‘Splicing Tape & Applications
Construct a Uariable-Frequency Source
~ The 8-Track/Cassette Gold War

" The 4-Channel Disc
& Quadrasonics on the Rir

ALSO: Stereo Equipment & Record Reviews




..atmy

digital computer
that flashes a light
when youre
tuned right

Inside Scott’s new 382C AM/FM stereo receiver is a specially-developed digital computer circuit called “Perfectune,”
that takes the fiddling, guesswork, and wasted time out of tuning . . . gives you perfect sound, instantly, every time.

How does it work? The Perfectune integrated circuit scans the other tuner circuits and decides exactly when you have
tuned for both lowest distortion and best reception. It then flicks on the Perfectune light .

Perfectune gives a far more exact reading than a meter, which may read
at its highest point when the signal is masked by interference. The Scott
382C still has a meter . . . but it’s a signal strength meter you use only to
position your antenna for optimum signal . . . then you let Perfectune take
over for perfect sound!

Perfectune is only one of the advanced Scott features that make the
382C your best AM/FM stereo receiver buy. The photos below show some
of the other Scott exclusives incorporated in this superb unit.
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SINE-WAVE POWER OYTPUT
PER CHANNEL iN WATTS

Full complement of 7 “Wire-Wrap”...a per- New IC multiplex secc Full Complementary Snap-in printed circuit

Integrated Circuits . .. manent connection tion that gives better Output circuitry that modular construction
more than any compet- technique that elimi- stereo performance gives virtually distor- for reliability and ease
itive receiver. nates solder joints. and reliability. tion-free listening at of service.

all levels.
Specifications:

Power (= 1 dB) 110 Watts. IHF power specifications @ 0.89 distortion, both channels
driven: Dynamic power @ 4 Ohms, 45 Watts per channel; Continuous power @ 4 Ohms, 33

Watts/channel, @ 8 Ohms 25 Watts/channel. Selectivity, 40 dB; Frequency response, = 1 dB,
15-30,000 Hz; THF power bandwidth, 15-25,000 Hz; Cross modulation rejection, 80 dB; Usable nn ®
sensitivity, 1.9 uV; Stereo separation, 30 dB; Capture ratio, 2.5 dB. Prices and specifications

subject to change without notice. Walnut-finish case optional. . . . .
For detailed specifications, write:

Choose either the 382C AM/FM stereo receiver at $299.95 or its FM stereo counterpart, the H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. 01754
342C at $269.95. © 1969, H. H. Scott, Inc. Export: Scott International, Maynard, Mass. 0154

Check No. 100 on Reader Service Card
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“Elektra was first in

recognizing the value of
the Dolby System for
multi-track rock recording,””

says Jac Holzman, President of Elektra Records.
““Since early 1967, we have used Dolby units on
most of our recordings of The Doors, Judy Collins,
Tim Buckley, Tom Paxton, The Incredible String
Band, Roxy, and many others. The New Music can
have a surprising dynamic range, and we find that
the Dolby System not only gives a really low-noise
background during quiet passages, but it helps to
preserve the clarity and definition of complex
musical textures. A related advantage is that the
mixdown is faster and less tedious. In working out
the final mix, we no longer have to resort to intricate
equalization schemes to retain crucial nuances and
subtleties of the performance.”

S. Calit. Audio industries Corp.
1419 N. LaBrea Ave., Hollywood, Calif. 30028

[Y]DOLBY LABORATORIES INC| " FlE:

333 Avenue of the Americas New York NY 10014
telephone (212) 243-2525 cables Dolbylabs New York
for international inquiries contact UK address:

346 Clapham Road London S W 9 England

telephone 01-720 1111 cables Dolbylabs London

N. Calit.

Midwest

Canada

Audio-Video Systems Engineering

1625 Tennessee Street. San Francisco. Calif. 94107
Tel. 415-647-2420

Expert Electronics, Inc.

7201 S. Western Avenue, Chicago. lilinois 60636
Tel. 312-HE 6-2700

J-Mar Electronics, Ltd.

6 Banigan Drive, Toronto 17. Ontario. Canada

Tel. 416-421-9080




Number 76 in a series of discussions
by Electro-Voice engineers

E-V
GROWS A

HYBRID

CARL GOy
Chief Engineer,
Consumer Electronics

While the input section of an amplifier may
get little more than passing notice from the
consumer, low-level high gain preamplifiers
pose one of the more interesting and diffi-
cult challenges for the design engineer.
Performance of the first stage is extremely
critical if good signal/noise figures are to
be achieved.

An unique thick-film hybrid circuit has been
created for Electro-Voice receivers and am-
plefiers that makes a substantial contribu-
tion to stable, low-noise performance with
uniform equalization characteristics.

A silk-screened circuit comprising the 9 re-
sistors and 2 capacitors needed for a mag-
netic phono preamp is created on a ceramic
slab or substrate, then fired at high tem-
perature to fuse the circuit and substrate
into a single element. Two silicon low-noise
transistors are carefully soldered into the
circuit and wire leads are attached. The
entire assembly is then dipped in Durez to
form a thick-film hybrid circuit that can
be inserted into a PC board containing the
bypass and coupling capacitors needed for
the balance of the preamp.

Several advantages accrue from this tech-
nique. Extremely short internal leads insure
minimum hum seunsitivity, with measurably
superior performance compared to discrete
components. The circuit’s small size (about
134"x34”x34” ) permits a pair of thick-film
hybrid assemblies to be located immediately
adjacent to the input connectors of the
receiver,

Unusually uniform equalization character-
istics can be achieved, not only between
channels of a single stereo system, but also
from one unit to the next. And testing of a
complete preamplifier assures that the entire
circuit meets noise, gain, and equalization
standards prior to assembly, a step difficult
to achieve with conventional discrete com-
ponent assemblies.

In addition to the use of these hybrid cir-
cuits, E-V takes another step to reduce
noise by locating the preamplifiers and in-
put switching at the rear of the chassis in
a shielded enclosure. This location insures
that only relatively high level signals need
be routed to the front panel of the unit.
The net effect is quiet performance with
uniform, stable equalization and minimum
sensitivity to external disturbances.

For reprints of other discussions in this series,
or technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 103A
602 Cecil St., Buchanan, Michigan 49107

EleélhoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.
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W80 Variflex® Speaker Syastem. $289.95 ¢d.

air of W80's on eptional B48 base, $25.75

Introducing—a most significant breakthrough in home stereo reproduction

The WHARFEDALE Model W80 VARIFLEX' Speaker System

This new concept completely eliminates the usual limitations
involving speaker placement!

* The VARIFLEX requires no special
spacing apart, or from a wall or
above a floor.

¢ It can be used in pairs, anywhere in
the room.

« QOr, two W80 speakers can be used
to form a single 56" console.

¢ VARIFLEX brings balanced stereo
sound to the listener.

* Stereo perceptionispreserved, rather
than splattered promiscuously by
uncontrolled room acoustics or
speaker elements.

* No need to disturb existing high fi-
delity systems. Does not require
electronic equalizer.

¢ Exclusive sand-filled construction
to eliminate undesirable enclosure
resonances and coloration.

* Modest in size {only 177 x 171/4” x
29”), the W80 is truly fine furniture,
attractivelystyled to enhance rooms
of virtually any decor.

AUDIO ¢ JANUARY 1970

What is VARIFLEX?

Ordinary reflective and “omni’’
speaker systems have one thing in
common: Sound dispersal is promis-
cuous and subject to acoustical phase
distortions caused by the shape and
furnishings of the room. Splattered
sound, whether solely against a wall
or through use of a conical reflector in
the speaker enclosure, is uncontrolled
sound. Hence, in the case of some
types of systems, “optimum” spacing
is recommended from a wall or above
the floor. In ather instances, sound is
projected over a wide area, equally,
from both speakers of a stereo pair.
But, in this case the levels at which
sounds of different frequencies arrive
from both channels to a given point
in the room are unequal and therefore
unbalanced. In both instances, the
distribution pattern of sound is fixed
and therefore unable to accommodate

Check No. 3 on Reader Service Card

the multitude of differences which
exist between rooms.

Tke Wharfedale VARIFLEX em-
ploys a variable device which bends
sound waves in a definite and control-
lable manner so as to form the particu-
lar sounddistribution pattern required
by room conditions and/or the listen-
ing and decor needs of the user. This
variplanular reflector is capable of di-
recting sound waves both in the ver-
tical or horizontal planes, or any
combination of these angles.

For full specifications on the W80
and all the Wharfedale systems, write
Wharfedale, div. British Industries
Co., Dept. HA1-9, Westbury, N.Y.

hafedale

ACHROMATIC SPEAKER SYSTEMS
3




Coming In
February

A Practical View of dB’s,
dBmv’s, and VU’s—George H.
R. O’Donnell describes some
practical methods for coping
with the subjects.

Transient Power of a Stereo
System — Osamu Goda dis-
cusses power output of
amplifiers when faced with
sudden power demands as
caused by abrupt, loud music.

The Best of '69 Recordings—
Audio columnists pick their
personal favorites among LPs
and pre-recorded tapes heard
in 1969.

An Integrated-Circuit Fre-
quency Modulation Detector
— Eugene Patronis, Jr. pre-
sents a new detector, illu-
strating how it is constructed
and how it works.

... and more.

EQUIPMENT PROFILES:

Roberts 420XD Stereo Tape
Recorder.

Dynaco SCA-80 integrated
stereo amplifier (kit).

Rectilinear X three-way
speaker system...and others.

Audiochnic

If you have a problem or question on
audio, write to Mr. Joseph Giovanelli
at AUDIO, 134 North Thirteenth Street,
Philadelphia, Pa. 19107. All letters are
answered. Please enclose a stamped,
self-addressed envelope.

JOSEPH GIOVANELLI

ABOUT THE COVER:

Four-channel stereo is exemplified
by a disc and a stereo FM scope
photo, both of which are being
touted as four-channel media.
AUDIO has articles concerning
both in this issue.

4

Two Uses for an Oscilloscope

Q. I would like to connect an oscil-
loscope to the tuner section of my
stereo receiver to determine signal
strength and multipath conditions.

I would also like to use it for ob-
serving channel separation of the
section.

What would be the best point of
connection? Sol Kohen, Philadelphia,
Pa.

A. Multipath indication can be de-
rived by connecting the horizontal
plates of an oscilloscope to the “live
zero” detector output. The vertical
plates are connected to the input of
the first limiter. The two signals will
deflect the beam both vertically and
horizontally. If the signal is a straight
line, there is no multipath distortion.
If there is a dip, or droop, in the line
at -any point, vou do have some
multipath distortion. The greater the
dip, the more multipath is indicated.
The scheme just described is a method
used by H. H. Scott for this purpose.

If you do not have enough signal
from the detector and limiter to cause
sufficient beam deflection (and this is
likelv) when connecting the signal to
the plates, feed the signals to the d.c.
inputs of your oscilloscope amplifier.
This amplifier must have good high-
frequency response, to at least 100
kHz,

Stereo separation can be shown on
a ’scope by connecting the vertical
plates to one channel and the hori-
zontal plates to the other. You might
need to use the a.c. input of your
’scope amplifier to increase sensivity.
You must set the ’scope to have the
same gain for each channel

If the trace on the ’scope is a
diagonal line, the signal is mono. This
brings us to something quite inter-
esting. Once vou know the direction
of the diagonal line with a correctly
phased signal, you can then detect
out-of-phase mono simplv by noting

that the direction of the diagonal has
shifted 90 deg.

The more the signal becomes stereo,
the more the trace departs from a true
diagonal. There will be a number of
traces which will proliferate on the
“scope face, determined by the dif-
ference in phase of the two channels
at any instant and at various frequen-
cies of which the program material
might be composed.

Speaker Phasing

Q. There was an article in April
1969 issue of Aupro on “Don’t Let
Speaker Phasing Faze You.” In it the
author mentions that speaker phasing
meters are available at some audio
dealers. I have not been able to locate
a dealer carrying these meters. Can
you send me an address of a dealer or
dealers who might hace these units?
—Don Davis, Waverly, N.Y.

A. A couple of years ago RCA sold
a phasing system to radio and TV
dealers. However, I never saw it and
I cannot vouch for its effectiveness.

I wonder if perhaps some of you
reading this might have some informa-
tion about these devices which they
would be willing to pass along to all
of us.

In the absence of such a meter, this
brief discussion of speaker phasing
mav be helpful. Phasing is not all that
difficult to determine. First of all,
there are some listening rooms which
have such severe problems with stand-
ing waves that correct phasing does
not bring about much improvement in
sound reproduction over that which is
heard when phase is reversed. Also,
there are listeners who cannot hear the
dilference between proper and im-
proper phasing. If no difference is
noticeable to the listener, there’s prob-
ably no reason to be concerned about
the problem. Of course, if this listener
invites some other audio buffs to hear
his system, it would be well to have
the speakers phased. Sometimes this
inabilitv to determine the difference in
sound between what is correctly
phased and what is not is actually a
matter of understanding what to listen
for.

To phase two speakers in a stereo
system all that is necessary is to play
a mono source, or at least have vour
amplifier set to a position whereby
stereo is converted to mono, with both
speakers operating. Balance the sound

Check No. 5 on Reader Service Card —»



How to explain to your wife
why you spent an extra $400

for this stereo receiver.
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There’s no doubt about it. You can get a
fine receiver for as little as $200 or $300.
We know, we make them. But we also
make a $700 receiver. We know what goes
into it. Once you know, you might be
compelled to buy one and if you do, you
might have to convince your wife about
spending $700 for a stereo receiver. So
here’s what you can tell her.

Point out that the 6120 is actually a
bargain. It's sensitive (1.8 microvolts, |HF)
so it pulls in stations that other receivers
can’t. As long as you are paying for the
entire FM Band, you might as well get all
of it. Prove it by letting her tune up and
down the generous 8-inch tuning dial
listening to station after station pop out.
Show her how the two tuning meters help
locate the strongest signal and the exact
center of each channel for best reception.

She understands traffic jams, so tell her
about the heavy traffic on today’s broad-
cast bands. Stations are crowded together
with little or no separation between them.
Despite this, there’s no interference from
nearby stations with the 6120 and the one
station you want to hear is the only one
you'll hear. Nootherprogramsor unwanted
noises.Adjacent channel selectivity, 100dB.
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No wife likes noise. And noise is parti-
cularly annoying when combined with
music. With the Sony 6120 noise and inter-
ference don’t intrude upon the music. The
6120 delivers sound as clear and pure as
possibly can be expected outside a con-
cert hall. Purer, in fact, for she won't be
putting up with audience noises, such as
coughing and throat clearing. If she wants
proof, mention a few of these specifica-
tions: signal-to-noise ratio, 70dB; rejec-
tion 90dB; i.f. and spurious image rejection,
100 dB each; and AM rejection 65 dB.

Now you can get a bit romantic. Turn
on somemoody background music, quietly.
She’ll relax. Now turn up the volume.
Normally you'll be operating the 6120 at
well below one watt. But just so it doesn’t
have to strain and distort when there’s a
crescendo passage, it has plenty of power
in reserve (rated amplifier power 60 watts
per channel into 8 ohms, both channels
operating). The 6120 coasts along taking
everything in stride from Beethoven to
Berlioz, without distortion at any listening
level (IM distortion 0.3% at rated output;
0.05% at one watt; harmonic distortion,
0.2% at rated output; 0.05% at one watt).

You're making progress. Now point out
that the 6120 can capture the nuances in
the music that are the result of harmonics
and other subtleties that make music such
a delightfull experience. The 6120 can
easily handle the audible sounds with
none of the strain and distortion that a
narrower band would have to fight. It has
more range than you'll ever need, from
deepest basso profundo to the highest
lyric soprano. The proof: Power band-
width from 12 Hz to 70 Hz.
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Time to begin your closing arguments.
Point out all the pleasures of the SONY
6120-FM stereo and FM broadcasts, superb
reproduction of records, tapes...only con-
trol she'll ever get involved with is the
quick-action functionselector.In the upper
position, the tuner is connected; in the
lower position, the record player; in the
center, a knob selects microphone, tape
head, phone 2, aux 1 and 2. You really
don’t have to go into detail on the 6120’s
many other conveniences. But, should
your wife ask, you might mention the
made control with 7 positions and switches
forlow and high filters, loudness contour,
tape monitor, FM mode (automatic stereo
or stereo only) high blend and muting.
The aux 2 input on the front panel accepts
a stereo phonojack. It’s useful for making
a quick patch in of a tape recorder on
playback, or any other high level signal
source. For recording there’s a front panel
line-out jack. There’s a headphone jack,
speaker selector, treble and bass controls.

Therear panel has inputs corresponding
tothe front panel selector plus a duplicate
set of aux 2 jacks, tape inputs and outputs,

and an additional tape recorder receptacle
for 5-pin (European type) connections.
A separate mixed left and right channel
jack can be used to drive a mono amplifier,
orto pipe music into another room. Maybe
your wife won’t understand the signifi-
cance of all these conveniences, but she’ll
know she’s getting something extra for
her money.

It's time for your wife to audition the
6120. Try plugging a pair of stereo head-
phones into the front panel jack and men-
tion how compatible the 6120 is. You can
enjoy your 6120 while she can enjoy her
favorite TV programs in the same room,
without interruption.

Next, allay any doubts she might have.
She might feel that while the 6120 sounds
beautiful today, how will it sound 3 or 4
years from now? After all, her appliances
wearout. Tell herabout the “forever filter”
The SONY solid-state IF filters (there are 8
of them) that preserve the high standard
of performance in the 6120 for almost
ever,sincethey cannotgooutof alignment.

Now that you have demonstrated the
performance capabilities of the 6120, show
her how beautiful it is with oil-finish wal-
nut cabinet, brushed aluminum paneling.
Tell her it would take two of the finest
components available today to equal the
performance of the 6120, and they would
cost considerably more. And take up more
space, too. Finally, tell her it's Sony, made
by those same people who make all of
those wonderful things people have come
to enjoy in both sight and sound. Now
play her favorite musical composition.
You've saved a happy marriage and be-
come the proud owner of a new SONY
6120 FM/FM stereo receiver.

SONY Corporation of America, 47-47
Van Dam Street, Long Island City, N.Y. 11101

SONY STR-6120



between the speakers. If the phasing
is correct, the sound will appear to be
coming from a virtual source between
the two speakers. However, if the
phasing is incorrect, the sound will
appear to be coming from both
speakers, as it indeed is. This sound
will be accompanied by a peculiar
“pulling” of the ears. The effect is
similar to that of reduced pressure on
the eardrum. It is a distinctly un-
pleasant sensation.

Minimum Speaker Driving Power

Q. In the April 1969 Aubio there is
a long list of speakers. One item cov-
ered in this list is “minimum amplifier
power required in watts.” Just what
does this mean?—H. ]. Klumb, Roch-
ester, N.Y.

A, When a loudspeaker manufac-
turer refers to the “Minimum Amplifier
Power in Watts,” he believes that this
is the minimum power at which the
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A How It Improves
KEven The Finest
Stereo System!

The new Frazier Stereo
Environmental Equalizer—a
totally new concept in elec-
tronic instrumentation —
employs twelve 2/3-octave

tuned circuits for each of

two channels, to reduce acoustical peaks either in the
loudspeakers or room acoustics by a factor of 15 deci-
bels maximum, Flattens the response curve for new bal-

ance in sound reproduction never before available.

EMPLOYS THIS PATENTED CIRCUITRY
mmmmwmmmmwm
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*Gef demonstration of
ENVIRONMENTAL EQUALIZER
at your dealer’s . . .
WRITE for literature and name
of Frazier dealer nearest you.

or

RAZIER

INCORPORATED

1930 VALLEY VIEW LANE
DALLAS, TEXAS 75234,

PHONE 214-241-3441
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speaker will give satisfactory volume
as heard by the listener. Thus, vour
amplifier must be able to supply at
least this minimum power to provide
full, room-filling volume.

You may need to walk around the
room a bit to find the best listening
position from which to observe the
correctness of speuker phasing.

To correct an out-of-phase condi-
tion, reverse the leads connected to
one of the speakers.

IC’s Installed in Tonearms

Q. If one were to take advantage
of the fact that an integrated circuit
can be placed in the tonearm, would
it be better construction to feed it into
the phono input or into an auxiliary
input’—Dan Derbick, New York, N.Y.

A. Unless there is a good reason to
add an integrated circuit to your tone-
arm you should not do so. If the leads
between the phonograph and pre-
amplifier are short and if the cartridge
you are using has sufficient output to
provide good signal-to-noise ratio, you
won’t require the use of the IC. Of
course, under this latter condition, the
IC can hoost the voltage sufficiently to
supply the necessary output to drive
vour preamplifier properlv from the
auxiliary input.

Because the object of such circuits
Is to provide a small amount of gain
rather than equalization, you still will
want to put the output of the IC into
the phonograph input in order to
obtain proper RIAA compensation.

Another purpose for employing an
IC in a tonearm is to enable the
listener to place his turntable at some
distance from the preamplifier. The
output impedance of most of these
devices is fairly low, and hence, it is
possible to use many feet of shielded
cable without hum pickup or the loss
of high frequencies which would result
when this greater length of cable is
added directly between the cartridge
and the preamplifier. In such circum-
stance, it is not necessary for the cir-
cuit to provide gain, but rather, an
impedance stepdown. (I guess I
really ought to say that the stage must
only supply current gain, not voltage
gain.)

A single transistor, connected as an
emitter follower, should serve just as
well as IC in this application.

AUDIO - JANUARY 1970



The Sound Of KOSS
| ooks Like This...

Can You Beat That”

To guarantee performance to specifications, this individual machine-run ey
response curve comes with every ESP-9 Studio Monitor Headset. You get, Y
for the first time, flat == 2 db monitoring over the entire audible spectrum A
because the ESP-9 is a breakthrough electro-acoustical development achieved
by exploiting electrostatic principles. Only Koss electrostatics give push-pull
balanced acoustical circuitry, cancelling all second harmonic distortion to
provide fatigue-free listening through long recording sessions. Now you hear
what the program material really sounds like, uncolored by monitor room
reflections. Exceeding the range and cleanliness of any speaker system, the
ESP-9 gives the measure of separation and accurately positions the soloist.
40 db isolation through comfortable, fluid-filled cushions relieves the noisy
distraction caused by producers, A and R men, time-killing artists, and other
visitors in the control room. The ESP-9 eliminates the masking effect of
blowers, breath sounds, clothes rustling and other control room ambients.
So now you have a running check on low-level system noise. You monitor
the sounds you only saw before on the VU meter, like the “whoosh” of a
stage door closing, ventilator rumbles and music stand ratties — because
speakers simply don’t have the super-wide-range you need to hear them.

KOSS

MODEL ESP-9
ELECTROSTATIC
STEREOPHONES
WITH

E-9 ENERGIZER

$150.00

The ESP-9 has a signal handling capacity of 10 volts at 30 Hz with good
wave form versus 6 volts for the integrated ESP-6 introduced last year. This
is made possible by increasing the size of the coupling transformers by a
factor of 4 and mounting them in the E-9 Energizer external to the cup.

The E-9 Energizer offers the option of self-energizing for the bias supply, or
energizing through the ac line; choice is made with a selector switch on the
front panel. When energized through the ac line, very precise level measure-
ments can be made. Thus the unit is ideal for audiometry, and for evaluating
the spectral character of very low level noise in tape mastering machines
and recording consoles.

SPECIFICATIONS

Frequency Response Range, Typical: 15-15,000 Hz * 2 db (10 octaves) 10-19,000 Hz * 5§ db.
An individual, machine-run calibration curve accompanies each headset. Sensitivity: 90 db SPL

at 1kHz = 1 db referred to 0.0002 dynes/cm? with 1 volt at the input. Total Harmonic Distortion:
Less than ¥s of 1% at 110 db SPL. Isolation From External Noise: 40 db average through fluid-
filled cushions provided as an integral part of the headset. Power Handling Capability: Maximum
comlguous program material should not exceed 10 volts (12 waits) as read by an ac VIVM
provides for transient peaks 14 db beyond the continuous level of 10 volts. Source Impedance: A
Designed to work from 4-16 ohm amplitier outputs. External Power Requirements: None, except 1% KOSS ELECTRONICS INC.
\gxr}?:mus%i ff);“%%%isoi I&w IEevgeIEmgnale:neasurement, when external ac line can be selected by @— 2227 North 31st Street

pane e nergizer. @n@ Milwaukee, Wisconsin 53208

See your dealer today or write for free technical paper, KOSS ELECTRONICS S. r. I.
“An Adventure in Headphone Design” and ESP Catalog 108. Via Valtorta 21/20127 Milan, Italia

Check No. 7 on Reader Service Card
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What’s New In Audio

Magnetic Tape &
Equipment

Robins Industries Corp. has
introduced a compact cassette
tape splicer, Model TS215, for
on-the-spot editing or repair
without opening the cassctte it-
self. The splicing block is ma-
chined from metal bar stock,
and includes guides for conven-
tional 45° and 90° cuts. $10.00.

Check No. 119 on Reader Service Card

The Weltron Company, Dur-
ham, N.C., has introduced an
adaptor, the Model C/8 “Coor-
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dinator,” that enables the output
from a tape cassctte machine to
be plaved through an 8-track
sterco cartridge unit. This would
allow one to take advantage of
a larger speaker(s) and more
powerful amplifier, $9.95.
Check No. 120 on Reader Service Card

»
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A new tape splicer has been
introduced by the Irish Mag-
netic Tape Co. The splicer,
made of metal and plastic, cuts
tape diagonally and trims waste
at the side of each splice to pre-
vent adhesive from touching
critical parts of a recorder.
Among its features are an ad-
justable blade, see-through win-
dow on handle, replaceable
cutter cartridge and pod, blade-
centering adjustment, and a felt
bottom to avoid marring sur-
faces. $8.15.

Check No. 121 on Reader Service Card

Literature on technical prop-
erties of BASF’s new LH low-
noise high-output magnetic tape
and professional tape is avail-

able. The LH tape is available
in a varicty of reel sizes and
tape thicknesses, and is pack-
aged in the company’s plastic
storage container.

Check No. 122 on Reader Service Card

The Nortronics Co. announces
the availability of four heads for
4-channel stereco recording
systems:  Models P-BQL  and
P-BQQ, record/playback heads
for %" tape, WA4J, which is for
use with cassette machines, and
STR-4 for 4-channel mastering
on %" tape. All the heads utilize
four in-line channels on a single
head.

Check No. 123 on Reader Service Card

A stereo record/plavback cas-
sette tape deck that is designed
for future conversion to play
and record 4-channel stereo
(that is, four independent tracks
simultaneously) has been an-
nounced by Lumistor Products,
Inc., Port Washington, N.Y. The
unit features interlocking con-
trols, three-digit counter, dual
VU meters, and separate input
level controls. Dimensions are
1257 x TH” x 44", Price of the
deck is $99.95; walnut base,
$10; matched pair of micro-
phones, $10; 4-channel con-
verter pack, $49.95 (tentative).

Check No. 124 on Reader Service Card

Deluxe Miracord

Benjamin Electronic  Sound
announced its new Elac/Mira-
cord automatic turntable Model

770, priced at $199.50 less

base. The unit features a built-in-

lluminated stroboscopic speed
indicator, with digital readouts
of exact speed, variable speed
control, and an ionic clapsed-
time stylus wear indicator that
records the cumulative number
of hours that the stylus has been
used. All of the regular features
of Miracord turntables have
been incorporated into the
770H, including a Papst hyste-
resis motor, pushbutton opera-
tion, stylus overhang adjusting

screw, silicon-damped cucing,
anti-skating adjustment, and
dynamically balanced die-cast

platter.
Check No. 125 on Reader Service Card

Equalizers

Altec Lansing has introduced
its “Acousta-Voicette” stereo
equalizer, Model 7294, a lower-
priced cqualizer adopted from
its Acousta-Voicing process used
in commercial sound installa-

tions. According to the manu-
facturer, the new unit will en-
able a user to “tune” a sterco
sound system so that the listener
can hear the recorded material
as it was recorded in the studio’s

environment rather than the ex-
aggerated ones produced by a
listening room’s acoustic prop-
ertics. The cqualizer has 24
filters spaced at %-octave-band
centers from 63 Iz to 12,500 Hz
per channel. There are 48 criti-
cal band filters total, plus a gain
control on ecach channel for
balance.
Check No. 126 on Reader Service Card

Frazier, Inc. has a commercial
equalizer, Model E-12, to com-
pensate for acoustical peaks due
to loudspeaker or room acousti-
cal response, and to provide
special sound effects. Designed
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XXy
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MOoDEL
t-12 swe.
EQUALIZER

T -

for combos and other small
groups, the equalizer contains
12 band-reject filter sections,
each %-octave wide, and con-
trolled from the front panel.
Overall coverage is continuous
from 50 Hz to 12,500 Hz.

$500.00.
Check No. 127 on Reader Service Card

Sansui Integrated
Amplifier

Sansui Electronics has a new
integrated stereo amplifier, the
Model AUS55, that features
total power output of 60 watts
(IHF); 25 watts continuous
power {rms)/channel at 4 ohms.
Power bandwidth is 20 to 30
kHz with less than 0.5% har-
monic distortion. The AU555
has a two-position damping-
factor-selector switch to match
‘haracteristics of speaker sys-
tems, and a full complement
of controls, including low- and
high-frequency flters, tape-mon-
itor switch, muting switch for
instant volume suppression, and
a four-position speaker-selector
switch. In addition, there are
two phono inputs (47k and 100k
ohins ), tape-head inputs, micro-
phone input, and three auxiliary
inputs. There are also stereo-
headphone output and tape-
recording output jacks. $159.95.

Check No. 128 on Reader Service Card

$1500 Tubed Power
Amplifier

Peploe of Minneapolis, Minn.
has introduced a vacuum-tube-
construction power amplifier,
the Dual 100, at $1500.00.
Utilizing separate chassis for
power supply and amplifier, con-
tinuous power (rms) is rated as
at least 75 watts per channel
with both channels operating.

Harmonic distortion is under
0.15% at 1 kHz at rated power.
Hum and noise is rated at least
80 dB below rated output. Both
sections total 135 lbs. A $750
preamplifier is also available
from the company to comple-
ment the amplifier. The com-
pany recently acquired the
JansZen Speaker Div. of
Neshaminy Electronic Corp.

Check No. 129 on Reader Service Card
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from JVGC

They deliver sound custom-tailor-
ed to suit any room. Carnegie Hall
or your pantry. Built-in Sound Effect
Amplifiers (S.E.A.), exclusive with
JVC, do the trick.

Here's how these powerful, preci-
sion-engineered stereo units stack
up: Model 5040, a mighty 200 watt
receiver with an 18 to 30,000Hz
power bandwidth and a negligible
0.5% in distortion. Integrated cir-
cuitry and Field Effect Transistors
insure extraordinary AM, FM and

L PO
EET—

receivers that deliver

Multiplex reception.
six speaker baffles.

Model 5003 —a hint less powerful
at 140 watts. Power bandwidth from
20 to 30,000Hz, distortion less than
0.5%. Features FET circuitry, auto-
matic stereo switching, multi-speak-
er system selection and muting
switch.

Model 5001, a 60 watter with IC
and FET circuitry. Power bandwidth
from 20 to 30,000Hz with less than
0.8% distortion. Same sophisticated
circuitry, many of the same features
as the larger models.

Get more information about JVC's
S.E.A. receivers and the name of the
dealer handling JVC products in
your area. Just drop us a line and
we'll make the introduction.

Powers up to

5001 :$289.95, 5003 : $369.95, 5040 : $449.95.

. Catching On Fast

JVE

JVC America, Inc., 50-35, 56th Road, Maspeth, New York, N.Y. 11378 A Subsidiary of Victor Company of Japan, Limited, Tokyo, Japan

Check No. 9 on Reader Service Card
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BERT WHYTE

4-CHANNEL
DISC & BROADCAST

To oldtimers in the business, the
hi-fi scene today is very reminiscent of
the early days of stereo. Except, of
course, the emphasis is on simultane-
ous four-channel stereo, rather than
the classical  two-channel variety.
Four-channel stereo is undergoing the
same painful metamorphosis that af-
flicted its two-channel ancestor. There
is much confusion—not enough infor-
mation, too much mis-information, a
lack of four-channel recording and
SO on.

In the rush to climb on the four-
chaunel bandwagon, many “quickie”
demonstrations have been given. Un-
fortunately, they have been generally
unsatisfactory, perhaps alienating some
auditors toward this new medium.
The situation is actually worse than
the one we had in the pioneer days of
two-channel stereo. At that time stereo
was confined to tape. Today we have
four-channel tape, plus the “two sta-
tion/two receiver” broadcust concept,
four-channel multiplex on a single
stereo M station  (waiting in  the
wings), and a possible four-channel
disc.

The audiophile who decides to
enter the new world of four channel
stereo will have to tread very cau-
tiously. Needless to say, there will
probably be numerous changes and
modifications in the four-channel re-
cordings, until a more or less “stan-
dard” technique evolves. Two-channel
stereo also went through its gimmicky
“ping-pong” phase of grossly exag-
gerated directionality. For example,
there are four-channel exaggerations
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of perspective to show that you are,
indeed, listening to four channels.
Perhaps this is necessary in the begin-
ning, but while two-chamnel stereo
sort of “grew out” of its gimmick
period, we may have a somewhat
different situation with four-channel
sterco.  There are some psycho-
acoustical considerations in the record-
ing of four-channel stereo which must
be resolved.

In last month’s column 1T mentioned
the existence of a four-channel disc,
which Time Magazine reported was
the brainchild of one Peter Scheiber
and his associate, Tom Mowrey. Since
then I have had the pleasure of meet-
ing these gentlemen and listening to
a demonstration of their recording.

These young men have formed the
Audio Data Co. with the express pur-
pose of commercializing their product.
They call their technique an “Analog
Multiplex Encoder/Decoder System,”
which is a very broad term and
therefore not very informative. Mr.
Scheiber did not reveal the details of
their process at this point. Since they
had not concluded a deal with any
record company at the time of the
demonstration, their reluctance to dis-
cuss the workings of their system is
understandable. AH they would sav
was that during the cutting of the
disc their encoding device supplies
front- and rear-left information to one
channel and front- and rear-right in-
formation to the other channel. They
claim complete compatibility for the
system, since thev say that the disc can
be cut with standard stereo cutters
snch as the Westrex 3D, and plaved
back with any standard stereo car-
tridge. According to Mr. Scheiber, if
vou play the disc without their re-
corder vou get normal two-channel
stereo. With the decoder you can pick
off the two rear signals and feed them
to vour rear amplifiers and speakers. I
asked Mr, Scheiber if a classical re-
cording was played back without the
decoder, would the front speakers then
have an  enhanced or exaggerated
amount of reverberation content. He
replied that this would not be a prob-
lem. Regardless of techniques, the $64
question is: Did T hear four-channel
stereo from a disc? Does it really work?
The answer must be a qualified “Yes.”

To Dbegin with, the demonstration
was presented under rather poor cir-
cumstances. The equipment and the

speakers were set up in an unlovely,
acoustically poor television shooting
stage. The speakers set-up was some-
what different than I had seen in
previous four-channel demonstrations.
The front speakers were arrayed in
normal stereo fashion, but the rear
speakers, instead of being directly
behind the listener, were at 90 de-
grees to each side. Thus, they radiated
directly into the ears of the listener.
This arrangement seemed to work all
right, but this kind of configuration
would seeem to be limited to certain
types of speakers. Disc playback
equipment was of the standard vai-
iety, as was the pair of well-known,
high-quality amplifiers. The encoder/
decoder device evidently was built
to high-quality professional standards.
Unfortunately, there was not provision
made for a four-channel tape machine.
As a result, a switching set-up could
not be made for AB comparisons be-
tween disc and tape.

For the first part of the demonstra-
tion, thev played their four-channel
stereo disc and switched on each chan-
nel individually during the plavback.
There was no question that front and
rear speakers were responding in nor-
mal fashion. Then Mr. Scheiber played
a selection in which an organ fanfare
was heard successively from all four
speakers. The degree of isolation be-
tween the four chanmels was almost
total. When the organ was resounding
from left-rear, for example, there was
no audible response from the other
three channels even though the chan-
nels were active and “on.” Having es-
tablished this point, Mr. Scheiber
played an excerpt from “Swan Lake.”
Sure enough, the by-now familiar
four-channel sound was heard, though
with too much rear sound. However,
when all four channels were playing
simultaneously the separation seemed
to be considerably lessened. Further-
more, there was a “vagueness” about
the sound which suggested that there
were some phase problems. Minimal
separation is not too serious in four-
channel sound—the ears are very ac-
commodating in this respect. In fact,
I suspect part of Mr. Scheiber’s system
is based on some clever psycho-acous-
tical trickery. As mentioned, there was
no AB facilities. It was apparent, how-
ever that the disc stereo, at least at
this stage of development, wasn’t the
equal of a four-channel tape. Some
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TYPICAL OIRECTIONAL PATTERN

SUPERIOR “POP” REJECTION CONVENIENT BUILT-IN TROUBLE-FREE SUPERB FEEDBACK CONTROL
Built-in filter provides effec- ON-OFF SWITCH CANNON CONNECTOR True cardioid pickup pattern

tive suppression of explosive with locking provision in A feature ordinarily found ~— symmetrical about axis

breath sounds and wind «“ON" position. only on premium-priced mi- and uniform at all frequen-
noise — without additional crophones. cies . . . it's a Unisphere,
windscreens. through and through.

Use it anywhere, even low budget jobs. Moderately-priced,
high quality — also features shock mounted cartridge for
quiet operation, provisions for easy field serviceability, 15-foot
cable. Model 588SA, high impedance; Model 588SB, low
impedance.

at @ minimum price...only $60.00 list!

MODELS 588SA & 588388
Unisphere B unidirectional dynamic microphone

© 1969, Shure Brothers Inc., 222 Hartrey Ave., Evanston, lllinois 60204
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other selections were played, including
some of the gimmicky pop music in
which all four channels are of equal
intensity. The pop music worked very
well, but the classical pieces still had
that curious diffuse quality. Nonethe-
less, it can be said that we were indeed
hearing four-channel sound from a disc
and the the rather poor results might
have been influenced by the poor
physical and acoustical situation.

Part of the problem was that Mr.
Scheiber didn’t have enough of the
kind of music which would make for
more detailed and analytical listening.
Admittedly, four-channel material is
scarce at this point. Mr. Schreiber obh-
served that if this system is adopted
by one of the record companies, the
decoding device could be sold to the
consumer for a very modest price. |
am going to watch this development
very closely and hope that M.
Scheiber and Mr. Mowrey can set up a
more effective demonstration in the
very near future.

Meanwhile, Jerry Minter of Com-
ponents Corp. is hard at work on his
four-channel multiplex disc. In a recent
conversation he reported good progress
and said that he had talked to several
photo cartridge manufacturers who in-
dicated they anticipated no difficulty
in making cartridges that would have
response beyond 40 kHz. Mr. Minter
said he is committed to making a full-
range, four-channel disc with response
to 15 kHz.

4-Channel Broadcasts

The stereo broadcasts utilizing two
stations and two stereo receivers have
now been launched in New York and
have met with decidely mixed reac-
tions. Comments have ranged from
“great” to “lousy,” with more than a
smattering of indifference. The poor
and lukewarm opinions were evidently
cause by a mixture of bad receiving
set-ups and some transmission prob-
lems, apparently in the area of noise. I
have not personally heard any of these
broadcasts, but the reports I have re-
ceived have been from expert and
reliable people. I would guess that the
limiting factor in these broadcasts is
that the Columbia University station,
which carries the reverberent informa-
tion, is not very powerful, thus,
people any distance from the trans-
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mitter have trouble receiving it; even
people in the city have problems with
the addition of multipath trouble.

As one who was involved with the
early AM/FM “binaural broadcasts” I
can sympathize with the nice people
who went to the trouble of arranging
these broadcasts, but they will have to
face up to the same thing I did: at
best this sort of experiment is cumber-
some and an interim thing, serving
mainly as a stimulus for the four-
channel concept. The logical way to go
for broadcast quadrisonic sound is
multiplex. Last month I told vou about
the Halstead svstem (with its fre-
quency limitations) and the full-range
system envisioned by Murray Crosby.
One of the FCC commissioners was
asked about experimental licenses to
broadcast four-channel multiplex. He
stated that it would take time and he
would have to see some spectrum
analyses. He was promptly furnished
with same, by one of the interested
parties (see page 79), but evidently
this had little immediate effect and
we will just have to wait for the mills
of the FCC bureaucracy to grind away
at its accustomed pace.

As to four-channel plavback equip-
ment, there has Dbeen some modest
progress. In addition to the tape units
of Crown, Teac and Telex, Astrocom/
Marlux is reportedly readying a play-
back unit, and I heard a demonstration
of a neat-looking new Wollensak/3M
recorder at the recent AES convention
in New York, which combines conven-
tional 4-track record and play facilities
with four-channel playback capability.
This would appear to be a logical pair-
ing. The unit produced excellent sound
in both modes and is expected to cost
less than $500. Some well-known Jap-
anese tape recorder manufacturers are
said to be rushing four-channel ma-
chines to market. You'll probably see a
rash of them at the Consumer Elec-
tronic Show in June at New York.
H. H. Scott has a single-chassis four-
channel amplifier, and AR is expected
to follow suit with a similar unit. At
this point it would be pertinent to say
that speaker manufacturers are licking
their chops in anticipation of the
growth of the four-channel market.

The readers of Aupio have always
been in the forefront of new develop-
ments and have often undertaken con-
struction projects of equipment which

pre-dates the introduction of commer-
cial units of similar tvpe. For those of
you who may be thinking of convert-
ing a recorder to the four-channel
format, here is some information which
may help (or then again, it might
cause you to think twice about your
project).

Obviously, the first consideration is
the availability of four-channel tape
heads. Michigan Magnetics has four-
channel heads, but Tam lacking details
on them. Nortronics is able to supply
four-channel record and playback
heads at a cost of over $100 (gasp)
each. Even in lots of 24, the cost is
over $66 each! Unfortunately there are
no four-channel selective erase heads
available. There are several alterna-
tives here. You can bulk erase vour
tape; vou can use a full-track erase
head; or if the deck vou are converting
has room for four heads, vou can use
two quarter-track erase heads in a
staggered arrangement. Incidentally,
you can use two record/plavback
quarter-track heads in a staggered con-
figuration to give vou four-channel
capability, hut only for four-channel
material you record yourself. Tt ob-
viously won’t work with anv four-
channel in-line pre-recorded tapes. As
to the extra preamps, the Telex Com-
pany can furnish both record and play-
back pre-amps, or if you are really
ambitious you can look up the record,
playback circuit diagram of your re-
corder in Sam’s Photofacts and “roll
your own.”

Since four-channel recording pres-
ently is pretty much confined to live
music, and the chances for recording
same quite limited, the simplest thing
to do is to convert for playback only.
This will require just the one head and
the playback preamps. Expense is a
relative thing here. The heads and
preamps aren’t cheap, but if you throw
in your labor for free, the cost is still
way below the commercial equivalent.
One last word of caution: check the
head manufacturer for data on the im-
pedance, inductance, bias voltage, and
so on, of the heads he supplies to make
certain they are compatible with the
particular tape preamps you intend to
use.

Most of the four-channel demonstra-
tions have used the Vanguard tape
along with some Columbia material.
Vanguard has announced the com-
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DYNACO SYNERGISM*
OR HOW TWO UNITS COMBINE
FOR EVEN GREATER VALUE
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$169.95 Kit
$249.95 Assembled

We have always tried to give outstanding value
at Dynaco; and when we work on new designs,
our primary objectives are quality and value—
quality second to none, and prices far below the
levels of competitive quality. Following this phil-
osophy, we have designed our newest power
amplifier, the transistorized Stereo 80, in the tra-
dition of the famous Dynaco Sterec 70—ex-
treme reliability, conservative operation and
specifications, outstanding quality, and moder-
ate price. The Stereo 80 is compact (it fits any
remote space, but is handsome enough to keep
on display), cool-running, simple, and elegant.
It delivers 40 watts continuous power per chan-
nel, with both channels operating simulta-
neously, from 20 Hz to 20 kHz.

The Stereo 80 and our PAT-4 preamplifier
create an outstanding combination which deliv-
ers crystal clear sound, free of noise and distor-
tion, and with excellent flexibility as the control
center for the most complete hi fi installation.

Further, we have combined these units into &
single, transistorized integrated package, the
SCA-80, and through careful design have
achieved SYNERGISM*, the combination giving

oynaca Inc.

STEREO &0

$159.95 Assembled

PAT-4

Bl

$119.95 Kit

111

$89.95 Kit
$129.95 Assembled

even greater value than the sum of its parts.
The SCA-80 has all the qualities of the Stereu 80
plus the performance and many of the features
of the PAT-4—center-out tone controls, low
noise, multiple input facilities, headphone out-
put, center-speaker output without the need for
a separate amplifier, and so on. It provides com-
plete control facility and yet it is simple to oper-
ate with a basic two-knob control action for those
who do not require sophisticated features such
as loudness, filters, blending, and other subtle
variations.

The SCA-80 gives quality plus compact flex-
ibility. The Stereo 80 plus the PAT-4 gives qual-
ity, increased flexibility for installation, and
greater range of control function. The Stereo
120 plus the PAT-4 gives all this plus extra
power plus the benefits of a stabilized highly fil-
tered power supply which makes performance
independent of power line variations. In all these
choices, quality and value are outstanding—and
in the SCA-80, the synergistic benefit enhances
the value of the unit.

*SYNERGISM—‘‘Cooperative action of discrete agencies such
that the total effect is greater than the sum of the two effects
taken independently . . .”

3060 JEFFERSON ST., PHILA.,, PA. 19121
IN EUROPE WRITE: DYNACO A/S, HUMLUM, STRUER, DENMARK
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The *100
Triple Stylus
Stereo Pickup

An
unheard
of price
but wait 4

-

til you
hear the ¢
difference!
All record grooves are not identical.
That’s why Audio Dynamics developed the ADC 25.

Because record groove shapes and characteristics fre-
quently vary not only from one brand of record to another,
but often from disc to disc, the ADC 25 comes with 3
interchangeable stylus assemblies—2 elliptical of different
radii, and one spherical. This combination provides the
critical audiophile with the ability to select a stylus for
optimum compatability with the individual record being
played, and thus insures the highest fidelity of reproduc-
tion of which the disc is capable.

The ADC 25 incorporates Audio Dynamics’ unique in-
duced magnetic design. This minimizes the mass of the
moving system and permits maximum stylus compliance.
The result is perfect tracking at the lowest of practicable
stylus pressures. The combination results in the most
advanced phonograph pickup system available today.
The cost of the ADC 25 stereo pickup system seems com-
paratively high...$100. The difference in the sound re-
production is beyond comparison.

Now, this unique Stereo Pickup System is available with
the single most versatile grain oriented elliptical stylus—
with tracking and response identical to the ADC 25. It is
the model ADC 26 at $80.

r_-_________-__ﬂ

b Ppieasesend Name
details on
YOUI’ADC 25 Address

I Triple Stylus

I and ADC 26 City
Stereo Pickup

I Systems. State Zip

I AUDIO
le—=f3 | DYNAMICS -——-
CORPORATION

NEW MILFORD, CONNECTICUT 06776
Quality Magnetic Cartridges « Home Entertainment Electronics « Hi Fidelity Speaker Systems

Check No. 14 on Reader Service Card

Behind the Scenes
(Continued from page 12)

mercial availability of its tapes, as 1
noted last month. Columbia has ob-
viously been experimenting with four-
channel tape for some time, and while
they seem to be hedging about com-
mercial production, there is every rea-
son to feel they will issue such tapes.

Columbia was kind enough to sup-
ply me with some classical and pop
four-channel tapes which I have had
the pleasure of playing on my big
Crown four-channel recorder at home.
The Columbia microphoning tech-
niques for four channel do not appear
too markedly different from that em-
ployed by Vanguard. The halls were
different, of course, and thus the
reverberent content is dissimilar. On
music which is scored in normal fash-
ion, (i.e. not for any rear dissemina-
tion) the Columbia recording is not
quite as “close-up” as some of the Van-
guard material. With front and rear
speakers adjusted for equal inten-
sity, the specially scored music is quite
exciting. Columbia did some Gabrieli
works with choral and orchestral forces
front and rear, and the effect is just
stunning. They specially commissioned
a four-channel piece of electronic
music by Subotnick that, in it’s way-
out fashion, is quite interesting and
highlights some of the potential of the
four-channel medium for contempor-
ary composers. Then there are excerpts
from “Swan Lake” and “Symphonie
Fantastique,” with Bemstein conduct-
ing, which are recorded in the
“straight” four-channel sound. Here
vou adjust the rear speakers until you
do not hear instruments behind you.
Then the reverb is just about right,
albeit a subtle thing.

Switching the rear speakers on and
off is convincing proof of what the
four-channel technique can do to en-
hance the realism of the sound in the
same environment. The equal-intensity
pop music was both amusing and
somewhat dis-orienting. Evidently
most of the pop stuff is mix-downs
from 8- and 16-track sterco to four-
channel stereo recorders. Thus you get
a cut where you have strings, wood-
winds, and brass in the front speakers,
and a rhythm track to your right rear;
with Tony Bennett on both rear speak-
ers! Overall, Columbia seems to be on
target. A
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Tune in stations
electronically, far more
precisely than you coul
ever tune by hand!

While all other receivers are
boasting about their two tuning
meters, oscilloscopes, words that
light up, and various other devices
to help you tune in stations more
accurately, we at Fisher have
quietly been equipping all our best
receivers with simplified push-
button, automatic tuning.

AutoScan®is a purely
electronic tuning system with no
moving parts. Devices called
varactor )aloaes are used to lock in
stations at their most powerful,
most distortion-free tuning point.
This is accomplished auto-
matically, at the touch of a button.

Press one of the AutoScan
buttons and the next FM station
on the dial is brought in. Press
the other, and the
entire dial is scanned
automatically.

Inareport on
Fisher AutoScan, Audio
magazine stated what
our engineers already
knew:

“Station lock-in is
flawless. That is, when
the AutoScan stops on
a station it stops on
the exact ‘center’ of
that channel.

“AutoScanis
probably more accu-
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FISHER

Fisher Remote Control selective than

rate in tuning to center of desired
channel than can be accomplished
manually.”

As a bonus, a remote control
unit is included with the Fisher
450-T, so you can tune from across
the room. Of course, standard
manual tuning is also provided.

Power enough for two receivers.

The 450-T delivers 90 watts
into each 8-ohm channel. A total of
180 watts in all.

With that much power,
and with the controls on the
450-T, you'll be able to drive
two sets of stereo speakers,
and select to hear either or
both at any given time.

Our L/C circuits
are more selective than
* ordinary crystal filters.

that the FM section

the crystal filters tuned to
average operating conditions in
some competitive receivers.

That is one of the reasons why
the 450-T will bring in more FM
stations than other, equally
sensitive receivers. (2.0 ,V.)

The price? No more than other
receivers you have to tune in
person.

$399.95.

Mail this coupon for your free
copy of The Fisher Handbook,
1970 edition. This reference
guide to hi-fi and stereo also
includes detailed information
on all Fisher components.

The Fisher

*** Handbook

¢ Bl

Fisher Radio
11-35 45th Road
Long Island City, N.Y. 11101
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Tape Guide

If you have a problem or question on
tape recording write to Mr. Herman
Burstein at AUDIO, 134 North Thir-
teenth Street, Philadelphia, Pa. 19107.

HERMAN BURSTEIN

Q. I have Dheen attempting to run
a frequency response curve on my tape
recorder. It is my purpose to determine
the response of the entire recorder—
including the record amplifiers, tape
recording heads, playback heads, and
the tape itself. 1 have tried several
different methods to accomplish this;
all of them involve inserting a sine
wate at the input of one channel, re-
cording it, and monitoring the play-
back amplifier output of the same
channel. ‘Depending on the procedure
used, varying results were obtained in
the frequency range below 12 kHz.
With all methods, however, an ex-
tremely sharp dropoff was noted above
12 kHz. With this background infor-
mation in mind, I ask the following
questions What is the proper pro-
cedure for determining the frequency
response of a component tape deck
wchich 1will take into account the ca-
pahilities of the entire tape recorder
systemP—Walter B. Pearson, Panama
City, Fla.

A. You make no mention of the re-
cording level at which you conducted
your tests. In checking the record-
plavback response of a tape machine,
it is essential that this be done well he-
“normal  operating level,” for
otherwise vou run into tape saturation,
particularly at high frequencies. In
typical natural audio material there is
usually substantially less audio power
at high frequencies than at lower ones.
Therefore tape saturation is unlikely
to occur even though vour record-
level indicator shows that maximum
permissible level has been reached. I
suggest that you conduct your tests at
a level at least 15 dB below maximum
permissible recording level, as shown
by your record-level indicator.

Further, vou do not mention the
tape speed at which you conducted
vour tests. At 7.5 ips, vou have the
right to expect of a quality machine
that it will provide response flat within

low

2 or 3 dB out to at least 15,000 Hz.
At 3.75 ips, however, you do not have
the right to expect much beyond
12,000 Hz unless you are willing to
make appreciable sacrifices in terms of
distortion and signal-to-noise ratio.

Q. Can you tell me where I can find
information on the procedure for op-
timizing my tape deck for low-noise
tape. I would also like to know if plans
for a bulk eraser have been printed
somewhere.—David O. Hafemeister,
Philadelphia, Pa.

A. Procedures for optimizing bias,
record equalization, and record drive
cwrrent should be obtained from the
manufacturer of your tape machine,
or from his authorized sales or service
agency. In general terms, low-noise
tape compared with conventional tape
requires slightly greater bias, slightly
higher recording level, and slightly less
treble boost.

How to construct a bulk eraser from
a power transformer was discussed on
page 86 of my hook, How To Get the
Most Qut Of Your Tape Recorder
(Tohn F. Rider Publisher, Inc., 116 W.
14th St., New York, N.Y.) T quote:
“Disassemble the transformer, remove
the E-shaped and I-shaped plates from
the transformer core, re-insert only the
E-plates so they all face in the same di-
rection, and reassemble the
former except for the casing. Attach
lamp cord and a plug for the house
socket to the leads of the primary
winding. Be sure that you know which
are the primary leads—usually they
are black. Snip all other windings and
tape them so they will not make con-
tact with each other. Wind the bulk
eraser with friction or rubber tape to
protect the core and windings.”

trans-

Q. I have a question regarding im-
pedance matching of my transistor
tape deck when connected to my tube
preamplificr. Here are the rated input
and output-impedances of each to help
you decide whether or not they are
matched:

Tape deck preamp INPUT is 220k

Tape deck preamp OUTPUT is 10k

Tube preamp tape INPUT is 250k

Tube preamp tape OUTPUT is 1k ter-

minating at 100k

Actually, 1 experience no audible
troubles with my hookup of these two
components, except that when record-

ing a disc to tape I notice «a slight de-
crease in bass response. Electrically,
and perhaps audibly, what differences
would impedance mis-matching pro-
duce? I have heen told that as long as
the INPUT of any component is higher
than the source outrut there is no
need for concern. Is this correct>—
Monte L. Henrie, Casper, Wyoming.
A. The general rule is that as long
as the input impedance is at least 10
times the source impedance, the for-
mer has no significant effect on the
latter with respect to frequency res-
ponse, distortion, and signal level.
Such is the case for your equipment.
As for the slight decrease in bass
response when making a tape record-
ing, this is probably due to the equali-
zation circuit of your tape machine,
most likely in playback. Seldom is
equalization perfect. If one listens hard
enough, he can almost always find
some minute difference between the
original and the copy. Tt is also true
that the bass loss in your tape ma-
chine may be deliberate; some manu-
facturers go somewhat lightly on bass
response in playback because by do-
ing so they also reduce hum and there-
by improve the signal-to-noise ratio.

Q. A question I have wondered
ahout is what effect the width of a
magnetic recording has on the quality
of the sound. T know that the fre-
quency response is limited by the
speed of the tape, hut T don’t think I
have ever seen anything on width. 1
can remember when sound was re-
corded on the full width of 14" tape,
and now the stereo tapes have four
tracks in that space. There are tape
cartridges with eight tracks, and 1
don’t think the tape in them is any
wider than Y4”. Thank you for any in-
formation you can give me—Charles
L. Anderson, Sacramento, Calif.

A. A wide track (say the full width
of the tape has the following charac-
teristics relative to a narrow track (say
1/6th the width of the tape, allowing
for three blank islands between four
recorded tracks): (1) Higher signal-
to-noise ratio because more informa-
tion can be recorded on a wider track.
(2) Greater freedom from dropouts
because the wider track permits mare
room for tape imperfections to cancel
out. (3) Less volume variation owing
to changes in contact between the
head and the tape. (4) Greater treble

Check No. 63 on Reader Service Card >



The best stereo tape deck
your money can buy. Period!

Lightweight. A full 7-inch reel capacity profes-
sional studio tape deck. Pick it up and take it
anywhere. Operates on a self-enclosed re-
chargeable nickel-cadmium battery pack—or
plugged into AC.

Better-than-Studio Specs.
Frequency response: 20
Hz to 22 KHz, 40 Hz to
18 KHz x2dB@ 7%z ips.
S-N ratio at peak level
to unweighted noise:
(Mode! 770-2) 58 dB
or better; (Model
770-4) 56 dBor bet-
ter. Wow and flut-
ter: less than
0.09% @ 7%, less
than 0.12% @
3%, less than
0.2% @ 17%.

Exclusive Sony
Noise-Reduction
System. Sony “SNR"
automatically reduces
gain of playback
amplifier by 6 dB
during very low
passages, when background noise is
most predominant. Noise level is
greatly reduced, dynamic range ex-
panded 100%. Also incorporated is a
built-in limiter to automatically con-
trol overload distortion. Both “SNR"
and limiter are switch defeatable.

#1969. SUPERSCOPE, INC.

Three Speeds. 7%, 3%, 17 ips. Other
features include two professionally-
caiibrated VU meters, built-in
line-and-mike mixing, push-button
operation, scrape flutter filter, low-
impedance Cannon plug mike in-
puts, tape/source monitoring.

Four Heads. The 770-2 has
two-track erase, record, and
playback heads pius a four-
track playback head. The
770-4 has four-track erase,
record, and playback heads
plus a two-track playback
head.

ServoControl Motor with
VariSpeed Tuning. Auto-
matically maintains
exact speed during
mechanical load
changes and voltage
variations. Built-in
VariSpeed tuning
permits vernier ad-
justment of plus or
minus 7% of any of
the three speeds.
Ideal for pitch tun-
ing to any musical
instrument.

Sony Model 770. Priced at $750. For
a free copy ot our latest tape recorder
catalog, write to Mr. Phillips, Sony/
Superscope, Inc., 8142 Vineland Ave-
nue, Sun Valley, California 91352.

SUPERSCOPE , m

You never heard it so good.



loss in case of azimuth misalignment;
for a given degree of azimuth misalign-
ment, the narrower the track the less
is the treble loss.

Q. I am planning to make a trip to
Hawait or Mexico and want to use a
portable tape recorder to record the
trip. Do you have to have a more sen-
sitice mike than that comes with this
tape machine>Vern E. Long, Cleve-
land, Ohio.

A. Generally the microphone that
comes with a tape recorder has suffici-
ent sensitivity, although it may not
have the width and smoothness of
frequency-response characteristic of a
high-grade microphone.

Q. I am very interested in tape re-
cording and in tape duplication. Are
there any laws concerning duplication
for personal use and for small resalcP—
(Name Witheld)

A. There certainly are laws concern-
ing copying of discs or tapes for re-
sale. Even the practice of copying for
personal use is open to legal question,
although difficult to restrain in most
instances as a practical matter. Also.
Aupio published an article in its May
1964 issue, Tape Recorders and the
Copyright Law, that would help you.

Q. I would he much obliged if you
would ansicer some questions about

tapes that have heen hothering me:
(1) For certain purposes where high
fidelity is not essential, second-line re-
cording tapes should be suitable. How-
ecer I have been told that such tapes
might damage the tape heads. I would
think that if the second-line tapes are
refected standard tapes, then the abra-
sive properties would be about the
same. Am [ correct? (2) Some catalog
houses sell their own brands of tape.
Can | assume that except for their
lowest priced lines (comparable in
nrice to second-line 4apes) the house
brands are equicalent to standard or
professianal tape as claimed? (3) I have
heen told that acetate tape will stick
together under certain  conditions.
Whether or not this happens depencds
on the binder it would seem; therefore
Mylar tape with the same binder
would also stick. Is this rightP—XKing
Lec, Buffalo, N.Y.

A. (1) There is no guarantec that
second-line tapes, as you call them,
necessarily have the same phvsical
characteristics, such as abrasive qual-
ity, as first-line tapes. For one thing,
the second-line tape may he made to
a price, so that less care is taken in
keeping abrasion low. For another,
the tape may have heen rejected for
first-line use because of its abrasive
characteristics (as well as for other
reasons, perhaps).

(2) T cannot comment on house
brauds of tape, partly because of lack

of sufficient experience with the
myriad of tvpes available.

(3) I do not know whether Mylar
has greater or less tendency to stick
than does acetate. I have had no dif-
ficulty of this sort with either kind of
tape, provided it has Deen of first
quality.

Q. It has occurred to me that I
could reduce noise of my tape system
by turning up the treble while record-
ing and turning it down during play-
back. Would you comment on this
idea? Would the frequency response
De reasonably smooth when operating
in this mannerP —King Lee, Buffalo,
NY.

A. Yes, vou could reduce noise by
boosting treble in recording and re-
ducing it in plavback. In fact, one of
the leading manufacturers of tape re-
corders uses or has used this idea for
special purposes (such as tape dupli-
cation), with boost concentrated in the
region of about 3000 Hz. However,
if you employ ordinary treble hoost,
becoming ever greater as frequency
rises (out to 15,000 or 20,000 Hz),
vou are likely to run into the problem
of excessive distortion owing to in-
creased treble emphasis. Keep in mind
that the tvpical tape recorder already
supplies a good deal of treble hoost in
recording, and if vou add to this, the
problem of distortion becomes quite
serious.

Letters

Lowering Tape Hiss/Noise

* I read with much interest the “Tape
Guide” feature in the September issue
concerning R. B. Martin’s question on
tape-noise problems. In addition to the
suggestions Herman Burstein gave to
reduce effects of noise is to utilize a
bhulk eraser prior to recording, even
on a reel of new tape, and to use less
treble boost on the amplifier. To spot
the effects of utilizing a bulk tape
eraser one only has to run a reel of new
tape through a tape deck and turn up
the volume control until tape hiss/
noise can be heard, then bulk erase it
and run the reel again and see how
much further the volume control can
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be advanced to get the same level of
tape noise.
MarTIN L. DuLinc
AP.O. New York, N.Y.

John Philip Sousa Recordings

* The reviewer of “John Philip Sousa
conducts his own Marches” (Everest
3260) surmises that the originals used
were acoustical recordings of the early
1920’s. This may have discouraged
some readers from buyving the album;
others may have listened for what
isn’t there, failing to hear what is there.
I have compured the stereo reissue
with Sousa Band 78’s in my own col-
lection, and the actual sources would
appear to be as follows: “Washington
Post” and “El Capitan,” Victor 20191;
“Stars and Stripes Forever,” “Fairest
of the Fair,” 20132; “Hands across

the Sea,” 22940.

These five were recorded electri-
cally between 1927 and 1931, and thus
should sound rather better than “The
Thunderer” and “Jack Tar” (16151)
and the three non-Sousa compositions,
recorded acoustically some 20 vyears
earlier. In no case does the original
label show Sousa as conducting in
person, though he is identified as guest
conductor of a Philadelphia band in
an electrical recording of his “March
of the Mitten Men” (since recorded
only by the Deutschmeister Band, as
“Power and Glory”) and “The
Thunderer.”

Let’s hope for more reissues of
Sousa and/or his band, though not at
the expense of new recordings by the
few remaining great bands.

Fraxk R. McGuire
Ottawa, Canada
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“Our finest receiver...

SHERWOOD ELECTRONIC LABORATORIES
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EDITOR’S
REVIEW

B The audio part of the magnetic recording
industry is estimated to have worldwide sales of
$841 million in 1969. (As a reference point, total
hi-fi components industry sales approximate $300
million.) Pretty good for an industry that didn’t
really get its commercial start until 1948 when
Ampex offered its Model 200 magnetic recorder.
The consumer section of the industry is well repre-
sented by the Tape Recorder Buying Guide pre-
sented in this issue.

The cassette tape format is growing like Topsy.
A problem plaguing the industry, however, is the
poor quality of some low-priced cassettes. Without
standardization at this writing (the EIA is hard
at work on this), and with little likelihood of
being able to enforce standards anyway, the end
user might well experience some difficulties when
he uses cheap blank cassettes.

Pre-recorded stereo cassettes got a boost recently
when Ampex Stereo Tapes announced full-length
operas on the cassette format. These include
London’s “La Traviata.“ “La Boheme,” “Tosca,”
and others. Among the artists performing are
Renata Tebaldi, Birgit Nilsson, and Joan Suther-
land. As an example of length and cost, “La
Traviata” is about two hours long, is contained on
two stereo cassettes, and is priced -at $14.95.

The cassette format is blossoming forth for video
tape recorders. Sony is showing a low-cost video
tape system in Japan that uses cassettes. The play-
back unit is expected to be priced around $350, and
the target date for introduction of the video player
is reported to be late 1970. A $100 adapter is said
to add monochrome and color recording capability
to the unit, which, says a spokesman, can be used
with any standard TV set without modification.
Panasonic, too, is said to have a magazine-loading
VTR system which is scheduled for 1972 marketing
in this country. Victor of Japan and Hitachi, Ltd.
are both reported to be readying video cartridges.
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Collectors of historical recordings on 78-rpm
records will be interested in some new equipment
that is said to improve sound of the “oldies but
goodies.” Called the “Sonic Attenuator,” Model A,
a single-channel wunit, features five controls:
Bypass, for before/after comparison; Low pass-1,
for high cutoff settings; Low pass-2, for high cutoff
settings; Midrange, for boost and attenuation; Bass,
for boost and attenuation. Model B, a two-channel
operation unit, has the same controls. Prices are
$78.00 and $150.00, respectively. For more infor-
mation, write to A. Schifrin, 214-05 Richland Ave.,
Flushing, N.Y. 11364.

L L L

Superscope, Inc. announced the release of three
3315-rpm LP albums on the Superscope label of
the “Keyboard Immortal” Series. Marking the com-
pany’s entry into the classical record field, the
albums include music heard only over the Sony/
Superscope-sponsored radio programs, which were
reproduced from music rolls which were originated
on a piano that recorded music originally per-
formed by artists as long ago as 70 years. The
initial releases feature performances by Rachmani-
noff, Debussy and Hofmann.

L & L

High Fidelity Shows will take place in Philadel-
phia (February 13, 14, and 15) at the Benjamin
Franklin Hotel and at Atlanta (March 20, 21, and
22) at the Sheraton-Biltmore Hotel, according to
its producer, Teresa Rogers.

L L “

A new, interesting car antenna was introduced
at a recent radio exhibit show in Germany. Manu-
factured by Kolbe, it is a printed-circuit AM/FM
bandpass antenna circuit that has separate transis-
torized amplifiers. The whole works is housed in
an automobile side mirror. The pickup element
itself is the rim of the mirror, which is spring-
mounted so that it can be adjusted easily.  A.P.S.
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With the Pickering XV-15 Cartridge You Get
100% Music Power—You Hear It All!

Only Pickering’s XV-15 series of cartridges features 100%
Music Power. With the Pickering, a harp sounds like a harp,
a trumpet has the biting sound that you expect from a brass
instrument, the flute has a rich romantic tone, the orchestra
is the full-throated instrument the composer called for.
So choose Pickering — and make the enjoyment of 1009, Music
Power a part of your life.

PICKERING %" |
For those who can [HEAR] the difference i <

THE NEW PICKERING XV-15/750E. PREMIER MODEL OF THE XV-15 SERIES. TRACKS AT % TO 1 GRAM. DYNAMIC COUPLING FACTOR
OF 750 FOR USE IN FIRST TONEARMS. $60.00. OTHER XV-115 CARTRIDGES FROM $29.95. PICKERING & CO., PLAINVIEW, L.1, N. Y.



LEONARD FELDMAN

v Quadrasonies On-The-Air

The state-of-the-art of “simultaneous 4-channel stereo” from a single stereo FM station

HE COMING OF 4-CHANNEL SOUND
in the home has been discussed
more than once in recent issues

of Aupio. Suddenlv, a long-dormant
interest in multi-channel sonic repro-
duction seems to be coming from all
segments of the audio and high-fidel-
ity industry.
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Fig. 1—Suggested speaker arrangemerf
for the Boston Symphony 4-channel
broadcasts.

The first practical program source
to supply material for 4-channel
listening was, of cowrse, pre-recorded
tape. Computer technology has, for
many vears, been utilizing 8, 12, 24,
and even more channels of informa-
tion on a single reel of tape. It is
therefore rather surprising that more
than three decades of time have
elapsed since we were treated to the
marvelous aural experience of Walt
Disney’s Fantasia. Those of us who
are old enough to remember our first
reaction to that version of “total sur-
round stereo” have perhaps wondered
over the years why such an all-encom-
passing sonic experience has been
denied us. Apparently our patience 1is
about to be rewarded.

If and when the history of 4-chan-
nel sound is ever written in the future,
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several individuals and firms will be
mentioned as having been responsible
for this new interest in 4-channel
sound. There will be those, too, who
will skeptically maintain that this new
approach to home music listening is
nothing more than a sales gimnuck
thought up by greedy manufacturers
intent upon selling “another pair of
everything.” These skeptics simply
haven’t heard total surround sterco.
To hear it is to realize what has al-
ready become a cliche in this brand-
new technique: “the difference
between 4-channel and conventional
stereo sound is perhaps greater than
between 2-channel stereo as we know
it and monophonic reproduction.”

Vanguard Recording Company and
Acoustic Research, Tnc., must be
credited with stimulating the initial
new interest in this field. In coopera-
tion with FM radio stations WGBII
and WCRB in the Boston area, these
two finns have been sponsoring a
series of live symphonic concerts
utilizing the regular subscription ser-
ies of the fumed Boston Symphony
Orchestra.

Figure 1 illustrates the layout of the
four loudspeakers and the two FM
stereo receivers required in a home
listening situation. Two things are ap-
parent when you examine this figure.
A great deal of equipment is needed
and the distribution of 4-channel in-
formation is very odd. When we first
saw this dingram we cuestioned the
wisdom of putting the front-left and
rear-left on one FM station while the
other station carried front-right and
rear-right information. What sort of a
lopsided program would the listener
equipped with only one stereo rve-
ceiver hear?

Recently we had an opportunity to
discuss this problem with Mr. Richard
Kave, one of the directors of partici-

pating station WCRB. Once he ex-
plained the microphone placement
used in the concert hall and dia-
gramed in Fig. 2, we realized the
nature of the problem. lad WCRB
elected to broadcast front-left and
front-right and relegated the rear-left
and rear-right to cooperating station

CONCERT STAGE

12 -®@ 12— @ 127
4.5 FRONT-LEFT FRONT-RIGHT 4.

® MiC MIC e
REAR-LEFT REAR-RIGHT
MIC MiC

Fig. 2—Placement of microphones.
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Fig. 3—In New York experiments, the

“primary” stereo channels are carried by

WNYC-FM, while WKCR carries the rear-
right and rear-left channels.

WGBH, can you imagine the phone
calls that WGBH would have received
from its irate listeners? The micro-
phone placement shown in Fig. 2 was
an attempt to offer all things to all
listeners, \While the left two micro-
phones were designated as left-front
and left-rear, the Jeft-rear microphone
was, in fact, considerably further to
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the left than the left-front and only
four or five feet behind it. The same
arrangement applied to the two right
microphones. In this way, it was
hoped that a listener equipped with a
single stereo receiver would still ex-
perience a fair amount of separation,
while the hearty souls able to set up
dual stereophonic systems would ex-
perience some of the ambient qualities
of the symphony hall—the avowed
purpose of the 4-channel experiment
in this instance. Listeners have been
most enthusiastic, but we wonder if
this enthusiusm is prompted by the
novelty of the 4-channel listening ex-
perience rather than by its state of
perfection.

Beginning October 26, 1969, New
York City audiophiles were able to
duplicate the experience of the Boston
listeners. Harry Maynard, host of the
popular “Men of Hi-Fi” program
broadcast weekly over WNYC, has
crusaded for 4-channel stereo. With
the assistance of members of the New
York Audio Society who helped to
publicize the broadcast and the co-
operation of radio stations WNYC-FM
and WKCR, (WNYC-FM is the muni-
cipally run broadcasting facility and
WKCR is operated by Columbia Uni-
versity), 4-channel stereo broadcasting
is a regular event in the New York
City area. Unlike the Boston experi-
ment, however, the channel arrange-
ment is as shown in Fig. 3.

Admittedly, WKCR must be making
ing a supreme sacrifice in agreeing to

Fig. 4—Presently authorized modulation and frequency distribu-

tion for stereo FM plus SCA broadcasting. (Only one half of spec-

trum is shown—other half is mirror image to left of the “0” or
carrier-frequency line.)
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carry just the rear-right and rear-left
channels. As of this writing we don’t
know what the reaction will be from
listeners attempting to tune in to
WKCR on Sunday night at 10 p.m.
utilizing either a single monophonic
I'M receiver or even a conventional
2-channel stereophonic receiver. Those
of us involved in the New York
experiment felt, however, that this
microphone arrangement will provide
greater impact for 4-channel listeners
than would be possible with the
Boston arrangement. It is apparent, 1
think, that both arrangements have
serious limitations. We are reminded
of similar compromises that took place
in the mid-1950s when early attempts
at stereophonic broadcasting were con-
fined to AM/FM combinations. True,
the problems inherent in those early
experiments were even greater, since
the quality of the AM channel was so
inferior with respect to noise and fre-
quency response. Although the cur-
rent experiments at least involve
alkFM  transmission, there do exist
somewhat more subtle problems, such
as: phase relationships between the
cooperating stations, distances from
each transmitter to a given receiver,
compounded multipath elfects, etc.

As was true in the 1950s, a better
wayv will have to be found. William S.
Halstead, a noted pioneer in the field
of multiplex FM (and one of the
many system proponents for stereo
M in the late 1950s), and myself,
have proposed at least one solution to
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the problem. Before describing our
proposal, I would like to make it clear
that this is by no means the only
method possible.  When 2-channel
stereo FM was being considered by
the FCC, some 17 systems were pro-
posed before the presently adopted
system was approved. We have no
doubt that others will come forward
now as well. In any event, the system
we are proposing does work, permits
a single FM station to broadcast four
distinct channels of information simul-
taneously and (subject to certain
qualifications which will be discussed
in a moment) is compatible with the
requirements of effective 4-channel
musical reproduction as we presently
understand them.

Figure 4 shows presently approved
spectrum distribution of u single FM
channel engaged in stereo and SCA
(background music, etc.) transmission.
Main-channel material occupies the
range from 50 to 15000 Hz. The
stereo pilot subcarrier can be seen at
19,000 Hz, modulating the main car-
rier approximately 10 per cent of the
total. Stereophonic (L—R) informa-
tion is contained in the range from
23,000 to 53,000 Hz. Finally, the
SCA subchannel is located at a nom-
inal frequency of 67,000 Hz and since
it is an FM subcarrier, is seen to
occupy the total range from 59 kHz
to 75 kHz. The presence of the pri-
vate-subscriber SCA subchannel neces-
sitates a reduction in deviation of the
main and stereo subchannels to a

Fig. 5—Proposal for 4-channel FM multiplex broadcasting system,
again showing only one half of the entire spectrum,
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maximum of 80 per cent. Thus, total
deviation consists of 80 per cent main
and stereo subchannel, 10 per cent
pilot carrier and 10 per cent SCA.

Figure 5 illustrates the new spectral
distribution proposed by Mr. Halstead
and myself. All we have done is to
add a second I'M subcarrier at a fre-
quency of 89 kHz (or thereabouts),
shift the previously used SCA sub-
carrier to approximately 69 kHz, and
back off the main and stereo subchan-
nels an additional 10 per cent so us
not to exceed 100 per cent modula-
tion for the total composite signal. In
terms of s/n it is interesting to note
that our two “rear” subchannels (for
we intend to use them for rear-left
and rear-right informnation) are ex-
pected to be as good or possibly
better than the presently used stereo
subcarrier sidebands. This is so be-
cause the presently used L—R side-
bands are AM in nature whereas our
proposed subchannels will be modu-
lated in an FM mode.

What about frequency response for
our two additional channels? Our
early experiments indicate that it will
be possible to broadcast frequencies
as high as 10,000 Hz. We realize that
the purists will scrcam and call this
“lo-i.” To evaluate the adequacy (or
inadequacv) of these parameters ac-
curately, we must cxamine just what
it is we're trying to accomplish with
the addition of the third and fourth
channels. If we are trying to duplicate
more realistically the reverberant ef-
fects experienced in the live concert
hall, there is sufficient evidence on
hand to justify this modest frequency
limitation imposed upon the extra
channels, since their function is that
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Fig. 6—Block diagram of 4-channel stereo

FM adapter used to recover the 3rd and 4th

channels.

of reinforcement and not that of pro-
viding primary musical information.
If, on the other hand, the many popu-
lar musical forms on the scene plan
to use the four channels for new cre-
ative effects (such as putting each
member of a four-piece combo in his
own corner), then it might be argued
that all four channels must be equal
in fidelity.

It is our contention that unless the
recording session is “gimmicked” to
the extent of recording these four
instrumentalists in totallv separate
studios (a trick resorted to very often
in the early days of stereo), primary

spatial information is sensed from
fundamental tones rather than from
harmonics or overtones. If this is so,
then limitation in frequency response
of the third and fourth channels will
not perceptibly degrade the listen-
ability of the end product.

Currently, radio station WNYC-FM
has requested permission from the
FCC to transmit this system on an
experimental basis. If, and when, the
IFCC grants permission, these ques-
tions and a great many technical-
feasibility questions will be answered
in short order. Since such requests

(Continued on page 78)

Fig. 8—Typical ratio-detector circuit, showing connection point
or “3rd-&-4th-channel” decoder.

Fig. 7—The author about to measure performance of the first de-
coder designed to work with the Halstead 4-channel sterco FM
broadcasting system.

RAT!O-DETECTOR

- 300 pF
T 15k
P AAA
TO STEREQ CIRCUITRY
68 OR DEEMPHASIS CIRCUITS

/I 220 oF

(TAKEOFF POINT FOR DUAL SUB-CHANNEL
DECODER

24 Check No. 25 on Reader Service Card -



Others do.
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SANSUI SO000A

180 watts of Sansui power are built into the 5000A-—an AM/FM stereo receiver that
has been created for the connoisseur who demands the y|timate in tonal magnificence
and clarity of sound. The Sansui 5000A features a new FM Pack with linear tuning

for greater selectivity and pin-point station selection . . . All-Silicon AM tuner for
maximum stability . . . inputs for three separate sets of speaker systems . . . records
up to 4 tape decks simultaneously . . . just a few of the features which will make the

Sansui 5000A the nucleus of your most comprehensive hi-fi music system for years
to come. At your Sansui Audio Dealer. $449.95

-
Woodside, New York, 11377 * Los Angeles, California 90007
SANSUI ELECTRIC CO., LTD., Tokyo. Japan » Frankfurt a.M., West Germany e Electronic Distributors (Canada), British Columbia
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SPLICING TAPES

ANDREW H. PERSOON*

viece of recording tape broke. While seemingly unim-

portant, quite a bit goes into achieving the “ideal splice”
—enough to assure cleaner recordings and better-functioning
equipment when properly done.

A proper splice is one that will remain intact for an indef-
inate period of time. It must be mechanically strong, have a
minimum of “adhesive escape” uround the edges of the
splice, and must in itself produce no audible disturbances.

While all these considerations are quite familiar to re-
cordists, there are considerations from a manufacturing
standpoint as well as some fundamental procedures which
lead to correct splicing.

THE ART OF SPLICING evolved very shortly after the first
I

Tape Construction

Any pressure-sensitive tape takes two components into
consideration in its design: Backing and adhesive coating.
While there are many types of adhesive tape on the market,
only one set of combinations is truly suitable for the splicing
of magnetic recording tape.

The backing for a splicing tape has to be tough and dura-
ble while being as thin as possible. Paper is not suitable, so
plastic is used instead. Both acetate and polyester backings
are currently heing produced for splicing tapes.

The adhesive presents other design problems. Three basic
adhesive qualities must be considered: (1) Shear adhesion,
(2) peel hack or ASTM adhesion, and (3) wet grab.

Shear adhesion is the resistance of an adhesive to Dheing
parted from its adhered surface by a full force in what is
called the shear direcion. (Fig. 1).

Peel-back (ASTM adhesion), is a measure of the ad-
hesive’s resistance to being peeled away from the surface to
which it is adhered. (IFig. 2).

“Wet grab” is an elusive quality. It is more popularly
referred to as “thumb appeal” or “quick stick.” It is the
quality of an adhesive to feel sticky. Oddly enough, it is not
an important quality as far as the actual strength of the bond
is concerned, but it is a quality readily noticeable by the
user. Completely untrue is the statement that the stickier the
tape feels, the better the splice.

*Technical Director,
Magnetic Products Div.,
3M Company.
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A tape with high “wet grab” might improve peel back
adhesion, but this apparent advantage may result in damage
to the equipment and recording tape.

First of all, a sticky adhesive creates a bond on recording
tape that produces excess “0oze” which may actually bond
one layer of tape to another within the tape reel. The more
pressure exerted on the splice, the more probable “ooze.” The
result might he the complete removal of oxide on the layer
of tape above the splice on the reel, or worse, complete
blocking of the reel.

Secondly, an increase in “wet grab” decreases shear
strength, If this is reduced, the tightly butted ends of the
recording tape—essential for an inaudible splice—could
“creep,” and may leave adhesive on the recorder’s heads and
tape guides—in addition to the problems already mentioned.

A properly designed splicing tape, then, does not feel
“sticky” by intentional design—yet will produce a strong
bond.

Splice Geometry

There are several variations in splice geometry, the right
one depending on the conditions of use. Necessarily these
considerations include the size of the spliced area and the
angle at which tape ends meet each other.

The length of a splice depends on the amount of curvature
it will have to sustain in its path from reel to reel, (Fig. 3 ).
As a recording tape passes around the curved surface of a

Fig. 1—Shear adhesion (creep).
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Fig. 2—ASTM adhesion (peel-back)
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Fig. 3—Splice length and bend radius.

guide, as is shown at (A), there is a tendency for the leading
edge of the splicing tape to continue in its original direction,
as at (B). In effect, it is attempting to peel itself away from
the recording tape, and is an example of one design param-
eter: Peelback (ASTM) adhesion. Here, the length of the
splice has no effect on the tendency to peel, but is important
for another reason.

A short splice, as at (C) Fig. 3 may tend to loosen if
subjected to a tight hend because the area of peel may ex-
tend far enough into the tape’s bond to free one end of the
recording tape.

A longer splice solves this problem extending bevond the
splice junction. Even if the splicing tape tends to peel at a
guide, the junction remains undisturbed. Once the tape is
wound again on a reel, pressure from succeeding wraps of
recording tape secure the splice firmly by pressure.

Generally, this rule of thuml evolves: The smaller the
radius of the bend expected, the longer the splice.

As we have mentioned, the tendency to “creep” is depen-
dent on the shear strength of the splicing tape adhesive. The
force that opposes this shear strength is, of course, the
amount of tension the tape encounters on the transport and
while wound on a reel during storage, (shear strength is
constant for a given splicing tape). If subjected to a constant
tension—for example a properly adjusted transport—the
variable affecting “creep” is the area of the hond. The larger
this area, the better the “creep” resistence.

Carrying this thought further, a splicing tape with a poor
adhesive shear strength could be used if the area of the
splice were increased. Limited by the width of recording
tapes— V4-inch—the area could only be increased by ad-
ditional length. A spliced bond of two or three feet would
increase shear strength, but realistically would be impossible
to execute mechanically. Since program material exhibits a
drop in level of 2 to 4 dB in the area of the bond; the shorter
the splice, the less disturbance during playback, a fact sup-
porting the need for a splicing tape with high adhesive
shear strength.

Splicing Tape Width

Should the splicing tape be the same or narrower in width
than the recording tape? Several considerations affect this
decision.

AUDIO = JANUARY 1970

FULL WIDTH UNDERWIDTH

Fig. 4—Splicing widths: (A), full-width, properly done; (B), full-
width, carelessly trimmed; (C), full-width, with an arc'cut in the
sides; and (D), under-width splice.

When using a full-width splicing tape, care must be taken
not to overlap the edges of the recording tape being spliced.
Adhesive may adhere to adjacent tape layers causing prob-
lems similar to those encountered with ooze. While splicing
jigs are available which cut an arc into each side of the splice
—t0 eliminate overhang—the possibility of adhesive “ooze”
remains.

A narrow-width splicing tape offers a number of advan-
tages with no apparent disadvantages: (1), Overlap is elimi-
nated completely; (2), A simple splicing jig mayv be used,
eliminating undercutting; and (3), Overall bond area is not
materially affected.

(Figure 5 shows four examples of full- and under-width
splices)

Splice Angles

Ideally, a recording tape to be spliced will be cleanly cut
at an angle of 45 to 60°—measured with respect to the tape
edge. As the angle increases above 60° toward the perpen-
dicular, the amount of electrical disturbance is increased be-
cause the recorder head sees the discontinuity as an abrupt
change—producing an annoying pop or click.

A shallower angle produces less disturbance, but as the
angle is decreased below 45°, the pointed comers of the
recording tape become extremely vulnerable to heing peeled
back or actually debonding.

Commercial jigs are available which produce the ideal
45° splice angle as well as affording a means for an even,
clean tape cut.

Tape Handling

Cleanliness is probably the most important consideration
in making a good splice. Hands especially should be free
from oil or dirt as a single oilv fingerprint can reduce out-
put several dB. Also, contamination of the backing or ad-
hesive can reduce the strength of the board—possibly in-
ducing bond failure. The cut itself must be executed cleanly
using a sharp demagnetized razor blade, When handling the
pressure-sensitive splicing tape, care should be taken not to
touch the adhesive more than necessary. After carefully
aligning and splicing the tape, all air pockets should be
removed with the fingernail to promote a secure bond. A
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BUILD THIS
VARIABLE
FREQUENCGY
POWER SOURCE

C. G. McPROUD

The completed Dynaco Mark NI amplifier after conversion to a
60-watt variable-frequency generator. The offset carrying handle
straddles the center of gravity.

HERE, ARE MANY TIMES when

I the hobbyist, recordist, or engi-

neer wants a source of varjable
frequency.

He may want to change the pitch
of a record or tape played on a
machine which does not incorporate
a vernier frequency control; "he mav
be interested in experimenting with
electronic music; or if he is an engi-
neer, he mayv want to find out how a
variation in supplv frequency affects

Fig. 1—Schematic of the oscillator section
(upper) and the power-supply changes
(lower)

for the variable-frequency

generator.
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the performance of his equipment.

Falling in the latter category, the
writer found that a variable-frequency
source was necessary in testing equip-
ment. One could, of course, start from
scratch and build a professional in-
strument, or possibly he could buy
such a device readv made at a cost of
a few hundred dollars. A quick study
of the requirements shows that the
desired 117 volts could he obtained
from a conventional amplifier with a
500-ohm output. To have sufficient
power to drive a turntable or most
any tape recorder would require an
output of, say, 60 watts. The output
voltage across a 500-ohm secondary—
the desired 117—would mean that the
output power would have to be a
minimum of 27.38 watts from the
formula E*/R=P.

The desired output impedance
could be obtained by connecting a
500:8 line transformer backward
across the output of a conventional
amplifier, but that would mean that

b i
Fig. 3—Pictorial of [ 1
the resistor-mount- 8l |~ =3
. . @ P K
ing strip assembled 0

A J

as a variahle-fre- =
quency oscillator. I |

\|

. 10K

XT0 CONTROL POT” GND

some form of generator would still
have to be connected to the input.
The logical solution would be to take
a 60-watt tube-type amplifier with a
500-ohm output and build into a sim-
ple variable-frequency generator.

There are many 500-ohm amplifiers
available, but in general they are PA
types and relatively expensive. The
most reasonable solution was to ob-
tain a Dynaco Mark IIT amplifier with
a 500-ohm output transformer and
build the generator into it.

The next problem was that of the

Fig. 2—The completed oscillator circuit
assembled on a resistor-mounting strip.
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We suspect that the new Dual 1219
will get a warm reception from the
independent testing labs. For the same
reasans that they welcomed earlier
Duals.

With so many similar audio prod-

- ucts, equipment reviewers appreciate
innovations. And Dual has traditionally
obliged them.

The 1219 continues this tradition in
many ways.

One of the 1219's features that
sets it apart from all other automatics is
the Mode Selector that shifts the entire
tonecrm base down for the single-play
mode and moves it up for the multiple-
play mode. The tonearm is thus able to
track at the ideal 15° stylus angle whether
playing one record or the middle rec-
ord of a stack. (Instead of tilting down
on single records.)

Another”first”is the 1219's tonearm
suspension which is a true four-point
ring-in-ring gy roscopic gimbal. The
tonearm pivots vertically from an inner
concentric ring which, in turn, pivors

horizontally from a fixed outer ring.
The tonearm is centered within these
rings and pivots on four identical neecle
bearings.

The 1219's anti-skating system is
also noticeably different. It provides a
separately calibrated scale for each
stylus type, conical or elliptical. (Ellipti-
cal styli create more skating force than
do conical styli.)

Another touch of Dual precision
is the tonearm counterbalance. As it is
rotated, there’s a click for every hun-
dredth-gram. (Makes balancing easier
and faster, especially when interchang-
ing cartridges of different weights.)

Several other 1219 features might
be mentioned. Effective tonearm length
is 8-3/4", longest of all automatic arms.
The 12-inch 7-pound platter is dynam-
ically balanced. The cue control is
damped in both directions, so the arm
moves with equal delicacy, and without
bounce whether you're raising or low-
ering it. And the motor combines high
starting torque with the absolute

constancy of synchronous speed.

Although we can anticipate all
the above features and refinements
being welcomed by the testing labs, we
don't presume to predict how they might
be evaluated in terms of performancs.
Which, after all, is what really counts.

But reviews of earlier Duals have in-
cluded terms like “superior, uncompro-
mised performance” and “one of the
finest record playing mechanisms |
have used!’

Reviews like these aren't ecsy to
top, but if any automatic turntable can
do it, we believe the 1219 can. Even
though its price of $175.00 may cause
the reviewers to sef their standards
correspondingly high.

Until the reviews are published,
we can only suggest that you write for
our descriptive literature, or see the
1219 yourself at your dealer. Then write
your Own review.

United Audio Products, Inc.,

120 So. Columbus Ave., Mount Vernon,

New York 10553. m

The Dual 1219 should give the testing labs
something new to talk about.
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Only Marantz Has a Built-in

What's a Marantz?

Any audio engineer or stereo hobbyist
will tell you Marantz builds the world’s
finest high-fidelity components. And has
for fifteen years.

This message, therefore, is not to
engineers but to professional musicians,
serious music-lovers, and beginning
stereo hobbyists. We’d like to introduce
you to Marantz.

Never Heard Of Marantz?

Until this year, the least-expensive
Marantz stereo component you could buy
cost $300.00. And our FM tuner alone cost
$750.00! To own a Marantz, you either
had to be moderately wealthy or willing
to put beans on the table for awhile. But
it was worth it. And a lot of experts
thought so, too, because the word soon got
around, and the products sold themselves.

What The Competition Said

The chief design engineer of a major
competitor once said that no one even
tries to compete with many of Marantz’
sophisticated features; it would be just
too expensive. Marantz designs its circuits
the same way the aerospace industry
designs missiles and jet planes — for
utmost performance and reliability.

Built-In Oscilloscope

The unique features of a Marantz
component are there for only one purpose:
to make possible the highest level of

listening enjoyment.

That’s why we put an oscilloscope in
our best components.
An oscilloscope is
kind of a TV tube.

But instead of the
""Wednesday Night
Movie,” it shows you a
green wavy line. An electronic

picture of the incoming FM radio

signal, telling you exactly how to

rotate your antenna for minimum
multipath distortion {ghost signals) and
maximum signal strength (clarity) even
from the weakest stations.

The “’scope’” also shows correct stereo
phasing: that is, whether the broadcasting
transmitter or your equipment is out
of phase. And it lets you set up optimum
stereo performance and reception to
create a solid “wall” of sound.

Features, Not Gimmicks

You’ve probably never heard of
Butterworth filters because
no one else

uses them
besides Marantz. And the
U.S. Military. Other manufacturers

feel they can get by without them. And
they can. Because their standards don’t

have to measure up to Marantz’.
Butterworth filters let you hear music
more clearly, with less distortion,
and, unlike conventional LF. coils
or filters, they never need realignment.
They help pull in distant FM stations
and separate those right next to each
other on the dial.
Although Butterworths cost more,
Marantz designed not one but four of
them into our Model 18 receiver.

Marantz also offers a different tuning
experience because you rotate the actual
tuning flywheel. This results in the
smoothest, most precise tuning possible.
And this Marantz-
exclusive design
requires
considerably
fewer moving
parts than
conventional systems
used by other manufacturers. The benefits:
reduced friction, wear, and service
problems. We call this patented feature
"Gyro- Touch tuning.”

Built To Last

Marantz stereo components aren’t built
in the ordinary way. For example, instead
of just soldering connections together
with a soldering iron, Marantz uses a
highly sophisticated waveflow soldering
machine —the type demanded by the
Military. The result: perfect, failproof
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Oscilloscope!

connections every time.
Even our printed circuit boards are a
special type —glass epoxy —built to rigid

military specifications, ensuring rugged-
ness and dependability.

Marantz Power Ratings Are True

When someone tells you he has a
"100-watt amplifier,” ask him how the
power was rated. Chances are his 100 watts
will shrink to about 75 or 50 or perhaps
even as few as 25. The reason is that most
manufacturers of stereo amplifiers
measure power by an inflated "'peak
power,” or “IHF music/dynamic power.”

Marantz states its power as “"RMS
continuous power” because Marantz
believes this is the only method of
measurement that is a true, absolute,
scientific indication of how much
power your amplifier can put out
continuously over the entire audible
frequency range.

But if Marantz were to use the
unscientific conventional method, our
Model Sixteen 80-RMS-80 power amplifier
could be rated as high as 320 watts
per channel!

to perform. For example, the Marantz
Model 16 can be run all day at its full
power rating without distortion (except
for neighbors pounding on your wall).
That’s power. And that’s Marantz.
Marantz Speaks Louder Than Words

In a way, it’s a shame we have to get
even semitechnical to explain in words
what is best described in the medium of
sound. For, after all, Marantz is for the
listener. No matter what your choice in
music, you want to hear it as closely as
possitle to the way it was performed.

In spite of what the ads say, you can’t
really “bring the concert hall into your
home.”” For one thing, your listening room
is too small. Its acoustics are different.
And a true concert-hall sound level (in
decibels) at home would deafen you.

What Marantz does, however, is
create components that most closely
recreate the sounds exactly as they
were played by the musical performers.
Components that consistently represent
“where it's at” in stereo design. And no
one gives you as much—in
any price range —as Marantz.

Every Marantz Is Built
The Same Way
Every Marantz component,
regardless of price, is built
with the same painstaking

craftsmanship and quality materials.
That’s why Marantz guarantees every
instrument for three full years, parts
and labor.

Now In All Price Ranges

Today, there is a demand for Marantz
quality in other than very-high price
ranges. A demand made by music-
lovers who want the very best, no
matter what their budgets. True, you can
still invest more than $2,000.00 in Marantz
components, but now we have units
starting as low as $199. Though these
lower-priced models do not have every
unique Marantz feature, the quality of
all models is the same. Marantz quality.

And quality is what Marantz is
all about.

Hear For Yourself

So now that you know what makes a
Marantz a Marantz, hear for yourself.
Your local dealer will be pleased to give
you a demonstration. Then let your
ears make up your mind.

Lo TS 0 o2 0 v A

Moreover, you can depend on Marantz

©Marantz Co., Inc. 1970. A subsidiary of Superscope, Inc., P.O. Box 994, Sun Valley, Calif. 91352. Send for free catalog. lllustrated above, Model 18, $695.
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Fig. 4—Complete schematic of the original Mark 111-500 amplifier, showing changes made
to provide the 10-volt supply for the oscillator,

tvpe of generator to be used. The
simplest choice seemed to be the
phase-shift circuit, which can be made
adjustable by substituting « variable
resistor for one of the fixed resistors.
In general, the phase-shift oscillator
employs three identical capacitors and
three identical resistors to provide a
single fixed frequency.

The Dynaco Mark III doesn’t have
adequate space for a vacuum-tube
stage, so the oscillator would have to

Fig. 5—Underside of the completed
generator

be transistorized. Since the amplifier
emplovs o fixed-bias arrangement,
there is a 60-volt tap on the secondary
of the power transformer, together
with a rectifier and filter network. We
could have used a PNP transistor, but
one wasn’t at hand, while several
NPN’s were. Therefore, in the circuit
of Fig. 1, the 40232 transistor was
used. The maximum collector voltage
for this transistor is 18 volts, and a
tryout showed that the output was
adequate and fairly constant over the
desired range with a supply of 10
volts.

The addition of another silicon
rectifier, two resistors, and a filter
capacitor provided the required 10
volts from the tap on the transformer
secondary.

Returning to the oscillator circuit,
it was found that the circuit of Fig. 1
would give a range from 42 to 84 Hz
with one turn of a 50k pot. The log-
taper pot—commonly called “audio
taper,” gives a reversed dial indica-
tion, but it spreads out the range in a
desired manner. A 50-k reverse-taper
pot would have changed this, but it
was not considered sufficiently impor-
tant to warrant the extra effort involved

in getting such a pot. A second similar
50-k pot was used to control the out-
put so the voltage could be varied to
suit the required drain.

Construction

The oscillator circuit was assembled
on a resistor-mounting board as shown
in Figs. 2 and 3. These boards are
available in several forms, and one of
suitable size was procured. It was too
long for the circuit, so it was short-
ened by simply cutting off the overage.
Space was left for two holes for
mounting, using #6 x 34 sheet-metal
screws through holes drilled in the
chassis in the location shown in Fig.
4, and using Y%-in. bhushings to hold
the strip away from the chassis.

The octal socket on the front apron
of the amplifier was removed, as were
the output terminal strip and the input
phono jack. In place of the latter was
put the 50-k output pot, using a 3 x 5
Bakelite panel on the outside of the
apron. The frequency-control pot was
mounted on the Bakelite panel in the
approximate position of the former
octal socket, and an receptacle was
mounted in the position of the output
terminal strip. The Bakelite panel pro-
vides space for the decal lettering, as
well as to cover up the holes in the
chassis.

As a final gesture toward a finished
appearance, a hole was cut in the
cover to accommodate a 150-volt a.c.
meter so the output could be adjusted
as required and without exceeding the
input voltage for the equipment under
test. Actually, 60 watts of power
would provide an output of 173 volts,
which underlines the need for an out-
put voltmeter.

The supply for the oscillator is built
directlv on the Dynaco chassis. A
l-amp, 400 PIV silicon diode is con-
nected to the selenium bias rectifier
at the point where the lead from the
transformer is connected. Its other end
is connected to a tie point mounted
on the same screw that holds the
present one, and the 22k (1-watt) and
100-k (1% watt) resistors are mounted
on the new tie point. At their junction,
connect the + end of the 250-u.F, 25-V
filter capacitor, and connect the — end
to a soldering lug mounted under one
of the transformer-holding screws. The
leads from the input phono jack are
unsoldered from the existing circuit

AUDIO « JANUARY 1970



If everyone were an
expert, there'd be
only three speakers
left on the market.

We mean this very seriously.

If everyone had a good ear with-
out any high-frequency loss. ..

If everyone listened to live music
regularly. ..

If everyone understood the idio-
syncrasies of commercial records
and tapes. ..

If everyone could see through
shallow technical arguments. ..

In sum, if everyone had the quali-
fications of an expert judge of
loudspeakers—then only three of
the current models on the market
would survive.

The Rectilinear lll, the Rectilinear
Mini-Ill and the Rectilinear X.

We base this brash assumption on
our study of people possessing the
above qualifications.

They seem to reject, to a man, all
speakers created for a particular
“taste."” The big-bass taste. The
zippy-highs taste. The Row-A-spec-
tacular taste. Or even the more re-
fined taste for subtly rich bass with
slightly subdued upper midrange
but sharply etched highs.

They want no personality at all in
their speakers. Just accuracy. What
goes in must come out, no more
and no less. If the input is less than
perfect, they use tone controls and
filters, rather than loudspeaker

AUDIO = JANUARY 1970

manufacturers, to improve it.

And they're unimpressed by nov-
elty for novelty's sake. They've got
to hear that engineering break-
through, not just read about it.

These people are invariably re-
duced to a choice of no more than
six or seven models, out of literally
hundreds. Three or four of this ridic-
ulously small group of neutral-
sounding, transparent speakers are
full-range electrostatics. Which
means that they're huge, awkward
to place, murderously expensive
and far from indestructible. Which,
in turn, leaves only three, as we
said:

Check No. 35 on Reader Service Card

The Rectilinear lll, a classic after
less than three years, acclaimed by
every reviewer under the sun as the
floor-standing monitor speaker
without equal; four-way with six
drivers, $279.00.

The Rectilinear Mini-lll, the only
small compact with class; three-
way with three drivers, $89.50.

The Rectilinear X, “the world’s
fastest bookshelf speaker,’ with
unprecedentedly low time delay
distortion; three-way with three
drivers (including our new high-ex-
cursion 10-inch woofer), $199.00.

Of course, in the real world out
there, everyone is not an expert, so
there'll be many speakers left on
the market.

But there seem to be enough ex-
perts around to keep one company
very happy.

(For more information, see your
audio dealer or write to Rectilinear
Research Corp., 30 Main St.,
Brooklyn, N. Y. 11201. Canada:
H. Roy Gray Co. ltd., 14 Laidlaw
Blvd., Markham, Ont.Overseas:
Royal Sound Co., 409 North Main
St., Freeport, N. Y. 11520))

Rectilinear
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Fig. 6—Pictorial of the underside of the converted Dynaco Mark 111,

board and replaced by a pair of leads
from the output potentiometer. A 3/-
in. hole in the top of the chassis near
the output receptacle if fitted with a
rubber grommet, and leads to the volt-
meter are passed through it. Since the
whole assembly weighs around 29 1bs.,
a carrying handle was thought neces-
sary. Its position is shown in the photo
of the finished device. It may seem
strange that it should be so off center
in appearance. It is, however, strad-
dling the center of gravity, so the unit
carries level with the handle in the
position shown.

The labeling on the Bakelite puanel
wus done with decals. The positioning
of the frequency-designating figures
was determined by comparing the out-
put on a ’scope aguainst that from a
conventional audio oscillator. It could
be done by Lissajous figures against

the line frequency, if no oscillator is
available.

The generator has a fairly constant
output with a given load, so it is pos-
sible to set the output voltage once
and then vary the frequency over the
entire range without changing the
output control. For those requirements
of variable voltage, the frequency may
be set and the output varied from zero
to over 150 volts with the usual turn-
table or tape recorder.

Changing the 0.1-xF capacitors in
the oscillator circuit should move the
covered frequency range from the 40-
to 80-Ilz range to anywhere desired.
For a range of 60 to 120 Hz, a capaci-
tor value of .068 should be about
right, although some trimming might
be necessary. The 3300-ohm resistor
limits the high-frequency end of the
range, and the total range is deter-

mined by the value of the frequency-
control pot. A value of 50k olms is
about the maximum that will permit
the oscillator to function. If the 3300-
ohm resistor is decreased appreciably,
it effectively shorts out the phase-
shifting network and oscillation will
stop. The values shown in the sche-
matic were chosen for the desired
range and reliable operation.

While any power amplifier will
function in the same fashion as this
one if the output transformer is
changed to provide the 500-ohm out-
put, it would likely require some ex-
perimentation to achieve the desired
result. The Dynaco Mark III is priced
in kit form at $89.95, and the re-
mainder of the parts should not ex-
ceed another $15.00 at most. So for
around $105.00 can have a variable-
frequency generator for whatever
need you may have for one. If you
already have a Mark IT or Mark III
that is retired from hi-fi service, you
can replace the output transformer
with a 430-500 for only $44.95 and
start using the amplifier again. In any
case, you are sure to find the variable-
frequency generator a useful tool in
the shop, and a great help if you
dabble in electronic music. A

Parts List
1 10-pF, 25-V electrolytic, Sprague TE-
1204
1 250-uF, 25-V electrolytic, Sprague TVA-
1208
1 50-uF, 3-V electrolytic, Sprague TE-1302
3 0.1-uF, 10% capacitor, Sprague 192P-
10492
680-ohm, %2 -watt, 10% resistor
3300-ohm, Y2-watt, 109, resistor
6800-0hm, Y2-watt, 10% resistor
10k, V2-watt, 109, resistor
100k, Y2-watt, 10% resistor
22k, 1-watt, 109, resistor
50k audio taper pots, IRC 13-123
40232 transistor
3 x 5” Bakelite panel, V8" thick
a.c. panel-mount receptacle
2”7 knob
1% " knob
150-V a.c. voltmeter
resistor mounting strip

B S G G G S S W N TS NG S NG TSRS

two-lug terminal strip (tie point)
Decals

Handle

Miscellaneous hardware, wire,
etc.

solder,
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Versatility thats surpassed only by performance

A new criterion of excellence in sound has arrived. The
Pioneer SX-1500TD AM/FM multiplex stereo receiver
was meticulously designed for the audio petfectionist.
Its advanced design circuitry, incorporating an FET front
end and IC’s IF strip, offers an array of features for the
ultimate in stereo performance. Music power is at a
zenith of 180 watts, rated in compliance with the stand-
ards of the Institute of High Fidelity. Extremely versatile,
it provides six sets of inputs. The pre and main amplifiers
may be used independently. An exclusive highlight is

the unique facility for Dynamic Microphone Mixing
which provides simultaneous recording with broadcast
music ... voice over music announcements...5-position
speaker selecticn for announcements over speakers in
several locations. You can connect up to three different
speaker systems. Complementing its magnificent sound
reproduction is the subdued elegance of the hand
rubbed, oiled walnut cabinet faced with brushed silver
and jet. Hear the true sound of quality at your Pioneer
dealer. Only $399.95, including microphone.

W PIONEER’

PIONEER ELECTRONICS U.S.A. CORPORATION, 140 Smith Street, Farmingdale, N. Y. 11735 = (516} 694-7720
West Coast: 1335 W. 134th Street, Gardena, Calif. 90249 — (213) 323-2374 & 321-1076 » In Canada: S. H. Parker Co., Prov. of Ontario
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Indicate speed by letter code:

AUDIO R
TAPE RECORDER AR
DIRECTORY SR

(Specifications listed are those of the manufacturer) *at the highest speed of the machine

KLH Model 40

Allied TR-1080 Crown International 800 series

77 / 77 /
/& o S /
s < / & /
E / &
-~ §S" / \QSO
A/ $ o F &
MANUFACTURER S s/ S S N SPECIAL FEATURES
(Circled numbers &/ & é,:?.;," 5‘ )
indicate adv. page) §. Q?o & .*., & a}\
AIWA Mt | 1652 x 13 16, | 149.95 | 3-way power source (a.c., batt., car) avto/manual rec. level contr.;
| | | | x3° | attache-case
2[4 |1 | Hys [ idler [ 300K | 005 | 45 M0 | 10K 145, x 132, £ 179.95 | Auto shut off; spki_ on/off sw. ]
| | | | | | Mus. | x 10% |
ALLIED TD-1039 A | No ] Vi 4 } 1 | Cap. [ Belt | 30-20K ! 0.1 | 48 | 210 10K 2 151 % 134 20 135.00 | Linear lever contrs.; retractable pinch roller; 4-digit counter; s-0-S,
Start 1:3 Mtrs. | x 6% S | auto shut-off - |
TR-1080 A : Yes 7 4 4 1| Cap. | Belt | 40-19K| 0.15 7 160 0K | 2 19, x 12% ki 299.95 | Auto rev, records in both dir.; solenaid operation; detachable spkr
| | Start | +3 i Mirs. | x 12% | encls
AMPEX 755A | A | No 3 411 | Hys. | Belt | 20-20K 08 | 48| 120 |150K | 2 15% x 13 i 7995 | S-w-s, 505, echo, pause contr
! L 3 | | Mtrs. | x 6% ] N
= St F—— nE - — t = —_— — —_
757 A | Yes 7 I 4 R 1 | Hys. | Belt ZU-ZOKW .08 @ | 12 [150K | 2 |23 x14 42 349.95 | As above, plus power amps.
3 Mirs | x 8!, | -
1455 A | No 7 4 4 | 1 | Hys. | Belt | 20-20K | 08| |0 | 150K | 2 15% x 13 27 349.95 | s-w-S; 5-0-5, echo, pause contr.; auto. reverse, auto. threading.
1+3 P
| | ‘I b | L—ﬁv | N | | Mtrs. | x 6 N | — B
1467 A | Yes 4 4 L | Hys. | Belt | 20-20K .08 | 48 | 120 |150K | 2 23 x 82 40 449.95 | As above, plus power amps
| | ! | |23 | | Mirs. | x 14 |
ASTROCOM 407 B | Mo 7 [ [ e [3 |ty et [m2k| 07| 0| 6 | 10K|Dual |2Ax14% © | 30995 | Autorev. p.b. oper; swes; so-s.
MARLUX | 3 | Meter | x 10% |
CONCERTONE 790 G | Yes 7 3 4 | 1] dc | Idler | 20-22K| 0.17 55 | 140 0K | 2 17, x6 P 260.00
Mtrs. | x 143
CONCORD 5090 A No 7 ) 4 1 [ind. |Idler | 30-15K | 0.17 55 10K | 2 13%x 11 17% 140.00 | Cue and edit control
@ Mirs. | x 47 |
BT A No 7 3|4 1 | Hys. 1 Beit | 20-23K 09 521 116 15K 2 18% x 13 25% 230.00 | Var. echo contr., tape/source monitor, 4 preamps
‘L 3 | Mtrs. | x 6 B -
MK 111 A No 7 3 4 1 | Hys. | Beit | 20-27K .09 55 | 116 15K | 2 18 x 13 5% 260.00 | Asabove.
| £3 | | | Mus | xs
MK [V A | No 7 4 4 [ 1| Hys. | Belt | 0-23K] .08 55 15K | 2 182 x 13 25% 330.00 | Auto reverse playback; silent sensing; dual capstan.
| +4 Mirs. [ x6 |
CRAIG CORP. 2401 B | Yes 7 2 BE Hys. | Idler { 50-15K | 0.18 0| 150 10K | Mtr. | 16°, x 12% 26 169.95 | b.f. contro! of tape functions; meter switchable between chans.
(910 | | | +3 | | x 7%
2408 A Yes 7 2 4 | 1 | Hys. | idler |50-15K | 0.2 40| 120 Twk| 2 164 x 1342 M% | 199.95 | Auto shut-off; spkr. encis. close over 7' reels.
l +3 | Mirs. | x 10 | |
CROWN SX724 B | No | 0% 3 4| 3 | Hys. | Belt | 30-25K 09 | 60 45 | 350K | 19x9 1745 1 99500 | Duai micor line mixing 2-tk play opt.; 5" mtrs.
INTERNATIONAL L w2 Mirs. | x 155 '
- — — —S— ——1 + ~+ - —1 L -1 —1 T — P — ——1
CX724 | A | No 104 3 4 | 3 | Hys. | Belt | 30-30K .09 60 45 350K | 7 19x9x17% 50 | 1,285.00 | Dual mixing; tone contrs. during rec. & piay, tape echo, plug-in
| | +2 Opt. | Mtrs modules; RIAA & phene amps. opt
EXZBE | No | 104 | 3 | 4 |3 |Hys. |Belt|3025K] 09| 60| 45 [350K| 2 |19x9x15% | 48 | 148500 | As above; remote contr. opt
v 2 Mtrs. |
[ ’—“ T N Y r 1 8 — I i ‘l — —
CX 822 E | No 10% 3 3 | Hys. | Belt | 30-30K .06 60 45 | 50 | 2 19x9x17% 53 7,120.00 | As above, but with Pro-800 transport
| | +2 Bal. | Mtrs |
FERROGRAPH 704A-S | Aor| No 8l 3 | Zor | 3] Ind, i ldler | 30-17K 08 | 60 60 10K | 2 147, x 16 3 549.00 | Chassis model: 724A-W in wal. case, $599.00; porlable: 724A-P
@ E | | | 4 | +7 Mirs. | x 8%, | in port. case $649.00
HITACHI TRQ727 | A [ No | | | I | 30-18K WK| 2 [137,x 1 | 14985 I “Levelmatic” auto vol. contr; pushbutton operation; 3-digit
| | | | | ' Mus. | x 8l | counter
Jve 1561 | H | Yes i 5 | 2 i 2 11 : d.c 100-8K 0.4 B 1D Meter | 12 x 11°, 13 79.95 | Batt and a.c operation; a.c. bias; auto. rec. level cont; tone contr.
@ SN S A A A A O L e e ]} ]
1694 I H Y Ne 7 T 4 30- 20K | <0.15 52 150 1504 x 12° A 169.95 | s-0-5; s-w-s; stide-type vol. contrs; 4-digit counter; a.c. bias;
| | ! | | \ | | X8 phone and line outputs
KLH 41 A [ No | 7 T3 T 4 [ 1] Ind | Belt |50-20K| 0.1 68 | 130 [100K | 2 145, x 11% 17% ! 229.95 | Dolby Noise Reduction System.
| _L 3 Miss, | %7 I
—— 4 — n S m— il 1 T . +———T —_— —
0 3 o iis 4 |3 | Ind. | Bett | 45-20K|[ - 0.1 [ ~68 | 65 [200K| 2 |16x1d4, 4 | 650.00 | As above,
P | 25 . Murs. | x 7 |
LAFAYETTE RK-825 | A | Yes 7 2 4 [ 1] ind, | Idler| 40-15K| 0.23 i 4% 2 124 x11° 2 ] 18.95 ’ S-w-s; s-0-s; single tape function contr, Safety interlock pause
+3 Mirs. | x 6%, contr; 3-digit counter.
@ TRK920 | A | No | (4 | 4 1 2 | ind. ‘|—Belf’ WK 02 | 0| 2 | x5y 5 199.95 rAs above; auto-reverse, auto shut-off.
| | | | | 13| | | | Mirs, | x 8% ! | |




This s the A-6019U,
top of the TEAC tepe
deck line. And these zre
just € couple of its
supersonic breakthrougt s:
Unigue phas2 s2nsing aulo
reverse operates =lectrenically at

any chosen roint on tne tape. Or it

can take a sensing foil if desired. But don’t
look “or this system on zrybody else's machine.
Sepa-ate heads for rezarc and playsack allcw
off-thestape mon <oring while recording; mos? other
mactines in this pr ce renge can ma-itcr the
sound source on'y,

What's the barre- to your complete sound erjoyment?
Chances are, TEAC has broken that, too-

* the sound
,bamer

* Exclusive symmetrical control system * Dual-speed hysteresis synchronous motor for capstan drive * 2 exclusive
A 60]0“ eddy-current ouler rotor motors for reel drive * Pause control « Unique tape tension contral » 4 heads, 4 solid-state amps,
ali- s»hcon transistors * Independent LINE and MIC input controls

TEAC Corporation of America 39
2000 Colorado Avenue - Check No: 39 on Reader Service Card
® Santa Monica, California 90404




REEL TO REEL (Continued)

Revox A77

Roberts 800X

Sony/Superscope 770-4

sri

Indicate speed by letter code:

A|B|C|DIE|F|{G|H
15 XX [x
7% fx {x [x x|x|x
3% IIx |x |x x x| x
17% Hx x [x x [x
s X

* at the highest speed of the machine

Pioneer T-600

/
/ /
N UFACTURER SPECIAL FEATURES
(Circled numbers /
indicate adv. page)
NORMENDE [ 80017 I A Built-in 4-channel mixer.
PANASONIC RS-765 [ A | No 7 2 4 | 1} ap | tdier | 30-18K| 0.1 50 { 240 061 2 13%x11x5 17% 125.00 I Head phone jack.
Mtrs
RSTEB | A | Mo 71 3 | 4 |1 Wy | der | k| 09 [s2s7] 150 | Ak | 2 [1hx13s 2 21995 | 3-head sys.; source/tape mon.; noise suppressor
w/HS Mirs. | x 8
[ —
RS-796 A | No i 4 4 | 1| 4p | Belt [ 30-206 1 0.1 52 ‘ 180 06| 2 20 x 14 x8% 3 249.95 | Auto reverse; dual capstan drive; 4-head sys.
Mtrs
RS-790 A | Yes 7 4 4 | 1| 4p | Belt | 30-20K| 0.1 52 | 180 ‘IPZUK 2 17x16%x9 38 329.95 | As above
l Mirs
PIONEER T-600 8 | No 7 4 | 4 1 | Hys. | Belt | 30-20K| 0.12 50 | 110 50K 1% % 177 3 299.95 | Rec/play auto reverse; swing-out pinch roller, avto brake;
Mirs. | x8 dust cover
REVOX A7 B | Opt 104 4 |20r4| 3 |Servo| Dir. | 30-206| .08 S 60 |LeHi| 2 16x8 34 529.00 | Electronic-governed capstan motor; ali-metal low-wear heads; avail.
+2 | Mtrs. | x 14 w.wood caseorinportable case w. spkrs; 15/7% ips model, $629.00.
ROBERTS 771X A | Yes 7 3 4 1 | Hys. | Beit | 30-22K] 0.15 50 60 51 2 14x20 42 320.95 | S-o-s; mute/monitor switch, PA operation,
3 Mus. | x10 - — — _{
800X A | Yes 7 3 4 3 | Hys. | Belt | 30-22K| 0.18 50 60 K| 2 18% x 13% 18 539.95 | Auto-reverse, s-0-S; S-W-S.
ﬂ} +3 ) 1 | Mus. | x 9% | | - N _J
[ 5050XD A | No 10% 4 4 | 3| Hys | Belt | 30-25K| 0.12 | 50 60 SK| 2 17x15 49 599.95 | 24-Hr. programming, mag. brake; auto-reverse; deck model
+3 Mtrs. | x 92
| o —— =l - I —L 1 . ] - 4 I L U — _ S = SE—
420XD A | No 7 4 4 | 3| Hys. | Belt | 30-22K] 02| 50| 60 M2 16X, | & 699.95 | As above, plus auto rec. vol. contr
Mtrs. | x 10
SONY, 155 A} No 7 1 4 | 1| Ind | Ider| 30-18K .09 5 | 150 15% x 12% 16%, 99.5) | Play only; 3-speed; vertical or horizontal operation
SUPERSCOPE x 6%
@ 2224 H | Yes | s | 2 | 2 11 [servo | Belt | T 015 | a8 T T tow | weter Wllsr,x 117, 8% HV-E?.SO T AC OC servo- vo-contr n'otor aulu or manuai rec. level con?r ]
x 4%, buitt-in rechargmg cct.; p.a. capability, mono
——————— 1 . S EE o =1 1 —t —t= e —
255 A | No 7 4 |4 | Ind. | idler | 30-18K .09 52| 150 |low | 2 15%, x 13% 19% 179_95 Sw s; ultra h.f. bias; scrape flutter filter; auto shut-off.
Mtrs. 7‘/ [ - ]
[ 355 A | No / 3 4 l 1| Ind. | Idler | 30-22K 09 521 150 [Low | 2 15‘“ x 14 22 229.50 | Tape/source mon,; ultra h.f. bias, noise suppressor, scrape flutter
Mirs. [ x 7%, filter, s-0-s, auto shut-off, N -
[ 650 B | No | 7 3 B 4 1 3 i Hy?.v Belt 1 022K 06 54 90 |Low | 2 157, e 40 399.50 | Feather-touch solenoid operation opt. 2-track, plug—m head assy
Mtrs. X 16“ opl rem contr eq. selector. . -
[ 6660 | B [ No | 7 4 4|3 %HYS.-{_Eelr—ZO'Z-ZK .09 53 60 |Low | 2 17’ X 16s 8% 575.00 | Auto-rey, ultra £.. ias; SNR noise reductlon solenoid oper.; auto
Mtrs. | x B‘M tape lifters.
- 11— ﬂk e S + 1 — ———— — - —
780 A | No 7 3 4 |3 |Sevo| Belt | 20-25K( .04 | 56| 90 [Low | 2 |, x22", 57 695.00 | Auto-reverse; 6-head function; dual capstan drive; ferrite heads,
Mirs, | x 107, auto program scanner, rem. contr.
. = = i S — — 4 =1 k- - ] | i 1 — mij . - — _—
770 A | No 7 4 |2o0r4| 1 [Servo| Belt | 20-22K .09 S8 1 120 |250 2 16% % 15%, 2% 750.00 | Noise reduction; busit-in limiter; mic. - line mixing; var, speed
Mirs. | x 3%, contr.; scrape flutter filter, 4th head for 4-01 2-tk p.b.
TANDBERG 1600X A1 No 7 2+ [aor2| 1| ind. | idler | 40-20K | <0.1 581 100 |[Low | 2 |15%x11%, 19% 249.00
Series Bias -2 Mirs. | x 6%, 1 -
[ 11 Series A Mun._— 7, 5w 3+ [lorzf 1l “W 1 tdrer 40-16K | 0.1 TSS 105 | Low |Meter [ 13x10 5w 0 449.50 | Also available in pilotone version wity synchsonizer for |I[J syne,
Only | Cover tach, d.c. 32 x4 batt. $699 + $350 for sync unit; mona,
——————F—+——1T—1 —— 4 . 4 - — L =
1200X A | Yes 7 |2+ [aor2|1 Hys. | Idier | 40-18K [ <0.1 58 1 120 jLow | 2 |15%x11%, 23 485.00
Bias +2 Ms. |x6% | I S o ]
6000X A | No 7 3+ 4 1 | Hys. | idler | 40-20K 07 56 | 105 |20 | 2pk. |18 x12°, 21
Bias 12 g | x6% 1
TAPESONIC 70-TRSQ E | No 10% 3 |40r2|3 |[Hys. {Direct| 35-26K .08 5 35 10K-| 2 19x 14 51 615.00 | Portable carrying case $34.50. Two low-Z Mic inputs with Cannon
12 50K | Mtrs | x 5% | XLR connectors, §35.00.




We've been telling you what
a great tape recorder the
ASTROCOM/MARLUX 407 is—

Now we’ll turn the
floor over to

AUDIO

Magazine—

AUDIO
EQUIPMENT
PROFILE

uEvery Once n a
while we comet
across @ PrOd“C

which so clearly
stands out 1 ztb;
“lass that we mus

evaluate it

relative

(o much more €x

ensive

atives WO
{ound on this page:
The fact 1S thla
Astrocom/Mar:us
has produced a 1€7
rific tape deck. . - -

High praise indeed from the notoriously tough uncompro-
mising equipment reviewers of Audio! Our dealers will be
pleased to give you a copy of the complete Audio review

and demonstrate today’s outstanding buy in tape recorders
—the Astrocom/Marlux 407.

ASTROGOM MARLDX

Oneonta, New York 13820
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Wollensak 6250

Teac A-6010

ed

Indicate speed by letter code

A(B|C[D|E

L]

15

Yy
3
1%

X
X
X

PR

X
X

X
X
X
X

" ®t the highest speed of the

machine

REEL TO REEL (Continu

/ / 'I /I
/ y y / A / / / & /
s/ a / / e/ & /S &/
£/ & s ST E /
S/ 3 ¢/s/$8/) s /5 s /&) ‘
VNP & v/ &)/ 8/ F /e /5T /S5 e Soe /
MANUFACTURER /£ $ ; £ &F/E / S/ :;v Y R ; Vo 3 K3 _’\g? / :7 / / SPECIAL FEATURES
s s /S s/Ss)s ) o)/ Ss/ /& NV A $ &
tCircied numbers IS N s /x * AN £/ ; &+ 3 % o &
indicate adv. page é"’ /& Fy o = = - S/ & + /& ’5 v & £ o & / & /
& £/ &/ P N AATAYEVENEL T WA < ) & o / /%y
TEAC A-1200 B [ No 7 3 L] 3 [Hys. | Belt | 50-15K | 0.12 50 100 10K | Dual | 15% x 17 41 29.50 | S-o-s; echo; opt. remote pause conts,
2-spd. +3 Meter | x 9%
- . o I — - [ 4 Hiakode S RN i i S .
A-1500 B | No 7 4 4 3 |Hys. | Belt [ 50-15K | 0.12 | 50 100 10K | Dual | 15%2x17 41 399.50 | Asabove, plus auto reverse.
-spd. 13 Meter | x 9%
T A-4010 B | No 7 EEERE Hys. | Belt | 50-15K | 0.12 50 | 100 | 10K | 2 Wax1ts | @ 469.50 Touch-bu&)n-m‘nﬁ)ls; auto reverse; tapeﬁnsion control; opt. ]
2-spd. 3 Mtrs. | x 9% } remote control.
—=— = 1 - - — 4+ - — B D R —_— S RS
A-6010 B | No 7 4 4 3 | Hys. | Belt | 45-15K 08 | 55 9 [ 10Kk | 2 |[15%x84 52 664.50 | As above, plus phase sensing auto reverse; plugin head ass'y.,
)_ | 2-spd 2 Mtrs. | x7 elect. and transport sepasable.
A-7030 F | No 10% 4 1 28& 41 3 |Hys. | Belt | 30-20K 06 | 58 120 [ 10K| 2 [17ax2% 62 749.50 | Touch buttons; plug-in head ass'y; nab hub adapters; extra 4-tk.
2-spd. ) Mirs. | x8 p.b. head, cue control.
[A-4010 SRA| F | No T 1| 4 3| Hys. T Belt | 20-20K 08 | 50 100 10K 4 2 Sects. 60 | 79950 | 4-track, 4-channel in-line he}ds; recs. and plays 4-tracks
2-spd 3 Mtrs. simultaneously.
- - - i B S S B Bt IS S I — — e
A-7010 B | No 10% 4 4 3 |Hys. | Belt | 45-15K 08 | %5 120 | 10K | 2 17 x 204 62 849.50 | Similar to A-7030, but 4-track with auto phase-sensing reverse.
2-spd. 2 Mtrs. | x8
TELEX 433 A i No 7 4 |3 | Ind |Belt |40-18K| 0.7 54 70 50K | 2 15% x 147, 30 374.95 | Sgi. contr. for operation; illum. indicators;
Mtrs, | x 83
3 l - | | 3 L _ B R R P 1 S i 7 =l
230 QQ B | No 4 7 1 \ 4 {3 |Hys. | Belt | 40-16K| 0.2 52| 60 19 x 10 30 670.00 | 4-channel in-line, with 4-channel playback preamps. p.b. only
2 x8
s = — N S + e | 4 L 4 —af _— __°h
BOQORM | B | No + 4 4 |3 |Hys. | Belt | 40-16K | 0.2 52| 60 19 x 10'; 2 626.00 | 4-and 2-channel in-line transport (no ampls.)
| | 2 x8 * with recommended ampls.
WOLLENSAK 6120 A | Yes 7 3 4 12 | Ind. |Idler | 30-0% | 0.15 50 60 |500 2 16x13 YAl 179.95 | Pre-amp stereo deck; tape monitor facility; s-0-s; s-w-s.
L | d.c 12 Mtrs. | x5
6250 L A t Yes 3 4 2 | lnd. | Idler 1 C«!O-Z(JK1 0.12 54 60 | 500 2 20x13 25 359.95 | As above
d.c 2 Mirs. | x7
S BN S Hh A R =ES L S i - —, e ——
6154 | A | Yes 3 4 rz Ind. | Idier | 30-20K | 0.12 54 60 | 500 2 0x13 25 500.00 | As above, plus ‘*Quad/Stereo’” preamps for 4-chan. p.b.;
| | d.c. 32 | Mtrs. | x7 records and plays 2-chan. stereo,
/ / Yi / / /
3 / / / y /
&
/ 39 y, / // /r / / /
/& / / /
£ .
¢/ ) Ss/e /S, /
/ . / / & 8
‘&S &/ & /
J&Ss) S S/ S S e s =
MANUFACTURER /& s/ £ /j/ ;m / "«\* :"/ S/ e & SPECIAL FEATURES
(Circled numbers S / '.ff/‘; ; / ';' / é"i N // l\i 5’\ $ '?'75"’ ‘5"\0* / _é" o
indicate adv. page) & ‘g/ /& / &/E s S/ 08 / SF S & &
awa TPI8 | P |Yes| 05 | M [2005K | 055 | 40 | 6Batt |Bultin | 10%x6 4, | 9.5 | AVC, p.b. operation; extia input and output jacks; fast wd/re-
-4 | x 3! wind, auto cassette pop-up.
s | | S| =
TPR-101 1 P |Yes| 10 200-6.3K | 0.45 } 40 | 6Batt |Built-in | 1l'3x 3} 3 89.95 | As above, plus 3band AM/FM/Marine radio.
-4 | | x9
| I | | I
ALLIED 1100 1 P 1 Yes 1.25 200- 11K 0.3 | 35 i7_5 Batt | Built-in | 5x12x 2, 5 39.95 | Keyboard p.b. coniss., Snap-on AC adapter; record-levei/battery
| 17 ac meter.
e TS B T T TR"T T R marereay _ ———
1150 P |Yes| 075 | M | 100-6K 0.25 | 35 ! 9Batt |Bult-in [ 6x9% x 2, 3 §9.95 | As above, plus switchable auto level contr.; pause button.
| 17 ac
AMPE X Micro-14 P | Yes 6 Batt. | Built-in | 5% x9x 2% 7% 74.95 | a.c./d.c. oper., auto. charge cct.; switchable auto. rec. level
J contr., batt. cond. meter.
M_ICI_O-32 P | Yes i 7% Batt ﬂlhn 12x7x3 9% 129.95 I As above,plus AM)FM_radlo; built-in antennas.
'—WCIO-QU H “T [ 17ac | Ext 15% % 91y 11 129.95 | Auto. changer, stereo and mono p.b.
x 4%
[ Mico52 | H l No | il 0126 | 0.5 | 45 {117ac |Bultin Eux 104 ”15 149.95 | Hys. motor; record-leve motor, stereo record and p.b.
x 5%
[ Micogs | H | Yes = 50-10K T Wac | Ext. | 14%x8% 91, 189.95 | As above, plus 2 spkrs, 2 mics
| _ BN N _ e e B |
Micro-87 H | Yes | 25/chan. 40-12K 0.25 | 45 | 17ac | Ext 164 x 10% 34 219.95 | Stereo contr. center/amplifier; switchable auto. rec. jevel
| l | x 5% cont., 2 mirs, hys. motor; 2-spkrs.; 2 mics.




Voltage supply in your city can vary as much
as 10%. And even a 2% variation causes a sig-
nificant tape speed change in tape decks with
induction motors and a difference in repro-
duced sound that is intolerable.

The Concord Mark II stereo tape deck com-
pletely ignores fluctuations in line voltage. It
is driven by a hysteresis synchronous motor
which locks onto the 60 cycle power line fre-
quency and maintains constant speed (within
0.5%) regardless of voltage variation from 75
to 130 volts. So if you're about to buy a tape
deck that doesn’t have a hysteresis synchro-
nous drive motor, you're liable to negate any
other fine feature it might have.

Don’t gel the idea the hysteresis motor is all
the Concord Mark II has to offer. It also has
just about every other professional feature.
Three high-quality heads: ferrite erase head;
wide gap Hi-Mu laminated recording head for
optimum rzcorded signal and signal-to-noise
ratio, narrow gap Hi-Mu laminated playback

NEITHER AIR CONDITIONERS, TV SETS. WASHERS NOR ANY OTHE

head for optimum reproduced frequency re-
sponse.No compromise combination heads.
The three heads and four preamplifiers also
make possible tape monitoring while recording.

The tape transport mechanism assures a
fast startup—you don’t miss a note. Supply
and takeup tape tension arms eliminate startup
burble. A special flutter filter eliminates flutter
due to tape scrape or cogging action. A cue
control provides instantaneous stop and start
operation. Other important conveniences: the
flip-up head cover permits you to see the head
gap position markings for professional editing;
3 speeds; automatic sound-on-sound with ad-
justable level controls; variable echo control
for reverb recording; calibrated VU meters
with individual record indicator lights; stereo
headphone jack; electronically controlled dy-
namic muting for automatic suppression of
tape hiss without affecting high frequency re-
sponse. All this, for under $230.

The hysteresis drive Concord Mark 11l has

all of the features of the Mark Il plus pressure-
sintered ferrite heads for extended frequency
response and virtually no head wear. It sells
for under $260.

The hysteresis drive Mark IV, the top-of-the-
line Concord deck offers all of the performance
and conveniences of the Mark II and III includ-
ing wide gap record, narrow gap playback
heads, tape source monitoring, sound-on-sound,
echo recording. Plus, a dual capstan tape trans-
port mechanism with electronic automatic re-
verse, no metal foil or signal required on the
tape. Superior recording performance plus the
convenience of automatic reverse and continu-
ous play. A superb instrument with the finest
performance money can buy, and it’s under
$330. Audition the new Concord Mark series,
the tape decks with the hysteresis synchro-
nous drive motor. For “all the facts” brochure,
write: Concord Electronics Corp., 1935 Arma-
cost Ave.,Los Angeles, Calif.90025.(Subsidiary,
Ehrenreich Photo-Optical Industries, Inc.) (32§

For copy of Concord Mark III Instruction book, mail 25¢ in coin

B L e
i e

ELECTRICAL APPLIANCE CAN KEEP THE HYSTERESIS-DRIVE
CONCORD MARK I FROM ITS PRECISELY APPOINTED SPEED.

AUDIO - JANUARY 1970

Check No. 43 on Reader Service Card

43

==y

RS —s

&



CASSETTE (Continued)

Concertone 240

Concord F-400

Crown CTR-8750

Harman-Kardon CAD-4

Craig 2608
—r a > a
‘:a 4 / 2 / /
/ f, / o 1
6'; / /
g EY A @
{?@" & \i‘ §°~ 1 .',""* \“: :\
</ 3 o ¥/ & . & &
&/ @ S 3 & & & S & &
MANUFACTURER F/ & & & f@ s &£ s / / ;"{: / 5"/ SPECIAL FEATURES
& & /5 &8 ) £/ L& AW
N s o / & > v /& i~ & N XN [+ T/ &
ndicate *5 ) /\'\; (or Q;w / *&;" «\3 *;\ / ':"5, / ‘$§ ‘;'v l:\w/ se';. / _‘3‘ /&
L [/ / / / /. e
CONCERTONE 240 | [Yes | 03 | M [ 100-8% 0.3 35 | 9 3att. | Built-in | 7x4x2 [ 2 Fast fwd. and rewind - 100 sec. (C-60); a.c. bias, ext. spkr
| | | | | | | jack; fevel indicator
CONCORD Fog [P [Yes| 4 [ M s0l0K ‘ (45 [T17a.c |Builtin [12x9% 4 T[ 8 9.00
@ | Batt.
- P I ! 1 e | _mm | | = B
F-101 Yes 1 M LSO 0K | l] 25 | 45 | Batt. |Builtin | 45x67,x2 | 2% | 12500
| F03 [Yes| 4 M | 50-10K Tz 1" 45 [ 117 ac. | Buittin | 12x9%x 3% | 5% | - 130.00 |
{ | |
. —mu s | 1 Batt. ) | | B R
F-400 Yes 8 S | 50-10K | -0.75 5—[ 117 a.c. | Built-in | 12x91,x 3% |11 180.00
I | I | Batl I
CRAIG 2610 | p Yes | 1.2 | M | 100-7000 | 0.35 i 0 |6V Batt. ' | Built-in [ 9% x 1004 x 34| 6.5 47.95 | Auto level contr. recording batt. or AC with auto switching
| 117 ac.
" 2608 P | Yes| 3 l S [80-8000 | 035 | 4 |3vBat. | Ext. | 12%x6% |13.5| 123.95 | Adv. auto level contr. recording, detachable spkr. enclosure
| 117 a.c x8',
CROWN RADIO | CTR-9001 | P | Yes| 1.0 ‘ M ‘ 100-8.5K i 0.5 30 | 6Batt. | Builtin | 4% x 8%, 33 44.95
| | x %
S | - - e ] —
[CTRers | P [Ves| 10 | W TIOO-NK 05 | %0 [6or17 [Bultin [75,x7%, [ 44| 95
L - — 1 [ | X2 = — — —
CRC-7850F | P TYes | L5 M | 100-10K | 0.4 35| 6,12 | Builtin | 107, x8", | 5.1 119.95 | AM/FM/SW radio built-in
— el ._L_A_117 XZ.“' - 4 — ~ - —
SHC-44B |y 3 chan N 100 10K 1 9or 117 B, %87, | 77 189.95 | Accommodates FM-200 tuner plug-in 6 “D"* cells or a.c. line.
| | 3°
[ S S—— ] U _L__._lx to . T 1 .
CDM-10 P'H | Yes | 1.5 100 10K 1 0.5 35 (1201 117 | Buiitin | 11 x 5%, x n|s ‘ 225.00 | Dictating/transcribing unit with rec/play asto- pause foot
| | | | | | control.
FISHER RC-70 H ] No | N |30 12K 025 | 8| 17ac | Slax 117, s | 1995 ‘. includes 2 mics; auto motor shut-off p.b. contrals, 2 meters.
- @ | J | | x 3, 1 mono. stereo sw., counter. Walnut base 12W optional
HARMAN- CAD-4 B[ Mo | N 30 125 015 | 49 [ I7ac 127 %9x3 {10 159.95 | Zouc inputs; dual meter, auto shut-off, o-load ind. light; reg.
KARDON | | | 3 | t | motor speed control; push-pull bias oscillator.
we 160 | P |Yes| 10 | M |1008K | 04 6V Batt. | Builtin | 62x 24x 9, | 37 | 5995 | Builtin AM radio; “nide-away” mic, opl. a.c. adapter,
@ | B molded plastic cabinet
1624 H | No | s [3015K 0.35 |40 | 117 ac. | None | 8%x10% 9.9 159.95 | a.c. bias, recs. and plays 4-tr stereo and 2 track mong; pause
{ | | | x3% contr.; tape counter
LAFAYETTE RK90 | P | Yes | M | 6V Batt. | Built-in | 7x 2%, 5 44.95 | Built-in AM radio, batt,'record meter, a.c. bias; record safety
@ | | | | | x 92 interlock
RK93 | P | Yes M § Batt. | Built-in | 513 x 12° 5 49.95 | Remote contr. mike; a.c. bias, batt./record meter, a.c. operation
| | 4' x 10% with opt. adapter(3 95)
’ B S NS (S S 1 — i - =
RK 760 H | No S H45-12K 03 | 3 |117ac. | No 127, x5 3 8985 2mic. inputs, 3-digit counter, record light; dual meter
| ) )
| __‘__'_HV | | ] x84 | . T e e
RK 510 Yes | 5/chan S | 3-125K | <0.2 { 4 ‘ 117 a.c. 14°, x 8% 12 149.95 | Incis. 2 mics; 2mic and 4 aux input jacks; pre-amp and 8-obm
| | | | 2 | x 4l h spkr. outputs; 3-digit counter. With?2 spkr. sys., $179.95.




FOR THOSE WHO DESAND
The Very Zeo?

Same people can accept reduced quality in their audio
cemponents. For others — the recording engineer, the
p-ofessional musician, the music connoisseur — there is

olly one quality — the very Best  These ere the
u3lcompromising — the people who choase CRO'AN.

They know that behind each Crown product stands
the t2amwork of some of the ration’s finest audio
engineers and proudest American c-aftsmen. These are
the designers whose innovations have led the tzpe
irduszry with exclusive electro-magnetic braking, the
first solid-state components, original computer logic tepe
centrol, the new industry standard pcwer amotifier —
CC300, and now an ultra-flexible, high-performance
centrol center. These are th2 craftsmen who zarefully
hand-fabricate and test each unit, enzering measurements
01 individual proof-of-performance records. This is the
product line that is worthy the pride of both its makers
and its owner.

To discover what vyou're missing — compare
CRO\WN's Total Performance sound today. Write Crown,
Box 1000, Elkhart, Indiana, 46514.

onoun

NADE ONLY IN AMERICA

”XE44 For the aud o
perfectionist or professionel,
the ultimate in live recording. 4 channels in-line, 3
spe2cs, compJter lcgic tape cortrol never breaks
tap2s, remote control optianal, sound-on-sound,
sound-with-sound, echo effects

All models skown feature total silicon solid-state
desigm, non-mechanical brak s, precision micro-gep
head:, 5" VU meters, 4 mic o= .ine inputs, 3/1€”
pare’ with massive centra' caiting, third head
monitor with AB switch, rugged construction, 100
hours in-plant testing.

CX722 Superlative profes- SX724 Professional perfarm- SXE&24 For the serious audio- DC300 Laboratory standard

sional quality with outstand-
ing flexibility for on-location
recording. 2 channels, 3
speeds, pushbultton electric
control, remote start/stop op-
tional, sound-on-sound, sound
-with-sound, echo effects,
shown in studio console.

AUDIO = JANUARY 1970

ance at a minimum price. es-
sential for the finest compon-
ent systems. 1/4-track stereo
2 speeds, push-button electric
control, remote start/stop op-
tional, sound-ori-sound, shown
in scuff-proof carrying case.

phile, the ultimate home re-
corder. 2 channels, 2 speeds,
computer logic control never
breaks tapes, remote control
optional, sound-on-sound,
shown in genuine walnut hard-
wood cabinet.

Check No. 45 on Reader Service Card

basdic amplifier. 300 watts per
channel RMS, complete out-
put protection, extreme puri-
ty, shown in wainut cabinet
D40 The ideal monitor ampli-
fier. 40 watts per channel
RMS, compact, low distortion,
shown in walnut cabinet.

45



CASSETTE (Continued)

7 // 77 4
/ ,/ /
/ /
/ /
/
/
/)
MANUFACTURER S /s / SPECIAL FEATURES
- -
dicate Séis /;,? // Qc:'
= 7 Vi /L
WORELCO RR2Z5 | P | Yes | M 80-10k | 0.1 J © | 9 Batt T 1 x8%x 3| Sl | 6.95 | Includes AM radio; a.c. adaptable
2400A H | Yes | 8'chan. | § "SU-IOK ‘ 0.15 | 45 [117ac | Ext 14 x 312 X X3 _]L A T 143.95 | Reg. motor speed contr p.b. operation complete deck functions.
L I N I I al
2400 H | Yes | 8 chan S | 60-10K T» 0.15 l 45 | 17ac | Ext. | l4xsx 3 2% | 199.95 | As above, but includes 2 speakers.
L Il | l 3 l I .
PANASONIC RS-252 Ho| No | $ 130-12K 117a.c. | Deck [107;, x10 o | 108.95 | Deck; p.b. oper.; counter, pause contr.; 2 mtrs.; noise suppresser}
| Ll Ovnly‘ | x 3% - ‘ j,phonejack
RQ-210 P | Yes 06 M| 50-10K | 6 Batt. |Built-in | 3%x 1 2 | 12500 | Pocket-cassette recorder and p.b.; auto rec. level contr.; pop-up
x 6%, cassette.
| 1 O A S LR
RS-256 H | Yes [10/chan. | § T30-12K 17ac. | Ext. | 19%x11% 20 22995 | AM FM FM stereo radio; 2 spkrs.; slide contrs.; blackeut
! | 26 | x5% dial; 2 mtrs.
SONY TC-70 Yes 1.2 f M | 50-10K 0.28 42 | g Batt. | Built-in 1 8%, X Bla 5, 69.50 | Built-in recharging cct.. end-of-{ape alarm mic and aux. tnputs;
SUPERSCOPE | | i l 17ac X2, tone and vol. contrs.; batt,/record meter.
@ TC-110 7 | Yes 1.0 M | 50-10K 0.28 | 42 | g Batt. |Builtin | 54x9 47, 99.50 | As above, plus built-in elec. cond. mic.
117 a.c. 1
- | E =S L | - — - - —_—
TC-50 Yes 2% 1 M | 80-8K 4.5 Batt. | Builtin | 3%, x 17, 1 125.00 Pocketsxzed buitt-tnmic. and spkr.; remote mic. input; batt.-
_4. | | I | %57, cond. indicator, autoiec_!evel contr., p.b. vql_contr . phone jack.
TC-20 > | Yes | §/chan. | S | 50-10K 0.8 | 45 [12vdec | Ext. | 7%, x 27 I 129.50 | Car system: auto eject p.b. controls; includes mtg. hdwe;
| | | | %8l slot loading set of 2 speakers, §9.95.
TC-120 P | Yes ‘ 15 | M |s10K | 0.5 | 46 | 6Batt. |Built-in 103 x6 {5 | 129.50 | Built-in electret cond. mic. batt. cond. indicator, end of tape
i 1 | 117 a.c. | x 2, 1 alarm, opt. Nicad batt. pack $14.95.
TC-125 | | No T S | 50-10K 0.2 ] 45 | 117 a.c. | Naone 13x32 T 129.50 | Auto rec. level control; noise suppressor, mic. and line inputs;
| | ) 0 | RN plione jack
TC124 | P [Yes JVO.S chan | S |50-10K 0.28 | 4 | 6Batt. fBuilt-in |6, x9% 5 199.50 | Auto rec. level control; rec. level /batt. »ndlcatov tone, wl.. and
| | | 17a.c. [andext | x2", | bal. contrs.; remote start stop sw. with 2 ext. spkrs, $175.00
WOLLENSAK 4300 [P | Yes l M | 50-10K 035 | 45 L7.5 Batt _LIZ x10x3 [ T | 99.95 | Aulorec. level control, manual over-nide.
R I - B | | ’
4310 P | Yes M | 50-10K 0.35 | 45 [7.5Batt. Butll in [ 12x <10x3 | 3T J' 129.95 | As above, plus built-in AM FM radio.
4700 H | N L > | 60-12K 0.5 | 95 [17ac | Ext |Mx9x 4 13| 179.95 | Pre-amp deck; biperipheral flywheel, full-sized a.c. motor
| +3 |
- 1 i B |1 4 - — .
4300 i | Yes J 8 ‘chan S 601K 0.25 j M7ac | Ext 4x9x4 22% 1. 229.95 | As above plus 2 compression loaded speakers.
3 |

MANUFACTURER

(Circled numbers
indicate adv. page)

SPECIAL FEATURES

PANASONIC H [ No S| 50-12K 117 AC | Deck |92 x9% x4 | 65| 59.95 | Lighted chan. ind., p.b. chan. sel.
Only
INY / TC-8| H | Yes - ST 45-13K 52| 117 AC | None 12 x 8 x 4% | 11| 129.50 | Auto. rec. level contr.; auto. shutoff; prog.
SUPERSCOPE \ndicator; phone fack; rec. interlock.
TELEX 811 | H | No - S| 40-15K | 03| 50| 117 AC | None 15",”,‘ 47‘4730 99.95 VPIayer deck; feeds hi-fi sys. B =
—SllA HA Yes STIE&n S| 40-15K | 03] 50| 117 AC | None | 15x 11 x4, 1 22 | 128.95 | Player, w/vol., bal., tone contrs. & power
)_ anﬁwalnut case. ]
ot | 1| ves | 5 Chan | 5| 4015k [03] 50| n7ac [2Ent |15 11wa | 30 | 15095 | As above, plus 2 wal. fin. spics. ]
811P | B ves | 5/Chan | 5| 4015k |03 ] 50| 17Ac | 2Ex [15x1ix | 30 | 15985 | As above;* with detachable speakers.
8a* -
SR B No | = | 5] 401k 03] 50| 17 AC | wone | 15x 114 | 25 [ 189.95 | Records/plays; auto stop at end of
program o end of cartg,




Music lovers, take control!

Specs You Can Brag About. Fre-
quency response: 20-22,000 Hz
@ 7% ips, 20-17,000 Hz @ 33, 20-
10,000 Hz @ 178. Wow and flutter:
0.09%. Signal-to-noise ratio: 52 db.

Three Heads. Allows monitoring of
either input source or the actual
recording made on the tape.

Non-Magnetizing Record
Head. Head magnetization
build-up, the most common
cause of tape hiss, is elim-
inated by an exclusive Sony
circuit which prevents any
transient bias surge to the
record head.

Full-Size Professional VU
Meters. These internally lighted

instruments provide the preci-
sion metering for really serious
recording. Calibrated to NAB
standards.

Built-in Sound-on-Sound and
Echo. Switching networks on the
front panel facilitate professionat
echo and multiple sound-on-
sound recordings without requir-
ing external patch cords and
mixer.

More Sony Excellence. Ultra-high-frequency bias.
(Sony achieves lowest recording distortion through
use of ultra-high bias frequency— 160 KHz!)
Scrape flutter filter eliminates tape modulation dis-
tortion. Automatic shut-off. Pause control with
lock. Vibration-free motor. Four-digit tape counter.
Automatic tape lifters for fast-forward and rewind
reduce head wear. Retractomatic pinch roller for
easy tape threading. Variety of inputs and outputs.
Vertical or horizontal operation.

©1969. SUPERSCOPE. INC.
Check No. 63 on Reader Service Card

Professional Slide
Controls. Two finger-
tip controls are posi-
tioned vertically side
by side for immediate
precision adjustment of
recording volume. Easi-
er to read, easier to
establish interchannel
volume relationship than
with conventional knobs.

Noise-Suppressor Switch.
Special filter eliminates
undesirable hiss that may
exist on pre-recorded tapes.

Sony Model 630-D Solid-State
Stereo Tape Deck. Buy it for less
than $299.50, complete with
handsome walnut base and dust
cover. Also available: The Sony
Model 630 Solid-State Three-
Head Professional Stereo Tape
System, with stereo control cen-
ter, stereo power amplifiers,
microphones, and lid-integrated
full-range stereo extension
speakers, for less than $449.50.
For a free copy of our latest cat-
alog, please write Mr. Phillips,
Sony/ Superscope, 8142 Vine-
land Avenue, Sun Valley, Cali-
fornia 91352.

[-XSISRA SUPERSCOPE
You never heard it so good.



VIDEO
TAPE RECORDER
DIRECTORY

Sony CV-2600

Ampex VR-5000
Roberts 1050

Sony EV- 320

VIDEO TAPE RECORDERS

-
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MANUFACTURER Haf w5 - & § S/ SPECIAL FEATURES
{Circled numbers S/ & < 5 & /& ¥/ E
indicate adv. page) s /3 :5‘ E o / ¢ /¢ & § 3
¥ / & & > K £
§ )5 E/S) & )&/ &
AMPEX VP-4900 1 9.6 {1000 | 30-3M 300 [90-9K | 61 1,150.00 {Playback-only unit. Mod. 4900 C — color p.b. only, $1,995.00
+4 1
VR-5100 196 {1000 | 3031 300 [90-9K | 62 1.750.00
| 4
VR-7400 1196 [1000 | 30-3M ) 300 [50-10K | 90+ 3,500.00 | Time-lapse recorder for surveillance.
4
VR-7500 1196 |1000 | 30-42Mor | 350 |50-12K | 100 —4,500.00 High or low band color_rénordmg optional.” High resolution or
30-3.5M 4 x-ray model VR-7500X, $5,000.00
VR-7800 1196 |1000 | 20-4.2M 350 |S0-12K | 140 10,000.00 |Opt. items: color proc. amp.; drop-out compensation; educ.
-4 bdcst. std
CONCORD VTR-900 2] 12 484 | 30-2.5M 250 |50-12K | 52 995.00 | Simple oper.; p.b. contrs.; plays through std. TV set; portable.
VTR-600 | 12 484 250 1,150.00 | Built-in head cleaning; portable.
VTR-700 L 12 484 FZSU 1,495.00 |Rem. contr. oper.; auto rewind; auto shut-off
VTR-2000 1}857 350 3,750.00 [Prof. rec. and p.b. capabilities; 67 min. recdg. on 2900-ft. reel
| stop action, slow motion, fwd. or rev.; audio dubbing.
VTR-2100 1 18.57 350 4,000.00 |As above but with dual audio channels.
VTR-400 | 12 260 |80-10K | 15 Light weight portable; incls. two 12-V rechargeable batteries.
PANASONIC | NV BIO0AD | 'z | 12 484 | 50-24 ~ 7260 |80-10K | 63 1,400.00* | *Approx. prices
NV 8080 L] 12 484 | 50-M -260 80-10K 1,400.00* | Port. batt. oper. model; uses 4%'" reels.
NV 505 1] 12 484 | 10-4.5M 450 [40-20K | 120 5,000.00*
+2
ROBERTS 1000 | 1l | 300 | 30-2.6M 250 {80-10K | 66 1,095.00 |Also serves as 4-track audio recdr. at 7% and 3% ips. Any TV
recvr. adaptable as monitor
1050 Y| 1k 30-2.6M 250 [80-10K | 20 1,800.00 | Batt. oper. portable; 5-in. reels; recs and plays on monitor.
Incls. camera, monitor, recharger
SONY CV-2600 L] % 220 [80-10k | 31 675.00 |Lghtwght.; sgi. lever contrs. all tape mvmnt.; a.g.c. in vid. & aud.; new
@ +1,-6 servo sys. for inst. tape stab.; interchg. tapes w/all Sony CV ser.; I-hr recd.
CV-2200 Ll ™ 220 |80-10K | 49 850.00 | Dupticate tape with 2 units and VDC-1 adapter; 1 hr. recdg. time.
41,6
TCV-2110 Ll 7 220 |80-10K | 70 1,050.00 | Audio and video a.g.c.; auto shutoff; suitable for audio dubbing.
+1,-6 |
DVK VCK 2400 | Y2 | 7% 220 [100-8K | 16 ' 1,250.00 | Batt. oper.; audio and video a.g.c.; built-in screen viewfinder, 20 min. rec.
“Videorover" +1.-6 time on 5-in. reel; incls. camera
EV-310 1178 r_590 300 |50-12K | 77 3,700.00 | NTSC color rec/p.b. capability w/CLB-1B color adap., solenoid oper.; rem.
| (mono) contr. oper.; guar. tape interchangeability w/EV-serigs
240
(colon |
EV-320 11178 590 300 |50-12K | 8.6 4,900.00 | Capstan servo, electronic editing; no ext. sync. gen. reg. for p.b.;
(mono) {+ 1, -6 color-adaptable; siow- and stop-action in color & monochrome.
240
(color)




Amazing new EXECU-LOUNGER is the most
comfortable chair you’ve ever relaxed in!
Prove it to yourself—use it FREE for 10 days!

Compare with recliners selling up to $150.00

Special Introductory Price
Inciludes Both Execu-Lounger
and Ottoman $89.95

a-l‘;‘iﬁi&“
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Amsterdam’s new “‘Total Comfort’’

EXECU-LOUNGER and KING-SIZE OTTOMAN

gives you a man’s kind of comfort!

Every man deserves his own special chair where he can rest,
relax and relieve tensions from the hectic pace of a busy day.
Enjoy itin your office . . . or at home after a hard day’s work! The
Execu-Lounger and matching Ottoman gives you all the deep-
down masculine comfort and restful relaxation of a backyard
hammock.

» A gentle shift of your weight swings the chair into an infinite
number of positions to match your mood-of-the-moment—
from reading . . . to relaxing . . . to a refreshing stretch-out nap.

» Matching oversize ottoman provides all the leg room and
stretch-out comfort you want. Also serves as an informal
extra seat.

« Brilliant satin-chrome tubular steel frame is rugged, distinc-
tively man-styled.

Just fee! yourself relax and unwind as you sink down into the
extra thick, firm resilient foam, totally surrounded by the luxu-
rious, genuine top grade Naugahyde fabric-backed expanded
vinyl upholstery! Rich-looking! Rich-feeling. Order your Execu-
Lounger and Matching Ottoman today!

Animal Skins Replicas

The perfect companion to your Execu-Lounger, and an intriguing addi-
tion to your -ocm. These full size animal “’skins” are almost impossible
to tell from: the real thing. Made of the finest dynel modacrylic fur—a
tough, durable, stain resistant miracle man-made material. Non-skid
backing. Bear Rug 5 x 7 feet. Leopard and Tiger Rugs 5 x 9 feet.

Eacn. $l 09.95

Check No. 49 on Reader Service Card

n('i

ﬂﬂ'---"‘--------ﬁ——}:‘

Sit Up Sit Back

Big man, small man, every man finds perfect com-
fort in the Execu-Lounger. Unique center-balance
contro! allows chair to swing and hold position by
merely shifting your weight. Roomy size: 24" wide,
42" high. Ottoman is 24" x 24".

CHOICE OF DECORATOR COLORS:

Stretch Out

IIII 7]
m Nauga

100% top grade
M/ Naugahyde. Tough,
/ yetleather-softand
supple, to with-
stand the roughest
punishment. Resists

stains. Washes with Burnt Orange Black
mild soap and
water; polishes
with a dry cloth.
Avocado Oxblood

10 DAY MONEY BACK GUARANTEE! « MAIL ORDER FORM TODAY!

- > " = e D = e - SR . R R G e e S M S e G e e W S R e e & G e =

Please enter our order for.. ... .. Execu-Lounger and Ottoman Style
28780 priced at $89.95 each. (Small shipping charge additional.)

Check choice of colors: (] Burnt Orange [] Tan 7] Black [J] Avocado [J Oxblood
Send me Animal Skin Rug. $109.95 each, plus small shipping charge additional.
Quantity
....Bear Rug 32510 Check color:
Leopard Rug 32512

] White [J Brown Black

Tiger Rug 32511
Name ... _please print
Address

City

State.

SIBMATULE i

Charge to: [] Diners Club [ Carte Blanche [ American Express
Credit Card No. - e - -
[ Check or money order enclosed.
‘] Charge open account: Address is that of: [ Home
[] We are rated in D&B: Bill (] Home [J] Company
(New York State residents add appropriate tax)
AMSTERDAM C€0., Amsterdam, N. Y. 12010 Dept. 4641

[0 Company49



The 8-Track/Cassette

or several years now the eight-

track-cartridge supporters and

the cassette supporters have
been plaving down the existence of a
conflict over which system will be-
come the victor and which will be the
vanquished in the consumer market-
place. Some observers feel that there
will be no decisive winner, that each
system will find its own niche, and
that the two systems will co-exist as
in the cuse of the 45-rpm disc versus
the 33!s-rpm disc. They further feel
that this peaceful state of co-existence
will also find room to tolerate the open
reel-to-reel market, the four-track-
cartridge system, and even the Play-
tape system. Other observers feel that
one of the two (either eight-track or
cassette) will bury all the other
systems.

* Michigan Magnetics, Vermontville, Mich.

Fig. 1—Cutaway view of 8-track endless-
loop cartridge.

-:’ o
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Cold War

Gets
Warmer

Don Humphreys*

As a neutral observer, we have no-
ticed how each industry has been
striving to add the features of the
opponent’s svstem to its own sys-
tem. For instance: when the original
battle lines were formed, eight-track
featured: (1) Playback only; (2)
Continuous play; (3) Rapid one-
direction selection of four programs;
(4) A formidable library of pre-
recorded music from the top-of-the-
line duplicator (record) giants. In
contrast, cassettes featured: (1) Rec-
ord/playback capabilities. (2) Fast
forward and reverse search capabil-
ities. (3) A more compact tape
package.

The cassette people subsequently
introduced: (1) Playback-only models
to appease the recording/artists/copy-
right faction; (2) Continuous-loop
winds in cassette cartridges; (3) Ex-
cellent libraries of pre-recorded tape
releases to satisfy the dealers’ requests
for a continuing after market.

The eight-track people, not to be
outdone, countered with: (1) Record/
play models, (2) Smaller packages
that matched the cassette in two di-
mensions (now thev would only be
thicker to accommodate the 14" tape
instead of the 0.150 tape).

The “Muatch Features” contest in-
tensified as both systems displayed
radios packaged into their cartridges
that eflectively converted the tape
plavers into FM and AM receivers and
the Audio Component people began
showing the svstems packaged with
tuners, record changers, and portable
transistor  radios. One enterprising
manufacturer even showed an eight-
track cartridge that would accept and
play a cassette.

Somewhere in the middle of all this,
a “Starr-System” modification of the
hasic cassette system was introduced;
and stack loaders and slot loaders
were introduced by Phillips and sev-
eral others. Shortly thereafter a com-
pany named Quatron entered the fray
by introducing a carousel-tvpe, eight-
track unit that approximates the new
stack-loader features of the opponent.

If vou now compare the two sys-
tems, vou can see that each industry
has almost matched the other, feature
for feature. Nevertheless, there still
remained two salient differences: (1)
Eight-track could not reverse or search
(although several manufacturers are

Fig. 2—Cutaway view of enclosed reel-
to-reel cassette.
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Fig. 3—Standard cassette openings are illustrated here. See text for references.

now promising this feature soon). (2)
The continuous-loop cassette was not
considered a hona fide solution to the
continuous-play requirement.

For better than a year now, many
cassette manufacturers have been
promising automatic reversing ma-
chines to solve the continuous-play
dilemma. In fact, at the last CES show
in New York (June), Craig showed a
playback-only version of an automatic-
reverse unit; and Roberts showed a
prototype of a unit that reached into
the cassette, pulled out a loop of tape,
and accomplished the bi-directional
feat.

The record feature of the ecight-
track worked well, but potential users
were frustrated in their recording at-
tempts by the inability to reverse or
pause conveniently during the record-
ing process to eliminate commercials
or to record over a selection no longer
wanted on this program.

Eight-track remained the best con-
tinuous-playback medium, and cussette
remained the best recording system.

A patent recently issued to Michi-
gan Magnetics, and other patent ap-
plications in process, have now added
the next chapter in the unfolding
drama. The Michigan Magnetics “K-
Set System” utilizes a shifting cassette
head (similar to eight-track) that pro-
vides a solution to achieving a bi-
directional cassette with full record
and playback features.

The problem was a tricky one. As
can be seen in Fig. 3, the standard
cassette has only five openings. Open-
ings A and E are taken up (in an auto-
matic reversing deck) by pinch rollers,
since one roller is needed for forward
tape motion and another needed for
reverse. For Dest time-base stability,
the capstan and pinch roller should
be downstream of the tape head to
ensure adequate tape wrap and a
pulling movement of tape instead of
a pushing movement.

Openings B and D have no pres-
sure pads behind the tape, so using a
head in these holes was considered
impractical.

This leaves only opening C to ac-
commodate three heads! Worse yet,
the pressure pad in most cassettes is
only %" long. To use a four-channel
combination head would require six
gaps on a pad measuring 8" by 316",
To date no one has been able to mass
produce such a design. Note that a
four-channel head would be needed

.to provide sterco pairs in both direc-

tions. This means up to six coils in a
tiny head, with each coil acting on
the others in a transformer fashion so
that a signal in one would induce
crosstalk in the others. A further com-
plication arises when four channels
replace two. In this instance, all coils
must have less turns to make room for
each other; and less turns mean less

Fig. 4—For effective recording in a reversing cassette system, six gap positions are

ERASE GAP7 required. TAPE
e F —— L T
T L
ERASE GAP

RECORD / PLAY
GAPS
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output. As the output of a head de-
creases, the signal-to-noise ratio of
the svstem must suffer. If vou are not
vet impressed with the complicated
nature of the beast, let me now add
that a record/play head without an
erase head upstream is almost useless.
I'or effective recording technique, a
system would have to have the six
gaps positioned as shown in Fig. 4.

The Michigan Magnetics “K-Set
System” proposes to solve the problem
by using the proven eight-track shift-
ing technique. Erase heads are in-
serted in openings B and D to erase
the tape immediately before recording
in either the forward- or reverse-drive
direction. As indicated earlier, this
would not be an ideal place to erase
becuuse there are no pressure pads
hehind the tape for good tape-to-head
contact. Still true, but the difference
is that this system uses a newly de-
veloped ferrite erase head that will
take high-frequency (70 kHz) erase
currents  of sufficient amplitude to
“bloom” well beyond the gap and
erase previously saturated tape to a
remarkably low level of ~60 dB. The
outboard erase heads have built-in
precision tape guides that replace the
fork tvpe comnion on many heads.

Now we get into the heart of the
system. Michigan Magnetics has an-
nounced that the shifting head (that
will operate in opening C of Fig. 3
will have the same electrical specifica-
tions as its standard “K-Set” stereo
head. This means no sacrifices in the
1-kHz sensitivity, or in the 1 to 10
kHz frequency-response ratio, or in
the crosstalk specs. Perhaps even more
important, it means a program-1-to-
program-2 crosstalk level that is al-
most non-existent. One of the problems
that confronted engineers considering
the four-channel-head approach was
the fact that every time the tape
changed direction, the critical audio-
phile user would have to jump up and
readjust his balance control since a
new pair of head channels would be
used. The Michigan Magnetics “K-Set
System” obviously eliminates  this
problem, since only one pair of chan-
nels is used; and, once the balance is
adjusted for one direction of tape
travel, channel balance is the same
in the opposite direction.

It will be interesting to see how
the industry will accept the drop-in
feature of the system. y: 3
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Layman’s Guide to

LOUDSPEAKER SPECIFIGATIONS

VICTOR BROCINER

he existing U.S. standards of

I measurement are quite old, and
do not apply to complete speak-

er systems. Several technical com-
mittees in the United States and Eur-
ope are at work revising the standards.
The most recently issued standard,
Publication 200 (1566) is marked “In-
ternational Electrotechnical Commis-
sion Recommendation”; however, it
also deals only with “single direct-rad-
jator electro-dynamic loudspeakers of
the moving-coil type.” Some of the
tests outlined are applicable to speak-
er systems. To quote, “For lack of in-
ternationally agreed knowledge and
experience, certain important measure-
ments have been deferred for future
study . . . ” The omissions include:

Harmonic Distortion
Intermodulation
Transient Distortion

Efficiency

Distortion-limited power handling
capacity

Objective tests in more typical sur-
roundings

Subjective tests

It is not surprising, then, that speak-
er manufacturers tend to be rather
vague in their specifications. This is
more true of advertising than of sales
literature. A random selection of
speaker advertisements yielded the de-
scriptions and claims that are listed
below.

Manufacturer A:
New advanced form of acoustic cou-
pling
Size and weight
True-pitch bass down to 12 cps
Extended hi fi frequency dispersion

Manufacturer B:
Woofer: size; high compliance, with
soft rubber annulus
Low-resonance wide dispersion mid-
range tweeter with fiberglass pad to
smooth frequency variations, and con-
trolled perforations in the cone to
eliminate low frequency peaks.
Variable high-frequency control
Impedance
Crossover frequency

52

Response 35 to 20,000 Hz+3 dB
Extta bracing in cabinets
Dimensions

Manufacturer C:
Speaker sizes
Number of speakers
Mylar-domed twegter
High-compliance woofer
Dimensions

Manufacturer D:
High efficiency system
Response 30-20,000 Hz
Woofer size
Horn-loaded tweeter
Dimensions

Manufacturer E:
New surround material on woofer per-
mits large excursions with linearity
Smooth frequency response from below
30 Hz to beyond 20,000 Hz
Dimensions

Manufacturer F:
Heavy large (size specified) woofer in
front-loaded exponential horn
High-frequency driver with cast alumi-
num horn works from lower mid-range
(specified) through wide angle
Precision, two-section crossover net-
work
Dimensions

Manufacturer G:
Controlled impedance to complement
solid-state amplifiers
Reproduce original sound with no
added coloration
Air suspension enclosures

Manufacturer H:
3-way bookshelf system
Woofer and mid-range sizes specified
Cone tweeters plus horn tweeter covers
25-25,000 Hz
Watts peak power input specified
Dimensions

Manufacturer |:
Very compact bookshelf speaker
Elliptical woofer
Matching tweeter
LC network
Dimensions

Manufacturer J:
High-compliant high-linearity woofer
(size specified) with optimum damping

Part 3 (conclusion)

Big power handling capacity, particu-
larly at extremes of audio spectrum.
Very smooth response

3-position treble switch to match room
acoustics

Manufacturer K:
Frequency response: *4 dB from 50 to
18,500 Hz
Dimensions (small)

Manufacturer L:
Omnidirectional design eliminates hot
spots, pinpointed directionality, gritty
ear-shattering highs by diffusing the
sound over the entire room. 360° of
sound. The music extends beyond the
room.

Manufacturer M:
Direct/reflecting speaker
Proper balance of directed and reflected
sound, as . . . in the concert hall
Multiple same-size, full-range speakers,
internally coupled to eliminate audible
resonances
Active equalization for smooth power
output throughout the spectrum
Flat power output to the room

Aside from the cabinet dimensions,
which are definite, the only other con-
clusion that can be drawn from adver-
tising is that hi fi speaker systems, re-
gardless of size, price, and design, all
cover most if not all of the range
of human hearing. Detailed sales liter-
ature contains more information, but
this requires even more interpretation,
in which it is hoped this article will
help the reader.

As to performance and measure-
ments, a proposal made to amplify the
scope of the IEEE standard now being
evolved is: “The characteristics to be
considered are those that are custom-
arily measured and that are deemed
significant in terms of loudspeaker
performance.” The types of speakers
included in the standard are classified
according to transducing principles
and radiating systems. In the first
category, speakers used in hi fi stereo
comprise dynamic and electrostatic
units. Radiating systems are of two
classes: direct radiators and horns.

Frequency Response—The frequen-
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cy range covered by a speaker system
is usually the first thing one thinks
about. This is most generally expressed
in words. Quite often, what is speci-
fied is “Usable Frequency Range” or
“Response from X Hz to 20 kHz”
This is so vague as to be meaningless.
What is “useful”” How much “re-
sponse”? There is “X to Y Hz within
10 dB”. Figure 1A shows the different
things this can mean. “Plus or minus
5 dB” is definite, but it reveals nothing
of the shape of the curve, whether
there are peaks or valleys or shelves
or slopes. See Figure 1B.

dB
20

Variation of response with
10dB of Average

?

Range of response
confined within 10dB
(can also be expressed as * 5d

)
=

20 100 10K 20K

1000
FREQUENCY IN Hz
Fig. TA—Frequency response within 10
dB, X to Y Hz.

5 A

20 100 10K 20K

1000
FREQUENCY IN Hz
Fig. 1B—Both speakers have a response
of *5 dB, but (A} will sound dull and

boomy compared with (B).

Curves of output vs. frequency are
usually on-axis response curves, taken
in an anechoic chamber (reflection-
less room). Is this complete infor-
mtion? The off-axis responses are also
important. Not only do we usually
listen off-axis in stereo, but also the
off-axis response largely determines
the nature of the sound reflected from
the room boundaries, which comprises
the major portion of the sound energy
reaching our ears.

We can measure the total sound-
power output of the speaker. This is
most conveniently done in a reverber-
ation chamber, which gathers up the
sound put out at all angles by the
speaker, the way an optical integrat-

AUDIO + JANUARY 1970

ing sphere measures the total light
output of a light source. For a speak-
quencies, this is a pretty good criter-
ion of what we hear. Unfortunately,
few, if any, speakers approach this
ideal. With speakers that become
directional as the frequency increases,
the on-axis response can be made to
increase with frequency so that the
total sound-power output remains con-
stant, but the listening quality would
be unbearable, Some speakers are de-
signed with a slight rise as a compro-
mise measure. The sound quality
seems to be determined by the on-axis
response, the first reflections, and
the reverberant (multiply-reflected)
sound. In the bass range, the listen-
ing room and the location of the
speaker in the room have a large
effect on the response, raising the bass
output above that obtained in an ane-
choic chamber. This is sometimes
measured by using a multiple-micro-
phone system in a “typical” living
room.

These factors explain why manu-
facturers are reluctant to publish a
“frequency response curve.” As you
can see, there is really no such thing
as the frequency response of a speak-
er. This is particularly true of some
of the recently developed types that
utilize wall reflections. A series of
curves that are smooth, and show
wide-range response off-axis as well
as on axis, indicate that the speaker is
probably pretty good. A curve in a
reverberant room is simpler to inter-
pret. The power response should fall
off somewhat at the high end unless
the speaker is peirfectly omnidirec-
tional.

Distortion—1If the instantaneous re-
lationship of sound output to elec-
trical input is not linear, the output
waveform of a speaker differs from the
input. Non-linearity has two effects.
When the input is a sine wave, har-
monics are generated. These multiples
of the original frequency can be meas-
ured individually with a wave analyzer
and so specified, or their sum can be
measured by means of a distortion
meter as Total Harmonic Distortion
(THD). Some authorities maintain
that since the higher harmonics are
more objectionable to the ear, they
should be given more weight when
the harmonic components are com-
bined, but this is inconvenient and not

usually done. Except at low frequen-
cies, distortion in speakers is quite
difficult to measure in a meaningful
manner, because of irregularities in
the frequency response and variations
of spatial distribution with frequency.
Low-frequency measurements do pro-
vide a reliable guide to the ability of
a speaker to reproduce bass tones.

When the input consists of two or
more sine waves, non-linearity pro-
duces not only the harmonics of the
original waves, but their sum and
difference frequencies as well, plus
all kinds of combinations of sums and
differences of harmonics and funda-
mentals. This is Intermodulation Dis-
tortion. Most of the intermodulation
distortion products are not harmoni-
cally related to the original waves and
consequently sound far more objec-
tionable than harmonic-distortion pro-
ducts alone. They make music sound
harsh, muddy, and poorly defined.
When sustained, heavy bass tones
occur simultaneously with treble tones,
the latter are modulated by the low
frequencies, producing a characteristic
vibrato effect.

Another IM distortion measurement
is that of the CCIF (Comite Consulta-
tif International Telephonique) [Don’t
ask why “F” stands for “Telepho-
nique”] which uses two frequencies
quite close together. This has the
advantage that one can traverse the
whole frequency range and plot dis-
tortion vs. frequency. This type of
distortion is demonstrated when a
chorus starts and is accompanied by a
low-frequency “grunt” by the speaker.

There are other schemes using more
than two frequencies and also bands of
noise, to simulate program material
more closely. They are not in general
use,

Two rather special kinds of distor-
tion are sub-harmonic generation and
Doppler Distortion. The first involves
the creation of additional frequencies
below that of the fundamental.

Doppler Distortion is related to the
Doppler effect, commonly illustrated
by the variation in pitch of a train
whistle as the train comes toward us
and then moves away from us. Sup-
pose a loud bass note is producing
very vigorous cone motion while a
high note is also being reproduced.
The large back-and-forth motion of the
cone at low frequency will cause a
wavering pitch or frequency modula-
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tion of the high note. There are dif-
ferences of opinion as to the impor-
tance of this effect. It is used as an
argument against very small full-range
speakers that have large excursious,
and in favor of large horn-loaded
speakers.

Efficiency—the ratio of the useful
power output to the power input, ex-
pressed in per cent. It expresses the
amount of sound (acoustic output)
you get for a given electrical power
input. However appealing the term,
it has nothing to do with the sound
quality of a speaker. A few speakers
have extremely low efficiency and
require amplifiers in the high-power-
rating category. Because of irregular-
ities in frequency response that occur
in even the best speakers, efficiency
should be stated over a frequency
range rather than at one frequency.
This avoids specifying efficiency at a
peak or dip in response.

Horn speakers are very efficient but
they are most often used for the mid-
range and treble only, when they have
to be “padded down”™—used with re-
duced inputs—to avoid drowning out
the woofer, so their efficiency is not
used, whatever other virtues they may
have. Direct-radiator speakers that
reproduce the extreme bass range in
fairly compact cabinets inherently
have low efficiencies. The level of
low-frequency response of a direct-
radiator with respect to its mid-fre-
quency response is determined by the
system Q, as explained in a previous
section. The frequency at which re-
sponse drops by a given amount is a
function of the low-frequency reso-
nance of the woofer in its cabinet. This,
in turn, is set by the compliance and
moving mass. There is a limit to the
attainable compliance, so the only
way to lower resonance further is to
increase the mass of the moving sys-
tem. This lowers the efficiency. In-
creasing the flux density to raise the
efficiency decreases the Q, which
makes the bass response roll oft, Elec-
trical compensation is feasible, and
is used in at least one commercially
available speaker,

Horn loading can increase efficiency
greatly but results in increased bulk
and high cost.

Efficiency is of greater theoretical
than practical interest. At a given
frequency it is not very easy to cal-
culate or measure how much power
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is being fed to the speaker. A more
useful rating is the amplifier power
needed to produce a given Sound
Pressure Level at some fixed distance
from the speaker, or in an average
living room. See “Sensitivity.”

Impedance—~Determines how much
current flows when a given a. c. vol-
tage is applied. Impedance can coun-
sist of any combination of resistance,
capacitance, (of a “condenser”) and
inductance (of a coil). The voice coil
has resistance and inductance, but if
we measure the cuwrent flow for a
given applied voltage we find that less
current flows than these two elements
would dictate. This implies that there
must be another impedance in series
with the circuit. It is called “motional
impedance.”

The motion of the voice coil in the
magnetic field generates an a. c. volt-
age that opposes the signal voltage, re-
ducing the flow of current. Since this
is a current-determining element, it
can be represented by impedance. At
resonance it can be quite large because
of the large excursion of the voice coil,
and can be represented by a resistance.

The combination of many resist-
ances, inductances, and capacitances
causes speaker impedance to vary
widely over the frequency range.
With a single speaker, there is a
broad region, usually around 400 Hz,
over which the impedance is low and
nearly constant. Speakers are rated
at this value. Multi-speaker systems
which include additional capacitors,
inductors, and resistors in the dividing
network usually also have such a min-
imum but may have additional mini-
ma at higher frequencies.

Variations in impedance result in
changes of current flow, so the power
input to the speaker also varies over
its range. The speaker designer must
see to it that frequency response re-
mains uniform by tailoring the effici-
ency to compensate for this effect.

Impedance is of importance because
the maximum power available from
a solid-state amplifier increases as the
load impedance decreases. Below a
certain impedance value, the amph-
fier output current becomes excessive
and fuses may blow or damage can
result. Even where special protective
devices prevent this, the distortion
goes up. The distortion increase can
take place at low power levels as well,
So it is a good idea to keep speaker

impedances  within  bounds. One
speaker manufacturer—probably be-
cause he was originally an amplifier
manufacturer—pays special attention
to maintaining speaker impedance as
uniform as possible over the fre-
quency range. These systems are
called Controlled Impedance speakers.

Phasing—Phase is the time relation-
ship between two sine waves of the
same frequency. In-phase waves are
in synchronism. If one is delayed with
respect to the other, the signals are
out of phase. The amount by which
they differ in phase can be expressed
as a fraction of a wavelength or in de-
grees, where 360 deg. equals one
wave-length. It can also be measured
in radians; one radian equals 180
deg./m. One can specify the differ-
ence in fractions of a second, but in
this case the figure is called delay
instead of phase difference.

If out-of-phase speakers are close
to each other, they interact unfavor-
ably. One cone moves inward when
the other moves out. At low frequen-
cies the air moves back and forth
between the speakers rather than out
into the surroundings. At higher fre-
quencies the speakers operate more
independently hecause the sound
from each tends to form a beam on
the speaker axis. The result is that
bass response is decreased. To facili-
tate correct phasing, speakers usually
have one terminal coded. According
to the EIA standard, one terminal shall
be coded by means of a + mark or
a color dot, preferably green.

In multi-speaker systems, there are
frequency ranges where the outputs of
a woofer and a tweeter (for example)
overlap. If they are out of phase
their outputs cancel and a dip occurs
in the combined frequency response.
Observing the polarities marked on
the woofer and tweeter does not
guarantee correct phasing because the
dividing network introduces additional
electrical phase shifts, and relative
time delays are caused by the differ-
ent path lengths between the two
speakers and the listener. Smooth-
ness of the frequency-response curve
is the criterion.

Phasing is also important between
the two speakers of a stereo system. If
identical signals are fed to two sepa-
rated speaker systems, a listener lo-
cated equidistant from the two
speakers hears the sound coming from
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