipment, as mentioned last month,
ideally has no audible hum and virtually
no rumble, but in practice the hum creeps
in a lot more than twice as easily when
two circuits must work together. And the
rumble problem is greatly increased by the
two-way streteh, the vertical rumble ele-
ment added to the lateral plus all the
rumble-angles in between.

The decisions in stereo cutting are paiu-
ful ones in this respeet. Natch—a high
level is desirable for best reproduction in
relation to hum and rumble. But a low
level is equally desirable, from a different
point of view, to allow longer playing time
and relatively low distortion.

Length of Play

It is interesting to note that a number
of companies have deliberately tied them-
sclves to stereo-mono dise equality by as-
signing the same catalogue numbers and
titles—and even the same cover—to their
stereo and mono releases. This is a brave
move, since it states in effeet that stereo
can be cut equally with mono, at as great
a playing time and with top matehing
stereo quality, that the sacrifices, if any,
are tolerable, even now. But the engineers
of these committed companies must have
had many nightmares these last months
trying to put this prineciple into practice!

Other companies, more cautious, are initi-
ating separate stereo catalogues with sepa-
rate record numbers (and even separate
labels occasionally), thereby reserving the
unspoken right to put less music on the
stereo disc, if and when advisable. As
nsual, Columbia and RCA are on opposite
sides in this respect, Columbia being the
cantious one.

The plain faet is that the necessary com-
promises right now are distinetly less favor-
able for stereco than for mono wherever
the compromise is cruecial. Something has
to be done, somewhere. The first thing
to give, in this judiciously necessary com-
promise, is the length of play. You'll find
that a good many of your stereo dises are
therefore on the short side, some of them
definitely skimpy. At a wild guess, I'd say
that the average stereo dise so far is about
ten per cent shorter than the equivalent
in standard mono LP. New titles, new
nunibers, new covers, disgnise this factor;
but it is there and is surely legitimate.
Shorter play is clearly the most direct road
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had many nightmares these last months
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towards top sterco sound. The playing time
¢an be again increased (as it was in stand-
ard LP) as improvements make it possible.

So don’t be a bit surprised if the stereo
dise version of a particular recording
turns out to have an item or two less on
it than the same record in mono form. It
could even happen in the case of RCA.
Note that the sterco tape version of RCA’'s
“Hi-Fi Fiedler” contained only half of the
original LP content (the rest came out on
a separate tape) though the same title and
the same cover picture are used for both
the long LP and the shorter tape.

Don’t forget that there are many re-
cordings that are just naturally brief
enough to be cut in both mono and stereo
without compromise. Plenty of room. It’s
the lengthy material that makes trouble,
the long Beethoven works, for instance.
They cannot be shortened by a single note
and often the original mono version is al-
ready crammed in pretty tightly. To get
these items outo stereo dise requires some
further compromise and/or risk of distor-
tion, It appears usually in a lowered
volume level, as in the Vanguard Beethoven
series and in some of the Capitol-Angel
disecs of a similar persuasion. (Sce the
Beethoven Seventh Symphony, in the REC-
OoRD REVUE.) But the compromise may also
turn up in other ways—or show up in dis-
tortion when the calculations have been oo
close, especially in the crucial inner
grooves. (See Mercury's Gershwin dise,
also reviewed this mouth.)

Less Bass?

Bass is the uext-casiest way out. Most
sound energy is in the bass; reduce your
bass and you can raise the over-all level,
lengthen the playing time, reduce all sorts
of mechanical troubles in the playing mo-
tions. Standard RIAA equalization theo-
retically is able to take care of this factor,
for stereo grooving as it has for standard;
the curves are the same. In the end, we
can assume that this is the fact; for the
time being and in present practice, bass
isn’t that easy to manage. It's my impres-
sion that a lot of stereo dises now coming
out have been quietly reduced in bass, in
order to make other problems collectively
manageable.

I've just played one such dise. It has a
gorgeous sound, seems to be plenty loud
in the over-all, is beautifully miked and is
cut as clean as a whistle. But I can’t hear
the bass. I didn’t notice it for a while; you
dow’t, if the music is good and the sound
too. (And it still might be merely that the
bass Instruments were miked further away
and so less loud.) Nevertheless, my sense
tells me that there is reduced bass here.
Boosting it helps the munsical effect, but
brings in too much rumble for comfort.
The impression made by this particular
dise fits in with other experiences.

T've already been making random AB
comparisons, when time has allowed, di-
rectly between the mono and the stereo
versions of the various recordings. I get
both in some cases. And I have found that
quite often (a) the momno level is higher
and (b) the mono bass range is noticeably
fuller, deeper in sound than the stereo.

How about the pickup? At first, the dif-
ferences in bass content between stereo and
mono dises may be confused by noticeable
differences in the two types of playing car-
tridge. It is a phenomenon to me so far
unexplained that most stereo cartridges
seem to reproduce a weaker bass than their
mono equivalents. Is the lack of repro-
duced bass perhaps here in the ecartridge,
not in the stereo disc? No. Try one ecar-

(Continued on page 94)
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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 &
e FM Multipiex. 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-
expe r S ally, and reversing them; also use of unit for stereo or

monophonic play. Full-wave rectifier tube power supply.

5-12AX7/ECC83, 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.

Sa HF81: Stereo Dual Amplifier-Preamplifier selects,

0.0 0 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

I n - controls, separate focus (balance) controi, 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

e es u S are internal power amplifiers while other preamp-control

section is left free to drive your existing external ampli-

fier. 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

i supply) Kit $33.95. Wired $49.95.

World-famous L—|UFD6'%):C;gfi:\_lralaégs“m'?sttsezapensive preamps" — Marshall,
] it $24.95, Wired $37.95, HF61 (with :
EICO advantages ) ] power supply) Kit $20.95. Wired $4.85. Y Z
guarantee your complete satisfaction: MONAURAL POWER AMPLIFIERS R
g (use 2 for STEREQ) ~
. . . . HF60: 60-Watt Ultra Li P Amplifier with U
Advanced engineering e Finest quality components Acro T0-330 (?ut:t)ut ;?mr.l;nﬁgr:e of the hestperiorming [
\ X i . . amplifiers extant; excellent buy.” AUDIOCRAFT Kit —
‘Beginner-Tested,’’ easy step-by-step instructions Report, Kit §72.95. Wireécssee.gs. Cover £2 $450, :
2 ] . HF50: 50-Watt Ultra Li P Amplifier with ¥
LIFETIME service & calibration guarantee ?xtremcllyd hitg'h ?qali{? cﬁ?c‘%:g; S?awnggrd nalﬂpulfr'l'r‘;’ns- 2
ormer. ldentical in every other respect to HF60, :
IN STOCK — Compare, then take home any EICO specs at SOW. Kit $57.85. Wired $87.05. Cover £.2 9450, [
. " 80 " ; . NEW HF35: 35-Watt Ultra-Li p Amplifier, g
equipment—right “‘off the shelf””—from 1900 neighbor Kit $47.95. Wired $72.95. Cover E2 $4.50. " 2
hood EICO dealers. HF30: 30-Watt Power Amplifier. Kit $39.95. Wired b

$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 STEREQ)
HF52: 50-Watt Integrated Amplifier with complete
“front end”’ facilities & Chicago Standard OQutput 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 2
wallop’’—PQOP. 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 8142” 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”, 15Y4”, 111%”."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 ohms. HWD: 11" 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
Speaker System HFS2 fidelity kits.”” — AUDIOCRAFT KIT REPORT. Kit $39.95*.
367 15 X 154" W x 114" D Wired $65.95*. Cover $3.95.

Inc.

Copyright 1958 by Electronic Instr. Co.,

Add 5% in the West.

& Bcll‘nksgali
Monaural Integrated Amplifiers: PeR ﬁ{sly S
50, 30, 20, and 12-Watt

(use 2 for Stereo)

® LESS COVER, F.C.T. INCL.

| Monaural Preamplifiers:
l HF65, HF

5
(stack 2 for Stereo)
= LA

EICO, 33-00 Northern Blvd., L.1.C. 1, N. Y. A-10

SHOW ME HOW TO SAVE 50% on 60 |
models of top-quality equpment as |
checked below. O Hi-Fi |
O Test Instruments {0 Ham Gear. |
|
|
|
|

Monaura Power amplifiers:
, 35, 30, 22 and 14-Watt
{use 2 for Stereo)

Send FREE literature & name of neighbor-
hood EICO dealer.

Over 1 MILLION EICO instruments in use throughout the world.
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EDITOR'S REVIEW

THE HI-FI SEASON

Y THE TIME this issue is in the hands of readers,
B the 1958 Hi-Fi season will be well under way. The
Chicago show will be a thing of the past, as will
the Rigo shows in Albany, Syracuse, and Rochester,
and the ITHFM High Fidelity Show in New York will
be in progress. ach year it seems as though there is
greater public interest in our industry, and more and
more ‘‘hi-fi’”’ phonographs and radio-phono combina-
tions are being sold to those who have heard the magic
words and thus entered into the ranks of the thou-
sands who find much real enjoyment in good repro-
duction of musie.

Even the radio networks are beginning to take
notice of the growing interest in good music, and
some are already feeling their way into the intricacies
of stereo. We do not have the slightest doubt that
some form of stereo broadecasting will be agreed upon
and become common within the next twelve monhts.
For the sake of good quality and the minimum use
of air space, we hope the method will be FM and
multiplex, and if there is enough public interest it is
possible that the FCC will rule in its favor.

‘While we are wholeheartedly in favor of the sum-
and-difference method of stereo broadecasting as pro-
posed by Murray G. Crosby—and currently under-
going engineering tests at New York’s WBAI, we
think that some modifications of his proposal might
be more readily acceptable to the baekground-multi-
plex people, who have investments in equipment and
who are engaged in businesses which have been made
possible by FCC regulations. The presence of wide-
band multiplex adapters in the hands of the public
would certainly lower the value of the background
music serviees even though ‘‘pirating’” of the pro-
grams is illegal. There are always some who risk the
illegality for the sake of a few dollars.

One of the problems of multiplexing is the crosstalk
between mam and sub-carrier channels, and the closer
the channels are the more crosstalk there is likely to
be. The use of a 50-ke subcarrier for stereo broadcast-
ing, allowing for a 25-kc swing, covers both presently
used multiplex bands, and consequently the back-
ground stations can be heard on an adapter of the
Crosby type. The wide swing of the Crosby carrier
undoubtedly gives a better signal-to-noise ratio, but
present background stations are doing quite well with
respect to noise with considerably less swing.

‘We think that if the stereo subcarrier were to be
set at 35 ke, for example, a swing of =15 ke would
thus range from 20 to 50 ke. Allowing for a 5-kc
clearance band, the background subearrier could be
set at 67 ke and allow a swing of + 12 ke—which, we
are told, is adequate, and many are swinging in the
range of 6 to 8 ke. Then all background multiplex
stations might readily use 67 ke, which many are al-
ready using, and adapters or receiver-adapters for the
public could be made so as not to receive the 67-ke

16

4 @ (=]

T e i i s it Pt Tk i B b B ] e iadt s L st 26 B A erie od VAR A Sl 4

subcarrier. This would permit the continuance of the
multiplex background services, which undoubtedly
fill a definite need at present, and would still provide
for a stereo-multiplex service, which would then fune-
tion as a sum-and-difference method. The increased
crosstalk between the lower stereo sub-channel and
the main channel might be increased somewhat, but
we do not believe that this would be detrimental to
the stereo effect. Channel separation on stereo pickups
is seldom more than 20 db, and this seems to be thor-
oughly adequate; we are told that 30-35 db can be
obtained fairly easily, even with the 32.5-ke sub-
carrier now in use by some stations.

We are of the opinion that this distribution of the
subcarriers would serve both stereo and background
interests in a thoroughly satisfactory manner. The
use of the entire subcarrier spectrum for point-to-
point services does not serve the general publie par-
ticularly, but we do not think that the broadcasters
should displace the background operators from their
established businesses, certainly not without due re-
muneration. Tt should be possible for the two services
to co-exist without any degradation of either one.

MONTEREY JAZZ FESTIVAL

There was a time when a jam session consisted of
a few musicians and perhaps twice as many jazz buffs
in a smoke-filled room some evening. But in the past
few years these sessions have grown into festivals,
lasting several days and attended by thousands. ‘The
session in Monterey, California, which is to be held
early this month, has really become ‘‘big business’’
requiring a $35,000 installation of sound reinforce-
ment and recording equipment, with some 525 watts
of power being available to drive the five complete
speaker systems consisting of 22 separate speaker
units. The entire installation will be handled by
Ampex—which is almost close enough to run back to
from Monterey to get a forgotten cable or microphone.

In any case, full information about the installation
1s too long for this column, but we have been promised
pictures and a complete deseription for next month.
We believe it will be interesting.

ERRATA, AGAIN

The photo of Harman-Kardon’s FA-10 tuner-ampli-
fier which appeared on page 44 of the September
issue was incorrectly labeled the F-10. The tuner,
of course, has ouly two controls, and is somewhat
smaller in size.

1. B. Harrison, of Altec’s Peerless transformer
division, calls our attention to an error in the number
of the transformer used in the Isodyne amplifier de-
seribed in the August issue—it should be S-258-Q
instead of S-268-Q as shown on the schematic. He’'s
right, of course, since the latter is a discontinued item.
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PRECISION ...

- precisely
for music!

A pickup precisely designed for
music! A stereo pickup with all
the compliance, frequency
response and distortion-free
performance required for the
highest quality music repro-
duction. This...is the
STANTON Stereo-
FLUXVALVE...where
quality starts and the

- music begins!

The STANTON Model 196 UNIPOISE Arm
with integrated Stereo- FELUXVALVE pickup

Wiavmie iRy mounts easily on all quality transcription turn-

sealed for a life-
time of trouble-
free use, the
STANTON Stereo-
FLUXVALVE per-
forms in a way no
ofher pickup «an
equal. Use it in
outomatic or man-
val record ploying
systems.

tables. Precision single friction-free bearing adds
gentleness to quality. $39.85 with replaceable 0.7
mil diamond T-GUARD Stylus.

For use in all pickup arms—automatic or manual
—choose the STANTON Model 371 Stereo-
FLUXVALVE cartridge. On monophonic rec-
ords it will outperform any other pickup except
the original FLUXVALV'E . . . on stereophonic
records it is peerless! $29.85 with replaceable 0.7

- mil diamond T-GUARD Stylus,

PHOTOGRAPHED BY MORT WELDON

For 1ose who con 1he aiierence " mme QUALITY MIGH FIDELITY PRODUCTS BY

PICKERING & COMPANY, INC., Plainview, N. Y.

FLUXVALVE, T-GUARD, UMIPOISE are registered trademarks of Pickering & Co., Inc.,

Address Dept. A108 for a free copy of IT TAKES TWO TO STEREO by Waiter O. Stanton.
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1in 35,000,000

How the telephone switching
system sorts numbers in seconds

When you dial out of town, the telephone switching sys-
tem performs an amazing feat. It sorts out the one other
number in 35 million you want, and connects you to it in
seconds. The other telephone may be thousands of miles away.

Bell Laboratories engineers endowed this great switching
network with almost superhuman capabilities. As you dial, the
machine listens, remembers, figures out the best route, makes
connections, alerts, reports, even corrects itself. If it detects
trouble on the way, it files a report, then chooses other circuits
and goes on to complete your call. All you are aware of is the
end product—the completed call.

Yet at Bell Telephone Laboratories, switching engineers
see the present system as only a beginning. Ahead they see—
and are developing—new systems vastly more flexible and
capable than today’s. Nowhere in telephone technology is the
challenge greater. Nowhere are dreams coming true faster.

BELL TELEPHONE LABORATORIES

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

These Bell Telephone System directories

list some of the 35,000,000 telephones now linked
by the Direct Distance Dialing system

developed at Bell Laboratories. In seconds,

this unique machine sorts out and connects

you with precisely the number you want.

JANUARY 1958 Wy SRR Rk bl ANGHWLIEIE dl'C Ul'CallS CULLLLE LU 1dSLEr,
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A Two-Way Stereophonic

Amplifier

B. B. BAUER,* ]. HOLLYWOOD,* and G. MAERKLE®

With this ingenious circuit, stereophonic phono systems may be reduced
in number of tubes required and consequent cost while maintaining low
distortion and simple amplifier design for medium-power installations.

0T THE LEAST of the problems of
stereophonie reproduction is that
of space and cost. The necessity of
providing two separate reproducing
channels doubles everything with the
exception of the pickup stylus. It is
evident that if stereophony is to be en-
joyed by a wide segment of population,
new engineering approaches must be
found for minimizing the bulk and cost
of stereophonic equipment without saec-
rificing quality. The amplifier deserihed
in this article helps to solve this problem.
The new amplifier is called a “two-way
amplifier” because it uses a single push-
pull stage to amplify two independent
signals. Its total power output is equiva-
lent to that of a single push-pull ampli-
fier using the same tube compliment.
The separation between the two channels
on the average is better than 25 db.
The cost is only a little more than that
of a single push-pull amplifier and con-
siderably less than that of two separate
push-pull amplifiers of similar total per-
formance.
To understand the principles upon
which the new amplifier is based, refer-
ence is made to Fig. 1, which illustrates

* CBS Laboratories, 227 High
Road, Stamford, Connecticut.

Ridge

V=.707(L-R)}

B+

Fig. 1. Amplification of two signals with
a push-pull stage.
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H=.707(L+R)

Fig. 2. Equivalence of 45/45 L and R
modulation and H and V Sum-and-Dif-
ference modulation.

a push-pull output stage operating in
class A or AB. This stage differs from a
conventional transformer-coupled push-
pull stage in having two instead of one
input and output transformers. A signal
applied to the winding 3 ounly will drive
the two grids in opposition, so that the
stage will perform in a conventional
push-pull fashion, i.e. an output signal
will appear at the winding M ,, and
since the ineremental plate eurrents will
be oppositely directed there will be no
output at N,. A signal applied to the
winding N only will drive both grids
equally and the incremental plate cur-
rent will be in the same direction result-
ing in parallel operation, i.e. there will
be output at N, but not at 3,. Such a
pushi-pull stage will amplify two inde-
pendent signals with little interaction,
and it could conceivably be used to am-

plify the left (L) and the right (R)
stereophonic signals independently of
cach other. Its operation, however, would
not be entirely satisfactory. One of the
obvious faults, for example, is that the
two channels are not identical. The
push-pull channel will have a greater
power handling capacity than the paral-
lel channel for given frequency response
and distortion, and in stereophonic work
it is best to provide channels of equal
capacity for both signals.

Improved Circuit Arrangement

An improved ecircuit can be provided
by considering an additional prineiple.
In Fig. 2 is shown a stercophonic groove
in cross-sectional view. Let us assume
that in the process of modulation the
apex of the groove is driven from the
point P to the point Q. This comes about
because of two stereophonie 45/45-deg.
signals L and R. We notice at this point
that precisely the same result would have
been accomplished by a horizontal mod-
ulation H=.707(L + R), and a vertical
modulation ¥ =.707(L — R). Thercfore,
except for the factor .707, a 45/45 mod-
ulation is equal to a lorizontal-vertical
modulation in which the sum signal
S=L+R is recorded horizontally and

Fig. 3. Reproduc-
tion of Left and
Right channels
played as S and
D signals with a
Horizontal - Verti-

cal pickup.
—_—
H-V
PICKUP

B=-2R

WWW_ ammerieaiiadiahistary com
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L 45/45 -R
PICKUP

TIT77RITTTT
45/45
DIsC
B+

Fig. 4. The use of the Two-Way amplifier
with a 45/45 pickup.

the difference signal D=7 -R is re-
corded vertically. This is an important
identity which should be kept in mind:
The two systems are really one and the
same but are merely expressed by a dif-
ferent set of equations. It has been ob-
served that the sum signal S is apt to
carry the bulk of the power while the
difference signal D prineipally conveys
the stereophonic information.

Let us now consider one way of com-
bining these principles to achieve the
reproduction of a 45/45 record with the
single push-pull stage. The record may
be reproduced with a horizontal-vertical
pickup connected as shown in Fig. 3.

The horizontal section reproduces the
sum signal S=L+R and its output is
applied to the input winding M which
will aetnate the stage in accordance
with its maximum power handling capa-
bility. The vertical section reproduces
the difference signal D=L—-R and its
output is connected to the winding N.
The winding M, is now center-tapped
and provided with sufficient turns to
generate two signals +S and - S. One
side of N, is conneeted to this center
tap. The voltages between the other side
of N, and the two free ends of M, now
may be caleulated as follows:

A=D+S8=(L-R)+(L+R)=2L
B=D-8=(L-R)-{(L+R)=-2R

Thus we see that a horizontal-vertical
pickup combined with the special push-
pull stage and matrixing output trans-
formers will produce two independent
I and R signals from a 45/45 disc. These
two signals may be applied to the stereo-
phonie loudspeakers in the usual man-
ner; noting however that the phase of
one of them is reversed, but this can be
readily corrected by reversing one pair
of leads. The performance of this unit
will be indistinguishable from that of
two independent amplifiers and loud-
speakers driven with a 45/45 pickup.

Use with 45 /45 Pickup

The final question now can be an-
swered: How to use this stage with a

45/45 pickup? Consider the potentials
at the grids of the tubes. Referring again
to Fig. 3, the upper grid has a potential
(L-R)+(L+R)=2L and the lower
grid has the potential (L— R) — (L + R)
=—2R. Therefore, the potentials at the
two grids are equal and opposite to
those supplied by a conventional 45/45
pickup. Some stereophonie pickups have
four terminals and they will be directly
usable with the two-way amplifier by
suitable connection. Other pickups are
purposely provided with terminals of
opposite polarity. Such an arrangement
is shown in Fig. 4.

It should be noted that by reversing
the phase of one of the stereophonic
signals, the single stage will continue to
handle a virtual sum signal in push-pull
and a virtual difference signal in paral-
lel, and this will utilize its eapabilities
most effectively. One of the loudspeakers
is also reversed in phase as previously
mentioned to preserve the proper phas-
ing of the sound from both channels.

Advantages

The two-way amplifier has several
advantages over two equivalent single-
ended amplifiers. A good single-ended
stage is diffieult to design because of the
saturation of the output transformer
ivon. In the two-way amplifier the push-
pull transformer is not subject to satura-
tion. This transformer carries the sum

(Continued on page 92)
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less than 1 per cent harmonic distortion.
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The Two Approaches

To build in or not to build in—that is the question. And here are two examples which have
been created by or for their owners and which satisfy their individual tastes in decor.

S LONG AS PEOPLE DIFFER in tastes, there will be differences A5
A in the insides of their homes. Some enjoy the built-in
installation with its many advantages, while others prefer
conventional furniture with its many advantages. Living habits
certainly differ from house to house, and the requirements
seem to differ just as widely.

An exponent of the “furniture” school, Robert L. Cantillo,
of 2726 Valentine Avenue, Bronx, N. Y., remodeled an old
buffet considerably, hinging its top, and replacing the legs
with more modern ones, and installed a complete system in
the result. The photo at the right shows the finished unit,
which houses a Concertone 1401 tape recorder, Weathers
turntable and pickup, Glaser-Steers changer, Radio Craftsmen
AM-FM tuner, and an EICO preamplifier, together with a
30-watt McIntosh amplifier. When not in use, the controls are
hidden behind two panels which are covered by the same type
of grille cloth as that at the top.

The built-in approach is shown below—an installation
planned for a family in Tueson, Arizona. In this photo, sent
us by Louise Price Bell of that city, all the necessary equip-
ment is accommodated in a one-wall music center. The TV get
is at the right height for viewing from twin couches in the
corner opposite, the record player is in its own little niche, with
the preamp controls above the TV set, speaker switches for
the entire house under the player compartment, and the AM-
FM tuner below. Musical instruments that various family
members play are stored hehind closed doors, kept free from
dust, and records are on conveniently sloped shelves at the left.
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Standing Waves—An Audio

Booby Trap

WILLIAM D. BELL*®

The acoustics of the listening room have always been considered important, but the analysis and cure
have not often been discussed. The author describes one type of trouble and tells how to correct for it.

sive static rocket-engine test. The

test stand was nestled in a ring of
hills in a remote, isolated spot. When
the engine was fired, it shot a column
of fire, smoke, and steam blistering
down a canyon, and the tremendous
energy shook the very ground of the
distant hill where I stood. Sound levels?
180 db and more at the engine—enough
to burst your eardrums, or worse, if
you were close. As I watched this awe-
some demonstration, the terrifying sound
level rose higher and higher and then
abruptly weakened, suddenly reversed
itself and grew stronger again. The
wavering sound effect continued. Later,
I asked one of the test engineers how
they controlled the rocket engine to
make it change its power setting. The
engineer laughed. “What you were hear-
ing,” he said, “wasn’t a change in the
sound of the engine; it was just stand-
ing waves in the valley.”

This rocket-engine demonstration was
probably as impressive a display of
standing waves as anyone could ever
hope to hear. The same phenomena can
make a perfect hi-fi rig sound mediocre.
What are standing waves? How do you
know if they exist? And what can you
do about them?

Take the case of Ed Goldenears.l Ed
built his own amplifier and preampli-
fier. e designed his speaker box and
had it made by a first-class cabinetmaker.
e put a great deal of care and expense
into the selection of all components of
the system. When he was done, his wife
said, “It sounds wonderful!” All of his
neighbors and friends agreed. Ed, being
a genuine golden-ear, said, “It just
doesn’t sound right!” He had listened
to reproduced sound in some of the best
recording studios in Hollywood and he
knew just how good reproduced musie
could sound.

Our friend Goldenears diligently
checked his system; he ran frequency
tests, power-level tests, distortion tests,
and speaker-box tests. So far as he could

NOT LONG AGO I witnessed an impres-

* Route 2, Box 923, Tucson, Arizona.
1 Not his real name.
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Take the case of Id Goldenears.! Ed

¥ ‘3 T v

tell, he had an exceptionally fine system.
But it just didn’t sound right!

Remembering the long-standing argu-
ment between the triode purists and the
pentode advocates, he revamped the out-
put stage of his amplifier. Triodes were
substituted for the pentodes formerly
used. Again he ran extensive listening
tests. He played the same passages over
and over, at low level, MEDIUM level, and
HIGH level. Over and over and over.
This sort of thing almost drove Mus.
Goldenears, who didn’t have golden ears,
crazy. Fortunately, she didn’t know
that worse was yet to come.

So far as Ed could tell, the ehange in
tube types made no difference—it still
Just didn’t sound right. The next step
was to change output transformers and
try the Ultra-Linear circuit. This didn’t
help, either.

Iid was both diligent and persistent.
He took his expensive speakers out of
the cabinet and took them to the manu-
facturer. “They’re no good,” he stated,
belligerently. The manufacturer ran
frequency-response tests on the speakers
and compared them with new speakers
coming off the line. Ed’s speakers were
excellent. Their self-resonance was way
down where it should he. Nevertheless,
he had the manufacturer remagnetize
the permanent magnets, just to make
sure nothing was wrong. Remounted,
the speakers still didn’t sound right.

A speaker box plays a large part in
any high-fidelity system. It was natural
thaf, Fid next directed his attention to his
lovely mahogany bass-reflex speaker en-
closure with its twenty coats of hand-
rubbed lacquer. He placed a resistor in
series with the lead to the speakers,
used an oscillator to feed his amplifier,
and by measwring the voltage across
the series resistance, located the reso-
nant peaks of both the box and the
speaker. He sawed out the bass-reflex
ports in the speaker box to make them
larger. He covered the holes to make the
ports smaller. He inereased the internal
bracing of the box for better rigidity.
He converted the bass reflex to an in-
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finite baffle. He converted the infinite
haffle to an exponential horn.

For every change made in the speaker
box, a complete set of response curves
was taken. Our friend Goldenears was
nothing if not a perfectionist. Moreover,
he was not going to be misled by taking
too wide spacing in his frequencies and
thus miss pertinent information. The
sine-wave oscillator alternately made the
big woofer boom, shaking the pictures
on the walls, and then shrieking until
Iid’s wife held her ears. And so Ed, test-
ing and checking, went on—day after
week after month. Two years elapsed.
The system still just didn’t sound quite
right! Ed was aging rapidly, and his
wife was getting old twice as fast.

One weary night, Ed was for the
umpteenth time running response curves
on the system. The familiar bedlam of
groans, moans, and shrieks began to
issue from the powerful speakers. Ed’s
wife stood in the doorway, her lips
moving as she pantomimed an ultimatum
which neither she nor her hushand could
hear. The door slammed behind her, and
Ed was alone for another night of re-
search into the mysteries of High Fidel-
ity.

Standing Waves Discovered

About half an hour later, a strange
thing occurred. Iid Goldenears was eross-
ing the room, intending to change the
setting of the oscillator. Halfway across
he suddenly stopped with a shocked,
surprised look upon his face. In the spot
where he was standing he could hear
absolutely no sound! Hurriedly, he
backed across the room and slowly, inch
by inel, worked his way forward again.
This time he hadn’t found a dead spot.
He slapped the side of his foggy head
the better to clear his ears and tried it
again. This time he found the dead spot
again. Standing stiffly in the mysterious
spot, he slowly rotated his head from
side to side. He found that he could
make the sound come and go by the
position of his head. Exploring further,
he found that there were spofs in the
living room where the sound was much
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louder than it was in other locations.
He tried shifting the frequency of the
signal generator from 190 ¢ps. A change
of just a few cycles in either direction,
and the phenomenon he had discovered
disappeared. However, every time the
oseillator stood at 190 eps, he could find
spots of sharp silence and other loca-
tions of shockingly loud sound. Edward
Goldenears had discovered standing
waves—and the source of all his trou-
bles!

The quality of sound reproduction
depends not only upon turntables, pre-
amplifiers, amplifiers, and speakers, but
upon the acoustiecal environment of the
hi-fi rig. In words of one syllable, the
calibre of sound reproduction depends
also upon the room in which the equip-
ment is located.

This is why a hifi system that
sounded wonderful at the dealer’s may
sound only medioere in your own home.
Or vice versa!

We are all familiar with reverbera-
tion, which we recognize as the “live-
ness” or ‘“deadness” of a room. When
we visit an empty house, our footsteps
are loud as we walk across the bare
floor, and speech is often muffled and
garbled. This is because there is noth-
ing in the house to damp the sound—
no rugs, no draperies, no furniture.
Instead, the hard surface of plaster wall
and hardwood floors cause the sound to
bounce in multiple, continuous reflec-
tions. Such empty rooms have very long
reverberation time constants.

At the other extreme are the acousti-
cal “dead” rooms that have heen built
for making accurate sound measure-
ments in an area free of reflections.
Stand quitely for a moment in such a
completely dead test area. You are soon
conscious of a feeling of pressure in
your head; your breathing is abnormally
loud, and the pounding under your
shirt sounds like Poe’s Telltale Heart.

Sound waves follow the same laws
of reflection as light waves. Under nor-
mal ecircumstances, a sound bounces
around randomly within a room and is
rather quickly absorbed by damping
materials in the room. There remain the
special circumstances that create stand-
ing waves. This oceurs in small rooms
with parallel reflecting surfaces. Un-
fortunately, this is a perfeet deseription
of the rooms in which we live and play
our high-fidelity systems. We have ceil-
ings exactly parallel to the floor, at
least in most houses. The four parallel
walls of each room are hard, reflecting
plaster or glass.

Causes

What causes the standing wave? To
answer this question, we must first re-
member the nature of sound. Sound
travels in waves from either the source
of the sound or from a reflection. A
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mal ecircumstances, a sound bounces
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Fig. 1. Particle distribution along a sound
wave,

sound wave exists as a compressional
wave motion in an elastic medium, the
air. Figure 1 illustrates how a simple
sine wave consists of a series of sne-
cessive areas of compression and rare-
faction. When a reflected wave exactly
matches compression with a rarefaction
area of the original sound, eancellation
occurs. When the reflected signal is in
the same phase as the original, the sound
waves reinforce themselves, and as they
reflect back and forth the amplitude of
the sound inereases. These are standing
waves! Sound reinforcing at such ecriti-
cal frequencies can amount to 20 to 25
db or more! Thus, the standing-wave
frequency may actually be heard ten to
twenty times as loud as other frequen-
cies. The whole room resonates at some
critical frequency, just as a bass-reflex
speaker box resonates to reinforee the
low-frequency range.

Understanding a little about standing
waves, it 1s obvious why Ed Goldenears’
hifi system didn’t sound right to him.
All of the effort of producing a really
superior reproducing system is aimed
at securing linear reproduction—all fre-
quencies are reproduced at the same
sound level. And yet, in Ed’s case, one
frequency — 190 eps — was amplified
twenty times louder than any other fre-
quency—amplified by the room itself!

Typically, serious reinforcement of a
critical frequeney will occur when the
wave length of the sound is twice the
height of the ceiling. Standing waves

can also occur at a harmonie of the
fundamental. In one case of a living
room that was carefully measured, the
fundamental frequeney of standing
waves was related to the height of floor
to ceiling and the fourth harmonic of
that fundamental to the wall-to-wall
dimensions within the room.

How can you tell if there are standing
waves in your hi-fi area?

Finding and Curing the Trouble

The best solution is to follow the ex-
ample of our old friend, Ed Goldenears.
Get a sine-wave oscillator and start ex-
perimenting. Your primary require-
ments are a lot of patience and the abil-
ity to maintain diplomatie relations with
the woman in your house. The human
ear is, after all, a very sensitive sensory
device. Attempting to explore a typical
room with a microphone is very difficult,
or impossible, because of the multiple
reflections.

‘What do you do if you find that stand-
ing waves are affecting the quality of
your reproducing system? The best
answer is to move, and this time make
certain that your new hi-fi quarters in-
volved rooms of adequate dimensious,
with no parallel walls or floors and
ceilings, and with optimum reverbera-
tion characteristies. If such an upheaval
in your domestic life poses problems,
there is another answer.

What must be done is to insert a
deliberate nonlinear characteristic into
your amplifier response. Thus, at the
critical frequencies, your hi-fi rig will
put out less energy, but this lesser
energy will be amplified by the room
resonance to make the over-all response
approximately correct. (It's things like
this that make high fidelity an art and
not a science!)

Ed Goldenears followed the first plan
of action, moving not because of the
hi-fi system, but because of his joh. He
soon discovered that his new home had
standing-wave resonances, also! He then

(Continued on page 65)
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A Simplified Audio Amplifier

R. G. CHAPLICK*

For the home constructor who wants reliability and permanence of perfermance, this return to
time-tested engineering principles will be thoroughly appreciated. In addition to a simple and
clearly presented design, the author throws in some excellent tips useful in everyday audio work.

ECENT DESCRIPTIONS and photographs
in audio magazines indicate that
there is a marked lack of simplicity

in home audio systems. Operation of
some systems can only be compared to
the complexity of a guided missile
count-down. The advantages of system
simplicity were previously presented by
the author,® and the application of sim-
plicity to an amplifier unit will be dis-
cussed herein. The main benefit of sim-
plification is improved reliability instead
of the built-in obsolescence characteristic
of present day American products—
what one buys becomes obsolete hetween
the store and home. A simplified ampli-

fier having year-in, year-out dependa-

bility can be installed and forgotten.

Because countless amplifier ecireuits,
ranging from small ten-watt units to the
100-watt laboratory units which are now
popular, are available, readers undoubt-
edly will question the need for still an-
other circuit. Unfortunately, designers
of high fidelity amplifiers have not re-
tained design features of professional
broadecast equipment. These features,
which help to improve reliability, have
changed very little in the past decade.
For example, broadeast amplifiers are
of fixed design and do not need adjust-
ment whereas nearly all high fidelity
amplifiers require at least one adjust-
ment for proper tube operation and a
few require elaborate test equipment for
this pnrpose. Many of the power sup-
plies are over-elaborated beyond actual
needs. Finally, the over-all gain of many
preamplifier-amplifier eombinations is
too high. Current practice is to buy and
to assemble a train of amplifiers with 30
to 50 db too much gain. Gain setting is
then confined to the first 20 deg. of a
rotary control, and the remaining 300
deg. is wasted. (This sitnation is some-
what analogous to those automobile en-
gines which have 300 horsepower al-
though only 100 are really needed.)
Questions asked in audio magazines ver-
ify that too many people have the mis-
conception that only the first 20 deg.
should be used. Listeners should nof be
alarmed by the necessity for full rota-
tion of the gain control.

* 10001
Spring, Md.

McKenney  Avenue, Silver
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this purpose. Many of the power sup—
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The reliability of an amplifier is im-
proved by several methods. (1) Individ-
nal parts which have a known high re-
liability arc wused exclusively. (2)
Reliability is inversely proportional to
the number of parts. Therefore, by a
simple deerease in the total number of
parts the veliability ecan be increased.
Although distortion is also inversely
proportional to the nnmber of parts,
reduction of distortion will not be as
startling as the improvement of reliabil-
ity. (3) Design unity is built-in. That
is, each chassis is complete in itself and
is not dependent for power on any
other chassis.

Critical Points

High fidelity enthusiasts probably will
feel helpless with an amplifier withont
adjustments. However, a few disadvan-
tages of adjustments are as follows.
First, sliding contacts are notoriounsly
unreliable, and elimination of them im-
proves reliability. Second, assume that
an amplifier has a potentiometer in the
cathode circuit of the output tubes to
balance the plate currents and to pre-
vent saturation of the transformer core.
How often is it balanced? Third, is this
balance really critical? An extremely
low percentage of distortion can be
achieved by precise adjustment. Con-
versely, misadjustment of the same con-
trol results in high distortion. Moreover,
a home amplifier is not a laboratory
instrnment and should not require re-
adjustment or reecalibration each time
the power is turned on. Since small de-
grees of distortion can scarcely be heard

— ~asvaatamanvu s oA uasteasa

feel helpless with an_amplifier without

and large degrees are intolerable, a
fixed, dependable, middle ground is pre-
ferred. Furthermore, the outpnt trans-
former recommended herein has a per-
missible d.c. primary unbalance of 15
percent. In this manner andible distor-
tion vesults chiefly from aging tubes
which can be replaced.

An amplifier intended to reproduce
music should reproduce the music as
naturally as possible. Maximum natural-
ness depends upon a number of factors.
The speaker system and the listening
room acoustics have great influence, bnt
a discussion of these items is out of
place in this artiecle. Noise in both the
amplifier and the listening room should
be at a minimum. Obviously, a noisy
room is not the proper place in which
to listen to musie, but the amplifier
should be designed to have low noise in
order to produce a high signal-to-noise
ratio.

In addition, the dynamie range of the
amplifier also should be high. That is,
the amplifier should have enough power
to reproduce any sudden high ampli-
tude signal without elipping. Unfortu-
nately, it is not always possible to pre-
dict whether -the signal source will
overdrive the amplifier. An ample re-
serve of power can be maintained easily
by designing the system to drive the
amplifier to half of ifs maximum power
ontput with the average peak output
signal from the preamplifier or control
unit. Some automobile buffs may retali-
ate and say that half the power output
is being thrown away. Such is not the
case because a Hearing Contour Com-
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Fig. 2. Over-all schematic of the author’s amplifier, which follows professional practice in design.

pensator in the control unit utilizes full
outpnt at low frequencies.

A properly designed amplifier does
not require an elaborate and expensive
power supply. A separate power supply
to produce direct current for tube fila-
ments is unnecessary in high-level eir-
cuits. Nor do filaments have to be biased
above “ground” in such eircuits.

Before a reader starts building an
amplifier he should determine the needed

sensitivity, For example, the Mullard
520 amplifier? requires only 0.3 volts
rms input to be driven to full output.
On the other hand, one kit-type pre-
amplifier has “Output to main amplifier,
0 to at least 2.5 volts rms from any
normal program source.” If this pre-
amplifier-amplifier ecombination is used,
a slight turn of the volume eontrol can
easily overdrive the amplifier. Obviously,
more attention should be paid to the

input sensitivity.
Specifications for a simplified ampli-
fier are now easy to make:

1. The amplifier should be flat from 20
to 20,000 cps.

2. Distortion should be at a minimum.

3. The signal-to-noise rafio should be
high.

4, The input sensitivity should be
matched to the preamplifier output.

5. There should be no adjustments.

6. No high-voltage leads should be out-
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Fig. 3. Dimensional chassis layout for the amplifier.
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side the chassis. With proper part
orientation the amplifier and its power
supply can be on a single chassis.

. For home use the peak power output
should be about 30 watts.

-1

Discussions of these specifications
with an audio consultant lead to the
amplifier block diagram shown in Fig.
1, and the complete schematic in Fig. 2.
Essentially, the amplifier consists of
three main eircuits: output, input, and
feedback.

Circuit Description

Output Circuit. The output circuit of
{ ; the Mullard 520 amnplifier® is used to
cC‘Jf.’;? y Y O O take advantage of the high power out-

INPUT ,+"08 (5 % 5 put.

T A

A Input Circuit. The input eircuit eon-
STANDOFF 8 sists of the necessary amplifier and
TERMINAL 7 phase-splitter stages to drive the output
= circuit. Much has been written recently
D on the subject of phase splitting. Unfor-
D

tunately for the high fidelity field, a very
simple device, an input transformer,
has been avoided for phase splitting.
The input transformer probably has
fallen into disrepute because it will not
pass a perfect square wave, The author
does not listen to square waves, since
other méthods of testing steady and
transient response are available and the
lack of square corners is of little im-
portance. High-quality musical repro-
duction is the primary object of this
amplifier.

After reading about phase splitters
the author finds no scientific and only
two non-technieal disadvantages of input
transformers. The disadvantages cited
FEEDBACK NE —— most often are cost and space required.
The Chicago Standard transformer

Fig. 4. Wiring diagram for Vector sockets used in both amplifier stages.
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Fig. 5. Wiring diagram for interconnection of main chassis parts with amplifier sockets.
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(WT-28) suggested herein has base di-
mensions of 114 x 114 inches. This area
is no greater than that required for a
6SNT7 or even a 12AU7. Therefore this
argument is no longer valid. High-qual-
ity transformers are expensive (WF-28
is $10.70), and manufacturers of ampli-
fiers can use this as an excuse for not
employing the transformer. Now consider
the phase splitter in a Williamson-type
amplifier. If low-noise resistors are used,
the cost of the stage is six to seven dol-
lars. On the other hand, if the builder
adds six more dollars for the trans-
former and its shield he makes substan-
tial gains in performance. Furthermore,
in an audio system whose over-all cost
can approach eight hundred dollars the
sacrifice of quality for a few dollars is
hardly justifiable.

The input transformer enables this
amplifier to be separated a very long
distance from the preamplifier or control
unit without being subject to switching
transients or r.f. pickup. The trans-
former has a higher inherent stability
than a tube phase splitter, and it is
balanced at all frequencies. In a tube
phase splitter the resistance-capacitance
characteristics of the plate and the cath-
ode circuits are not equal at all fre-
quencies. Therefore, compensation is
necessary to overcome this deficiency.
The main advantage of a precise center-
tapped input transformer is that it
provides a fixed, balanced, input ampli-
fier, and controls or adjustments for
this purpose are unnecessary.

Feedback. Three types of feedback
are employed, and in order of impor-
tance they are:

(A) Primary voltage feedback from
the plates of ¥, and ¥V, to the
cathodes of 7V, and V.. \

(B) TFeedback in the output stage itself
via the screen grids of ¥V, and V.

(C) Subsidiary current feedback caused
by the unbypassed -cathode re-
sistors of 7, and V,.

TFeedback (B) is adequately described
in reference (2). Hence, no explanation
is needed in this article.
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Fig. 6. Underside
view of complete
amplifier chassis.

Feedback (A) and (C) comprise a
torm of Duerdoth’s multiple feedback, and
the two feedback voltages must be added
together to determine the performance.

e R L 1l

Fig. 7. Arrangement of Vector sockets for
amplifier stages.

The performance, however, will be de-
termined primarily by (A). The sub-
sidiary feedback increases the stability
by reducing the slope of the BA charae-
teristic over a wide range of very low
and very high frequencies. Readers

should consult reference (3) for a more
detailed and technical explanation of
this feedback.

Transient response is improved with
this type of feedback. Most amplifiers
bave feedback from the secondary of the
output transformer to the cathode cir-
cuit of the input tube. The leakage re-
actance of the output transformer will
create phase shift and delay. Thus, the
transformer holds up the feedback in-
formation, and the transient response is
not as good as it could be. The feedback
circuit contains no reactive elements
and results in low phase shift and feed-
back delay and improved transient re-
sponse. For a general discussion of
transient vesponse, reference (4) is
recommended.

Construction

Figure 3 shows the dimensions for
drilling and punching almost all the
holes in the chassis. Some holes, e.g.
tube socket serew holes, are best located
with the socket itself and are therefore
omitted. An alominmin chassis must not
be used because it is inadequate to sup-
port the weight of the transformers. A
steel chassis is stronger, provides elec-
tromagnetie shielding, and is worked al-
most as easily as an aluminum one. Pilot
holes for chassis punches are made with
the following technique. An “egg-beater”
hand drill is used with a succession of
small drills to obtain a 3/16” diameter
hole. Then a 14" and a 34" diameter
drill are clamped in a carpenter’s brace
and used in succession to produce the
pilot hole for the punch. When all holes
are drilled, punched, and deburred, the
chassis and the pottom plate are washed
thoroughly with a detergent to remove
all grease and oil. After they are rinsed
and dried, the chassis and bottom plate
are sprayed with clear plastic.

(Continued on page 101)

Fig. 8. Top view of completed amplifier.
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The New Steampax Recorder

Documentary evidence that just because you read it in
print is no reason you must necessarily believe it.

T RECENT INDUSTRY-WIDE TRADE
A Shows, the new Steampax Model

SP-3 three channel stereo tape re-
corder has scored an immediate success
in the professional field of recording.
As a consequence, the editors of this
magazine have asked that this fresh new
concept of well-known and long ac-
cepted principles (antedating the con-
ventional magnetic tape recorder by
several decades) be set forth in some
detail as a matter of record, and as a
tribute to those investors who have taken
the business risks of underwriting the
new Steampax Corporation, manufac-
turers of this intriguing 1.59-pound
portable.

The author has been identified with
this project since its inception approxi-
mately three years ago, when he was
first approached by Mr. S. E. Morper,
now president of the corporation. Mr.
Morper at that time expressed the
opinion that many of the deficiencies
and shortecomings of the modern day
magnetic tape recorder might be over-
come, and final results improved, if
much of the older art were re-examined
and applied with new relationships. The
results of this development program
on this steam-powered recorder have
far exceeded the expectations of Mr.
Morper, his technical and administra-
tive staff, the investors, and the author.
It is a distinet privilege to have been
asked to .set forth in some detail the

* Consulting Engineer, 719 DeSoto Drive,
Palo Alto, California.

STEAMPAX MoDEL Sp-3
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* Consulting Engineer, 719 DeSoto Drive,

- Y. AT2 . YT,

LLESSUR MAHKNIT*

STEAM MUST THEREFORE BE TRAPPED
WITHIN THE MAGNETIC TAPE ITSELF

technical aspects of this new 15.9-pound
recorder.

A brief survey of the shortcomings
of the conventional motor driven mag-
netie tape recorder will serve to illus-
trate the manner in which the original
design for the new recorder was con-
ceived. Parenthetically, let it be stated
that the author is convinced that the
magnetic tape recorder, like the phono-
graph dise, unfortunately, is here to
stay, and that co-existence of the new
Steampax recorder and magnetic tape
recorders is certainly possible and probh-
able.

One of the principal drawbacks of
most tape recorders is that their op-
erating range is restricted to areas
served by commercial electric power
companies. In many areas, not only iu
this country but throughont most of
the rest of the civilized and uncivilized
world, commercial electric power is
erratie, undependable and more often
than not, especially in the more remote
regions, completely unavailable. Hence
a self-powered system was conceived to
be highly desirable for the new recorder.
Electric battery power was considered
initially and discarded early during the
investigation, as like electric power in
general, new batteries or battery charg-
ing equipment are not always conveni-
ently available.

It is well-known, however, that four-
fifths of the earth’s surface is covered
with water. Therefore steam was chosen
as a source of primary power, since

mose rtape recoraers 1s that their op-
L OWWWL e reaatadiehistervicom. . .

wherever water is available, the operator
would be in a position to replenish his
“battery,” so to speak.

Magnetic tape recording systems in
general are characterized by many short-
comings which have been overcome in
the new Steampax (patents pending)
recording system.

These magnetie recorder fanlts are sum-
marized :

(1) 4 loud hissing mnoise. This seems
strange since one would normally suspeect
such a disturbance would result from
the use of steam in the system. Manu-
facturers of magnetic tape recorders,
without exception, use no steam in any
such system, it is claimed. This author
concludes that steamn must therefore be
trapped within the magnetie tape itself
during its manufacture. The several tape
manufaeturers contacted on this point
claim that their tapes do not hiss, and
that if they do, it is the responsibility
of the machine manufacturer to use a
suitable hissss filtering deviece. This
stand-off attitude takem by both tape
and machine manufacturers is completely
eliminated in the new Steampax system.

(2) Piggyback mnoise. This distraction,
sometimes referred to as modulation
noise by magnetic recording proponeuts,
is present only when signals are de-
teeted on magnetic tape systems. Sinece
the basie system used in the revolution-
ary Steampax recorder has nothing what-
ever to do with magneties, this irrita-
tion is removed.

(3) Frequency response. Implied in this
term is one of the most serious defects
of magnetic tape systems: i.e., that the
response of the system is intermittent
as it oceurs as a ‘“frequency” phenome-
non. In the Steampax, the response is
continuous to the point of distraction,
yet it may be turned off at will by the
operator.

(4) Harmonic distortion. If a characteris-
tic of a system is classed as a distor-
tion, it is difficult to conceive that such
a degradation could be harmonious, yet
purveyors of magnetic systems speak
freely of this anomaly in connection with
their systems, even to giving it a nu-
merical value. Such values are the source
of mnumerous controversies. No such
problem exists in the Steampax system.

(5) Inmtermodulation distortion. Again, a
system discontinuity is implied: i.e.,
“between the modulations”: thus, inter-
ruptions to them. To allow this vagary
to ocecur in a magnetic system would
seem to be an admission of inferior
quality. It should be noted that mag-
netic recording advocates ignore com-
pletely this basic fault in their systems,
refusing absolutely to discuss the mat-
ter publicly. Steampax engineers have
no sueh sensitivity regarding this phe-
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nomenon. Absolutely ;
basie stand.

(6) Owerload distortion. This is a phe-
nomenon having to do with flimsy con-
struction. It can be recalled that in
the early days of cylinder and dise re-
cording, the professional recording gear
was “built like a battleship” as the say-
ing goes. Recorders in those early times
were sold by the pouund. The heavier
the recorder the more costly it was.
Then came magnetic recording. While
some of the early recorders of this type
were coustructed along the same lines
as battleships (and painted in similar
colors) and were priced, again, by the
pound (very expensive), still other mag-
netie recorders then available went to
much lighter construction and were
priced proportionately. The predomi-
nant color was still battleship gray, but
there the similarity ended. These re-
corders were the first of a long succes-
sion of such units constructed on more
flimsy lines. So flimsy are many of
today’s descendants of such machines,
that the mere picking up of them causes
them to distort due to their own weight.
Hence, overload distortion.

The mnew 15,900-pound® Steampax
Editor's Note: When asked about what
appeared to be a series of typographical
errors in connection with the weight fig-
ures, the author referred us to the well-
known (?) Enrico IFerment Principle of
the Migrating Decimal Point.
portable recorder, on the other hand,
borrowing from the better things of the
past (as well as taking advantage of
the most recent developments in science),
has made a rugged, well-braced, stiff
(through the use of aleohol fuel) sys-
tem sufficiently rigid as to be unyield-
ing. As a consequence, there is no meas-
urable overload distortion anywhere
present within and throughout this
phenomenal instrument.

(7) The many other vagaries of magnetic
recorders are of such a whimsieal nature
and so widely known by mow that the
author will not presume upon the reader.
Such irritations as broken switches, stick-
ing relays, vibrating head mounts, spaul-
ing tape, deteriorating clectron valves,
broken cables, and the like, are prob-
lems that magnetic tape recorder op-
erators have become resigned to, and
seem to accept with nothing more than
a suppressed resentment. The Steampax
Corporation, in an early market survey,
determined that beyond a shadow of a
doubt, sales fall-off in the recorder
market would lead to a recession in late
1957. And that such a decline in re-
corder sales could be directly attributed
to the many petty annoyances foisted on
the public by irresponsible manufae-
turers of such devices. That this early
survey was completely valid has been
substantiated by the recession of late
1957. The present apparent change for
the better in the domestic economic pie-
ture may similarly be traced to the
tremendous potential offered to a hungry
market by the recent public showing of
the new Steampax Model SP-3 recorder.

and that is a

We have enumerated above many of
the problems and shortcomings of the
mistakenly popular magnetic recorder.
The question naturally arises as to how
the Steampax System of Recording
funetions.

Principles of Operation

The history regarding the generation
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market would lead to a recession in late

and use of steam power is much older
than any known work (other than the
early Franklin® research) on the gen-
eration of electricity. Consequently one
might expect that steam power would
lend a more elegant solution to the
problem at hand. Studies of the large
volume of available literature as far hack
as the early work of Watt? were made
and proved that the steam coneept was
feasible and even desirable. To be sure,
certain refinements were borrowed from
the newer and less popular electrical
technology, such as feedback?®, as we
shall discuss later.

Having decided on steam power, it
was necessary to select the proper type
of transducer system for adding basic
solar energy to the water for the steam
formation. Again, the quest for mate-
rials widely found throughout the world
was found to be in order. Reeent rocke-
try developments! gave a clue to the
system finally chosen for incorporation
in the design. Since hydrogen constitutes
6624 per cent of the ever present water,
and since aleohol is a principle constitu-
ent of intoxicating liquors which are
ever present in all ethnological groups
and cultures throughout the world, it
was decided that a simple extraction ap-
paratus could be incorporated in the
159.0-pound package recorder to furnish
the necessary fuel. This was done.

Liquid hydrogen readily transforms
to a gas. Thus a mixture of alcohol and
hydrogen under pressure, once ignited
with, say a cigarette lighter or match
(or even the common flint and steel),
could be expected to force the fuel into
the combustion chamber where it is
used to heat one side of a thin copper
plate, where it immediately turns to
superheated steam at 1100 psi.

The steam thus formed is conducted
to the turbine motor which provides the
necessary rotating forees for all rotat-
ing elements in the 1590-pound package.
This discharge strecam from the turbine
is dirceted downward through an ellipti-
cal orifice in the base of the recorder
case. The resulting reaction® reduces
the apparent weight of the package by
a factor of 100, thus yiclding a total

1 Benjamin Franklin, “Drawing the elec-
tric fluid from thunderheads with ambiv-
alent kite string and brass key.” Satur-
day Evening Post, April 13, 1775.

2 James Watt, “Some early mnotes on
steam kettle generating equipment.” Pro-
ceedings of the Steam IEngincering So-
ctety of Scotland, Vol. 54, No. 117, June,
1764.

3Black, U. 8. Patents
2,131,365 (very wordy).

1 White Sands Monograph Serics, No.
124756.3 (declassified from Superseeret),
“Mixtures of Hydrogen and Alcohol.”

5 ¢.f. White Sands Monograph Series,
No. 4.37526% (declassified from Confiden-
tial), “Practical Reaction Theory.”

#2,102,671,

is directed-downward:through an-ellipti-

system weighing not more than 15.9
pounds ‘when in actual operation.

The rotating forece of the turbine is
led through suitable power takeoffs to
the tape reels and capstan drive. Built-in
reactive flutter compensation in the
capstan drive system is achieved by
means of a feedback loop around the
flyball governor. A more complete and
rigorous analysis of this technique is
presented elsewhere.® The resulting tape
motion is so uniform that to date the
industry has been unable to develop a
flutter bridge of sufficient sensitivity to
detect the remaining wideband flutter
components.

The arrangement of the tape handling
elements on the mechanical portion of
the recorder is somewhat conventional.

The most significant advancement in
the recording art, however, has been
achieved in this 1590-pound Steampax
in the recording technique which was
developed and ineorporated into the
system.

It is well known that the magnetic
circuits of magnetic recorders are seri-
ously affected by stray magnetic fields,
the earth’s magnetic field, electro-mag-
netic (Hertzian) radiation, passing
trolley cars, and automobile spark plug
discharge. In fact, one modest sized steel
company in Pennsylvania, specializing
in special high permeahility magnetic
alloys, makes no secret of the fact that
their economic well-being and significant
eapital appreciation over the years since
World War II, has been due almost en-
tirely to the tremendous amount of
money spent in furnishing electro-mag-
netic shielding to the magnetic record-
ing industry.

The Steampax System of Recording
employs an entirely different prineciple
of recording : Electrostatics. It has been
common knowledge for generations that
huge potential energy of this type has
been available. Franklin’s early work!
bas been too long overlooked. From this
sprung the Van De Graft generator.”

6.J. Watt Mahknit, “Fecdback stabiliza-
tion of flyball governors.” 1955, unpub-
lished, privately distributed to the mem-
bership of the Steam Iingineering Society
of Scotland, commemorating the 190th
anniversary of Watt’s development of the
steam engine.

7Van De Graft, “How to make BIG
sparks”, Secientific American, January,
1867.
(Editor’'s Note: An explosive contro-
versy is currently raging behind the
scenes on this point. The director of
engineering for a large west coast man-
ufacturer of magnetic tape recorders
claims that it is not possible to detect
any signal of any sort on the tapes made
on the Steampax recorder. This, how-
ever, is open to question, as the editor
has heard rather startling 17-channel
stereco reproduction from a develop-
mental Steampax machine. Ventriloquism
and charlatanism were conclusively
ruled out at the demonstration.)
(Continued on page 98)
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Compatible Stereo Multiplex

Adapter

LEONARD FELDMAN*

The first Multiplex adapter to appear on the market is described fully, to-
gether with details of its operation. This design will demodulate and
matrix M-S stereo signals to feed out right and left channel information.

ow that stereo dises and stereo
N tapes are solidly entrenched upon

the hi-fi scene there remains but
one important signal source which 1s de-
void of uncompromising sterco—I"M.
The high fidelity industry, which is re-
sponsible for the so-called re-birth of
FM, has not deliberately overlooked F'M
insofar as stereo is concerned. Many men
in many places have been working on
the problem for years with varying de-
grees of success and nutilizing many
techniques.

In the interim, some broadecasters
have resorted to other schemes in their
eagerness to provide some stereo serv-
jce to their listeners. Notable among
these early systems are simultaneous
AM-FM stereo broadcasts in which one
channel of a stereo program is trans-
mitted via the AM transmitter while the
other channel utilizes the FM trans-
mitter. A system employed in Los An-
geles for some time involves the use of
two complete F'M stations (at different
frequencies—hence two FM tuners re-
quired) cach broadecasting one channel
of a stereo program. There have also
been some experimental TV-FM coimn-
bination broadeasts and even some
AM-TV  combination deals (sterco
maybe, fidelity never!). In the case of
AM-FM and AM-TYV it is clear that the
fidelity of one channel (the AM side)
under most cirecumstances will be in-
ferior to the other, due almost entirely
to the narrow-band superheterodyne re-
ceivers, not to mention time delay be-
tween transmitters, (which serves to
destroy or distort the stereo effect), dif-
ference in signal strength between the
two channels (volume settings which
afford balance during daylight may be
all wrong in the evening!), static inter-
ference, and so on. In the case of all
three systems it is clear that anyone
not possessing both means of reception
who desires to listen to the particular
program monophonically will hear a to-
tally unbalanced program. Some broad-

* President, Madison Fielding Corp., 11
Lorimer St., Brooklyn 6, N. Y.
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B
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Fig. 1. Method of transmitting compatible stereo over one FM transmitter.

casters, aware of this problem, have
confessed to “mixing back in” a bit of
the left channel into the right and a bit
of the right into the left to avoid in-
dignant phone calls from monophonic
listeners 'who want to know “what’s hap-
pening down at the station?” Thus, in
effect, the stereo listener doesn’t quite
have stereo, for all his dual tuners, am-
plifiers, and speakers and the mono-
phonic listener doesn’t quite have a
complete program.

Compatibility

The present situation recalls a similar
state of confusion which existed when
an early form of color TV broadecasting
was prematurely approved by the F'CC.
Until the decision was revoked, owners
of TV receivers faced the prospect of
neither receiving color pictures nor
black and white whenever a color broad-
cast was on the air unless they were pre-
pared to invest considerable money in a
new receiver. Fortunately, compatible

Gap rAtesiy praauss VO LUAM LLULL AU UL
=1 o

listengys who want to know “what’s hap-

color TV came along just in time and
the sophistication of its engineering
was so great as to force immediate re-
versal of a not-too-old FCC deeision.

‘We are equally fortunate at this june-
ture in our quest for stereo broadeast-
ing, for along has come compatible F'M
stereo. Much of our thanks must go to
Mr. Murray G. Crosby, a pioneer in the
field of FM multiplexing. Mr. Crosby
has been granted patents covering his
process and we explain it here.

Sum and Difference

The stated aim of the Crosby system is
to transmit a stereo program over a
single F'M station in such a manner that
anyone having only an FM receiver will
receive the entire program material in
balanced form. To do this, the main FM
carrier must transmit the sum of the
left and right channels, lahelled A and
B in Fig. 1. Simple resistive or indue-
tive mixing adds the two signals in what
has been called a matrixing network.
In addition, a second signal is derived
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The Shure Stereo Dynetic Cartridge is designed and made
specifically for the listener who appreciates accuracy and
honesty of sound. It separates disc stereo sound channels
with incisive clarity, It is singularly smooth throughout
the normally audible spectrum. .. and is without equal

in the re-creation of clean lows, brilliant highs, and true- 3 5 : 3 .
. ' Ll 5 a note to the technically inclined: .
to-performance mid-range. Completely compatible ... . .
n | . Shure Stereo Dynetic Cartridges are individually tested and O
plays monaural or stereo records. It is manufactured in 3 must meet or exceed the following specifications before being .
limited tities for th icl A ilable th h '. placed on the market: :
imited quantities for the music lover—is available throug 2 (F:requ'ency ’eipg“ﬁe(; "éo !025.00tOcps ! s
i i i i ompliance: 4,0 x 10-6 centimeters per dyne .
responsible high fidelity consultants and dealers at $45.00, '.. Chanpnel Eamatalan: Miore Vit S MroUgHOUL the B
audiophile net,complete with 0.7 mil diamond stereo stylus. . C"t'?a' stereo frequency range. .
U Recommended Tracking Force: 3 to 6 grams. &
% The M3D fits all 4-Iead1and 3-lead sllereo .
. 1
Literature available: Dept. 10-) ., oFengers a”,"e§|;"g§;n§n§?°°”" sl ..-'
.
SHURE BROTHERS, INC. Cofy== i e 10008
222 Hartrey Street * Evanston, llllnols ®teec0ssvec®”
SHURE ALSO MANUFACTURES HIGHEST QUALITY PICKUP ARMS, MICROPHONES, MAGNETIC RECORDING HEADS
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AMP,

AMP,

A-B
TO MODULATION
INPUT OF SUB-CARRIER
GENERATOR

<
- 3

4 =B

Fig. 2. One possible means of achieving the “A — B” signal. The “B” signal is passed
through a triode phase inverter, making it "/— B”, which is then mixed resistively with

the “A’ signal,

from the matrixing network. This signal
is 4 — B, or in other words the differ-
ence between what the left and right
microphones ‘‘hear.” Clearly, this dif-
ference is really the stereo information
content, in much the same way that the
3.58-me color carrier contains the color

forming “A —B".

does the number of stations possible
in a given area. (Consider this versus
the  California-two-FM-station  per-
stereo-broadeast technigque which, if
carried to extremes could result in half
as many stations throughout a given
area.)

SUB - CARRIER

SUPERSONIC - FM - MODULATED

Fig. 3. Typical out-
put of FM tuner
when multiplex is
broadcast. Infor-
mation on sub-
carrier is inaudi-
ble without suit-
able converter.

REGULAR AUDIO

information content in color TV. The
A - B information is used to £frequency
modulate a 50-ke generator between lim-
its of 25 and 75 ke. This ultrasonie
signal is then used to modulate the main
FM transmitter along with the regular
A +B audio information. Each modu-
lating signal is allowed a frequency de-
viation of 37.5 ke, so that the total
deviation is still only 75 ke just as in
standard FM broadeasting. Thus, the
channel width per FM station remains
unchanged and, as a consequence, so

Just in passing, in case you are puz-
zled as to how the 4 — B signal can be
derived electronically, one possibility is
shown in Fig. 2. In this arrangement,
the B microphone channel, after suitable
amplifieation, is applied to a triode am-
plification stage having a gain of one.
Since the plate signal is 180 deg. out of
phase with the grid signal, the output
of this stage is — B. This electrical quan-
tity is then added passively through
resistive networks to the A channel
(which has not undergone phase re-

F& IN
ESTORIER Lo MULTIPLEX
MULTIPLEX IN RECCCEE

STEREO

AMPLIFIER

MATRIX

Fig. 4. How the multiplex stereo converter fits into a typical stereo installation.
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shown in Fig. 2. In this: arrangement,

versal) yielding a total signal which is,
in every way, 4—B. It is this signal
which is used to modulate the multiplex
sub-carrier.

Monophonic Listening

Suppose a listener tunes into an I'M
station using this technique and that he
has only an FM receiver. The demodn-
lated signal appearing at the output of
his tuner contains both 4 +B aundio as
well as a supersonic sub-carrier, varying
in frequency between 25 and 75 ke. The
signal would be somewhat like that
shown in Fig. 3. The supersonic sub-
carrier will be inaudible to the listener
and all he will hear is the “regular”
program. But this regular audio has
been stated to be the sum of 4 + B which
is just another way of saying the entire
program,—not stereo, of course, but still
the entire program, not just the left or
right side of the orchestra. This listener
has therefore lost nothing and has spent
nothing.

Now, suppose the listener desires full
stereo programming at home. The in-
expensive adapter which will accom-
plish this feat has only two funetions:
1, to amplify and de-modulate the sub-
carrier; and 2, to do a little simple
algebra. The first of these funections is
easily accomplished. The level of sub-
carrier after the FM-diseriminator of
the main receiver is through with it is
of the order of 0.25 volts, a nice hefty
signal compared to the microvolts into
an r.f. stage. All that is needed is a
bit of amplification, some limiting and
some F'M detection scheme, Best of all,
no high-Q tuned ecireuits are required,
for this signal is practically audio. One
vital requirement that does remain is
that we eliminate the regular 4+ B

‘channel completely, so that it does not

get involved with the A4 —B signal we
are trying to extract. A high-pass filter
which rejects all frequencies below 20
ke (hence anything being broadcast on
the main channel) does the trieck.

As for the algebra, once 4 —B has
heen recovered, it is quite simple. First
we add the two signals, (4+B)+
(A-B)=(A+B+4—-B)=24. But 24
just means A twice as loud. Next we
subtract: (A4+B)-(4-B)=(4+B-
A + B) =2B, which is nothing less than
B twice as loud. Thus we have recovered
the separate left and right channels
intact and can feed them to our newly
acquired stereo amplifier by means of a
pair of cables, just as we are now doing
with tape and stereo cartridges.

Dimensional Control

The set-up for stereo reception is
shown in Fig. 4. As you can see, if you
already have stereo in any form, all you

(Continued on page 37)
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An important announcement for everyone
considering a small-space wide-range
speaker system . . . monaural or stereo

TENTS
PROVE
UNIVERSITY

RRLS

ULTRA LINEAR RESPONSE SYSTEMS

SUPERIOR

757 less bass distortion

Wider, uniform frequency range
Lower power requirements

No “damping factor” problems

AT *40t0°85 SAVING.......

COMPARED WITH COMPETITIVE WIDELY PUBLICIZED
HIGH COMPLIANCE SMALL-SPACE SPEAKER SYSTEMS

*RRL — Radiation Resistance Loading

WWW amerdceatadioRistery com
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University ultra linear

sessenssnn

response systems
with /

Radiation Resistance Loading

Now, from the famed laboratories that have pioneered two decades of loud-

speaker “firsts,” come RRL ultra linear response systems . . . a significant
advance over previous small-space high compliance speaker systems.

University RRL systems contain a new type of high compliance woofer that
achieves extremely low free air resonance, and virtually linear response to 30
cps. Magnetic assembly employs the NEw Hiflux UNIFERROX-7 magnet material

in specially designed twin spider suspension assembly ensuring positive transient
mAoetenl

0 Spedially desi5Hed TWiTT spiaer §aspendish assenibly ¥asirig pusiiverahitent
control during maximum excursions. Although the woofer cone is capable of
great excursions, the high efficiency of the RRL enclosure requires only a
small portion of this potential to produce maximum sound output. Thus, dis-
tortion is virtually eliminated, achieving clean bass response at higher acoustic
levels than ever before obtained from ANY small-space speaker system enclosure.

This is accomplished by a precisely matched acoustic coupler that increases
the total radiation resistance of the system and therefore enables the speaker to
radiate large amounts of power with small cone excursions. Response is flat,
precise, free of spurious resonances or “doubling.” Tweeter response has been
carefully matched to the acoustic output level of the woofer and extends well
beyond 20,000 cps with a uniform polar pattern.

Previous attempts to exploit the full design potential of high compliance
woofers in small enclosures were based on totally sealed enclosures using “air
spring” capacitance loading. However, these widely publicized approaches
suffered certain flaws, such as: bass distortion due to their tendency to overload
at higher acoustic levels, deficient low frequency sensitivity and the need for
controlling the amplifier damping factor for optimum frequency response.

But now, for the first time, all these problems have been solved . . . by RRL.
Result: better bass, cleaner treble . . . smoother response than any competitive
units . . . proved by actual laboratory and listening tests . . . and at far less cost.

E AN EA SO NEEN NN BE0 0RO EP RN NERERRRER ORI RO BRSO ERRRE

ALREADY THE ACCEPTED LEADER

The impressive performance and undeniable
superiority of RRL ultra linear response
speaker systems have been recognized by
those whose work demands the finest in
speaker systems.

1ITEM: WFUV-FM, pioneering stereo via
FM-Multiplex, has standardized on two
RRL S-10’s for control room monitoring;
and two RRL S-11’s for public demonstra-
tion of this new stereo system. Authorities
at this N. Y. C. station, famous for its high
quality transmissions, evaluated many
speaker systems before selecting RRL.

ITEM: The beautiful enclosure design as
well as quality performance of the RRL
systems has earned them the SEAL OF

RESEARCH APPROVAL from Research
House, 1958 (located in Beverly Hills, Calif.)
This famed architectural “field test labora-
tory,” which sets the trend for interior
decorators throughout the country, selects
and exhibits only those products rated most
suitable for contemporary homes.

ITEM: Fred Waring chose University RRL
systems for his sensational 1958 nation-wide
concert tour. Even in large auditoriums,
just two RRL systems were able to fill the
entire hall with stirring, dynamically effec-
tive high fidelity sound.

People like these . . . authorities who know
music and fine sound reproduction . . .
quickly recognized University’s amazing
achievement in obtaining such quality per-
formance from speakers so compact.

WWW ammercarradioRietery com
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. . . as demonstrated by actual comparative measurements* of Uni-
versity Model S-10 RRL ultra linear response system , . . and widely
publicized competitive brands X and Y, under identical conditions.

Brand X 15% distortion
Brand Y 10% distortion
RAL S-10 | 3'2% distortion
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Only from UNIVERSITY...a complete line of
RRL Ultra Linear Response systems and kits

OUTSTANDING FOR MONAURAL...IDEAL CHOICE AS A STEREO PAIR

Model S-10 2-Way systems

Components of the S-10 comprise the new 12”7
C-12HC high compliance, low resonance, dual voice
coil woofer with magnetic assembly employing the
NEW Hiflux UNIFERROX-7 magnet material; the
UL /HC 2500 cps tweeter and the special matched-
Jevel HC-2 crossover network. Also includes the
Program Distortion Filter to correct for stridency
of inferior radio programs, worn records, tapes,
etc. The enclosure is constructed of extra heavy
34 furniture hardwoods. Graceful styling gives
it a character all its own, in harmony with any
decor. Model S-10H is for use where minimum
width must be considered; S-10L where height
must be conserved. Cabinet base removable for
shelf, bookcase, or built-in applications. 24” x
147 x 14147 deep. Shpg. wt., 51 1bs. USER NET:
Mahogany—$139.00, Blond or Walnut—$143.00.

... AND FOR GREATER ACOUSTIC EFFICIENCY AND GREATER RRL ADVANTAGES

Model S-11 3-Way systems

The S-11 truly stands alone in its field!
It cannot be compared with any other
existing high compliance system . . . but
only with the most elaborate speaker
systems, such as University’s famed
“Classic.” Its handsome compact RRL
enclosure houses the new heavy duty
high compliance 157 C-15HC dual voice
coil woofer. Magnetic assembly employs
the NEw Hiflux UNIFERROX-7 magnet
material in specially designed twin spider
suspension assembly ensuring positive
transient control during maximum ex-
cursions. The new HC-3 matched-level
network provides 500 cps crossover to
the 2-way Diffusicone-8 Diffaxial for
mid-range and 2500 cps crossover to the
special UL/HC Hypersonic Tweeter for
specrai ULy il nypersonid 1 weeler tor
response to beyond audibility. The
unique Program Distortion Filter and
variable balance control complete this
magnificent system . . . for those who
demand uncompromising performance
from a compact system. Model S-11H
is for use as upright; Model S-11L, as
lowboy. 267” x 19147 x 174" deep.
Shpg. wt., 80 lbs. USER NET: Mahogany
—$245.00, Blond or Walnut—$249.00.

SAVE EVEN MORE WITH ULTRA LINEAR COMPONENT KITS

Ultra Linear Component Kits
CUL-10 and CUL-11

Enjoy the satisfaction of assembling
your own superb Ultra Linear Response
system along with the added savings
thus made possible. Speaker Kit CUL-10
comprises the identical components of
Model S-10; speaker kit CUL-11, the
components of Model S-11. Both kits
are furnished with all wiring cables and
complete easy-to-follow instructions for
building and installing your own RRL
enclosure. USER NET: CUL-I0 — $88.50.
Shpg. wt., 15 lbs. CUL-11 — $164.50.
Shpg. wt., 37 Ibs.

Hear these magnificent speaker systems at your dealer...soon!

R R R I T P,
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UNIVERSITY LOUDSPEAKERS, INC., 80 SOUTH KENSICO AVENUE, WHITE PLAINS, N.Y.

WEST COAST PRICES SLIGHTLY HIGHER PRICES. TRIM AND SPECIFICATIONS SUBJECT TO CHANGE PRINTED IN U.5. A. 70A09
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(from page 32)

will need to add for compatible T'M
stereo reception is a multiplex adapter
such as the Madison Fielding MX-100,
which is shown in the schematic form in
Iig. 5. The cost of the adapter is small,
compared with the price of a quality
FM tuner and, as such, does not repre-
sent a major investment in terms of the
reward.

The adapter could have been built
with no controls whatsoever. As has
been pointed out, no form of tuning is
necessary. Simply tune the FM tuner
to a station hroadecasting stereo and
the whole thing pops into place. We
could not resist adding two very flexible
controls once we realized the advantages
to be gained. If (4 + B) of itself yields
monophonic sound and if (4+B)+
(A-B) and (4+B)-(4-B) yield
fully stereophonic sound then it follows
that (A+B)+3(4A-B) and (4+B) -
(4 — B) will yield half as much aurally

apparent separation and, more amaz-
ingly (A +B) +2(4~B) and (4 +B) -
2(A - B) will yield twice as mueh sepa-
ration. Here’s what it all means: if,
because of space limitations, the two
speakers of your system have necessarily
been placed too close together to really
derive full stereo effects from your
other stereo sources, you can actnally
“spread the sound apart” electronically
with the aid of the pIMENSION control
on the MX-100 adapter. Conversely,
this same eontrol can help “pull the or-
chestra together” if you suffer from the
new andio affliction known as ‘“hole in
the middle.”

The two inputs of the MX-100 are
labelled MuLTIPLEX 1IN and FM 1N, A
very short cable should be used to con-
neet from the multiplex output of the
standard FM tuner to the MULTIPLEX IN
jack to prevent attenunation of the 50-ke
sub-carrier. The second input is for
connection of the regular FM output of
your tuner. The first of these signals—

the multiplex subearrier—is fed through
a cathode follower ¥, ,. This stage serves
to isolate the signal and create a souree
impedance suitable for application to
the low-pass and high-pass filters which
follow. The signal at the eathode of
V,4 is of the order of 0.25 volts (as-
suming that the tuner feeding the adap-
ter has reached full limiting). The nain
audio carrier is vemoved from the signal
by two full T-section constant-k filters
having a cut-off frequency of 20 ke. The
5-mh inductances in the leg of each of
the T-sections necd not he “high-Q”
in terms of rv.f. cireuits, but their in-
ductance must be held to fairly close
tolerances. Between the two high-pass
filter sections is a single T-section low-
pass filter having a cut-off frequency of
75 ke with a terminal impedance equal
to that of the high-pass sections (1200
ohms). The purpose of a shavp cut-off
filter above 75 ke is to eliminate any
high-frequenecy noise which might be

(Continued on page 63)
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Fig. 5. Circuit arrangement of the compatible stereo multiplex adapter described in the text.
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New High-Frequency Speaker

EDGAR M. VILLCHUR*

The author describes a new approach to high-frequency speaker design, resulting in what
he calls a “distillation” of tweeter construction to the simplest device possible. Using
neither spider, cone, nor horn, this hemispherical radiator is used in the AR-3 speaker.

T IS GENERALLY AGREED that the loud-
speaker is still the weakest link in the
chain of sound reproducing compo-

nents, and therefore in most need ot
improvement. Irregularities in fre-
quency response, transient ringing as-
sociated with peaks and dips in the
response curve, distortion, and progres-
sive beaming of the higher frequencies
are well known deficiencies.

These deficiencies, as recorded ob-
jectively by measuring equipment, are
associated with definite subjective effects.
It is possible, with experience, to pre-
dict quite aceurately the type and de-
gree of coloration that a speaker will
impose on the music it reproduces,
given sufficient objective data. Unfor-
tunately such information is rarely if
ever available to the consumer; there is
also considerable work yet to be done
in validating and standardizing speaker-
nmeasurement techniques that will give
meaningful information to the prospec-
tive user.

An example of a speaker perform-
ance specification which tells an incom-
plete story is the on-axis frequency-re-
sponse curve. Methods for recording
such a curve are described in RETMA

* dcoustic Research, Inc., 24 Thorndike
St., Cambridge 41, Mass.

FIBERGLAS

PHENOLIC
DIAPHRAGM

VOICE
COIL

SYNTHETIC
RUBBER

VOICE-COIL
LEADS

-

RING
MAGNET

Fig. 1 Structure of the tweeter.

38

Fig. 2. 2-inch and 133 inch tweeters, unmounted. (Photo by Bunker.)

and ASA Standards!, and useful in-
formation is provided as to smoothness
of response. But the treble balance of the
speaker—whether it will be brilliant or
dull, and whether it will convey the
sense of space that existed in the orig-
inal hall—is not adequately predieted.
The on-axis curve does not tell us how
much relative energy is radiated in the
treble.

For example, a speaker with relatively
flat on-axis response in the high-fre-
quency region may show response 15 db
down 30 deg. off-axis; the total high-
frequency power radiated nust clearly
be very much attenuated. Since a nor-
mally reverberant room tends to inte-
grate on-axis and off-axis sound the final
effect will be that of a speaker with
attenuated treble response?. This at-
tenuation could be predicted by a family
of curves showing frequency respouse

1 RETMA Standard SE-103
Standard C 16.4-1942.

2 Arthur A. Janszen, “An electrostatic
loudspeaker development.” p. 89, J.A.E.S.,
Vol. 3, No. 2, April 1955. The importance
of treble dispersion to over-all sound qual-
ity has also been brought out in the design
work of A. S. Hegeman.

and ASA

1ra A

treble. . L
—WWW amenaaatadiohietary cam-: i
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at different azimuth angles (botb verti-
cal and horizontal), or by a “power-
response” curve which showed the actual
relative power radiated at different fre-
quencies for constant input.

Flat on-axis response combined with
good dispersion—that is, uniform re-
sponse over a reasonably large solid
angle—apparently creates the right
ratio of direct to reflected sound in the
room so that a maximum sense of realisin
exists. Good horizontal and vertical
dispersion does not merely determine
that a speaker can be listened to off-
axis; it strongly influences the sound
anywhere in the room, including posi-
tions on-axis with the speaker. Without
such dispersion the sense of the original
hall acousties is reduced, the total treble
energy radiated is decreased, and aware-
ness of the speaker as an artificial sound
source of dimensions much smaller than
an orchestra ov choral group is sharp-
ened.

This last result is sowetimes referred
to as the “point-source effect’”, meaning
that the sound seems to originate from a
single point. It is an unfortunate term
to use, because a true point-source—
acoustically speaking—has perfeet dis-

AUDIO e OCTOBER, 1958
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STEREO

Exceptional Quality —
Low Cost—

with ALTEC “Voice of the Theatre”
Speaker Components

For your home you can own ArTEc “Voice of the Theatre”
speaker components, used in more professional stereo
installations than all other makes combined, for much less
than you might think possible.

The total cost for all speaker components that make up
the famous ArLtec A-7 “Voice of the Theatre” system is
only $205.50.

AvLTEC can produce tremendous sound quality at low
cost because ArTec has more experience in producing
stereophonic sound equipment than any other manufac-
turer of home high fidelity.

AvrTEC pioneered and developed stereophonic sound
equipment for theatre installation. ALTEC stereophonic
sound equipment was used in the very first movie produc-
tions with stereo.

With Avtec “Voice of the Theatre” speaker compo-
nents you are assured of quality for monaural or stereo lis-
tening because of their exceptional smoothness of response,

high frequency range to 22,000 cps, efliciency and quality.

Listen to them! Compare their prices/

Buy them for sound value!

Write for free catalogue and loudspeaker enclosure information booklet:

ALTEC LANSING CORPORATION, pept. 10A-A
1515 S. Manchester Avenue, Anaheim, California, 161 Sixth Avenue, New York 13, N.Y.

AUDIO e OCTOBER, 1958
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HERE ARE THE
*VOICE OF THE THEATRE"

COMPONENTS:

803A 15” BASS SPEAKER: De-
signed for the sole purpose of
efficiently reproducing the full
depth of exciting bass tones.
This is assured by its limited fre-
quency range of 30-1600 cycles.

Specifications: 30 watts - 16 ohms « 30-1600 cycles
¢ 2.4 Ibs. Alnico V magnet - 3” voice coil « 45 cycle
cone resonance - Price: $66.00

BOOE DIVIDING NETWORK:

Specifications: 16 ohms « 6 db h.f. shelving » 800
cycle crossover « Price: $46.50

802D HIGH FREQUENCY DRIVER:
Made specifically for the 811B
horn for smooth 22,000 cycle
high frequency reproduction.

Specifications: 30 watts + 500-22,000 cycles - 16
ohms » 1.3 Ib. Alnico V magnet --Price: $63.00

811B HORN: Incorporates
the exclusive ALTEC direct
radiating sectoral exponen-
tial principle for brilliant
clarity in the high frequency
range.

'Specifications: I.F. cutoff—800 cycles « distribution
—hor., 90°; vert., 40° « Price: $30.00

TOTAL COST ONLY $205.50

‘‘Voice of the Theatre'’ speaker compo-
nents also are available in three cabinet
designs for home use—

831A Capistrano

1. 831A Capistrano —typical of the elegant styling
of ALTEC home systems incorporating ‘‘Voice of the
Theatre’' components. In walnut, blond, or mahog-
any. Price: $426.00

2. The A-7 is designed for the brilliant reproduction
of sound at low cost. Price: $299.40

3. The 832A Corona is corner designed for greater
bass reproduction. Its fine styling will enhance the
decor of any room. In walnut, blond, er mahogany.
Price: $414.00

12.34

39

‘“Voice of the Theatre'’ speaker compo-
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Fig. 3. Photograph of the on-axis response trace (linear frequency scale) of the
2-inch tweeter. Microphone calibration curve is drawn in above. Marker pips at
frequencies indicated.

persion, while the larger the radiating
diaphragm the sharper is the beaming
of treble frequencies. It is the writer’s
experience that dispersion is the con-
trolling element in the so-called point-
source effect, and that a speaker with
good dispersion least conveys the sense
of sound issuing from a particular spot
in the room.

Design of New Tweeter

The tweeter here deseribed derives
from a sort of distillation of speaker
design to the simplest device possible
in terms of its basie function—that of

audio speetrum than the larger one, but
it does have hetter dispersion and power
response ahove 7000 cps®. It will be
noted that the dome shape makes a rim
suspension device of the type used with
cones (a skiver or surround) unneces-
sary.

The dome is attached directly to an
aluminum self-supporting voiece-coil,
and the assembly is held in the gap by
synthetic rubber material placed right
in the gap. Two types of material are
used; one a substance which foams up
after insertion in the gap (anchored by
four notches in the top plate), providing

7ke 10ke

15ke 20ke |

Fig. 4. On-axis response trace of the 13-inch tweeter, recorded as in Fig. 3.

converting freble electrical energy to
acoustical energy with maximum uni-
formity of both on-axis and power re-
sponse. A novice unsophisticated in the
ways of current speaker construction
might conceive of such a tweeter.

The dynamic type of speaker was
chosen as an inherently simple one.
Thus the moving force is provided by
a voice-coil and magnetie structure, as
shown in Fig. 1.

The introductory remarks of this
article explain the choice of diaphragm
size and shape—a section of a small
sphere. Although such a diaphragm,
subjected to longitudinal vibration as
here, does not have the perfect disper-
sion charaecteristic of a pulsating sphere,
its dispersion is good indeed. Two sizes
of phenolic diaphragm are used in the
tweeter system, a 2-inch diameter and
a 134 inch diameter (see Fig. 2.) The
smaller unit has only slightly better on-
axis response at the upper end of the

the adhesion necessary to hold the voice-
coil permanently in place, and the other
a very compliant butyl which fills the
remaining portion of the gap. The latter
keeps dust out, helps create positive
centering, and provides a certain amount
of damping, although the major burden
of damping is borne by the eleetro-mag-
netic eireuit. Chemieals had to be found
that combined the proper performance
qualities with stability over the years.
Chemical changes with time, if any, are
expected to increase compliance slightly
rather than to stiffen the system.

Thus, the entire tweeter consists of a

3 It may be of interest to note that the
frequency of ultimate air-load resistance
for the 2-inch diaphragm is approximately
4400 eps, and for the 13g-inch diaphragm
6600 cps. This implies that, even assuming
pure mass control above these frequencies
and complete diaphragm rigidity (neither
of which assumptions holds entirely true)
the total power response of the larger unit
will be down only 6 db at 8800 cps, and
of the smaller unit 6 db at 13,200 c¢ps.

Tke 5ke

7 5ke

dome-shaped diaphragm filled with
Fiberglas, a voice-coil (with pig-tail
leads formed by its own wire ends), a
magnetie structure, and suspending ma-
terial in the gap. The Fiberglas in the
magnetic strueture is to damp out in-
ternal acoustical resonances which orig-
inally produced a response peak in the
500-cps regiomn.

Some of the speaker parts used in
various types of current conventional
tweeters but eliminated here are the
skiver, the external spider, the voice-
coil former, separate pig-tail leads and
eyelets, the dispersing device, and the
horn. The tweeter’s moving system con-
sists of only the diaphragm, voice-coil,
and rubber suspension, and has a mass
of slightly more than one gram.

Performance Medasurements

It was felt that photographs of the
actual automatic response traces (plus
mierophone calibration curves), pub-
lished in addition to the final interpo-
lated data, would provide greater in-
terest than the digested data alone.
Conditions of measurement are described
in some detail and are in compliance
with the existing American Standards
previously referred to. This makes pos-
sible evaluation by the reader, as well as
duplication of tests by other labora-
tories.

The speakers were mounted with their
top plates flush to the baffles, and were
placed so that they radiated into a solid
angle of 180 deg., into an anechoic
chamber. For off-axis readings the baffle
was turned in a horizontal plane. (Ver-
tical dispersion was identiecal to hori-
zontal by virtue of the symmetrical con-
struction of the tweeters.) During
azimuth readings the edges of the haffle,
which 'was cut to the size of an AR-1
enclosure, were exposed and allowed
diffraction effects.

The mricrophone was hung to receive
the sound at grazing incidence—the
condition for which the calibration curve
applied—at a distance of 414 feet from
the speaker. The tweeters were fed by
an automatically repeating, one-second
sweep signal from an amplifier with a
damping factor of 15, and the output
of the microphone fed to a cathode-ray
tube screen with synchronized horizontal
trace, over three separate ranges on a
linear frequency seale, each range cover-
ing approximately 5000 ¢ps. The divi-

10ke 12.5ke

10ke

15ke

Fig. 5. (left). Response of 2-inch tweeter on-axis (top), 30 deg. off-axis (middle), and 45 deg. off-axis (bottom). Fig. 6. (right).
Response of 13-inch tweeter on-axis (top), 30 deg. off-axis (middle), and 45 deg. off-axis (bottom).
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condition for which the calibration curve
applied—at a distance of 414 feet from
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MODEL 200

in high fidelity'

bear this name-

THE FISHER

LOOK CLOSELY! The name “THE FISHER"” on a power amplifier tells
you that it is the product of twenty-one years of high fidelity lecadership.

LISTEN CAREFULLY! The clean tonal output of THE FISHER is the
result of advanced engineering. Power output is constant over the entire
audible range, without fall-off in the low bass tones or overemphasis in the
highs. Tremendous reserve power for orchestral peaks, and freedom from
overload relieve listener fatigue and add to the enjoyment of your system.

JUDGE WELL! Whatever your needs, the FISHER amplifier you select
will meet your requirements perfectly. Terminal connections match all
speaker impedances. Conservative construction throughout assures cvery
owner virtually unlimited years of trouble-free, dependable service.

WRITE TODAY FOR COMPLETE SPECIFICATIONS

AUDIO e OCTOBER, 1958

THE FISHER 200

60 watts; 160 wafts of reserve
peak power. IM and harmonic
distortion inaudible. $179.50

THE FISHER 100

30 watts; 70 watts of reserve peak
pawer. Z-Matic Variable Damp-
ing Factor Control. $119.50

THE FISHER 125-AX

125 watts on regular program
material. Speaker outputs for 4, 8,
16 ohms and 70.7 volts. $229.50

Slightly Higher in the Far West
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sion into three ranges, and the unfortu-
nate use of a linear rather than a
logarithmie frequency scale was dictated
by the nature of the test equipment used.
The sweep rate was validated as suffi-
ciently low by comparing results to those
made with a 1000 eps/second sweep.

The input voltage across the tweeters
was 2 volts, representing 1 watt to the
rated impedance of 4 ohms. It may be
mentioned that the single-frequency
sound levels produced would be associ-
ated with a relatively high over-all level
of musical sound.

The test equipment included the fol-
lowing :

1. Anechoic chamber (AR) that can be

considered non-reverberant to an oec-

tave below the lowest frequency
measured. ;
2. Panoramic Somnic Analyzer LPla,

Sonic Response Indicator G2, and
Power Supply PS1C.
3. Altee 21-BR-150 capacitor miecro-

phone, Serial No. 10386, with indi-
vidual calibration curve supplied by
Altee, with Altec Microphone Power
Supply P526A.

4. Dynakit Mark III power amplifier.

5. Dumont Oscillograph-Record Camera
type 302.

6, Krohn-Hite Oscillator 430-AB.

Figure 3 is a combined photograph of
the on-axis response traces of the 2-inch
unit (24 pf capacitor in series), with

|0c 15ke

Fig. 7. Response of another tweeter on-

axis (top) and 30 deg. off-axis (bottom),

showing sensitivity of measuring equip-
ment to frequency irregularities.

the three frequency ranges juxtaposed.
The microphone calibration curve, trans-
posed to a linear scale, is drawn in above
the trace in dashed lines.

Figure 4 combines photographs of the

B

Fig. 9. Prototype of AR-3 speaker system, including AR-1 acoustic suspension woofer
and the two tweeters described in this article. (Photo by Bunker.)

two higher ranges, again with the micro-
phone calibration curve above.

The response of the tweeters above
15 ke is shown primarily to indicate
smoothness in this rauge. The micro-
phone was uncalibrated above 15 ke,
but it can probably be assumed that
microphone response continned the
downward slope apparent in the calibra-
tion curve.

Dispersion

Figures 5 and 6 compare the on-axis
response of the two tweeters with the
response of 30 deg. and 45 deg. off-axis,
each in its respective frequency range.

Figure 7 is not shown as a contrast-
ing “horrible example”, but merely to
indicate that the measuring equipment
is properly sensitive to speaker response
irregularities when they exist. It is the
response trace of a relatively low-priced

on-axis response traces of the 13g-inch but well made tweeter, comparably
unit (6 pf capacitor in series) over the baffled.

+5 M AL UL +—LoN axis

R +1.5 db1--r-F4-+1} -

8] O L 9 Fig. 8. (Top) Re-
ol /_/ & sponse curve of
- 2-inch tweeter on-
| Sl Ll i Y — axis, 30 deg. off-
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i 138-inch tweeter.
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The final response curves, shown in
Fig. 8, represents the AR tweeter re-
sponse traces corrected for microphone
calibration and plotted on a standard
30 db/decade audio log scale. It can be
seen that the on-axis response of each
unit in its range is uniform within nar-
row limits: £2 db for the 2-in. tweeter
and 1.5 db for the 18g-in tweeter,
unusunal characteristies for loudspeakers.
The off-axis losses of the 2-inch unit
(apparently not too serious as deter-
mined by listening tests) are picked up
by the smaller tweeter, and the off-axis
response curves remain smooth, another
unusual eireumstance for loudspeakers.

Smooth frequency response is associ-
ated with reduced speaker eoloration,
clarity and definition of individual
musical instruments, and subdued record
surface noise even when there is con-
siderable lhigh-frequency energy radi-
ated. Peaky response selectively em-
phasizes discrete frequency regions of
surface mnoise, making it much more
obtrusive.

Distorticn, Efficiency and
Power Capability

For response curves to be valid they
must represent fundamental speaker out-
put only. Validating harmonie distortion
measurements were therefore made for
the frequency ranges covered, at the
same input power. The total harmonic
distortion did not exceed 2 per cent at
any frequency.

The efficieney of these units is slightly
higher than that of an AR-1 woofer,
and sowe altenvation is required for
proper balance in typical rooms. Al-

(Continued on page 104)
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compazisesS T EREQ

JWHLABETTER TAPE RECORDING !

Plan carefully . . . Plan Well . . . Select tape equip-
ment that will fully exploit the capabilities of the
best components in your high fidelity system. In no
other way can you be sure of the playback and
recording signal-to-noise ratio, the dynamic range
and the frequency response thai commercial quality
tape equipment can provide.

See ‘“The Big Three” Viking decks at your high

fidelity components dealer. You'll find tape equip-
ment with an unmatched reputation for quality
performance at sensible prices.

Most important, each of the Viking “Big Three”
tape decks is designed and built with end use per-
formance as a paramount objective. When you buy
Viking, you buy honestly rated specifications. You
buy engineered performance, not only in playback
of recorded tapes, but in full-fidelity recording as well.

All models feature head configurations suited for
the new four-track tapes as well as half-track stereo
—fully compatible.

VIKING 7 5

The world’s most used tape deck. The VIKING 75
has proven itself not only in countless thousands of
music systems, but in training and teaching applications
throughout the world—where dependability and min-
imum upkeep are of utmost importance.

vikKiNG &5

This completely new 85 series tape deck offers fast
forward, fast rewind and pause/edit operation. A rotary
tape motion control provides spill proof, break proof
operation under all conditions. Two motors and Viking’s
famed ‘‘flutter-filter’”” belt drive are standard. The 85
has room for five heads to meet any monaural or ster-
eophonic requirement.

viking 74

Easily the outstanding new tape deck in the profes-
sional class. This superb new 95 series gives you dual-
speed professional transport, hysteresis “flutter-filter”
drive with three motors and a wide choice of head types.
Available with 15-71%; 714-334; or 334-17% inches per
second drive pulleys.

Write fo.r Viking's new 1959 catalog covering decks, recording amplifiers, and tape
accessories. Ask your dealer for help with integration of these tape components
with your music system, or write direct to Viking’s Customer Service Department

ng OF MINNEAPOLIS, INC.

9600 Aldrich Avenue South =«
EXPORT DIVISION: 23 Warren Street, New York City 7, New York  CABLE: SIMONTRICE, NEW YORK (All Codes)

Minneapolis 20, Minnesota

' - A me_mmmMis!ml TNy 7.7
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Toward an Optimum Stereo

Cartridge

HERBERT H. HOROWITZ*

The subminiature application of the ages-old principle of the gimbal results
in an interesting and effective design for a stereo cartridge which com-
prises two d’Arsonval “meter” movements for its generating elements.

NDUSTRY AGREEMENT on the selection
of the 45/45 cut for stereo disc re-
cording, the release of demonstration

dises, and the alaerity displayed by com-
mercial recording companies in making
stereo pressings available to the con-
sumer, gave impetus and direction to
engineering development of an optimum
playback unit consistent with:

(a) the design previously used for mono-

phonic pickups;

(b) feasibility of manufacture;

(c) eventual consumer cost; and

(d) a release target date—based upon a

multiplicity of considerations, in¢lud-
ing: materials and components avail-
ability, required tooling change-overs,
publicity timing, and established mar-
keting channels.
These factors were undoubtedly acecorded
varying degrees of prominence in es-
tablishing organizational policy regard-
ing the final product—consonant with
the attitude of manufacturing, man-
agement, and sales divisions—toward
what the public would accept. The prime
motivator—econsumer demand—had al-
ready, in large measure, been estab-
lished.

Certainly, it had to be determined
whether release was to be delayed until
design effort had reached the wultima
Thule, or limit engineering cffort to the

* Chief Engineer, Electro-Sonic Labora-
tories, Inc., 35-54 Thirty-sixth Street, Long
Island City 6, N. Y. °

\(/ POINTER

(&)

Fig. 2. (A) Diagram of a typical d’Arson-

val meter movement, and (B) its adap-

tation as a phonograph pickup—the ESL
C-60.

creation of a device adequate for the

reproduction of present offerings by the

recording industry—trusting that im-

Fig. 1. Comparison
in size between
moving elements
and book-type
paper match,
about 2-1/3 times
actual size.

provement in the quality of the re-
corded material would not obsolete the
product within its probable life-span.
Bach manufacturing organization re-
solved the question according to its own
experience and conscience.

Although both aesthetic and technical
criticism have been leveled at some
stereophonic pressings released within
recent months, the improvement in both
areas is already apparent. With the
many types of stereo playback car-
tridges now available to the enthusiast
(piezo-electriec, moving magnet, moving
coil, moving vane), the consumer may
select a pickup compatible with his
budget, or reflecting his listening tastes.

Evaluating the Design

To evaluate justly the design ap-
proach and the subsequent performance
of a stereophonic cartridge, one ought
to begin with an inherently perfect re-
cording. Any inadequacy in the test disc
would invalidate the test results or re-
quire “allowance for” when comparing
several pick-up units. Assume that by
some engineering sorcery, a flawless test
recording could be prepared. The foi-
lowing technieal eonditions will have
been met:

(a) The material of the disc will have
been infinitely plastic during cutting
and will have attained surpassing
hardness at the exact instant that
the eutting stylus passed to the next
point to be inseribed. The first con-
dition is necessary to ensure that each
miniscule excursion of the stylus is
faithfully recorded, while the second
requirenient ensures that no subse-
quent distortion of the recorded um-
dulation caun ever result through sty-
lus frietion.

(b) There is no unwanted coupling be-
tween input chanmels in any portion
of the recording equipment,.

(¢) As a corollary to item (b), no mo-
tion of the cutter stylus toward one
groove wall has in any manner af-
feeted the opposing groove wall

(d) Accurate and properly balanced
depth of cut represents precise in-
tensity of channel information sup-
plied.

Now, given a recording, faithful in all
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NOW...
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THE MARK
_ OF
CONTINUED LEADERSHIP

BTERES RGOS

We have advanced upon a new era in high fidelity
—the age of stereo. And now we can enjoy music
reproduced in its original 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 cquipment quality are rigid
and uncompromising. For only through quality
cquipment can the rcalism of stereo be achieved.

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

The SP-210 consists of two identical preamplifiers with ganged controls for
balanced sterco 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 leaters. Inputs with cqualization
are provided for all possible sterco source material: phono, tape, microphones,

-——1I
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FM-AM and FM multiplex. The extreme sensitivity
of the phono input makes the SP-210 ideal for
magnetic sterco cartridges, as well as for other
types of pickups. There are also auxiliary outputs
for making sterco tape recordings.

The SP-210 is housed in a modern, low silhou-
ette metal cabinet with brass control panel. Price
is $89.50 complecte, less power supply. The P-10
Power Supply is priced at $19.50.

The SA-232 and SA-260 Basic Sterco Amplifiers each consists of two identi-
cal power amplifiers. The SA-232 delivers a total of 32 watts of undistorted
power (64 watts pcak) the maximum power obtainable without exceeding the
tube manufacturer’s specifications. The SA-260, with 60 watts of undistorted
power (120 watts peak) is well within operating characteristics of the output
tubes. Both units have power tap-offs for operating 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 West.)

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 wmore than 39 years.

U
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COIL "A"
R, ROTATES

COIL "B"
STATIONARY

UNIVERSAL

FLOATING
STYLUS MOUNTING/
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4

GROOVE WALE/( \\

“INNER"

GIMBAL FINGERS

JEWELED PIVOTS (4)
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\'\ GROOVE WALL

"QUTER"

Fig. 3. Two d’Arsonval movements set at 45 deg. from the vertical and connected
with the Gyro/Jewel coupling system.

details, will the playback result equal the
quality of the recording? It should if
the pickup is egually good.

Gyro/Jewel Design Approach

The ESL Gyro/Jewel stercophonic
cartridge 1s, first of all, not simply a
marketable redesign of a reproducer sys-
tem originally developed for mono-
phonic recordings. Design configurations
which were eminently suitable to play-
back of monophonic recordings, when
paired and rotated 45 deg. from the ver-
tiecal, were found to have become con-
siderably less competent performers on
stereo recordings than their prototypes’
rendition of monophonic discs.

Although we were convinced that the
d’Arsonval generating movement offered
the most desirable characteristies as the
transducer element(s) for stereo repro-
duction as well as monophonie, the de-
signs of many other domestic and for-
eign laboratories were scrutininzed to
determine the .capabilities of their
products.

Experimental models of cowpetitive
units were carefully constructed by ESL
engineers and technicians and were then
exhaustively tested, measured, an evalu-
ated both by the use of laboratory test
gear and in listening tests.

Not to be stampeded into preliminary

NGER
GIMBALGIIGE JEWELED PIVOT

1
I
!
—r =
STYLUS

Fig. 4. Simplified mechanical diagram of
coupling system.
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cusuxucla allu Leonulelansy anu were uaelnl
exhaustivelv tested, measured, an evalu-

freezing of production designs, the en-
tire organization agreed that no stereo
pick-np would be released until the valid
approach had been determined: one
which would embody all the desirable
features necessary to an ideal system,
and would yield a device that could be
produced with consistent quality. Early
experimental units were devised with
two d’Arsonval movements mounted at
45 deg. from the vertical (thus forming
an angle of 90 deg. with each other). In-
cidentally, throughout the development,
the accuracy of this angle was found to
be an exceedingly ecritical faetor in
maintaining satisfactory inter-channel
separation and constancy of generator
output. The two armatures were yokod
together and fitted with a stylus. Much
valuable information was derived from
this approach before the scheme was dis-
carded as furnishing a fallacious soln-
tion. Figure 6 shows one early model.
In our opinion, every indication
pointed to the d’Arsonval movement as
the superior generating element for the
application. The movement could be
built to have an exceedingly small mass;
it is inhevently linear, as a characteristic
of the constant location of the eoil in
the flux concentration between the mag-
net pole-pieces and its rotational motion
about its own axis in the fixed magnetie
field; and it could be made to generate
adequate output with the necessarily
small rotational movements of the coil.
In Fig. 2, (A) is a stmplified line
diagram of a typical d’Arsonval move-
ment, while (B) shows the application
of the principle to a mounophonie pick-
up, the ESL-C60 Series cartridge. Two
similar systems were devised, and
mounting assemblies designed to hold
the armature axes at exactly 45 deg.
from the vertical and at precisely 90
deg. from each other. The functioning
of the movements is shown in Fig. 3.
As shown in the diagram, latex mount-
ing blocks hold the armature eore so that
only rotational motion of the coils ean
oceur. This mounting not only exhibits

of the constant. locagéfu of the ecoil in
=T T WWW amercearadioRiStery com

mechanical stability, but further, inhibits
any possible eleetrical non-linearities re-
sulting from coil shift out of the maxi-
mum Hnx density area between the mag-
net pole-pieces. As the latex blocks do
not slide on the armature, rotational
friction is non-existent.

In order to provide generating ele-
ments which would be of sufficiently
small mass and yet develop a usable out-
put, a wire having cross section diame-
ter of approximately 1/1000 in. was
nieeded. Obviously, copper “magnet” wire
could not be used for this application—
a copper filament of this diameter would
bave almost no physical rigidity, and
would probably disintegrate npon han-
dling.

In order to wind coils using a wire
of this diameter, a special precious-metal
alloy conduetor was developed. This al-
most microscopic condueting filament—
about one-third the diameter of a human
hair—could not be mounted in the pick-
up on a bobbin. Kven the smallest of
bobbins would have inereased the mass
and physical dimensions of the system
to intolerable limits. The 60-twxn coils
are wound, shaped, and mounted directly
on a vigid armature shaft, which is then
assembled in the armatnre holder be-
tween the latex holding blocks.

A solid armature shaft was selected
in preference to a tubnlar component.
The difference in effective mass betwoeen
the two would have been completely
negligible. The probability of encounter-
ing concentricity problems in manufac-
turing and mounting would have been
disproportionally increased, while the
flux saturation of the smaller cross-sec-
tional area of the armature material
wounld have restricted output.

The magnet/pole-piece assembly is
worthy of unote, too, in that precision
grinding is employed at the area of junc-
ture. The pole-pieces are screw-clamped
rather than soldered, as the possibility
exists in production that during solder-
ing, capillary flow of the solder might
result in an air gap—materially reduc-
ing the effective flux density through
the coil mounting area.

Coupling the stylus to the two arma-
tures requires a reliable linkage having
the ability to differentiate completely be-
tween stylus motion in the two planes
of motion. The linkage design must be
such that instantancous motion in the de-
sived direction is unrestricted. Mechani-
cal coupling between systems nmust he
prevented or made ineffective. A short,
rigid stylus bar would be desirable to
further reduce system inertia (the effec-
tive mass increases as the sqnave of the
distance from the point of applied
force). The linkage should be free of
any self resonance within the audible
frequency range to prevent distortion in
frequency linearity.

The development of a stylus arm and
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Ralph Bellamy, starring in “Sunrise At Campobello”, listens to stereo on his Collaro changer and Goodmans Triaxonal Speaker System.

COZZCU" O—your S llent partner for Stereo

Stereo records are here. And once you listen you'll dis-
cover there’s no more exciting way of listening to music.
But the new stereo cartridges are unusually sensitive to
turntable and changer noise. Silence is the requirement and
silent performance is what you get when you select Collaro
— the one four-speed changer truly precision-engineered
to meet the rigid quality demands of stereo. Here are some
outstanding Collaro features:

A. Five-terminal plug-in head. (Exclusive with
Collaro.) By providing two completely independent cir-
cuits, the new five-terminal head guarantees the ultimate
in noise-reduction circuitry — a vital need for stereo re-
production.

B. Counter-balanced, transcription-type tone arm.
Another Collaro exclusive. Stereo cartridges require light
tracking pressures. As records pile up on a changer, track-
ing pressure of a conventional arm tends to increase. Result
may be damage to records or cartridge. This cannot happen
with the Collaro counter-balanced arm since it varies less
than a gram in pressure between the top and bottom of a
stack of records., The arm will accept any standard stereo

AUDIO e OCTOBER, 1958
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or monaural cartridge and it has no spurious resonances.

C. Motor. Dynamically balanced and so rigidly mounted
that wow and flutter specifications are superior to any
changer in the world. (.025% at 33% RPM)

There are many other features which make Collaro your
best buy in a stereo or monaural record changer. All are
described in a free catalog. (See below.) There are three
Collaro changers priced from $38.50 to $49.50.

For full information on Collaro stereo and
monaural changers — write to Rockbar
Corporation, Dept. A10C, Mamaroneck, N. Y.
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coupling “shoe” along with the attach-
ing yokes for converting the angular
motion of the stylus to rotational motion
for the d’Arsonval generators resulted
in a straightforward, essentially fric-
tionfree design, with inherently low mass
and minimum response to any but the
desired motional mode.

The final design adopted employs four
Jeweled pivots for attaching the stylus
shoe to the armatures of the d’Arsonval
generators. Figure 4 is a simplified me-
chanical diagramn of the assembly.

As the stylus is influenced by the un-
dulations of the record groove—in Flig.
3—angularly, to the left, the arma-
ture of generator A is caused to deseribe
& corresponding rotary motion, while
that of generator B, restricted by the
armature mountings is unaffected by this
excursion of the stylus.

By reason of the friction-free jewel
pivots attaching the shoe to system B,
no restrietion is offered to the movement
of the system A armature, nor is any of
the angular motion of the stylus as it
moves to the left transmitted to the ar-
mature of system B.

‘When the excursion of the stylus is to
the right, the opposite effect takes place
and the armature of system B is caused

tu rotate. In this instance, no motion is
coupled to system A.

The yokes—which serve the dual pur-
pose of coupling stylus motion to the
armatures of the generators and sup-
porting the stylus shoe assembly (the
universal gimmbal fingers at the jeweled
pivot points)—possess the necessary
qualities of rigidity to prevent deforma-
tion under stress, and the hardness to
resist weav at the pivot points.

The clamping action of the gimbal
fingers on the jeweled pivots—a quality
of the resiliency and mechanical design
of the yokes—provides a mounting
which will remain secure even under
conditions of unusual mechanical shock,
vet retain the ability to swing freely.

Cartridge Performance

Response tests of the ESL Gyro/
Jewel cartridge show that no mechani-
cal resonances occeur in the audible
renge. This condition, coupled with the
naturval linearity of the generator sys-
tem, permits the over-all response of the
cartridge to remain flat within +2 db
over the frequency range from 30 %o
15,000 cps on presently available stereo
test dises, which are restricted to this
range. When playing conventional mi-

crogroove test records, the frequency
response extends to well beyond 20,000
eps.

The complex motion to which the sys-
tem must respond in the 45/45 system
is applied at an angle of 45 deg. to the
vertieal. To achieve unrestricted response
to this angular mode of motion, the
measured vertical and lateral compliance
should be essentially equal (the resultant
veetor angle of two equal foreces acting
at right angles being 45 deg). By accu-
rate assembly 1ethods and precision
manufacture, the production ecartridge
has vertical and lateral compliances
equal, with a value of 5% 10-¢ em/dyne
or greater.

By reason of the extreme miniaturiza-
tion of the moving components of the
reproducer system(s), the dynamic mass
of the ESL Gyro/Jewel stereo cartridge
is held to a value of 2 mg. The high
compliance and low dynamic mass con-
tribute greatly to reduced record wear.

A stylus force of six grams on the
0.7 mil stylus used for stereo playback
results in record wear as great as a
tracking force of twelve grams on the
1.0 mil stylus used for monophonie
pickups. In an arm of proper design, a
tracking force of two or three grams is

(Continued on page 58)
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Fig. 5. Exploded view of the complete cartridge.
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Harman-Kardon sterec instruments are the most
flexible on the market today. Intelligent design assures
ease of operation. The new Duet stereo tuner and
Trio stereo amplifier — make stereo attractive,

effective, inexpensive — and sensible.

st i W, i L il
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THE TRIO, Model A-224, Stereo
Amplifier — actually embodies
three excellent instruments in
one handsome, compact unit.
The Trio is: A complete stereo
preamplifier with two separate
12 watt power amplifiers (24
watt peaks each.) A complete
24 watt monaural amplifier (48
watt peak.) A 24 watt monaur-
al amplifier with complete ster-
eo preamplifier arranged to
convert an existing monaural
amplifier to stereo. Outstanding
features include: Separate
ganged treble and bass controls,
balance control, mode switch,
speaker selector switch for local
and remote speaker systems,
contour control, tape output
for recording application and
rumble filter.

THE TRIO, Model A-224 $99.95
the Cage (AC-24) optional 7.00

THE DUET, Model T-224,
Stereo Tuner: Monaurall Bin-
aurall Whatever the applica-
tion, this new tuner is designed
to give maximum performance.
A superb monaural tuner—the
T-224 incorporates separate AM
and M channels for receiving
stereo broadcasts through this
one unit. Rear jack makes it-
adaptable for multiplex recep-
tion.

While the puET is an ideal am/
FM monaural tuner—it’s specifi-
cally designed for the growth in
stereo broadcasting. As stereo
broadcasting grows —the value
of the pueT multiplies for you.
Costs just a few dollars more
than conventional monaural
tuners! (The DUET incorporates
a simple indexing scale to per-
mit easy identification of five
pairs of “stereo” stations).

THE DUET, Model T-224
$114.95

Prices slightly higher on the West Coast.

For additional information on Harman-
Kardon stereo and monaural units, sim-
ply send a postcard with the word stereo
on it to Harman-Kardon, Dept. A-10,
‘Westbury, N, Y.

L

Costs just a few dollars more
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Employer Rights in Employee

Inventions

ALBERT WOODRUFF GRAY*

In the absence of a specific patent agreement, inventions of an
employee remain his own property unless he was employed “to
invent.” In many cases, though, employer retains ‘““shop rights.”

scientists were assigned to radio re-

search in airship bomb and marine
torpedo control. Both projects required
the designing of a mechanism for use on
an airplane to receive the output from
a radio receiver, thence to relay it to a
coil on an airplane which would operate
through a visual indicator or trigger
that in turn released a bomb on a pilot-
less plane or a marine torpedo.

While working on this problem and
impelled solely by their own ecuriosity
they also directed their attention to the
substitution of power-line alternating
current for direet current from batteries
in the operation of radio apparatus.
Patents were later issued them for these
discoveries in this line of research.

On the ground that these inventions,
perfected through the discoveries of
these secientists while employed by the
United States, were the property of the
government, suit was brought against
themn by the United States to compel the
transfer of these patents to the govern-
ment.

In a summary of the law by the gov-
ernment that these inventions were the
property of the United States it was as-
serted that inventions made by em-
ployees outside of work hours and with-
out the aid of material belonging to the
employer, when the inventions have no
relation to the employee’s duties, are
the property of the employee in which
the employer has no interest. This prop-
osition according to the court, was ob-
viously sound.

In support of the government’s claim
the second proposition was that inven-
tions arising out of or made in connee-
tion with the employee’s duties and in-
cidental thereto, by an employee whose
duties did not include the carrying on
of research or inventive work, are the
property of the employee in which, how-
ever, the employer has a shop-right or a
nonexclusive license to use the inven-
tion. That too, the court conceded was
sound.

However, the third proposition and

*112-20 72nd Drive, Forest Hills, N. Y.

EMPLOYED BY THE GOVERNMENT, two
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out the aid OI maverial pelonging to the
employer, when the inventions have no

conclusion of this argument of the gov-
ernment was, “Inventions made by an
employee in connection with his work
and within the scope of his work, whose
duties include the carrying on of re-
search and inventive work, become the
sole property of the employer together
with the accompanying patents.” This
conclusion the federal court refused to
accept.

Patent Right Belongs to Paymaster

‘When this case ultimately eame before
the United States Supreme Court on ap-
peal, that court in sustaining this judg-
ment denying the right of the govern-
ment to these patents, said that anyone
employed to make an invention, who
succeeds during his term of service in
accomplishing that task, is bound to as-
sign to his employer any patent ob-
tained.

The reason is that he has only pro-
duced that which he was employed to
invent. His invention is the precise sub-
ject of the contract of employment. A
term of the agreement necessarily is
that what he is paid to produce belongs
to his paymaster.

On the other hand, continued the
court, if the employment is general al-
though it may cover a field of lahor and
effort in the performance of which the
employee conceived the invention for
which he obtained a patent, the contract
is not so broadly construed as to re-
quire an assignment of the patent.

In an explanation of the underlying
principle of this conclusion, the court
added, “The reluctance of courts to im-
ply or infer an agreement by the em-
ployee to assign his patent is due to the
recognition of the peeuliar nature of
the act of invention which consists
neither in finding out the laws of nature
or in fruitful research as to the opera-
tion of natuval laws, but in discovering
how those laws may be utilized or ap-
plied for some beneficial purpose, by a
process, a device or a machine. It is the
result of an inventive act, the birth of
an idea and its reduction to practice,

Liougl 1L ay cover g nema or 14hor and
effort, in, the perfommance  of which, the

the produect of original thought, a con-
cept demonstrated to be true by practi-
cal application or embodiment in tangi-
ble form.”

Then of the distinction between the
idea of the inventor and its manifesta-
tion or reduction to practice, the court
continued, “Though the mental concept
is embodied or realized in a mechanism
or a physical or chemical aggregate, the
embodiment is not the invention and is
not the subject of the patent. This dis-
tinetion between the idea and its appli-
cation in practice is the basis of the rule
that employment merely to design or to
construct or to devise methods of manu-
facture is not the same as employment
to invent.

“Recognition of the nature of the act
of invention also defines the elements of
the so-called shop right which, shortly
stated, is that where a servant during his
hours of employment, working with his
master’s materials and appliances, con-
ceives and perfeets an invention for
which he obtains a patent, he must ae-
cord his master a non-exclusive right to
practice the invention.”

“Shop Rights’” Rule

In conclusion it was said by this court,
“This is an application of equitable
principles. Since the servant uses his
master’s time, facilities and materials to
attain a concrete result, the latter is in
equity entitled to use that which em-
hodies his own property and to duplieate
it as often as he may find ocecasion to
employ similar appliances in his busi-
ness.

“But the employer in such a case has
no equity to demand a conveyance of
the invention which is the original con-
ception of the employee alone, in which
the employer has no part. This remains
the property of him who conceived it
together with the right conferred by the
patent, to exclude all others than the
employer from the aceruing benefits.”’!

(Continued on page 61)

1U. 8. v. Dubilier Condenser Corp., 289
U. S. 178, April 10, 1933, aff’g. 59 Fed.
2d 381, May 24, 1932.
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New G-E “Golden Classic”
stereo-magnetic cartridge

15KC to 20KC RCA MONAURAL 12-5-69

I T ]
TEST RECORDS: 0 fo 15KC WESTREX STEREO 1A _|

FREQUENCY RESPONSE

D =

\ SEPARATION

\J/

100 1KC 10KC 20KC
c/s

Smooth response on both stereo and monavural records.
Consistently high seporation between stereo channels.

® Compatible with both stereo and monaural
records ® Full frequency response, 20 through
20,000 cycles ® “Floating armature” design
for increased compliance and reduced record
wear ® Effective mass of stylus approximately
2 milligrams ® High compliance in all direc-
tions—lateral compliance 4 x 10® c¢m/dyne;
vertical compliance 2.5 x 10* cm/dyne ® Rec-
ommended tracking force with professional-
type tone arm 2 to 4 grams ® Consistently high
separation between channel signals. (Specifi-
cations for Model GC-5))

ccand new “Stereo

See and hear the G-E '‘Stereo Classic’’ car-
tridge and tone arm 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. A108,W. Genesee St., Auburn, New York.

AUDIO e OCTOBER, 1958

Stereo is herel General Electric makes it official—with
the new "“Golden Classic’ stereo-magnetic cartridge, a
fitting climax to the famous line of G-E cartridges. It
makes stereo a superb, practical reality—at a very real-
istic price. Model GC-7 {shown) with .7 mil diamond
stylus, $23.95. Model GC-5 (for professional-type tone
arms) with .5 mil diamond stylus, $26.95. Model CL-7
with 7 mil synthetic sapphire stylus, $16.95. {Mfr's sug-
gested retail prices.)

Classic” tone arm

o A professional-type arm designed for use with G-E
stereo cartridges as an integrated pickup system ® Fea-
tures unusual two-step adjustment for precise setting of
tracking force from 0 to 6 grams ® Lightweight brushed
aluminum construction minimizes inertia; statically bal-
anced for minimum friction, reduced stylus and record
wear $29.95. (Mfr's suggested resale price.)

GENERAL @B ELECTRIC
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- Equipment Review

Audio-Tech Laboratories’ speaker system—Telematic “‘Minstrel”
speaker system—Karg Laboratories’ “Tunematic” FM tuner and
M/X-Stereo adapter units—Tannoy “Belvedere” Speaker system.

ITH THE CURRENT HIGH INTEREST in
w:lll things pertaining to stereo, one

might think that one component
common to both stereophonic and mono-
phonie systems—the loudspeaker—might sit
quietly by and simply sell in double the
normal quantity. It seems, however, that
we are practically overwhelmed with new
systems, many intended especially for
stereo. While a good speaker system can
serve for either type of installation, those
that are smaller and more compact lend
themselves to the decor of the average
home. All types reviewed this month might
be considered stereo types, sinece they
range from medium to tiny, the first being
the largest of the three.

AUDIO-TECH LABORATORIES
SPEAKER SYSTEM

Designed by Joseph Giovanelli, who con-
duets the AUDIOCLINIC column, the Audio-
Tech speaker system offers some unusual
characteristics at a reasonable price, and
while smaller than many of the more famil-
iar units on the market, its performance
puts it alongside many of them. The unit,
roughly 30 by 30 by 15 inches iu size, eni-
ploys a 15-inch woofer together with a
tweeter to cover the range from 30 to
17,000 eps, according to the manufacturer.
The woofer is built to the designer’s spe-
cifications, and is suspended with an elastic

.’,
(

material which provides extremely high
compliance. With adequate acoustic damp-
ing and a very heavy cabinet, bass response
is smooth and without apparent reson-
ances, with the exception of a measurable
increase in impedance at 50 cps. The nom-
inal impedance of the system is 8 ohms,
with the maximum impedance throughont
the entire audio spectrum not exceeding 20
ohms—which indicates an almost complete
lack of audio resonances. Because of the
tweeter coupling circuit, there is also a
peak in the impedance curve at around
2000 eps, above which the impedance drops
to the nominal value up to 8000 eps, when
it begins to rise again. The over-all result
of the smooth impedance curve is reflected
in a smooth mid-range. The erossover net-
work is of the L-C type, with the woofer
rolling off mnaturally to the 5000-cps eross-
over point.

In listening tests, the speaker was found
to perform down to about 32 or 34 cps,
using the “King of Instruments, Vol. I”
organ record for a quick determination.
The scale played on side 2 of this record
begins at 16 cps, and as the tones go up
the scale, the listener can determine easily
the note at which the tones begin to sound
musical. From 16 eps up to that audible
change in sound quality, the tones come
out as low-frequency flutters or wheezes,
with no musical quality whatever. Thus by
counting up the scale as the reeord plays,

Fig. 1. Audio-Tech
Laboratories’
speaker system.
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the listener can recognize immediately the
lowest frequency at which the speaker be-
gins to function as a speaker should.

Our second test record—~for a quick an-
alysis of speaker performance—is the old
recording of Varese’s “Ionization,” (Elaine
Music Shop, EMS-401), a record definitely
not recommended for speaker testing in
early morning hours. If we had to choose
a single record to indicate speaker per-
formance, this would be the one, for it is
full of transients which serve to show high-
ond performance, while the eight-foot bass
drum shows the low-frequency perform-
ance. It is not satisfactory as a quantita-
tive measure, of course, but for a quick
qualitative analysis it serves very well. The
test oscillator is more useful for a thor-
ough study, to be sure, but these two rec-
ords are available to anyone and will give
plenty of information.

The Audio-Tech speaker gives an excel-
lent account of itself on the high-frequency
end of the spectrum, both with the oscil-
lator and with the test record. Transient
performance is excellent, and output is
readily audible up to this observer’s limit,
whicli is about 14,500 cps.

In addition to its good listening quality,
the speaker is equipped with two refine-
ments whiech all speakers should have—
one is a calibrated control for tweeter
balance, and the other is the use of colored
binding posts for terminals to indicate
polarity, thus making it easy to conneet
in proper phase relation. While we prefer
a serewdriver-set control for balance, so
as to avoid tampering or unauthorized
changing of the setting, the calibration
provides some reference for resetting the
control to its “normal.” We believe a
speaker system should be set up ouce for
its acoustic environment and then left
alone permanently, any necessary changes
in tone being made thereafter with the
usual bass and treble controls.

The Audio-Tech speaker is available in
bleached and dark mahogany as standard,
and in other woods at a slightly inereased
cost. The cabinet design is simple, as seen
in Fig. 1, and should fit into practically
any modern home. L-27

TELEMATIC “MINSTREL”
SPEAKER SYSTEM

‘We are normally quite skeptieal about
extremely small loudspeakers—mnot having
heard any up to this time whieh even ap-
proach the performance claimed for them
by their manufacturers. We recall one
which was purported to go down to 40 cps,
but listening tests indicated that the 40-
cps signal was apparently tripling and
that whatever measuring instrument was
used was simply indicating the output at
the third harmonic—we could hear nothing
below about 120 eps.

The “Minstrel,” Fig. 2, is undeniably
small—8% in. high, 1514 in. wide, and 91/
in. deep, even smaller than the 9x9x 16
specified in the literature. Cousequently
we didn’t expect too much in the way of
performance. Then we turned it on—and
promptly checked our switching to make
sure we hadn’t ¢rossed up our A-B connec-
tions. But no, everything was normal. The
sound from such a small speaker was hard
to believe. The balance over the range was
good, output is audible to over 13,000 eps,
and at the low end down to below 40 eps.

Literature describing the “Minstrel” tells
us that it uses a new ‘““Acoustic Transfor-
mer” prineiple which gives it dynamic air
coupling. Beyond that, there is little infor-
mation. The speaker unit itself is a 6-inch
cone, and there are two semi-circular reflex
ports which radiate an appreciable amount
of sound in the lower range.
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Balance Contrel Curve fot “Sterca Clossic™ amglifier

New G-E 40-watt
“Stereo Classic”

Rarge cf line belonee control

Fading to Amp B fading to Amp A-

e
N
N,
N\

& 0 &
% control rototion (CW) (300" Rof)

Versatile, convenient switches and
controls. In this completely new and
striking General Electric design you'll find
every useful variation in stereo and mon-
aural amplification, controlled swiftly and
accurately. Balance control allows you to
adjust for maximum stereo effect without
overloading one channel when the other
is cut down. New contour control boosts
the bass smoothly, gradually, without in-
creasing sound intensity. Each control
handles hoth 20-watt channels.

® Full 20-watt power output from each channel at the same time.
® No audible distortion at full power. ® Flat response within .5 db
from 20 to 20,000 cycles. ® Outstanding sensitivity, extremely
low hum and noise level. ® Inputs: FM-AM tuner (and FM multi-
plex adaptor), stereo and monaural phono cartridge and tape,
auxiliary. ® Speaker modes: stereo, stereo reverse, single or two-
channel monaural. ® Speaker phasing switch saves manual phas-

ing. $169.95*.

New 28-watt Stereo Amplifier has similar fea-
tures, except for speaker phasing switch. $129.95*%.

Top performance in a trim, modern
cabinet. Receives even weak signals with
unusually fow distortion, hum and noise
level. No audible drift. Visual meter pro-
vides center channel tuning of FM and
maximum AM signal. RF amplifier stage
in both FM and AM for increased sensi-
tivity. FM multiplex jack for stereo adaptor.
Built-in AM antenna; folded FM dipole in-
‘cluded. $129.95*.

Model FA-11 (left) has russet leather
vinyl finish. Model FA-12 finished in willow
gray vinyl. Both models are style-matched
to the amplifiers. Cabinet removable for
custom mounting.

*Monufacturer'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., A108,W. Genesee St.,
Auburn, N. Y.

in both FM and AM for increased sensi- l
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The speaker has a nominal impedance of
4 ohms, will handle an input power of 10
watts continuounsly, aceording to the speci-
fications, and covers the range from 50 to
15,000 cps. Because of its small size, it is
especially adaptable for stereo installa-
tions, since two of them could be hidden
quite readily. The manufacturer suggests
that they could be built into valances if
desired, which would be ideal for stereo
use if the elevated location was not objee-
tionable to the user—as it might be to
some.

On the whole, however, two of these tiny
units would undoubtedly outperform any-
thing available in small portable stereo
phonograph cabinets which are featured in
so many advertisements ecurrently. And
while they cannot be compared to many
of the larger speaker systems for over-all
listening quality—mnor should they be, con-
sidering their low price—the Minstrels are
exceptionally listenable loudspeakers and
would be ideally suited to a small listening
room, apartment, or office.

The units are available in walnut, mahog-
any, blonde, or ebony, and may be used
either vertically or horizontally. They are
truly execeptional speakers for less than
three-quarters of a cubie foot. L-28

KARG “TUNEMATIC” FM TUNER
—STEREO-MULTIPLEX
ADAPTER

Two separate units, these, but identical
in size and similar in appearance. The I'M
tuner—ecalled “Tunematic” because each
station is on a separate position of a
switeh, and with erystal control to ensure
exact tuning every time—employs seven
tubes: an ECC88 cascode r.f. amplifier, a

Fig. 2. The Tele-
matic “Minstrel,”’ a
speaker of excep-
tionally small size,
good performance.

0 et

6AUBA mixer-oscillator, with the triode
section serving as the mixer and the pen-
tode seetion as the crystal oscillator, two
6BZ6 i.f. amplifiers, a 6BN6 and a 6AU6
as limiters, a 12AU7 a.f. amplifier and
cathode follower, with an EZ80 for power
rectifier. Two CK705 diodes are used in the
diseriminator circuit.

The input circuit accommodates a 300-
ohm twin lead or a 75-ohm coaxial lead-in,
and an image interference trap is used in
the r.f. amplifier grid cireuit. R. f. ehokes
in the power line isolate the transformer
and permit the use of the line cord as an
antenna, which is sufficient for typical in-
stallations in reasonable proximity to the
transmitters. We found it perfectly ade-
quate for use 20 miles from the New York
stations, and have found no need for an
outside antenna. Specifications indieate a
sensitivity of 2 uv for a 300-ohm line and
20 db of quieting, or 6 uv for 40 db of
quieting. Half these signal strengths give
the same quieting with a 75-ohm input.

The Tuuematie is available with six,
eight, or ten stations, and must naturally be
set up by the factory, since each station
requires a different erystal. The “tuning
dial” is simply a plastic disc on which the
station eall letters appear, illuminated
from behind through a small rectangular
window. Except for the a.c. power switeh
there are no other controls. The tuner is
shown in Fig. 3.

The i.f. amplifier stages are conven-
tional, exeept possibly for the use of the
high-transcondunetance 6BZ6 in both. One
of the most efficient limiters so far is the
gated-beam, zero-time-constant 6BN6, and
this stage is followed by the 6AU6 pentode
saturation limiter, giving a high degree
of limiting ahead of the Foster-Seeley dis-

Fig. 3. Karg Laboratories’ Model XT-1 “Tunematic”’ FM tuner, crystal controlled with
six, eight, or ten stations selected by the turn of a switch.

54

tubes: an ECC88 cascode r.f. amplifier, a

of limiting ahead of the Foster-Seeley dis-
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criminator. Following the de-emphasis net-
work is the level-set potentiometer, which
is a serewdriver control located on the
conneetion panel, an a.f. amplifier, and a
cathode follower which provides an output
of approximately 3 volts to high-impedance
loads, and an output of approximately 0.5
volts to feed a 600-ohm line, A third out-
put is multiplex, whieh is counected ahead
of the de-emphasis network.

There are more advantages to the use
of crystals than might at first be apparent.
Simplieity of tuning is, of course, readily
noted, and along with it the absolute ac-
curacy of the erystal eontrol. A second
advantage is the complete freedom from
microphonics, to the extent that the unit
can be installed in the speaker cabinet if
desired. A third advantage will seldom be
noticed by the user, but will be welcomed
if a..v servicing is to be done—and that is
the fact that complete alignment can be
made with absolute aceuracy using only
a vacuuni-tube voltmeter connected to test
Jacks on the chassis. A signal generator is
not required at all, since the necessary ad-
justments can be made with the stations
involved.

In performance, the Tunematic is above
average in sound quality—and anyone in
the family can tune in the stations per-
fectly, there is never any “sideband” recep-
tion with this tuner. Using only the power-
line antenna eonnection, we had a pleasant
—if confusing—surprise one evening when
WBAT (99.5 me, New York) was appar-
ently having some trouble, in any case the
station was going off the air for intervals
of perhaps ten minutes at a time. With no
apparent change in volume, the announcer
began talking about stores in Wilmington,
Delaware. Every time WBAT weut off the
air, WJBR became audible. Both are on
the same frequency, but WIBR is approxi-
mately 115 miles from Mineola, while
WBAI is ouly about 20.

Aside from its obvious advantages, the
Karg Tunematie is available with several
features for special applications. One is
the addition of a signal-strength meter,
which is simply a 50-ua meter switched
In at appropriate places so as to provide
two ranges—5 to 50uv, and 0.5 to 5 V.
A second feature that would be invaluable
to those who want remote control is the
addition of a motor assembly on the back
of the housing, and coupling to the tuning
switch, which extends out through the
shield around the osecillator section.

The Tunematie is not inexpensive, but it
is a superb tuner which will give optimum
reception from up to ten desired stations.
One obvious question is, “What do I do if
I move to another area?” For a nominal
charge, the manufacturer will provide new
crystals for the other area, together with
a new dial, and will do a complete factory
cheekup on the tuner so that it is just as
good as new every time you move.

The Multiplex-Stereo Adapter

This adapter is the first commereial unit
we have encountered—and it is still so
new that we have little except first-hand
information about it. This unit employs
the Crosby system, having a broad-band
aceeptance for sub-carrier stereo use. It is
the same size as the Tunematie and similar
in appearance, as shown in Fig. 4. It has
two controls in addition to the power
switch—the seleetor switeh with three posi-
tions, MULTIPLEX, MAIN, and STEREO, and
a balance coutrol.

The unit uses five tubes—two 12ATU7’s,
two 12AX7’s, and an EZ80. The multiplex
and 3-volt outputs of the Tunematic are
fed to the inputs of the adapter, and two
audio outputs are fed to a stereo preamp.
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DEBUT

of the Bozak Urban enclosures for

the B302A and B305 speaker systems.
See and hear them at the Audio [fairs
and franchised Bozak dealers—or write

The R. T. Bozak Sales Co. Darien, Conn.
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In the AAIN position of the selector switch,
both channels are fed from the de-empha-
sized output of the tumer; in the MULTI-
PLEX position of the switeh, the “detected”
multiplex signal is fed to both outputs;
in the STEREO position, the two signals are
matrixed and the resnlting L and R signals
are fed to the outputs.

The adapter works perfectly on the two
background multiplex stations covered by
the crystals on the tuner we examined. The
Crosby circuit does not silence on the ab-
sence of sub-carrier, but when the sub-
carriers were on, reception was good—if
one discounts the quality of the musical
works being played. We did hear WBAI
on its multiplex testing a few times, and
there was little difference between the
main and sub-carrier quality. We have not
so far heard WBAI testing with stereo
sources, but it would appear that this
should be no problem, since the quality of
sound is the same—or practically so—when
both main and sub-carrier are fed with the
same signal.

Both of these Karg units are available
with wood cabinets, or they may be
mounted in equipment cabinets using small
brackets to hold them against the panel
without the need for serews through the
panel. For installation in walls, the hous-
ing is the right size to mount between studs
with the usual 16-inch spacing. Both units
have panels 16 in. wide and 5% in. high,
over-all depth behind the panel is 5% in.,
and 19-in. panels are available for rack
mounting. L-29

Fig. 4. Karg’s new
Multiplex - Stereo
adapter,

TANNOY “BELVEDERE”
SPEAKER SYSTEM

Employing the well-known dual-concen-
tric Tannoy speaker, the “Belvedere” is
an innovation in this company’s cabinetry,
since it is comsiderably smaller than any-
thing they have shown to date. But with
the U. S. market becoming increasingly
conscious of size—with a consequent de-
mand for speaker systems which, when
used in pairs, still leave some space
in the listening room for people, chairs,
and perhaps an equipment cabinet—some
steps in this direction were necessary.

The “Belvedere” is of intermediate size
—measuring 26 in. high by 18 in. wide and
12 in. deep, or if the user prefers, 18 in.

high by 26 in. wide, since all four surfaces"

of the cabinet are finished so the unit may
be used in any position. The cabinet is of
exceptionally heavy construction, and is a
modified bass-reflex model. In addition to
the opening for the speaker cone, there are
two additional openings as ports, approxi-
mately 1% x 14 in. each, on either side of
the speaker. The interior of the cabinet is
lined with acoustic material, and a con-
trolled thickness of the material completely
covers the ports, resulting in a consider-
ably higher loading on the cone at the low
frequencies.

Over the period of development of this
enclosure, Tannoy engineers ranged from
an infinite baffie to completely open ports,
both with and without acoustic treatment
in the interior—the ecabinet size being

Fig. 5. The Tannoy
| "Belvedere”
; speaker system.
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fixed at the beginning as onhe which market
surveys had shown to be ideally acceptable
for the home. As an infinite baffle device,
the low frequencies were somewhat at-
tenuated, although they were clean and
completely free of ‘“muddiness.” At the
other extreme-—unloaded ports—there was
adequate bass, but a noticeable muddiness.
The design finally accepted retains the
good features of both, and the resistance
loading of the ports allows excellent bass
response with a minimum of coloration.

Using the organ test record again, the
speaker may be said to perform properly
from1 D of the second octave, or possibly
even down to the second C, which is 32 eps.
We would describe the lower limit unques-
tionably as 35 cps, or perliaps even a cycle
or so lower. At the top end, the output is
a function of the tweeter section of the
Dual-Concentric Tannoy speaker, and this
is measurably flat up to 20,000 cps, al-
though we do not hear that high.

Tannoy speakers are noted for their
ruggedness, aud in properly designed cabi-
nets they cease to sound like loudspeakers
but seem to sound more like the original
instruments. There is a crispness through-
out the voice range which gives a solid
feeling of clarity to speech, yet there is
never any ‘‘chestiness” which indicates a
peak in the 150- to 300-cps region. On the
whole, Tannoy speakers are remarkably
lifelike, but we had never before heard
them in small cabinets. This particular de-
sign, however, retains the high quality of
performance that we first noted in the
G. R. F. “Autograph” models when we first
saw and heard them.

This is one of the models that we would
not hesitate to describe as having'made
10 compromises between size and perform-
ance—the performance is still there even
in the smialler enclosure. It is interesting
to consider how much speaker development
hag been done in the past year or so to
reduce cabinet cost as well as size, and it
is likely that more development will follow
80 as to resnlt in a completely satisfactory
stereo speaker system in not more than one
cubic foot of space, yet retaining the spa-
tial characteristics needed for good stereo
reproduction. L.-30

HARMAN-KARDON COMMENTS

The engineering department of Harman-
Kardon takes exception to our discussion
of de-emphasis time in the review of their
I*-10 tumer, which was referred to several
times as IFA-10, which combines the tuner
with an amplifier. The tuner sections of
both are the same, however, and the in-
formation would apply to both. H-K's com-
ments follow:

“Here is the way we compute the de-
emphasis time constant. The formula is
I'=RC. The E consists not only of the
22K resistor mentioned, but also includes
the diseriminator source impedance (about
10K ohms). The C consists not only of the
.002 uf capacitor, but also the cable ca-
pacitance (280 ppf) and the stray ca-
pacitance of the tuner board and the
aniplifier inpnt (85 puf). The total nom-
inal B equals 32K ohms and the total
nominal € is 2365 puf. The product of
these two is 75.7 microseconds. Ten-per-
cent tolerance components are used in the
network and 1-db deviation may be ex-
pected. Since frequency response is of
crucial importance in any high fidelity
equipment, we measure the response of all
tuners in production, and all measure
within + 1 db of the standard curve as per
our specifications.”

We are pleased to have this clarification
to avoid giving an undeserved wrong im-
pression of the tuner’s performance. ZE
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GOODMANS

BEST BY TEST

WHAT THE SPEAKERS
RESPONSE CURVES .. ~.
DON'T
SAY ABOUT
THE NEW

AXIOM 450: New twin diaphragm, extra
wide range 12” speaker. Handles fre-
quencies from 20 to 16,000 cycles with
a preciseness and efficiency never before
attained in a 12" speaker. Goodmans
+ upique “RIGIDFLEX" cone has a com-
The response curve charts below reveal the basic pletely flexible free-floating cone rim

H and completely rigid cone center to pro-
quality of all Goodmans loudspeakers: smooth, vide pu?e pisytoﬁ action, CO,,,.,,UE.,S
2 A power handling capacity 45 watts. Price,
undistorted fr.eqyer?cy resppnse ove.r the audio $89.00 (AXIOM 350: same as 450 in ro.
spectrum. This is impressive and important—but sponse and performance; power handling

you can't listen to test tones all the time. S LB 2 ML, S T )

Eventually you have to face the music. You must
select a speaker that, in your opinion, reproduces
music best.

SPEAKERS

When you translate these curves into musical
terms, you'll find that a Goodmans speaker
displays no false projection or overpowering
brilliance; that it simply reproduces recorded

DUAXIOM 800: Exclusive 10” twin dia-

or live sound with proper balance, clarity and phragm speaker featuring free edge

i i i cone suspension resulting in low free

rea}usm. leen' a goo<_1 program source, you w!ll hear S LB PO e <F st iy

a fine separation of instruments, peak-free highs ;Imo?th ﬂrespotnse020{to 20.000 cycllt(es.

. efficie 10" fr eake

and clean, well-defined bass. Test any Goodmans av%snamef Wil hanmeefp s niatieh
loudspeaker against the competition. You’ll Price, $59.50.

discover that Goodmans sounds more natural,
more musical—giving you the kind of sound you
must have for true stereo.

All new Goodmans speakers are available in
handsome, superbly designed, acoustically
matched enclosures featuring the famous ARU
units. These Acoustical Resistance Units, an

- AXIETTE 1l 8: Exceptionally fine, smooth
excl'uswe GOOQmans feature, enable you to ; response over entire audio spectrum.
achieve superior performance and response in an Onef of the gre%t I?'qd_speake{_I valueg {n

g erformance and efficiency. Heav u
enclosure only 24 to Y4 the size normally used. 3" extra wide range s{weakerywitﬁ

RIGIDFLEX hyperbolic free edge cone
suspension. Price, $27.00.

i 7 i
o 50 ¢/s 100 ¢/s 1$0¢h 200 ¢ 00¢h 40chs 00 6 T B 9 1K) 15 Kels 2Keh IKes  AKgEKeh T U 10Ke 15 Keh 20 Kelo l 4
~\ o — e % o~ 4 A

B il = : s J /- N /—“‘“\-v/ = TREBAX 50: High frequency pressure

T 52T “Ea] T IR AR hr it 7 | A driver with built-in elliptical horn for

a i . silky, peak-free highs from 2500 cycles

to beyond range of human ear. Perfect

match in 2- and 3-way speaker systems,

Handles 50 watts with 5000 c/s cross-

over. Price, $32.50. (TREBAX 35: Same

as Trebax 50 in construction and perform-

ance. Handles 35 watls In 2- and 3-way
systems. Price, $24.50.)

DECIBELS

0 Goodmans Axiom 450 (Solid Line)

CONSTANT TEST CONDITIONS: Microphone 18" on axis. Anechoic con