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The best way owellarre-
ceiver performs is to listen to

iit. The next best way is to listen to the opinions of qua ified critics who
have listened to it. Pioneer quadraphonic receivers lave earned the
u,animous praise of the critics. Visit a Pioneer dealer and listen to these
receivers. Once you've heard them yourself, we're confident you'll agree.

STEREO REVIEW: "The
OX -949 has built-in
decoding circuits for all the
nior types of four -channel
records - SQ, RM and CD -4

e'ectical performance
of its tuner and amplifier
rivals some of the finest
separate component
systems."

AUDIO: "(The OX -949 is)
one of the most impressive
receivers (visially and
tecinically) we have ever
tes-ed ... It would be very
diff cult to cote up with any
features in a four -channel
receiver that f c neer hasn't
already thought of in this
powerful unit.'';,;

one Mtlm.uAy
.-n-d//In/rm

Marltw retaMK
bNIIM

POPULAR ELECTRONICS:
"The Pioneer Model QX-747
receiver is clearly a superb
unit when judged by all
normal performance
standhrds. In fact, its power
capabilities in the 2 -channel
mode make it a fine value
even as a stereo -only
receiver.''

reo Review

r77te 0 949 has bulk -In
decoli

our -channel
é ~Jarfor all the 1ar

blows o - hannel records
-SO, end CD-4...41ectrical
n..rrr.e...-..c-- no in. «,ner and ar-wilt sr

. oat eeperate-
Equipment AOlwa

-t.p.lelh'e .1p -per- ~PPP
n.v0r awe, srw...a 'wand t»
vp -llneerMW.wM- Nur-
MpnNr htenY ettlWr a-_waht

1S-,'--4nm. mnlnno!L4t_l n!
R1iit üii 1iiS 1111111 li rÍr-liail
V711/1111I1; 1111111I Iul ñ -v11

Hth:'J11111II 111111 lq
Ol\!1'l1Ib:.11111111111 111..1Yi71
NI _ .1{ li :!inIIII..'ui:!:. l/ii ..III11C-91

IIIMINIM 1111111I' lull 111'.1

Complete reprints availatle upon request.

MODERN HI-FI & STEREO
GUIDE: "The QX-949 is
commensurate with all the
fine rece vers He have
learned to expect from
Pio-ieer and it stands as the
model fo  present-day
quadraphonic receivers."

HIGH FIDELITY: "The tuner
section is one of the best
we've seen in a quadriphonic
receiver ... All tolc, the
QX-949 strikes us as typical
of Pioneer's relatively
uncompromising approach
to receiver design."

7



u
Four'-Chandel Level Indicator - See what
ynu hear. Make instant adjustments with
left/right, front/rear level controls.

electronic trigger relay.system is
used to protect the speakers from DC
leakage or overload.

New and exclusive
Fower Boosting circuit

When switching from four -channel to
t.vo-channel reproduction, power is
substantially increased with the new
End advanced Power Boosting circuit,
as described above. This exclusive
circuit is built into both the QX-949
and QX-747 models.

Another plus feature attributable
to the Power Boosting circuit is
simplified switching from four -channel
b two -channel operation. It can be
instantly achieved without the usual
re -connecting of speaker wires. This,
bo, is a Pioneer exclusive.

A tuner section the equal of
separate components

-he FM tuner section of the QX-949
is truly an engineering accomplish-
ment. It incorporates two dual -gate
LAOS FET's in the front end, plus
three ceramic filters and 6 -stage
limiters in a monolithic IC in the IF
stage. The result is superb sensitivity
and selectivity, and excellent signal
lip noise ratio.

Advanced circuitry includes Dolby
adaptor input/output and 4 -channel
broadcasting multiplex rwtniit tarminal

n anticipation of the future use of
discrete quadraphonic broadcasting,
he QX-949 and QX-747 include a

quadraphonic multiplex output
:erminal. Depending on the system
'inally approved, all that ever will be
-equired is a simple adaptor unit.
And speaking of adaptor units, both
:he QX-949 and QX-747 highlight an
nput/output for a Dolby noise
-eduction adaptor unit.

Jnique 4 -channel level indicator

Regardless which quadraphonic

source is in operation, the sound
level of each channel can be
monitored by viewing the large scope -
type level indicator on the top two
models. Left and right front/rear
controls permit instant adjustment.
Indicator sensitivity controls allow for
a maximum of -30dB adjustments
at any sound level. The level indicator
may also be used to view CD -4
channel separation adjustments made
with the CD -4 separation controls.

Inputs/Outputs for total versatility

Pioneer has endowed these models
with terminals for a wide range of
program sources. The only limitation
is your own listening interests and
your capability to experiment with
sound.

Lonvenient features tncreas.
listening enjoyment
Along with the total capability of
these receivers, Pioneer has incor-
porated a wide array of additional,
meaningful features. All three
instruments include: loudness
contour, FM muting, an extra wide
tuning dial, two sets of bass/treble

.7C{..IÍil.r]IIV11-

Amplifier tY

controls for front and rear channels,
function and mode selector with
multi -colored indicator lights. Further
refinement is offered with the
QX-949's multiplex noise and high/
low filters, plus signal strength and
center tuning meters in one housing.

Admittedly, these new Pioneer
quadraphonic receivers. like fine
sports cars or cameras, are not
inexpensive. However, they represent
the high fidelity industry's most
outstanding value. We have built
them with the same quality, precision
and performance you've come to
expect from Pioneer stereo equip-
ment. We offer them to you with the
same pride and conviction that has
always compelled you to say -
"Pioneer, the very best."

QX-949 - $749.95; QX-747 -
$649.95; QX-646 - $499.95. Prices
include walnut cabinets.

U.S. Pioneer Electronics Corp..
75 Oxford Drive, Moonachie,
New Jersey 07074
West: 13300 S. Estrella, Los Angeles
90248 / Midwest: 1500 Greenleaf,
Elk Grove Village, III. 60007
Canada: S. H. Parker Co.

OX -949 QX-747 QX-646

40 watts/ 20 watts/ 9 watts/
 4-ch. minimum continuous channel channel channel

power per channel, 8 ohms (20Hz-20kHz) (20Hz-20kHz) (40Hz-20kHz)

60 watts/ 40 watts/ 13 watts!
 2-ch. minimum continuous channel channel channel

power per channel, 8 ohms (20Hz-20kHz) (20Hz-20kHz) (40Hz-20kHz)

* Maximum total harmonic
distortion

FM Tuner
FM Sensitivity (IHF)
(the lower the better)

Selectivity
(the higher the better)

tpture Ratio 1dB 1dB
ie lower the better)

S/N Ratio 70dB 70dB
(the higher the better)

Inputs
Phono 2 1

Tape Mon14

0.3% 0.5% 10/0

(20Hz-20kHz) (20Hz-40kHz) (4011z-20kHz)

Dolby adaptor input

Au>Frliéry

Outputs
Speakers

tiHest

1.8uV 1.9uV

80dB 60dB

2 (4-ch.) 1 (4-ch.)
1 (2-ch.) 1( 2-ch.)

1 (4-ch.) 1 (4-ch.)

1 1

2 (Front) 1 (Front)
2 (Rear) 2 (Rear)

1

(Front/Rear)
1

(Front/Rear)

2.2uV

40d B

3dB

65dB

1 (Front)
2 (Rear)

1

(Front)

Dolby adaptor output 1 (4-ch.) 1 (4-ch.)

Tape Rec. . 2 (4-ch.) 1 (4-ch.) 1 (4-ch.)
1 (2-ch.) 1 (2-ch.) 1 (2-ch.)

4-ch. MPX output 1

'In accordance with F.T.C. regulations

when you want something better
Check No. 26 on Reader Service Card
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The charisma, the free-
dom, the security of fine
audio. Discwasher system;
the finest long term protec-
tion for precious records.
A purchase of special
meaning to reflect on the
person who cares.
Available from fine dealers
nationwide at $15.00.

Available at Audio Clubs
and Exchanges in Europe.
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909 UNIVERSITY, COLUMBIA, MO. 65201
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BENEATH THE SURFACE OF EVERY BIC TURNTABLE
BEATS THE HEART OFA SIMPLE MACHINE.

What you see here is the difference between BIC
Programmed Turntables and all the others.

Simplicity.
Look underneath the finest, the most expensive auto-

matic turntables from other makers and you'll find more
machinery than you see here.

The virtues of simplicity
A modern multiple -play turntable is a complex electro-

mechanical device, manufactured to tolerances that turn
engineers' hair grey. To give acceptable performance it
must operate at levels which approach perfection.

Every gear, cam, lever, pivot, spring, and moving part
that can be eliminated eliminates a point of stress, wear,
and possible malfunction.

Every part that isn't there eliminates a source of noise,
vibration, resonance, and service problems.

Less is more
As so often happens, simplification has bred a more

effective, more durable system.
The BIC 980 and 960 are the only belt -drive turn-

tables that can play as many as 6 records in series.
The scarlet cam you see above is made of specially

formulated, self-lubricating acrylonitrile. It has greater
strength, durability, and dimensional stability than the zinc
cams used in other machines.

The low -speed 300 RPM motor is quieter than 1800
RPM motors standard in other automatics. In life tests it
has operated for the equivalent of 14 years without
faltering.

So, the 980 and 960 operate with silent dependability
and generate wow, flutter, and rumble numbers any
manual would be proud of.

Before you buy any turntable, regardless of price, find
out all there is to know about the BIC Programmed Turn-
tables. We'll send more information if you write to British
Industries, Dept. 1A, Westbury, L.I., N.Y., 11590. Or better
yet, see your audio dealer.

When you see the 980 and 960 in action, we think
you'll be impressed by what simple machines can do.

This is the 980 with solid state speed
control and strobe. About $200.
The 960 is identical except
for these two features
About $150.

B -I.0 is a trademark of British Industries Co. Div. of Avnet Inc. ()approved.

Check No. 8 on Reader Service Card



Why not get
all the music
you paid for?
You've built your music library with
a critical ear and a good amount
of money.
Have you considered that your
present amplifier might be short-
changing your listening with ele-
ments of distortion and hum or
noise?
You're entitled to pure unadulter-
ated music ... the original. Noth-
ing more, nothing less.
And this is the whole idea of the
Crown DC -300 A.
"Like lifting a curtain" was how
one Crown owner described his
experience.

Why not get an amplifier that gives
you all the music in your collec-
tion, but no more than that!

Make this simple comparison:
(1) Listen with a critical ear to

your favorite recording at
home; then

(2) Listen to that same recording
with a DC -300 A at your Crown
dealer.

We rest our case on your ears!

Power output: 150 watts/channel
min. RMS into 8 ohms stereo. 300
watts min. RMS into 16 ohms mono,
over a bandwidth of 0-20,000 Hz, at
a rated distortion of 0.05%. Inter -
modulation distortion less than
0.05%, 0.01 watt to rated output,
into 8 ohms stereo, 16 ohms mono.

Is Crown crazy?

To guarantee parts and
labor, and pay for round-
trip shipping for three full
years. (We'll even send you
a shipping carton if you
didn't save yours.) That
takes nerve ... and faith in
your product!

At Crown, reliability is a way
of life. Long life ... with you.

crown

Pink Noise Revisited
In the September issue, Mr. Gio-

vanelli's answer to Mr. Paul Lutz's let-
ter concerning pink noise was wrong.
In the first paragraph Mr. Giovanelli
states:

"If one devises a filtering system,
however, this noise could be pro-
duced over a portion of the spectrum
only. It is this reduced noise band-
width which we refer to as 'pink
noise.'

"The 1/3 -octave 'pink noise' is a
special case of such pink noise, where
the spectrum is divided into very nar-
row segments, each of which is 1/3 -
octave wide."

Random noise produced by a noise
generator (which Mr. Giovanelli re-
ferred to) is normally what is called
"white noise," as it is similar to white
light having an equal energy level at
all frequencies within the portion of
the spectrum being utilized. This por-
tion of the spectrum can be many oc-
taves or any small amount desired,
such as 1/3 octave, and it is still white
noise. If this white noise is fil-
tered through a network which gives
a 3 -dB -per -octave attenuation as fre-
quency is increased, you then have
pink noise which has equal energy
within any octave or fraction thereof,
such as 1/3 octave, 1/4 octave, etc. It is
this difference between equal energy
at all frequencies and equal energy
within an octave or fraction thereof,
which is of significance. I feel that Mr.
Giovanelli's statement was not only
incorrect but could very badly mis-
lead someone who is starting in the
audio field as a professional and who
has not had formal instruction which
would make him aware of the inac-
curacy of this statement.

S. Blair Hubbard
Chief, Branch Audio
Production Services
Dept. of the Interior
National Park Service
Harpers Ferry, W.V.

Audioclinic
Joseph Giovanelli

A Problem of Boominess
Q. My speakers perform quite well

through the upper mid -range and
high end. They are plagued, how-
ever, by a mid -bass peak which seems
to place the male voice "in a barrel."
Lower strings are likewise hollow and
overly resonant sounding. Reduction
of the settings of the bass tone con-
trols on my preamplifier by about 8 dB
removes the problem, but thins the
low bass too much. I know I could opt
for different speakers or employ a fre-
quency equalizer, but I wish to avoid
undue expense.

Can you suggest a modification to
my present system which would solve
or ameliorate my problem?-Ralph L.
Price, Jr., Woodbridge, N.J.

A. A possible approach to your
problem is to place your speakers in
different parts of the listening room,
with the hope that a location for each
speaker can be found which will mini-
mize this condition. The listening
room often contributes more to
boominess than do the speakers
themselves.

Paralleling Power Amp Inputs
Q. Can I use a "Y" connector in

each channel of my preamplifier to
drive a pair of mono amplifiers per
channel. I have four Advent speak-
ers, and I would like to power each
one with a separate amplifier.-C.T.
Lewis, Morrisonville, N.Y.

A. You should be able to use the
"Y" connectors to feed two power
amplifiers from one channel of a pre-
amplifier, provided that the total in-
put impedance represented by the
two power amplifiers does not fall
below the minimum recommended
by the manufacturer of the preampli-
fier.

Where two power amplifiers are
identical, the combined impedance of
their two input circuits will be one
half that of a single power amplifier.

About the cover: The latest in
receivers, the Ultima One is

from Ultima Electronics and was
engineered by Karl Kofoed.

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.

WHET LISTEnInG BECOMES Fin RRT.
Check No. 11 on Reader Service Card
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The Rec ' ' ears: end ofthe myth
of rock speakers vs.

classical speakers.

The new Rectilinear 5 is capable of playing very,
very loud. Rock -festival loud. Even with a medium -
powered amplifier.

At the same time, it's uncannily accurate. It sounds
sweet, unstrained and just plain lifelike at all volume levels.

The temptation is great, therefore, to one-up that
prestigious manufacturer who some time ago announced ,j
"The first accurate speaker for rock music."

But we refuse to perpetuate that mythology. It's
perfectly obvious that the Rectilinear 5 reproduces classical
music just as accurately as rock. We could never see how a
voice coil or a magnet would know the difference between
Jimi Hendrix and Gustav Mahler.

So we'd rather use this opportunity to set things
straight once and for all.

Thus :
There's no such thing as a rock speaker or a classical

speaker. Any more than there's a late -show TV set or a
football -game TV set.

There are, however, speakers that impose a hard,
sizzling treble and a huge bass on any music. And others
that round off the edges and soften up the transient de-
tails of any music. That's the probable origin of the myth ;

--413=. but these aren't rock and clas-
sical speakers, respectively.
They're inaccurate speakers.

It's true that an aggres-
sive treble and a heavy

bass are characteristic of
most rock music, even when

heard live. It's also true
that some record pro-
ducers exaggerate
these qualities, some-
times to a freakish

Wro Freaksoundmadeeven degree, in their final
a"er bythe speaker. mix of the recorded sound.
But that doesn't mean the speaker can be allowed to

add its own exaggerations on top of the others.
A loudspeaker is a conduit. Its job is to convey

musical or other audio information unaltered. If the pro-
ducer wants to monkey around with the natural sound that
originally entered the microphones, that's his creative
privilege. He'll be judged by the musical end results.
But if the speaker becomes creative, that's bad design.

By the same token, if some classical record producers
prefer a warm, pillowy, edgeless string sound, that

nEclutlie

doesn't mean your speakers should impart those same
qualities to cymbals, triangles or high trumpets.
(Stravinsky's transients can be as hard as rock.)

And if you like to listen at very high volume levels
(after all, that's what rock is about-
but so is Die Gotterdiimmerung),
you still don't need a speaker that

achieves high efficiency through
spurious resonances. What you
need is something like the
Rectilinear 5.

Everything in this remarkably
original design was conceived to

end the trade-off between effi-
ciency and accuracy. The four
drivers are made to an entirely

new set of specifications. The filter
network that feeds the drivers is

byihespeaker. totally unlike the traditional crossover
network. Even the cabinet material is new and different.

Of course, those who feel threatened by all this fuss
about accuracy and naturalness will point out that the
monitor speakers preferred by engineers and producers
in recording studios are usually of the zippy, super -
aggressive variety.

That's perfectly true, but the reason happens to be
strictly nonmusical.

"I use the XYZ speaker only as a tool," a top
producer explained to us. "I wouldn't have it in my house.
It really blasts at you when you crank up the volume, so
that any little glitch on the tape hits you over the head.
After eight hours in the studio, that's what it takes to get
your attention. I know how to deal with those unpleasant
highs ; they're in the speaker, not on my tape."

It's easy enough to find out for yourself.
Any reputable dealer will let you hear the
Rectilinear 5 side by side with a "rock" or
"monitor -type" speaker. Adjust each speaker
by ear to the same high volume level, Rectilinear 5
making sure the amplifiers are Contemporary

of good quality. Then listen. Labokgñii//floor
To rock or classical. speaker system,

Then and there, the myth Rectilinear

will crumble. BaDispersionBase (patent
pending)
optional.

wrong: Classical
and spineless

RECTILINEAR®
Rectilinear Research Corp.,107 Bruckner Blvd., Bronx, N.Y. 10454
Canada: H. Roy Gray Limited, Ontario

Reader Service CardCheck No. 30 on



Listen to our
best rock speaker.
Then listen to our

best chamber
music speaker.

They're the same!
If you're into rock, B  I  C

VENTURI TM' is your speaker .

It delivers tight, solid
bass. It's so efficient it

plays louder than other
speakers with just a few

watts . And it can handle

such high power that it

takes even the hardest rock
in stride.

If you're into chamber

music , again B  I  C VENTURI

is your speaker. It deliv-
ers clean, accurate sound
even at low levels, where

other speakers fade away.
No matter what your

musical preference, B  I  C
VENTURI is your speaker.
Its DYNAMIC TONAL BALANCE
circuit (pats .pend.) coin --

compensates precisely for
the ears deficiencies
in hearing bass and

treble at moderate and
low listening levels .

It preserves the dramatic
effects of music at all
levels . So, listen to

your speaker at your B  I  C

VENTURI dealer. For
brochure, write:
A- I
British Industries Co., div. of Avnet Inc.,
Westbury, New York 11590.
Canada: C. W. Pointon, Ont.

BIC VENTURÍ

Herman Burstein

Changing to Non -portable
Q. I own a General Electric portable

stereo recorder. Recently I began to
think about converting my machine into
a non portable model by building a
wooden case. I also thought that I would
add another VU meter as well as revise
the controls so that I may vary the bass,
treble, and volume for each channel.
The necessary connections seem to be
simple enough. But I was wondering
if you foresee any difficulties.-William
K. Vinson, Kingsley Field, Oregon

A. There is scarcely an electronic
project on which one does not encounter
some bugs. But I don't foresee any
major or unconquerable ones in your
case. So long as you don't tamper with
such things as record and playback
equalization, bias, amount of signal fed
to the record head, and amount of signal
to the record level indicator, and so long
as you take the usual precautions against
hum pickup and against treble loss due
to excessive capacitance in your leads,
your project should be successful.

Tape Deck and Amplifier Hook-up
Q. I would like to play my tapes

through my stereo system, which
would mean connecting the putputs
of my tape recorder to the inputs of my
stereo amplifier. I am concerned that
feeding an already amplified signal
into another amplifier might do some
damage. Please advise' me if this set-up
would cause harm to my components.
-Robert Grip, Chestnut Hill, Mass.

A. The proper connection is to feed
the outputs of your tape recorder into
the high level inputs of your audio
amplifiers. Such inputs would be
marked Tape (not Tape Head), Auxili-
ary, etc. Then there is no danger of
overloading the amplifier. I gather that
your recorder has a self-contained
amplifier and speaker. The output of
your recorder should be taken, if possible,
from a point prior to its power ampli-
fier-namely from a jack marked
External Amplifier. If your recorder has
no such output jack, then you will have
to take its output from the jack marked
External Speaker.

Dolby Unit Placement
Q. I have been to three dealers of the

Advent Dolby 101 Noise Reduction
System, and each has given me a dif-
ferent answer as to whether or not I can
use the 101 unit with my tape recorder.
Dealer #1 says I can, Dealer #2 says I
can't unless I have some modifications
made to my tape recorder, and the third
dealer says I would have to buy a unit
and try it. I have a Sony Auto -Reverse
660 tape recorder with a self-contained
amplifier, a Shure M-65 Stereo Con-
version Preamplifier, and a Dual 1019
changer. I have no separate amplifier.
To record I plug the Dual into the
Shure preamp, and plug the preamp
into the line input of the tape recorder.
For recording, Dealer #1 says that I just
have to insert the 101 between the Dual
changer and the Shure preamp. In the
case of playback, Dealer #1 says that I
can use the 101 with my Sony if I hook
it up as follows: line output of the tape
recorder into the 101, and the 101 output
into the line input of the Sony. Dealer
#2 says I can use the 101 with my Sony
in playback if I have some modifications
made to the Sony. If Dealer #2 is right,
is it worth the expense and the trouble
to have it done?-John Deysher, To-
wanda, Pennsylvania

A. The Dolby should be used be-
tween the Shure M-65 and the Sony 660
in recording. So Dealer #1 is wrong
there. In playback, Dealer #1 is wrong
again. In playback the Dolby should be
used between the preamp and power
amplifier sections of your Sony. There-
fore Dealer #2, who says you have to
make a modification to your tape re-
corder, is correct. The modification is
not a very complex one. Consult a local
audio technician as to what he will
charge. Also consult Dealer #2 (assum-
ing he has the facilities for making the
necessary change). And then decide for
yourself whether the modification is
worthwhile.

If you have a problem or question on tape recording,
write to Mr. Herman Burstein at AUDIO, 134 North
Thirteenth Street, Philadelphia, Pa. 19107. All letters
are answered. Please enclose a stamped, self-
addressed envelope.
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This is
what makes the
Sansui 771 so great:
Specs. Features.
Looks. And Price.

Sansui, already famous for quality and value has again outdone itself with the 771 receiver.
Look at the specs: 35 watts per channel, min. RMS both channels driven into 8 Ohms, 20 Hz to 20 kHz, at
below 0.5% Total Harmonic Distortion - more than enough to power two pair of speaker systems.
FM sensitivity of 2,0pV(IHF).

Look at the features: two tape monitors, two uxiliary inputs, three pairs of speaker selectors,
two filters (hi & lo) and more - even a microphone circuit. Visit your nearest Sansui franchised dealer and
listen to the tremendous Sansui 771. Then listen to the price.
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SANSUI ELECTRONICS CORP.
Woodside, New`tork 11377 Gardena, California 90247
SANSUI ELECTRIC CO.. LTD.. Tokyo, Japan  SANSUI AUDIO EUROPE S .. Antwerp. Belgium
ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9, B.C.
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Dear Editor:
DeVries & Lampton Speaker:
Crossover & Large Enclosures
Dear Sir:

The comments by deVries and
Lampton ("Build an ES Tweet-
er/Cone Woofer System," AUDIO,
Aug., 1974) on crossover design re-
quire comment, since their proposed
crossover design is demonstrably
non -optimal.

The authors correctly point out the
conflict between "constant voltage
sum" crossover, where the "total
woofer voltage plus tweeter voltage is
constant with respect to frequency,"
and the "constant power sum," where
the sum of the radiated powers from
the woofer and tweeter is constant
with frequency. What the authors
apparently don't realize is that this

B 06K I% 806K I%
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conflict can be resolved by several cir-
cuits which meet both criteria simul-
taneously. Unfortunately, the second -
order Butterworth configuration
specified by the authors meets only
the constant power requirement.

However, if slightly lower "Q" fil-
ters are used, then we can meet the
constant voltage requirement (al-
though the sum of the voltages is

phase -shifted with respect to the in-
put). Unfortunately, the constant
power requirement is now violated.

But all is not lost. As Ashley and
Henne (J. Robert Ashley and Lawr-
ence M. Henne, "Operational Am-
plifier Implementation of Ideal Elec-
tronic Crossover Networks," J. Audio
Eng. Soc., Vol. 19, No. 1.. p. 7) have ob-
served, the third -order Butterworth

LOW OUT

HIGH OUT

2

3

Fig. 1-Orban crossover for Lampton/deVries speaker system.
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Fig. 2-Relationships of cutoff frequency and volume for three woofers.
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configuration seems to offer the best
of all possible worlds: it is constant -
power; it is constant voltage (al-
though there is a frequency -depen-
dent phase shift in the voltage sum
with respect to the input); it offers
maximally -flat magnitude character-
istics (thus minimizing strain on the
individual drivers), and it offers very
sharp cutoff characteristics, which
minimizes the need to make woofer
and tweeter responses well-behaved
beyond the crossover frequency. For
these reasons, the third -octave But-
terworth is arguably the single op-
timal crossover network design.

It can be mentioned in passing that
a pair of first -order (6 dB/oct passive
RC filters) can also meet the criteria.
Unfortunately, this circuit has insuffi-
ciently sharp cutoff to be of interest in
most cases. In fact, any odd -order
Butterworth pair will meet the cri-
teria.

I have included a practical circuit
(Fig. 1) to realize the third -order low -
and -high-pass Butterworth filters. The
unity -gain feedback circuit used by
the authors to realize the lowpass fil-
ter is not optimal because its charac-
teristics have higher sensitivity to res-
istor and capacitor tolerances and
drift than does the "multiple feed-
back" circuit of the type illustrated.
Unfortunately, a practical high-pass
version of the multiple feedback cir-
cuit does not exist, so the high-pass
filter is best realized with a unity -gain
feedback circuit of the type that the
authors specified. The specified
opamp, the RC4558, is a Raytheon de-
vice.

Robert Orban
Menlo Park, Calif.

The author's reply:
In view of the gratifying response to

the loudspeaker design articles by
myself and L.M. Chase (AUDIO, Vol.
57, #12, p. 40, December, 1973) and
G.J. deVries (AUDIO, Vol. 58, #8, p.
28, August, 1974), we would like to ex -

4 pand upon some of the technical mat-
ters raised by readers.

We have received a number of
helpful comments from readers, such
as Mr. Orban and Prof. Ashley, con-
cerning our suggested use of second -

8



THE ONLY THING

WE DON'T GUARANTEE

ABOUT A MIRACORD
IS THAT YOU'LL FIND ONE.

We're so particular about the quality that goes into every
Miracord, we guarantee all parts and service for one full
year. But we're also so particular about what stores sell our
equipment, we can't guarantee you'll find one.

That's somewhat of an exaggeration. It's just that you
don't find a Rolls Royce dealer on every corner. The way we
figure it, anything worth listening to is worth looking for.
And when you hear your records on a Miracord automatic
turntable, you'll hear what we mean.

For instance, the Miracord 760 is engineered with our
unique "jostle -proof" push-button control system. It tracks
with dead accuracy at as low as 1/2 gram stylus pressure,
even if the shelf you put it on isn't level! And one of the
leading magazines in the field reported that the Miracord
760 had the lowest rumble figure measured (report available
on request).

Pitch control? You can vary the speed over a 5 percent
range. That's about a semi -tone in pitch. And a built-in

Check No. 5 on

stroboscope allows you to return to
the standard speeds simply and accu-

rately. The Miracord 760 naturally has a
built-in anti -skate control.

The precision continues: The twelve inch,
one-piece die-cast turntable platter is a work of

art in itself. It's dynamically balanced for smooth,
steady performance and speed that will not vary.

And it is run by a specially designed asynchronous motor
whose speed constancy is just about unsurpassed in its class.
The details about the Miracord 760 go on and on. If you'd

like the full story on our full line, just drop a line to:
Miracord Products, Benjamin Electronic Sound Co.,
40 Smith Street, Farmingdale, N.Y. 11735.

After you find your Miracord, we'd like to make this
one last promise: We doubt you'll ever have to use
its guarantee.

THE MIRACORD 760.
Damn hard to find. Damn hard to beat.

Reader Service Card



order Butterworth high- and low-pass
filters as loudspeaker crossover cir-
cuits. The comments are generally
that third -order filters offer a num-
ber of advantages with regard to their
transient response and on -axis fre-
quency response.

Accordingly, we breadboarded
such a circuit-specifically, the one

10 INCH

given by J.R. Ashley and A.L. Kamin-
sky (J. of the Audio Eng. Soc., Vol. 19,
No. 6, p. 494, June, 1971)-and find
through listening tests that there is in-
deed an improvement in the clarity of
the reproduced sound. We therefore
recommend the use of the third -
order filters in crossover applica-
tions, and invite the comments of
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Fig. 3-Relationships of efficiency and volume for three woofers.
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Fig. 4-Relationships of duct -to -cone -mass ratio and volume for three woofers.
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Fig. 5-Relationships of required speaker Q and volume for three woofers.

other experimenters who have the
opportunity to try them.

Also we would like to emphasize
that there are infinitely many possi-
ble tuning and damping combina-
tions for bass reflex loudspeaker en-
closures. Most of these combinations
do not perform very well: They exhi-
bit poor frequency response curves
and do not get the best possible per-
formance from a loudspeaker in terms
of distortion. The quantitative foun-
dations for predictable designs were
established by the pioneering works
by Novak and by Thiele, who identi-
fied a variety of practical combina-
tions of tuning and damping ratios
which give precisely characterizable
performance curves.

Three key parameters principally
govern this performance: (1) the stiff-
ness ratio S which is the ratio of the
enclosure air spring stiffness to the
stiffness of the suspension of the
loudspeaker cone; (2) the mass ratio
M which is the ratio of the vent air
mass to the speaker cone mass, and (3)
the speaker's Q factor, which is the
ratio of its reactance to its motional
resistance. Once the speaker is
chosen, the stiffness ratio is fixed by
the box volume. For values of S
greater than 1.414, a good choice of
response curve shape would be any of
the quasi -Butterworth or "double -
point" alignments. In larger enclo-
sures where S is less than 1.414 a good
choice would be the appropriate sym-
metrically bounded ripple tuning. For
the value of S equal to 1.414, it is pos-
sible to achieve a maximally flat or
Butterworth response, provided again
that M and Q are properly set.

In Fig. 6, these various possibilities
are illustrated in the form of the val-
ues of M and Q necessary when a
given value of S has been chosen. To
the left, the bounded ripple align-
ments are shown; to the right, the
quasi -Butterworth alignments; and in
the center, marked by small circles,
the maximally flat tuning and damp-
ing ratios. The curve marked G is an
interesting measure of performance:
It is the ratio of the complete sys-
tem's low -end 3dB cutoff frequency
to the woofer's free air resonant fre-
quency. When G is less than one, the
system goes deeper than the FAR. To
achieve this requires a big box.

Some readers have inquired as to
how to design reflex enclosures for
multiple drivers. As long as the dri-
vers are alike, a straightforward pro-
cedure is to use for design purposes a
fake speaker having the total effec-
tive cone piston area, cone mass, and
cone stiffness of the members of the
collection. The FAR and Q are essen-
tially unaffected.

10 AUDIO  JANUARY, 1975



You'd swear it had
101/2"reels and l5ips.

Sony's New 3 -Head Stereo Cassette Deck.

THREE MEAD CLOSED 4.001P DUAL CAPSTAN

Built-in dual
process Dolby*

Applies Dolby Noise Reduction
to both recording and playback
simultaneously for Tape/Source
monitoring with signal-to-noise
ratio of 63db.

Three ferrite heads.
One ferrite erase head. Two separate

ferrite and ferrite record and playback
heads. Inside: core and pole pieces are
solid ferrite. Outside: another precisely
machined layer of ferrite. Ferrite and
ferrite heads last up to 200 times longer
than standard permalloy. They give you
wider frequency response and dynamic
range and better tape -to -head contact.
And Sony's exclusive three -head system
provides the added advantage of Tape/
Source monitoring.

RECORD

0.07% wow and
flutter and at 1'/s ips.

The TC-177SD features the same
Closed Loop Dual CapstanTape Drive
system as Sony's finest reel-to-reel
decks. Isolates the tape path in the
tape head area from external vibra-
tion and abnormal tape movement.
Eliminates the cause of modulation
distortion and optimizes tape -to -head
contact.

Professional feather -
touch relay controls.

Provides smooth, precise and
immediate response for all tape
travel modes.

POWER

Mic/Line Mixing.
Previously available in reel-to-reel

only. Records two different sources
simultaneously: microphone inputs
and line inputs (receivers, turntables,
other tape decks). Provides precise
fade-in/fade-out and cross -fading
techniques.

The Sony TC-177SD Stereo Cassette
Deck also features separate 3 -position
bias and EQ selector switches, peak
limiter, dual VU meters with LED
peak indicators, memory counter,
stereo headphone monitor jack and
echo capability with the optional
SB-200. This top -of -the -line Sony goes
for $699.95 at your Superscope dealer.

SONY®
Brought to you by SUPERSCOPE

® 1974 Sunerscope, Inc., 8146 Vineland Ave., Sun Valley, Calif. 91352. Prices and models subject to change without notice. Consult the Yellow Pages for your nearest Superseope dealer.
Send for free catalog. °TM Dolby Labs, Inc.
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Fig. 6-S, ratio of enclosure air stiffness to cone suspension stiffness.

Many readers have requested that
Figs. 2, 3, 7, and 9 of the Chase article
be extended to much larger values of
volume stiffness products. I have
done this in the accompanying Figs. 2,
3, 4, and 5. These have all been de-
rived from Fig. 6 for loudspeakers
having effective piston areas of .032
square meters (typical for ten -in.
frame diameter loudspeakers), .050
square meters (12 -in.), and .085 square
meters (15 -in.). Because of variations
in actual piston areas among various
manufacturers and models, the frame
diameter is only a rough guide to the
effective piston area. Using Figure 6,
these curves can be generated for any
size speaker.

On each of the curves, a small cir-
cle indicates the location of the maxi-
mally flat tuning; the portion of the
curve lying to the left of this point will
give a quasi -Butterworth characteris-
tic, and to the right a bounded ripple
design results.

Michael Lampton
Jan deVries
Lee M. Chase
Berkeley, Calif.

Pardons, Amnesty, & Lennon
Dear Sir:

In this time of pardons and amnes-
ty and in the light of our national self
re-evaluation, isn't it also time we
consider the deportation of John Len-
non an injustice-not only to him, but
to us and to America.

Bernie Mitchell
President
U.S. Pioneer Electronics
Moonachie, N.J.

Gee whiz, Bernie, I always thought
what made America great was its abil-
ity to be a melting pot, to be able to
handle-within its tolerant bor-
ders-just about anyone and any-
thing, to have room enough for nearly
any point of view. I'm enough of a be-
liever in the fundamental paradox of
life to think that a person can have
both dangerous and worthwhile qual-
ities, but I see little or none of the for-
mer in Lennon. And if he does have
them, they are quite outweighed by
the latter. -Ed.

Organ Servicing
Dear Sir:

I have enjoyed your magazine's fine
articles since I stumbled on it in the
Engineering Library Stacks at the Uni-
versity of Illinois during my freshman
year. I am wont to find each issue
both thorough and readable. How-
ever, your November issue's article on
organ servicing seemed dangerously
over -simplified.

I am a professicgb.l organ -repair
specialist. I am not just trying to keep
jobs for myself, as many items in Mr.
Turino's article seem quite useful and
simple enough for the average owner.
However, I would like to offer a few
warnings, using the Lowery organs as
examples, since they are excellent in-
struments and rather typical of most
electronic organs.

In regard to annual vacuuming, I

have seen a heart -sinking number of
organs with damaged contact springs
and busses, broken leads, and dis-
connected wires as a result of well -in-
tended but slightly careless vacuum-
ing. And I have never known any
amount of dust or cobwebs to inter-
fere with proper operation of an
organ. (Mice are another story.)

The modern Lowerys contain a

number of coils, easily accessible and
very attractive for VOM testing. The
first and only time I tried one, I des-
troyed it. Also present on many
boards are regular and large-scale
integrated circuits, along with MOS-
FETs, some of which can be damaged
by static charges on the fingertips, and
are impossible to really test without a
'scope or an advanced logic probe.

Contact cleaning I recommend
heartily, it being a messy and boring
job for me. Watch out for tube or-
gans though, as keying voltage is 430
volts on some models. Also, it takes
me between an hour and an hour -
and -a -half to clean contacts on some
Lowerys, most of which is spent gain-

ing access to the contacts themselves.
And remember that I know how to
take them apart too. Few service
manuals have opening instructions,
and I must confess I felt horrible
scratches on a few organs before I got
my methods perfected.

If I may question one last point, re-
garding the ease of dealing with nine-
ty percent of organ problems: On
evaluating my records on my last 100
Lowery organ calls, which included a
large percentage of tube organs up to
20 years old, only 12 had contact trou-
ble and I changed only five tubes.

David R. Shaddock
Meyers Music
Streator, Ill.

Dear sir,
Allow me to add my plaudits for

Richard Heyser's new speaker analy-
sis program. I have read with inter-
est his articles in the JAES, and I am
especially interested in his findings
with regard to phase linearity. Phase
response has become a subject in-
tensely probed by psycho -acousticians
(a spinoff of quadraphonic research),
and I am sure that many other readers
would appreciate some articles by
Mr. Heyser on the physical aspects
of non- and minimum phase response
networks. Not only transducers, but
purely electronic links in the high-
fidelity chain should be studied in
this light.

Tom Tollefsen
Olympic Valley, CA
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"Bring it back alive:
"Professionally, people see me
playing concerts or leading the
Tonight Show orchestra. But
when I relax to the purest sound
of my favorite music, rothirg
brings it back alive like the
incredible Sound of Koss.

"From the deepest, toe -
curling bass notes of a pipe
organ, to the crisp, brilliant
highs of the brass section,

nothing can match the
excitement of a live
performance as well as Koss
Stereophones. And nothing can
match the incredible sound of
the PRO-4AA. Because the Koss
PRO-4AA features the only
driver element designed
specifically or stereophones.
So when it come to mixing the
sound in your head instead of

on the walls of your living
room, you'll hear two more
octaves than you've ever
heard before in a
dynamic stereophone.

"Take a tip from old 'Doc'
and hear it like you've never
heard it be=cre...on Koss
Stereophones. From $15.95 to
$175, they' -e the greatest. Just
ask your Audio Specialist for a

live demonstration, or w-ite
for a free full -color catalog,
c/o Virginia Lamm. Either way,
you'll 'bring it back alive'."

Koss PRO-4AA Stereophone

©Koss Corporation

KOSS stereophones
from the people who invented Stereophones.

KOS5 COFPORATION, 4129 N. Port Washington Ave.. Milwaukee, Wisconsin 53212  Koss S.r.l., Milan, Italy  Koss Limited, Ontario

Cher^k No. 19 on ,Reader Service Card



Behind The Scenes

WHEN THE Revox A77 tape re-
corder was introduced to the
American market some years

ago, it received generally enthusias-
tic reviews from the hi-fi press. Since
then it has undergone several updat-
ings and refinements to the basic
design. These included a special A77
incorporating Dolby B noise -reduc-
tion and the HS77, a "high-speed"
(71/2 or 15 ips) unit with half-track
stereo heads. You may recall I re-
ported on the high-speed type as part
of a lightweight, portable recording
system.

The Revox A77 has kept pace with
its competition and still answers the
needs of many audiophiles. How-
ever, in line with current trends, it was
obvious there was a need for a more
sophisticated recorder incorporating
the technological advances of recent
years. Willi Studer, manufacturer of
Revox recorders, was aware of this
and of the fact that his "encore"
would have to be something quite
special. I think it is safe to say that his
new Revox A700 tape recorder is spe-
cial indeed. This A700 has been shown
at past AES conventions and I have
given you a brief description of the
unit. Revox furnished me with an
A700 recorder with half-track stereo
heads, and now that I've lived with it
for some time, herewith are my ob-
servations and impressions of this im-
portant new recorder.

The A700 is bigger than the A77, a
bit more than 19 inches wide by 18 in-
ches in height by 7 inches in depth.
The weight has increased too, and
portable use will require more mus-
cle. The increase in size and weight is
understandable in light of the new
features and functions built into this
machine.

Let's take a look at the tape trans-
port section. The A700 is a three -
motor unit operating at 33/4, 71/2, and
15 ips. There is a servo -control
system for all 3 a.c. motors, which is

Bert Whyte

integrated with the tape -motion full -
logic system. The capstan motor is a
high torque, asynchronous unit. Some
120 teeth are milled into the circum-
ference of the rotor and are induc-
tively scanned by a ring -coil around
the motor. This constant 360 -degree
scanning is an improvement on the
single -point scanning found in the
Revox A77. There is less translation
error for one thing, but the big ad-
vantage is in the ietness of the
motor. When I sayibiet, I mean you
have to put your ear right up to the
capstan shaft before you hear any
whir. For any recording situation
where the tape machine must be in
the same room as the microphones,
the A700 takes top honors. The signal
produced by the inductive tacho -gen-
erator is fed into the servo -control
system. This is a new Studer develop-
ment, using special Large Scale Inte-
grated (LSI) circuits which contain a
quartz crystal -stabilized oscillator of
1.638400 MHz, along with the com-
parators, frequency dividers, and
other functions of the servo circuit.
The capstan motor is thus phase -
locked to the quartz clock frequen-
cy. However, there is also provision to
override the reference frequency
with a variation control (soon to be
available) which will give plus or
minus seven half -tones of any selec-
ted speed. An external oscillator vari-
able from 1 kHz to 10 kHz will enable
continuously variable tape speeds
from 21/2 to 211/2 ips. The three
tape speeds are selected by pushbut-
tons on the right side of the tape
transport. A nice touch is that these
buttons are of the illuminated type,
but will not light up until the selected
speed is in full synchronous mode. As
you might expect, it takes a tiny bit
longer to "lock -in" the slower tape
speeds.

The A700 has a tape motion sensor
in its right idler roller, which feeds sig-
nals into the logic circuits controlling

power to the reel motors, the pinch
roller, and the tape -lift solenoids. On
each side of the idler rollers is an idler
wheel which is on a progressively -
sprung tension arm. This is part of the
tape tension control system of the
A700, where the tension is constantly
measured and maintained at opti-
mum value by two closed -loop ser-
vos, each consisting of both the tape
tension sensors, motor control cir-
cuit, motor control amplifier, and the
reel motors themselves. All this adds
up to fail-safe tape handling logic and
very smooth spooling. The system is
so good that on fast forward and re-
wind the tape pack is as free of "ridg-
ing" as normal play winding.

Located with the speed change but-
tons on the right side of the unit is a
tape timer of the type found on the
professional Studers. The readout is in
minutes and seconds, with real-time
indication at 71/2 ips. Accuracy is
stated to be within 0.5%, and when I
checked it against my stop watch, it
was only 14 seconds fast in a half-hour
program. A central grouping of five
illuminated pushbuttons comprises
the normal tape motion controls. On
the left of the machine are illumina-
ted pushbuttons for special opera-
tion controls. The pause button remains
in effect as long as it is depressed
and operates on all main trans-
port modes. After release, the con-
trol logic switches automatically to the
previously selected mode. By push-
ing the repeat button, the transport
switches for rewind, releasing it se-
lects the play mode. Using tape with
translucent leaders at both ends and
pressing the auto button enables the
tape to be played, then rewound and
played again, endlessly.

How good is the Revox A700 tape
transport? The specs state a weighted
peak flutter of less than plus or minus
0.06 percent, but a friend with a qual-
ity flutter bridge measured it consist -
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this is
allwe viant to do.

But perfectly.
The engineering of high-fidelity turntables is a technical

and controversial subject.
But the concept of a perfect turntable is perfectly simple.
Since a perfect turntable is what we at Garrard have been

striving to make, we'd like to communicate this concept to you as
unequivocally as possible. Then all the claims and counterclaims
you hear will fall into place.

Think of it this way:
A phonograph record doesn't know and doesn't care what

kind of mechanism is
spinning it,

as long as it's
spinning properly. If your hand
could turn it at exactly 33' 3 RPM, without
the slightest fluctuations in speed, and keep
it moving in the horizontal plane only,
without the slightest jiggling or vibra-
tions up-and-down or sideways, you
could expect perfect reproduction.

Similarly, a phono
cartridge has no idea what's
holding it in the groove,
as long as it's properly held.
If your other hand were
holding it, correctly aligned,
with the right amount of
downward force and with-
out resisting its movement
across the record, it would
perform faultlessly.

That's really all
there is to it.

The basic point is that the
turntable and tonearm have exceedingly
simple and purely mechanical functions, just like
a chemist's analytical balance or a gyroscope. That's
why turntable manufacturing is, above all, a matter
of precision and integrity, with the emphasis on
perfect operation rather than hi-fi pizzazz or
features for features' sake.

Of course, theoretical
perfection in an actual mechanical

device is an unrealizable ideal. But even
though 100% is impossible, there's a big difference between
99.9% and 98%.

It's in this most fundamental sense, we feel, that
Garrard turntables are in a class by themselves.

For example, in the case of the Zero 100c changer and
the Zero 100SB single -play automatic, tracking error has been
reduced to a virtually unmeasurable quantity (in effect, zero)
by the geometry of the tonearm design. Rumble, wow and

flutter figures are also coming ever closer to theoretical
perfection in these and other top Garrard models. (The

Zero 100c and the Zero 100SB are both priced at $209.95.)
To a less spectacular degree, the lower -priced

models, from $49.95 up, also come quite close to the
theoretical ideal because of this emphasis on

fundamentals.
Remember: all we want is to make your

record revolve perfectly and to position your phono
cartridge perfectly.

And we're
almost there.

For your
free copy of
The Garrard
Guide, a 16 -page
full -color reference
booklet, write to Garrard,
Dept. G-I, 100 Commercial
Street, Plainview, N.Y 11803.

Division of Plessey Consumer Products.

Check No. 13 on Reader Service Card
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4300.
The non-stopleac.

One of the greatest things about
tape is listening to music that you per-
sonally have selected and sequenced.
But wouldn't it be nice to have a tape
recorder that didn't require you to stop
whatever you're doing tb turn the
tape over?

Our 4300 will do that for you. It will
play both sides of a tape, one after the
other, for as many times as you like -
so you can listen non-stop.

And so you can do that for as long
as you like, it's a typical TEAC. We've
been building 3 motor tape recorders
like the 4300 for over 20 years now.
Any group of persons who work
together for that long develops tradi-
tions. One of our's is to make our
products work well- for a long time.

It's uncommon in a plastic world to
design a product to be repaired rather
than replaced - even more so to make
it worth repairing. But another tradi-
tion we have developed is to keep

replacement parts in stock for at least
five years after any product is no
longer made. Your 4300 may be the
last tape recorder you'll ever buy.

But we can't describe most of the
reasons we think you'll like the 4300.
The performance. The solid precise
feel. The effortless operation. You really
have to experience these for yourself.

You can do that by calling (800)
447-4700 toll -free to locate your nearest
TEAC Retailer (in Illinois, call (800)
322-4400). But fewer than 10 percent of
the hi fi stores in the country are
authorized to sell TEAC, so please call.
The persons there will provide you
with specifications and a demonstra-
tion, and be helpful in general. They
want you to enjoy your music without
aggravation too - that's why they're
a TEAC Retailer.
TEAC 2 -YEAR WARRANTY

For two full years from date of pur-
chase any TEAC TAPEDECK returned
with warranty card and freight prepaid
by the original registered purchaser to.
TEAC or its nearest authorized service
station will be repaired free of charge
for defects in workmanship or material.
The same applies to TEAC car stereo
decks for a period of one year. This

warranty only covers TEAC products
purchased in the U. S. A.

Check No. 29 on Reader Service Card

T E AC®
The leader. Always has been.
TEAC Corporation of America. 7733 Telegraph Road, Montebello, California 90640.



ently around .02- .03 percent. All in
all, the tape transport of the A700 is
one of the most advanced yet offered
to the public and I found that it oper-
ated flawlessly.

As with most of the tape transport
controls, the record and play elec-
tronics, and all special function (such
as stereo multiplay and echo effects)
electronics are on PC boards. The bias
oscillator frequency is a high 150 kHz.
Studer has kept to the use of metal -
laminate heads, and with the servo

tension system gets a good tape head
wrap for smoother low frequency res-
ponse and extended high end res-
ponse. It is interesting to note two
other things about the heads. One is
that Revox states there is room in the
head/electronic complex for "extra
electronics as necessary in later mo-
dels." The other is that the die-cast
head support is quickly interchange-
able. One can but speculate that all
this is in anticipation of a four -chan-
nel model.

Which speaker looks like
it sounds the best.

EPI 110 HARTLEY ZODIAC '74 ADVENT"LARGER"

Most audio experts agree: the bigger the box. the
bigger the sound. A bigger cabinet means better bass
response.

So when we designed the Hartley Zodiac 74 to
compete with other popular bookshelf speakers. we made
it bigger. By using only a few more inches of your shelf
or floor, we give you Twenty-five to Sixty percent more
cabinet than our competition. And more cabinet means
bigger sound.

' Our cabinet is only part of a two-way speaker system
that gives clear, sharp response from 30 to 25.000 cycles.
We build our Zodiac speakers in asymmetrically matched
pairs for better sound dispersion. We use only top
grade walnut veneers and a unique acoustic foam grille.
And we back them with a Five-year warranty. Five -years.
not Two or Three.

We do all of this for about the same price as our
competition. You see. we believe when you spend your
hard earned dollars for speakers. you deserve the
biggest sound your money can buy.

Hartley Products Corporation
56 North Summit Street. Tenafly. New Jersey 07670

(201) 871-3442

The A700 input and output con-
trols consist of both rotary switches
and slider -type mixing pots. The en-
tire mixing/electronics chassis is re-
movable for servicing. There are four
balanced 50-600 ohm microphone in-
puts with high- and low-level switch-
ing. A phono input preamp for mag-
netic cartridges with RIAA equaliza-
tion is provided as well as two high-
level line inputs. The four slider fad-
ers are under the control of a stereo
master slide fader. Also unusual for
this kind of recorder is the provision
of bass and treble controls. Main
reason for them is that there is an out-
put controlled by a slide fader for
connection to a fixed gain amplifier,
such as Revox's A722 model. Line out-
puts A and B on the A700 have a fixed
output level at plus 6 VU correspond-
ing to 1.55 volts.

The VU meters are horizontally op-
posed, and unlike previous Revox
machines, the meters read the play-
back output. In addition to the regu-
lar ASA VU indication, there are two
red LED overload monitors, set to
peak at plus 6 VU.1 hooked up an ex-
ternal meter, and fed some signal to
the recorder and sure enough, the
LED's blinked on at exactly plus 6 VU!

As to performance, the Revox A700
is a winner. We have already covered
the wow and flutter figures. The fre-
quency response from tape is speci-
fied as 30 to 22,000 Hz, plus 2, minus 3
dB at 15 ips; 30 to 20,000 Hz plus 2,
minus 3 dB at 71/: ips; 30 to 1600
Hz, plus 2, minus 3 dB at 33/4 ips. I

copied some wide -range master tapes
on the A700, and the copy was liter-
ally a mirror image of the master. I

checked the playback frequency res-
ponse with my Magnetic Reference
Library alignment tape, and the A700
was flat within one and a half dB from
30 to 20,000 Hz. Distortion is stated as
less than 2 percent at plus 6 VU. I

made some live recordings and deli-
berately activated the LED monitors
without hearing anything approach-
ing distortion. I used Ampex 406 tape
in recording, which is close enough to
the 3M 206, for which the unit was
biased. With a claimed minus 65 dB
S/N (ASA, A weighting), the tape cop-
ies I made had the slightest extra whis-
per of hiss compared to the very quiet
master. Well, noise has to increase 3
dB, but I think the S/N claims are
reasonable. All the controls acted
smoothly, and it is a joy to see such
precision tape handling. The record-
ings I made were beautifully clean
and there is no question in my mind
that the Revox A700 is a very strong
competitor for leader in its price
range. `4

Check No. 1 5 on Reader Service Card 18 AUDIO  JANUARY, 1975



BEFORE WE MADE THE NEW YAMAHA RECEIVER,

WE MADE THE ORCHESTRA.
The new Yamaha receiv-

er and other stereo com-
ponents emerged from a
unique eighty -year involve-
ment in music and sound.

Years ago Yamaha estab-
lished new standards in
wind instrument precision,
piano sound, guitar crafts-
manship, organ electronic
technology.

Our engineers didn't just
sit down and create those
standards-they evolved
them, and the same is true
in their latest audio achieve-
ments.

To reach their goal of
maximum truthful repro-
duction, they had Yamaha's
three-quarters of a century
sound experience to draw
from.

And they developed new
technology to match and ex-
ceed the kind of quality
performance (low distor-
tion) usually found on
"separates" at the high-
est price levels.

A New Engineering.
They developed a new

kind of engineering philos-
ophy, too.

Because they conceived
this quality standard not
for just the highest priced
Yamaha components, but
for the whole line!

The result is low distor-
tion performance, typically

at .08%, available to receiv-
er and amplifier buys ,r
in all competitive price
ranges.

Compare the specs on the
new Yamaha components to
any of their competition.

But don't stop there-
compare them to your idea
of an ultimate component
selling for any price.

We're confident of the
outcome.

FM STEREO

AFC/STATION

POWER

f

The Powerful Truth.
The new Yamaha CR -800

receiver, for example, packs
a powerful 45 watts per
channel RMS (both chan-
nels driven, 8 ohms, 20-20
kHz) to give you the full
force of a big crescendo, or
full audibility of a delicate
piccolo solo.

Sophisticated Tuner.
The CR -800's FM tuner

section is the first to utilize
negative feedback around
the multiplex demodulator.
This achieves superb sepa-
ration (45 dB) and reduces
MPX distortion to 0.05%.
And Yamaha Auto Touch

tuning allows the electron-
ics to fine tune the station
for minimum distortion ( and
keeps it there) .

Ten position control.
Loudness control takes

speaker efficiency, room
acoustics, and other factors
into consideration, to give
you the tonal balance of
lows, middles, and highs you
like at all volume levels.

PLAY SOURCE PLAY
A I 8

DUB
DUB

A.8

Multiples and Mixes.
For the multiple tape

deck owner, the 800 has a
five -position tape monitor
selector to easily control
two stereo tape record/
playback circuits for record-
ing on one or both decks
simultaneously, for copying
from one recorder to an-
other, or for reproducing or
monitoring on either.

Other features include a

separate microphone pre -
amp and volume control, a
two -position low filter (20
Hz -70 Hz) and a two -posi-
tion high filter (8 kHz -
blend). And L E D's for
critical indications.

Homemade Philosophy.
The 800 fully incorporates

all the years of electronics
technology, metal working,
machining and wood work-
ing pioneered by Yamaha in
the music field.

Most of the various parts
of Yamaha stereo equip-
ment are made by Yamaha,
in our own facilities, for
stronger quality control.

And like Yamaha music
products, Yamaha compo-
nents are covered by an un-
usually long warranty -5
year parts, 3 year labor -
and'a national service and
dealer network.

Audition the Yamaha CR -
800, and all our new com-
ponents, at your nearby
Yamaha dealer.

C#1YAMAHA

Check No. 42 on Reader Service Card



Audio ETC

HINDSIGHT: Nothing is quite so
dramatic as hindsight-when it
suddenly reaches a moment of

maturity. To my way of thinking, our
most recent hi-fi revolution, quadra-
phonics, has now reached that mo-
ment. And do we need hindsight! We
aren't doing too well.

Hindsight, of course, requires time.
We've had more than five years of it
now, and things are getting hinder
and hinder. Everybody's now talking
hindsight and so, me too. It's the
quadraphonic news for 1975 and we'd
better read all about it if we want to
survive.

Well, we can't do one little thing
for the past that is passed. But we can
talk future; since I'm traditionally the
kibitzer on the sidelines, here I go.
Granted, I didn't do any of the heavy
work that got quadraphonics out of
the mind into the lab and from there,
painfully, onto the bumpy road to
market. So I bow to those who did
and trust that they won't get all het up
at what follows. Fantasy! As of the
past, anyhow, totally impractical and
you don't have to tell me so. Never-
theless, I sense a usefulness at this
point, in terms of the still wide-open
future. Suppose we could do it again
with all the insight (hindsight) of 1975
and none of the restraints, practicali-
ties, and what -not that held us to what
we actually did. Here's what I think
we "should" have done or not done.
Brace yourself.

1. No basic disc quadraphonic sys-
tem should ever have been launched
until the circuitry involved had been
reduced to chip form, the chips them-
selves were developed, in produc-
tion and ready to roll straight into
equipment.

(Utterly impossible! Well, of
course. That's what I mean. Still, if it
only had been possible....)

2. No matrix disc system, whatever
type, should have been launched
without a completely developed logic
circuitry AS A PART OF THE SYSTEM,
both the basic matrix and the logic re-
duced to IC chips. The plain non -
logic -assisted matrix should never
have been considered acceptable for
hi-fi equipment. The unadorned
matrix, indeed, should have been re-
served strictly for minimum -cost use

Edward Tatnall Canby
where severe compromise was a
necessity.

(Sorry, fellas! It had to be said. It
ought to be said, it's now totally clear
that logic assistance, in one form or
another as presently developed, is es-
sential to the 4-2-4 matrix concept if
the product is to keep its competitive
position. With logic, in all its 1975 -plus
maturity, matrix remains a formid-
able system for the home.)

3. Turning to an ancillary but cru-
cial area, no quadraphonic home
equipment should have been intro-
duced before a new Single four -
channel cable and connector system
had been agreed upon as an industry
standard for this country. ONE cable,
ONE connector at each end, for each
quadraphonic signal.

Problems? Of course. But the pre-
sent super -spaghetti cable system,
born too hastily out of mono and then
stereo, is an abomination. For each
quadraphonic signal we now use
FOUR cables and EIGHT connectors!
Multiplied to the Nth as between
whole groups of componentry, you
have a snarl-up that shouldn't have
happened to a hi-fi dog.
Unbelievable. And enough to put an
enormous dent into customer good
will. It put dents into mine, I tell you. I
positively dread making major
reconnections.

4. In a further vein of simplification
(and here subject to engineering
opinion in detail), I reel that no
quadraphonic equipment should
have been launched until a maximum
range of really subminiature, totally
updated amplifier/pre-amp elements
had been developed especially for
quadraphonic-maybe chip -type
and/or op-type-and these made
ready for mass production, so that
from the very beginning, four
channels of operative circuitry could
replace the two of stereo with, if
anything, a saving of space and of
cost.

Now we get to a real nub. You see,
from the start we should have been
ready to counter those pat arguments
that we knew would surface immed-
iately-four channels are twice two,
and twice too much, too big, too ex-
pensive, too clumsy, too complicated
etc. etc. The whole point of "four -

channel" should be that, with up-to-
date technology, multiple circuits are
now smaller, cheaper, simpler, etc.
etc., than single circuits once were.
Space technology. Computer
technology. What else? We should
have been onto this right at the begin-
ning, both as a goal for development
and as a point for crucial public
relations.

We still today seem to think that
quadraphonic equipment should look
big, look impressive and complex.
Maybe it has to, in order to enclose all
those snarls (pardon me!) of parts
inside. Maybe it has to look that way
so we can charge the big prices that
we must charge. (There's a vicious
circle for you.) Couldn't we have
managed better? Think of the mini -
calculator. Now there's a splendid
example of the new electronics in a
proper package. And the public is
wild abut it. So tiny! So much inside!
And, of course, so easy to use. There's
the clincher. Now our own field ad-
mittedly isn't that simple in the func-
tioning. No aesthetics for them, no
compatibilities, and so on. Yet there
in miniature is the sort of image we
should have worked for, right from
the earliest stages of quadraphonic
development. We didn't. Our
product, still, is monstrously huge for
its essential content, and the public
knows this and doesn't much like it.
So far, we have missed our chance to
promote the small image.

Foresight
So we edge into foresight, born out

of hindsight. Though I know my
suggestions are after the fact, I am
serious in that it isn't too late to turn
past into present/future. Yes, I am
aware that, for instance, the idea of
logic assistance to a matrix wasn't
even concievable for most of us back
five years ago-so how could we have
developed a logic chip? And if we
had, then the facilities for chip
production would have been notable
for their absence. I expect, too, that
under the intense pressure to get
along with yet another major over-
haul in our "system," most engineers
and designers just had to make do
with whatever ingenuity they could
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Not for everyone, it's true. But for those sophisticated audiophiles who can appreciate
the 0.0024% tuning accuracy of the 700T Frequency Synthesizing Tuner ... the exceptional control

flexibility of the 700C Preamplifier -Control ... the masterful power of the 700M Main Amplifier with its
incredible 170 watts per channel Min. RMS (at 8 ohms, 20 to 20,000 Hz with no more than 0.1% total harmonic

distortion) ... KENWOOD proudly presents the 700 Series. Priced approximately $2150.

For complete information, write...

KENWOOD
15777 S. Broadway, Gardena, CA 90248  72-02 Fifty-first Ave., Woodside, N.Y. 11377 In Canada: Magnasonic Canada, Ltd.
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muster up, and to heck with the ideal.
The pressure hasn't let up for an
instant, so I expect we are still doing
the same. Believe me, I am pro-
foundly in sympathy with those on
top who are at the bottom of this pile.
(It's that mixed up, after all.) But-on-
ward and upward we go. Hindsight,
then, into foresight and about time.

Look further into that past. A lot of
heavy thinking has gone into
quadraphonics in these last five years.
This thing has been a monster, riding
its very creators onward with a rush
into constant new perceptions, new
vistas. We can remember the steps, as
basic matrix after basic matrix
appeared, all fuzzy, then ever more
clear and precise; and then we moved
onward into the modifiers, the logic
circuits, at first crude (and nobody
thought they would amount to
much), then astonishingly more so-
phisticated. And meanwhile, over in
CD -4, those monstrously big inciden-
tal problems and the same sort of
enforced hurry and pressure-let's
get things on the road (and fix them
up en route)-that plagued the matrix
rivals. And the equipment makers,
never knowing which way to jump or
whether to jump-it was really awful
and a wonder we all survived.

Meanwhile down in the lab the
possibilities opened up astonishingly.
Here, the pressure was good. The
people who were working well ahead
of the market, into basic primary
concepts, had enough corporate in-
sulation around them to protect them
from hysteria. The speed at which
every aspect of disc quadraphony
opened up in those years is to me one
of the miracles of human accom-
plishment. Good people, working
with adequate means and at top brain
efficiency. But, can you have hind-
sight ahead of time?

Today, we have reached the point
of consolidation. True, the more ad-
vanced logic circuits and wider-cap-
ability CD -4 demodulations are still
"breadboard" and may not reach
practicality and into saleable equip-
ment for quite some time. Yet, we are
reaching into the area of diminishing
returns. The basic approaches are
pretty much set. Modifications will be
increasingly a matter of refinement
and simplification. That's why we can
now turn hindsight, impracticality,
into foresight and practicality. We are
ready.

Our logic thinking is now mature
enough, in the several approaches, to
consign to those essential chips. The
matrices themselves are already in the
"frozen" state and into chip format.
The CD -4 demodulator circuits are at
the same stage, already into their first
chips, again "frozen" into a hope-
fully workable mass -production form

at really low cost-once things get
going. We are now safely beyond the
stage where extremely flexibility is

essential. We had to go through it. All
in all, we did it in a remarkably short
time. A triumph, no less, in spite of
the rival systems and corporate
battles. Let's be positive.

The whole key to the rescue (I use
the terms advisedly) of quadraphonic
sound on the market, then, is in this
update simplification, from stem to
stern, via every known twist and trick
of the new technologies for man-
ufacture. Now, we can freeze our
varying circuits. Now, we really are in
a position to convert quadraphonic
equipment into what it ought to be,
and must be, a line of products that is
in every way simpler, less clumsy,
even (relatively) less expensive, than
former stereo equipment. We are
ready for an avalanche of IC chips,
which will be the main -stay in a re-
markable conversion, if all goes well.
And, surrounding the chips, every-
thing else that I wouldn't even know
about which would contribute to,
shall I say, circuit coagulation-mak-
ing the inherently complex four-way
signal message act more and more
like the one signal that it really is, and
yet, of course, still a :ing like four.

We've been talk of matrix tech-
niques as the 4 approach. Four
channels of sound into two (on disc)
then back to four. Let's modify that
thought and say that what we want
now, in the entire system and es-
pecially in the home equipment, is 4-
1-4. Yes, we start with four channels.
Then, in terms of the equipment itself,
in terms of its home use by our listen-
ers, we treat those four channels as
though they were one-and as simple
and as cheap as one. We can always
dicker with them separately when we
want to, if we want to. Let us relegate
as much as possible of the four-way
adjustments to the "automatic" or
standardized situatio;i-so the
listener doesn't have to think and
diddle with knobs and connectors.
Four into one! That's for practicality.

And then, of course, back into four
in the listening, with all the power of
four that we have been rightfully
trying to promote. 4-1-4.

Our present equipment, you see, is
absolutely right-for one special seg-
ment of our market, the confirmed
gadgeteer. Ideal! He is a very real part
of the hi-fi business, and no com-
plaints. People who like hi-fi gadget-
ry have lively minds and vivid bank
accounts. The more sophisticated is

our production for them, the happier
they are. Why else $1,000 FM tuners
and cassette players? Why else our
present immensely impressive control
panels for quadraphonics with those
rows and rows of switches and but-

tons? We are courting the super -
gadgeteer, the brainiest, wealthiest,
most knowledgeable gadgeteer, and
we are getting him, too. But are these
people all we need?

Please, what about that very large
percentage of stereo users-you
know the percentage-who now stick
obstinately to stereo because, thank
you, it is entirely adequate for them.
They are the bigger market. As we all
know, they are not convinced. They
have those feelings, that quadra-
phonics is twice too much, too com-
plicated, and so on We ask for it.
Our present equipment mostly looks
it, and is priced for it. Our stereo
equipment is just fine as a counter-
productive argument! Get stereo-it's
reliable and right.

But note that we were able to con-
vert these very people from mono to
stereo, back a dozen years. Not mere-
ly to stereo equipment but, more
important, to a real faith in the stereo
system. That was something. Now we
have the same problem again, in
remarkably similar terms. Quadra-
phonics must be like stereo only
better. Which does NOT mean more
complicated. Thus-we must make
some quick changes, now when the
time is ripe.

Send the big stuff, the fancy stuff,
back to the gadget people where it
belongs. (And think, with the new ICs
inside, how many more switches you
can put in.) Concentrate on a radically
different and new sort of quadra-
phonics, quadraphonics simpli-
fied-bend every effort and every last
IC towards the maximum advantage,
use every conceivable technology,
space, computer, what have you, to
make four channels work like one, so
that quadraphonics will seem to the
large public as easy, as simple, as in-
expensive (we hope) as stereo, or
even more so. And therefore a better,
newer bargain. It can be done, I think.

So let me rephrase my four points
of hindsight into points of foresight.

1. In the upcoming future there
must be a new kind of qudraphonic
equipment, radically simplified,
smaller, inexpensive and, first of all,
making use of advanced -model IC
chips for the major disc systems. (And,
when & if) for the tuner elements, as
possible.)

2. All matrix decode systems must
include AS A PART OF THE SYSTEM
the appropriate advanced logic, also
in IC form, the matrix and its logic to
be considered as one. No more plain
matrices! The sooner they depart, the
better. With chips, we can afford the
"works," with logic.

3. All manufacturers should con-
vert to an agreed SINGLE cable con-
nector system for the quadraphonic
signal. ONE cable, ONE connector at
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distortion, both channels driven, of So although it's easy to be
26 watts per channel (a 8 ohms, impressed by the sheer size of
20-20,000 Hz. FM Sensitivity(IHF) a company or the weight of its
of 1.9 uv. Alternate channel advertising, when you get right
selectivity of 65 db. Front panel down to it, performance -per -
switching of 4 -channel decoder dollar makes it all hi-fi ho -hum.
(which doubles as second tape
monitor). FM muting switch.
And a Tape Dubbing feature.

What's more, the S-7210 is
built with the most advanced
componentry. Integrated cir-
cuits, FET circuitry, solid-state
ceramic FM IF filters.

All for under $300.

Sherwood Electronic Laboratories
4300 N. California
Chicago, Illinois 60618

Sherwood.
The word is getting around.

Hi -Fi Ho -Hum
Competing with the giants in a
giant industry is no small task.
Which should explain why we
at Sherwood feel a sense of
accomplishment.

After all, we can't invest as
much in advertising as the
larger manufacturers. Nor pro-
duce as many different types
of equipment. So we certainly
can't come close to matching
their total sales volume.

Yet, we've steadily gained
leadership status in the field of
high fidelity electronics. For
one simple reason:

Dollar -for -dollar, Sherwood
provides more power and greater
performance in its products
than anyone else.

You can prove this by com-
paring our products with others
in the same price categories.
The S-7210 is a case in point.

It has minimum RMS power
output 0.8% total harmonic
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THE

SOUND VAULT

Every UD cassette gives you
stainless steel guidepins to keep your

recordings secure.
Tough steel pins form port of the

internal security system inside every UD
cassette.

They make sure your UD tape
runs smooth and winds even. (Ordinary
cassettes hove plastic posts that can
wear out and cause wow and flutter.)

These steel pins are another reason

your Ultra Dynamic cassette captures
the very best sounds (both high and low)
your equipment con produce.

Use Maxell Ultra Dynamic ccssettes
and you'll always ploy it safe.

Maxell Corporation of America,
Moonachie, New Jersey 07074. Also avail-
able In Canada. maxell

For professional reccrdings
at home.

Check No. 21 on Reader Service Card

each end, for the four-way path.
Conversion cables should be available
for hooking into older equipment,
perhaps at cost to bolster consumer
confidence.

4. Simultaneously with the above,
the main amp/preamp circuitry
should be overhauled for radical
miniaturization and/or IC con-
figuring, so that four channels can go
into even less space, and hopefully at
less cost, than ONE channel in former
days. Not to mention two. Again, the
intent is to outdate stereo-to make
stereo look big, clumsy, expensive. A
tough goal, but a shiny one! Keep the
mini -calculator in mind. The mini -
quadraphonic amplifier?

And mind you, no more of those
"composer" circuits. Educate the
public to understand that both SQ
and QS with their logics can do
magnificent things for stereo discs,
and differently enough to satisfy 99
percent of the listening clientele.

Now surely is the time to get going
on all these things, if & where we
haven't already. All the elements are
coming into place, primed and ready
to go, technically speaking. It is now
or never, if quadraphonic sound is to
evolve as a major part of the whole of
our business. So easy for me to look
ahead, of course! I'm like the
cheerleaders-team, team, team! But
just take the proverbial gander at all
the lovely stuff I see in my mind's eye.

Neat, handsome little boxes (I see
them decorously black, for some in-
ner reason), maybe two thirds the size
of corresponding stereo com-
ponents. Modest controls, con-
sciously simple in aspect, deliberately
so. On the rear, very few sprouting
cables, fewer than in most
stereo-more like the old mono (see
point 3). That will inspire confidence!
On the function switch, a full and
equal choice of major disc systems, all
on a maximum of three switch points
(leaving out the upcomers for the
moment). QS, SQ, with their built-in
logics. CD -4. All three in chips. Or
maybe only two switch positions-so
simple! CD -4 switches in auto-
matically when the recorded "pilot
tone" begins.

These whole systems, on display
(and in the home) would intentionally
look simpler and less cluttered then
stereo and I can think of nothing
more vital than that to promote the
glories of quadraphonics to the larger
audience. It's just a matter of getting it
done-which (bless me), is your
problem, not mine. Be hopeful.

Loudspeakers for these new
systems? A separate subject. The
aesthetics of quadraphonic re-
cording via matrix and via CD -4? But
definitely, another subject and a big
one. See future issues.

24 AUDIO  JANUARY, 1975



Box 88, Blackwood, N.J. 08012
Also available'in Canada from Dynaco of Canada Ltd.

A+ONC

BRECtAt,

,,ONi7Dq

ADE

Tan py

UnUONEB8

ON OCR

BALANCE

BASS

eiyAOCQ
4 -DIMENSIONAL

AMPLIFIER

Rot p

NAR 0 RLAT

pUWISLE

MODE

MONO
STEREO

BLE NO

SPEAK ENS

NULL MU

POUR

dynacosca-8Oq
amplifier kit
Value-the SCA-80Q is the only 4-D amplifier in kit form and for the
same cost as a similar two channel amplifier. From a built-in de -matrix
circuit at the output ohe amplifier, connect four speakers (such as the
very popular DYNACO A -25s). Uncover hidden concert hall ambience in
many conventional two channel discs, tapes and FM broadcasts and
recreate the original sonics with new 4-D recordings. Or use two
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ful engineering, low distortion and superb versatility go together to
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$185.00 kit; $299.00 assembled
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Editor's Review

IT HAS BEEN several months since we last pub-
lished an editorial, and if this month's Editor's Re-
view seems rather fragmented, it's because we've

got a lot of ground to cover in catching up with
events.

First and foremost, we need to issue an apology to
M.P. Moller, Inc., of Hagerstown, Maryland, and to
the Curtis Institute of Music here in Philadelphia for
what one reader-apparently fond of mixed meta-
phors-called "visual hoof -in -mouth disease." In
our blithe ignorance, we set about looking for the
prettiest organ in Philadelphia to photograph for the
cover of our November issue, which was devoted to
electronic organs. As you might guess at this point,
the handsome five -manual organ on that cover is a
Moller and located at the Curtis Institute. What we
were ignorant of, and here we'd best quote a Moller
representative, was "the incongruity of the console
of a very important pipe organ being used to fea-
ture a special issue on electronic organs." Our sin-
cere apologies, therefore, go to both the Moller and
Curtis folks, with a footnote that we still think the
photo made a very handsome cover.

Anniversary
Would you believe that the Schwann Record

Catalog is 25 years young? You'd best, 'cause last
October's issue was the Silver Anniversary number
for that fantastically detailed compilation of LPs, 8 -

tracks, and cassettes. That first edition, from Oc-
tober, 1949, say the Schwann folks, contained 26
pages, was hand typed by William Schwann himself,
and listed 674 records from 11 record companies.
The monthly Schwann-1 presently lists more than
47,000 recordings on 773 labels, and is printed using
computer techniques. Our belated congratulations.

Reader Service Cards
Many readers apparently believe that the

brochures, spec sheets, and other items of product
information offered through our Reader Service
Card are actually stored here in the editorial offices,
and that we are physically responsible for sending
the data on to the reader. Not true, though we do
generally receive one of two samples of this sort of
material by way of press releases.

What actually happens is that the cards go to a
special post office box, where they are collected

regularly by representatives of a firm specializing in
reader service card work. The names and addresses
are typed from each card onto a computer tape and
then printed on individual mailing labels placed to-
gether on large sheets. Each of these sheets repre-
sents all of the people who have ticked off Number
XYZ on the card to show they want data on the
Ultima One receiver. This process is performed
many times each month, and cards are accepted for
two months beyond the issue date.

The sheets containing the names and addresses
are then mailed to the various manufacturers for
actual fulfillment of the request for a brochure.
Some firms choose to send the names on to a local
dealer, but most prefer to send out the product in-

mation themselves.
The system is not foolproof-for many reasons.

ome folks have handwriting which is difficult to
read; they sometimes put down the wrong address;
firm; can run out of items to mail; products are at
times withdrawn from the market. All we can really
say in defense of the system is that it does
work-usually-and that if you don't receive your
product flyer the first time around, give us a second
and maybe a third chance.

Armstrong Awards
The 11th annual Armstrong Awards program for

excellence in FM radio programming has been an-
no+,nced. Some $4,000 in prizes will be given to eight
wiiners in these categories: news, community serv-
ice, education, and music in commercial and non-
commercial divisions. Feb. 4, 1975 is the deadline for
entries, and forms may be obtained from the Execu-
tive Director, Armstrong Awards, 510 Mudd Bldg.,
Columbia University, New York, N.Y. 10027.

Convention Down Under
The Australian Institution of Radio and Electronics

Enginers has issued a call for papers for the Interna-
tional Electronics Convention, which will take place
from August 25th through the 29th at the University
of New South Wales, Sydney. Further information
may be obtained from R.S. Garland, General Secre-
tary, Institution of Radio and Electronics Engineers,
Science House, 157 Glouchester St., Sydney 2000,
Australia. (Now if I could just convince my
boss....) E.P.
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VVTFM , known for its high
quality signal, is first to convert
to the new Calibration Stanldard...
STANTON'S 681 TRIPLE -E.

Good muslc stations reed the best broadcast cartridges for audi`ion ng
original record ng3 and caking transfers as well as for cwt -the -air use.

Larry St-as:er, Chief Engineer of WTFM New York, states:
"I have beer impressed for years with the quality and dependability of

Stanton s broadcast cartridges. Naturally I wanted the improved version
for our station just as soon as it became available."

Stanton's 681 Triple -E offers improved tracking at all frequencies It
achieves perfectly flat frequency response to beyond 20 Kc. It features a
stylus assembly that possesses even greater durability than had been pre-
viously thought possible to achieve.

This came about because Stanton's engineers, who were deeply involved in
the development of Stanton's superb discrete 4 -channel cartridge, 780/4DQ,
achieved certain intricate refinements and sophisticated new techniques
that were equally applicable to stereo cartridge design and construction.

Each 681 Triple -E is guaranteed to meet its specifications within exacting
limits, and each one boasts the most meaningful warranty possible: ar in-
dividual calibration test result is packed with each unit.

You can enjoy the professional audio quality of Stanton products whether
your purpose involves Broadcasting or Home Entertainment.

Shown during the middle of a busy day's operation
are: Larry Strasser... Dean Anthony... Nell Bassett
...Gerald Janes...Michael Marion...Walter Mason
... Sharor Ritterband ...Sandy Rosen.

STaNTOI]
Write 'ocay for further information to
Stanton Magnetics Inc., Terminal Drive,
Plainview, N.Y. 11803.

Check No. 27 on Reader Service Card



QUALITY
AM

RADIO
George McKay, Jr., W6WXG

as told to Larry Engard

Mfr®.

RE YOU satisfied with what you can get on the radio?
A little disenchanted with the FM programming?
Think it is useless to try the AM band because of the

interference, electrical noise, distortion, and lack of fidelity
and signal quality? A lot of people will agree that AM pro-
gramming has a lot to offer. Many top radio personalities are
on AM. All of the sports shows are on AM. There is a greater
variety of types of music programming on AM. The top net-
work news programs are on AM.

With all of this going for it, what is the state of AM broad-
casting? We hear a lot of people putting AM down, saying it
is over the hill, that all that is new and good is on the FM
band, and AM is losing popularity. Is this all true? Let's take a
good, close look and see!

The AM transmitting equipment in use today can send out
a signal that is flat 50 to 15,000 cycles. The transmitted signal
is clt_á'., distortion free, and full fidelity, except for the case
of some few small local stations.

How about on the receiving end? All -band portables and
automobile radios, for the most part, have good to high
sensitivity, fair to good fidelity with a compromise on band-
width, dial calibration is generally poor, and ease of tuning
is critical. In low-priced portables, table radios and the AM
sections of most AM -FM hi-fi receivers and tuners, sensitivi-
ty is low, selectivity is poor, frequency response is usually
flat only between 150 to 2500 Hz, and distortion is very high
with no shielding of electrical interference from floures-
cent and neon lights, motors, television sets, electric
switches, and all of the other electric consumer products
found in the home or office today. Here again, ease of
tuning is critical.

Let's pursue the question of programming a little further.
Duplication of FM and AM broadcasting occurs in some
small markets, but generally, the programming is entirely
different. Most networks, except National Public Radio,
have their best news programs on their AM affiliates. The
news shows are longer, more comprehensive, and more
current than the newscasts available on the FM band. AM
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stations have the top announcers and personalities, even
though we have recently seen several big names move over
to FM. AM has the talk shows, the phone-in programs, base-
ball and football games and all the other sports, the reli ;;ous
stations, the top 40, the MOR and the Country/Western
music. They are all on AM radio. There are several excellent
classical music stations broadcasting on AM. The popularity
of AM radio is attested to by the spending of the advertisers
dollars, among other things. The only thing FM radio has
that AM does not have is stereo and quadraphonic broad-
casting. There has been some experimentation with stereo
AM broadcasting in an attempt to keep up with the sounds
of FM stereo and quadraphonic.

However, it is not on the broadcasting end that the weak
link in AM is found. No matter how good a signal is broad-
cast, if there isn't a good antenna and receiver to pick it up
and translate it into a good audio signal, there will be , ,y
for the listener to know that the transmitted signal was
good. You cannot compare the signal of an AM station
received on a $25.00 AM receiver with an FM stereo signal
interpreted on a $300 tuner with amplifier and dual speak-
ers. Let me reiterate that most signals broadcast on AM have
as good a quality and fidelity as most signals broadcast on
FM.

Here arises another bit of fiction! We have all heard and
read that since distant AM stations are 10 kHz apart on the
dial, the FCC restricts frequency response of the AM broad-
cast signal to 5kHz. Since this is such a narrow bandwidth, it
would therefore not be sensible to make high fidelity AM
receivers. This whole supposition is fiction, pure and simple!
The picture shows me listening to a H.R. Scott receiver in
1936. This receiver had 23 vacuum tubes, and it was a high
fidelity receiver. There have been very few high fidelity AM
receivers marketed since then; however, it is a fact that back
then all locally produced network shows were high fidelity,
and all the Western Electric recordings in the 1930s' were
produced and broadcast in high fidelity. High fidelity in AM
broadcasting has been with us for a long time, is still with us,
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and I feel will continue to be with us for a long time to
come. FM broadcasting, it should be noted, did not begin
until January 1, 1941.

Now let's go back to the radio dial. When a station is
assigned a frequency, the geographic locations of other sta-
tions on the same frequency are considered, along with the
power of the station. Stations in the same geographic areas,
or with signal patterns in the same area, are separated on the
dial by at least 30 kHz, by FCC regulations. This broadens the
available frequency response area to 15 kHz. On clear -chan-
nel stations and regional stations, the frequency is usually
assigned so that the spread is more than 30 kHz. Therefore,
in theory at least, clear -channel stations are not limited in
station frequency response, though in practice they are
limited by complaints. A typical frequency response of an
average station can be and most generally is as high as 7,500

Hz, with clear -channel stations going up to 10 kHz.
What does this mean in terms of the human ear? Human

auditory capabilities generally range from about 60 Hz to 16
kHz, and many people do not hear the extremes at either
end. Therefore, that top harmonic between 7,500 Hz and 15
kHz amounts to very little actual difference. Now, if this
7,500 Hz signal of the average station is reproduced on a
low-cost receiver with a bandwidth of 2,500 Hz maximum,
the poor audio fidelity of the result should not be blamed
on the broadcasting station or AM radio in general.

Filter Bandwidth
Another area we should explore is bandwidth versus

fidelity. On AM you can have high fidelity with broad band-
width or low fidelity with a selective receiver with narrow
bandwidth. However, bandwidth does not affect distortion.
A high quality filter has a flat top and steep sides, as opposed
to the conventional type filter which gives a rounded cycle
type of picture. Figure 1 shows the differences in the two
types of filters. The frequency response is represented by
half of the bandwidth, which is represented by the "top" of
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the filter picture. On the flat -top filter with the steep sides,
the "top" or bandwidth can be quite broad and still serve
the purpose of eliminating unwanted interfering side
signals. On the normal round -top filter, we have to accept a
compromise between bandwidth and cutting off of inter-
fering signals from adjacent channels. Now, if we have a 13 -
kHz filter, this will give us a frequency response of 6,500 Hz.
A good AM receiver will, of course, have two bandwidths
available: a narrow or sharp position for distant and weak
stations, with a response of about 2,500 Hz, and a broad

RESPONSE CURVES
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ADJACENT CHANNEL
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r_
1

ADJACENT CHANNEL

NO INTERFERENCE

NO ROLLOFF OF FREQUENCY RESPONSE

HIGHER

SIGNAL STRENGTH

LOWER

-2, 4, 6.5, 10 kHz 0 +2, 4, 6.5, 10 kHz
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STATE OF THE ART AM RECEIVER

Fig. 1-Flat-top and rounded -top filter characteristics.

position responding to 9,000 Hz. A state-of-the-art receiver
should have several crystal filters ranging from 4 to 20 kHz,
giving the receiver a high fidelity range of from 2,000 to
10,000 Hz.

Another advantage of the flat -top filter is that tuning is
not critical. Setting the dial, or tuning, to any point within
the bandwidth range produces a perfectly good sound. The
volume does not necessarily peak at just one point on the
tuning dial. At times it is advantageous to tune to one side or
the other of the center frequency in order to avoid an inter-
fering signal. With a rounded -top filter, slight off -center
tuning to avoid interfering signals deteriorates greatly the
wanted signal. With a flat -top filter, you can tune out inter-
fering signals without losing quality of the incoming signal
over a much greater bandwidth range.

Antennas
One thing we haven't talked much about yet and which

has a great effect on our listening pleasure, be it AM or FM,
mono or stereo, is the antenna. The FM antenna, if one is
needed, should be placed as high as possible and facing the
transmitter tower from which the signal is being broadcast.
The antenna must be within line of sight of the transmitting
tower in order for a signal to be received. FM is limited to a
maximum distance from the transmitter of about 150 miles.
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On the lower power stations, the distance is much less. The
signal can also be disturbed or blocked out by such things as
mountains and tall buildings between the transmitter and
the receiver. On auto radios, either AM or FM, the antenna
installation is already done, and the only variable effect we
can have is dependent on where we drive the car.

With the average AM receiver or tuner, the placement
and installation of the antenna can, and does, have a vast
effect on the capture of the r.f. signal and the resultant
audio signal. The built-in loop -stick antenna that we find on
most AM sections is an adequate, but not really a very satis-
factory antenna. It is difficult to tune, subject to heavy TV
interference and electrical circuits in the area, and the sta-
tions you will be able to receive depend upon the position-
ing of the receiver in your home.

One alternative to the standard loop antenna is an out-
side long-wire antenna. First of all, you must have the space
to install it. It is usually out of the question in cities, apart-
ment buildings and other areas of high congestion. If you
have the area, you must get the wire up high above the
ground and string it between two conveniently located trees
or erect two towers or poles to hold it up. The lead-in wire
from the antenna to the receiver must be installed properly
to shield out unwanted interference. Altogether, installa-
tion of a long-wire antenna is a rather technical and time-
consuming undertaking, but it does work well-until the
first storm or heavy wind, then usually has to be re -erected.

One more -satisfactory alternative is the tunable loop
antenna. This configuration first appeared in the 1920s as a
large loop of wire mounted on the top of large table -model

Js. It could be turned by hand to act as a directional
Itenna to increase the incoming signals. The next step was
arrange the loop inside of large floor -model consoles,

with an exterior tuning knob to control the direction of the
loop. This arrangement appeared in the 1930s. Changing
furn':ure fashions and miniaturization of receivers made this
type of loop very impractical. The next step was a non -tun-
able loop of wire wound around the back cover or inside
the case of the receiver on a permanently placed, small fer-
rite stick. Neither of these arrangements offered any shield-
ing or adjusting, and it seems the listening public accepted
these mediocre arrangements and has become accustomed
to the lower fidelity reception that we normally get now on
AM.

Remembering the quality AM reception from the days of
my youth, we at McKay-Dynek decided that this quality was
still possible and designed an indoor, shielded -ferrite loop
a.-+enna specifically for AM radio listening. In simple terms,

,)tenna consists of a special, heavy, 3/4 -by -12 -in. high -
permeability ferrite rod encased in a shielded cover,
mounted on a swivel atop a tunable amplifier. The shield-
ing is constructed so as to allow the wanted r.f. signals to
reach the rod while shielding out unwanted distortion and
the antenna delivers a clean, interference -free, distortion -
free r.f. signal to the antenna posts of the receiver.

The next step we have to consider is what the receiver
does with this signal. If you have the average receiver we
talked about earlier, it cuts off the "skirts" of the signal and
limits the bandwidth. If you are trying to receive a distant or
weak signal, this would be acceptable. If you want a strong
station, whether local or distant and you want to hear the
full fidelity of the broadcast signal without the interference
and distortion normally associated with AM, you need a
receiver which doesn't cut the signal "skirts." Fortunately
there are a few units on the market today which don't do
this; McKay-Dymek's AM3 is one. The cost of this tuner is
quite high compared with what people are used to paying
for an AM radio. However, when you compare it with an FM
tuner that would give the same frequency response and the
same low distortion, the cost is comparable. For those
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AM Stations
North America
Clear channel AM stations,
Most with 50,000 Watts or more.
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whose tastes run to the very best available, Dymek will soon
announce a state-of-the-art AM tuner with crystal filters,
digital frequency readout, very low distortion, and many
other features. The price of this tuner will be comparable
with the better FM tuners, but still well below several FM
tuners on the market.

Stereo AM
On the subject of stereo, we mentioned earlier that there

have been some trial runs with AM stereo broadcasting. At
this point, it is not at all certain that the FCC will approve
AM stereo in this country. An AM station in Baltimore has
been doing some AM stereo broadcasting, but there has
been very little publicity about it. The only way to receive
AM stereo broadcasts in this country is to have two
receivers, one tuned to the left of the center of the signal,
the other tuned to the right. There is an AM stereo receiver
available in this country, but it is for export only in sample
quantities from Kahn Electronics, Inc., 74 North Main St.,
Freeport, NY 11520. Mr. Kahn also has a stereo AM trans-
mitter driver -modulator which goes for about $16,000. This
is available for foreign broadcasters only. Mr. Kahn says that
his new transmitting equipment is superior to his previous
model that has been in use by XETRA in Tijuana, Mexico.
Since AM does not require line -of -sight reception as FM
does, it is easy to conclude that if AM stereo does become
available and practical in the U.S., it will be preferable for
automobile listening and a valuable addition to a home
sound system for its varied programming.

There are a few other points I wish to make about AM
broadcasting in general. Amplitude modulation transmission
is actually a carrier frequency with side bands that is used,'o

transmit radio frequency signals in the electromagnetic
spectrum in a range of from 150 to 26,100 kHz in many
separate frequency bands. When we talk about the broad-
cast band in this country, we are covering only the range
from 540 to 1600 kHz which is usually referred to as the
medium wave band. In audio circles in Europe and North
Africa, the bands usually referred to are the long wave band,
from 150 to 300 kHz, and the medium wave band, 540 to
1600 kHz, The long wave band is used very little for broad-
casting except in Europe, North Africa, and the Soviet
Union. The main characteristic of the long wave band is that
it has very long range, during both daytime and nighttime
hours. We here in the United States may be losing a lot by
not using the long wave band to relieve some of the con-
gestion in the AM broadcast band. The range of this band is
put to good use by BBC Radio 2 on 200 kHz. They cover all
of Western Europe and the United Kingdom in the day time.

The medium wave frequencies of 540 to about 1000 kHz
have long range characteristics during daylight hours. From
1000 to 1500 kHz, the range that the broadcast signal will
cover shortens quite considerably during the daylight hours.
At nighttime, the clear -channel stations in the 540 to 1600
kHz band have very long range characteristics. There are
about 70 of these clear channel stations scattered around
the country, and their signals cover great distances. The re-
mainder of the 4,413 AM stations share their frequencies,
and dependent on their strength, location, signal patterns and
location, transmit their signals over a range as short as 5
miles and up to 100 miles from their transmitter.

There are a lot of AM stations out there in the 107 AM
'-ha--els on the broadcast band. With the proper receiving

.pment you can enjoy a lot of good radio listening.(

QUAD
Pow*, ... 

Wireless
It has been suggested that a perfect amplifier would he equivalent to a piece of
wire with gain.
A piece of wire? First orall it would hum, so we'd have to screen it. This would
increase the input capacity so we'd have to make the screening large or the
conductor small. Then we would have output resistance and, if of appreciable
length, we'd have inductance and termination problems as well. All in all a 303
power amplifier would be much easier.
The funny thing is; even if we had our perfect piece of wire with gain and
compared it with. a 303, the two would sound exactly the same no matter how
carefully we listened. QUADSend postcard for illustrated leaflet to Acoustical Manufacturing
Huntingdon PE18 7DB. Telephone (0480) 52561.

Products of the Acoustical Manufacturing Co. Ltd.
for the closest approach to the original sound. QUAD is a Registered Trademark



The Dual 1229Q. Why many music
lovers will settle for nothing less.

Many serious music lovers are not satisfied
unless every component in their system is the very
finest in its class, with cost secondary. The 1229Q,
Dual's highest -priced multi -play turntable, is one of
these "no compromise" components.

The 1229Q is a full-sized turntable with a
twelve -inch dynamically balanced platter that
weighs a full seven pounds. Its massive bluffer is
driven by Dual's powerful Continuous -Pole/
synchronous motor.

The 8-3/4" tonearm is mounted in a true
gyroscopic gimbal that centers and balances i
within both axes of movement. All four ion,arn
pivots turn on identical low -friction bearings
permitting flawless tracking at as low as 0.25
gram. And since a turntable of the 1229Q's calibre
is used most frequently in the single -play mode,
the tonearm is designed to track at precisely the
correct angle in that mode. With the exclusive
Mode Selector, tracking angle can be instantly
adjusted for correct tracking at mid stack in the
multi -play mode.

Low capacitance tonearm leads and an
anti -skating system with separate calibrations for
conical, elliptical and CD -4 styli, make the 1229Q
compatible with any stereo and four -channel
cartridge available or likely to be available in the
foreseeable future. Other features include a
calibrated illuminated strobe with adjustable
viewing angle, and cueing damped up as well as
down to prevent bounce.

The 1229Q is too new for test reports to have
appeared, but reports on its immediate
predecessor, the Dual 1229, indicate why it was
the largest selling quality turntable ever made.
Stereo Review called its rumble measurements
"among the best we have yet made on a
turntable:" High Fidelity said, "It takes one step
further the progressive improvements that have
made top Dual models among the most popular
turntables in component systems for the better
part of a decade, to judge by readers' letters."

Stereo & HiFi Times' noted, "I unhesitatingly
recommend it to anyone looking for the best
possible record playing equipment: And Popular
Electronics rated it "the equal of any combination
of record playing components known to us:

Of course, not everyone can afford the
1229Q's price: $259.95. But every Dual turntable,
starting with the 1225 at $129.95, provides the
same high quality materials, carefully finished
parts and meticulous quality control that have long
earned Dual its reputation for reliability.

Thus which Dual you select is not terribly
important. Your choice can be made in terms of the
level of refinement you require. And if, like many
music lovers, you require every refinement it is
possible to have in a multi -play turntable, chances
are you too will choose the Dual 1229Q.

United Audio Products
120 So. Columbus Ave., Mt. Vernon, N.Y. 10553
Exclusive U.S. Distribution Agency for Dual

Dual

Check No. 39 on Reader Service Card



dBs
Made

Simple

N THE popular literature for
audiphiles, writers have generally
skirted the task of explaining the

decibel (dB). They have contended
that a full explanation involves
logarithms and therefore is too tech-
nical for pages such as these.

To this I am compelled to reply
NOT SO! First, the decibel is well
within the intellectual grasp of those
who read these pages; it can be ex-
plained and understood without re-
course to logarithms or other mathe-
matical concepts more profound than
multiplication. Second, an under-
standing of the ubiquitous decibel is
too important to the audiophile to
deny him a full explanation. Where, in
any discussion of audio equipment's
specifications and performance, does
the decibel fail to appear?

The essential meaning of the
decibel can be summed up in two
brief statements, on which we will en-
large:

1. The decibel denotes a ratio
between two amounts of
power-electrical or acoustic power.

2. The decibel rests on the concept
of multiplication as the way to get

Herman Burstein

from a small magniture (of power) to a
large magnitude (of poM'r). Succes-
sive additions of decibels denote suc-
cessive multiplications.

If Harry has twice as much money in
the bank as Tom, the ratio between
their respective ban' 'ccounts is 2. If
Jack makes thre: nes as much
money this year as last /ear, 3 is the
ratio between his spending power this
year and last year.

Now let's talk about audio power. If
Amplifier A can produce 10 times as
many watts as Amplifier B, the power
ratio is 10. If Amplifier C can produce
50 watts at 1,000 Hz but only 20 watts
at 30 Hz, the power ratio is 2.5. The
notion of a ratio between two
amounts of power is straightforward
and simple.

In going from a low number to a
high number, we can do so slowly by
adding. Thus we can go from 2 to 16
by adding: 2+2+2+2+2+2+2+2=16.
Or we can proceed more swiftly by
multiplying: 2x2x2x2=16. In the first
case we are repeatedly adding a con-
stant factor, 2. In the second case we
are repeatedly multiplying by a con-
stant factor, also 2. When we use the

decibel, we are multiplying by a con-
stant factor.

Specifically, 10 dB signifies mul-
tiplication by a factor of 10. Every 10
dB signifies another multiplication by
10. For example, what does 20 dB
signify? 20 dB = 10 dB + 10 dB, which
in turn signifies 10 x 10, which equals
100. If Amplifier A can produce 10 dB
more power than Amplifier B, this
says that A can produce 10 times as
much power as B; in brief, the power
ratio is 10. If Sound C is 20 dB louder
than Sound D, this means that C is
producing 100 times as much acoustic
power as D; the power ratio is 100.

This simple yet very basic know-
ledge can be put in the form of Table
1A. In fact, we can put it into the form
of a brief rule, which applies when
converting 10 dB steps into power
ratios: For each 10 dB, add a zero to
the number 1. Thus 10 dB represents a
power ratio of 10; 20 dB represents a
ratio of 100; 30 dB represents a ratio of
1000; etc.

(Another, but seldom used, term
for 10 dB is 1 bel. This was named in
1928 in honor of Alexander Graham
Bell.)
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TDK ED: BEST
FREQUENCY RESPONSE.
FOR AN EXTRA BUCK.
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TDK ED tape was shown to have the best
frequency response of four leading cassette tapes tested
recently by an independent laboratory. The other three
were large-selling popular comp' itors, retailing for about
a dollar less than TDK ED. As you can see, their output
tended to fall off noticeably, 7 -the high frequencies.

Even a slight loss of high -frequency reproduction
can make a difference in clarity and detail to a
discriminating ear. That quality of life that music should
have just won't be there - the sheen on the violin note,
the glitter on the cymbal finale.

Conclusion? If you're serious about the sound of
music, try aTDK ED tape next time. It offers you that quality
of lifelike brilliance you
might otherwise have to buy a TIDK
ticket to hear. And we think
that's worth an extra buck.

Wait till you hear
what you've been missing:



What power ratio does 1 dB repre-'
sent? The answer is 1.26 (more ex-
actly, 1.25893). An explanation fol-
lows.

Keep in mind that the decibel
represents a process of successive
multiplications. 100 dB is produced by
10 steps of 10 dB each; correspond-
ingly, a ratio of 10,000,000 is pro-
duced by 10 successive multiplica-
tions by 10. In parallel fashion, 10 dB is
produced by 10 steps of 1 dB each;
correspondingly, a ratio of 10 is pro-
duced by 10 successive multiplica-
tions by 1.26 (If you have doubts, bor-
row a calculator for a few moments to
check the result of 10 successive mul-
tiplications by 1.25893.)

Our knowledge about the mean-
ing of 1 dB can be put in the form of
Table 1B. Together, Tables 1A and 1B

each 10 dB we add a zero to the
number 1. Therefore: 134 dB = 130 dB
+, 4 dB = 10,000,000,000,000 x 2.51 =
25,100,000,000,000 (power ratio).

Note how useful the decibel is in
succinctly expressing very high power
ratios. In the preceding example, 134
dB is a much more compact state-
ment than a ratio of 25,100,000,000,-
000.

Examples of the Decibels Use
* It has been stated that the

dynamic range of a symphony or-
chestra is about 110 dB. This denotes
the ratio between the loudest and
softest passages played. The corres-
ponding power ratio is 100,000,000,-
000!

* A tape deck claims a signal-to-
noise ratio (S/N) of 63 dB. Specific -

Table 1A-Translation of decibels into power ratios in steps of 10 dB.

Decibels Power Ratio Decibels Power Ratio
10 10 70 10,000,000
20 100 80 100,000,000
30 1,000 90 1,00,000,000
40 10,000 100 10,000,000,000
50 100,000 110 100,000,000,000
60 1,000,000 120 1,000,000,000,000

Note: To translate dB into power ratios, for each 10 dB add a zero to the number
a zero to the number 1.

Table 1B-Translation of decibels into power ratios in steps of 1 dB.

Decibels Power Ratio Decibels Jwer Ratio
1 1.26 6 3.98
2 1.58 7 5.01
3 2.00 8 6.31
4 2.51 9 7.94
5 3.16 10 10.00

Note: Each ratio, except the first, is obtained by multiplying t.3 yeceding ratio
the preceding ratio by 1.26 (more exactly, by 1.25893).

fully equip us to translate decibels
into power ratios:

* Assume a figure of 52 dB. Table 1A
shows that 50 dB represents a power
ratio of 100,000, while Table 1B shows
that 2 dB represents a power ratio of
1.58. Adding dB signifies that we are
multiplying the corresponding ratios.
Therefore we have: 52 dB = 50 db + 2
dB = 100,000 x 1.58 = 158,000. In sum,
52 dB represents a power ratio of
158,000.

* Assume a figure of 47 dB: 47 dB =
40 dB + 7 dB = 10,000 x 5.01 = 50,100
(power ratio).

* Assume a figure of 134 dB. This ex-
ceeds the scope of Table 1A. How-
ever, the table note states that for

ally, if a 400 Hz tone is recorded..` a
level resulting in 3 percent hi- monic
distortion on the tape, then in play-
back the desired audio signal is 63 dB
above the undesired noise produced
by the tape system. 63 dB denotes a
power ratio of 2,000,000. (In low -price
tape decks, S/N ratios of 50 dB are not
uncommon. Noise tends to be quite
apparent in such decks, even though
the audio signal contains 100,000
times as much power as does the
noise.)

* Frequency response of a speaker
is stated to be 7 dB down at 30 Hz rela-
tive to 1,000 Hz. If equal amounts of
electrical power are fed to the
speaker at 30 and 1,000 Hz, the

acoustic power produced by the
speaker is 7 dB less at 30 Hz. (Stated
conversely, it produces 1/5th as much
power at 30 Hz as at 1,000 Hz.)

* Phono discs contain a large
amount of treble boost. The RIAA
phono equalization standard re-
quires the playback amplifier to supp-
ly a prescribed amount of compen-
sating treble cut, starting at about
2,100 Hz and increasing steadily there-
after. A table or graph shows RIAA
treble cut reaching nearly 14 dB at
10,000 Hz. In terms of electrical or
acoustic power, this denotes approxi-
mately 25 times as much power at
1,000 Hz as at 10,000 Hz; or, con-
versely, 1/25th as much power at
10,000 Hz as at 1,000 Hz.

How Loud Is a Decibel?
For most program material, such as

rock, pop, or classical music, a power
increase of 1 dB-to 1.26 times its
starting level-tends to be inaudible.
It has been observed that volume
must be increased about 3 dB in order
for the human ear to have a definite
impression of an increase in loud-
ness. Even so, a 3 -dB volume increase
produces only a slight rise in apparent
loudness.

Yet 3 dB represents a doubling of
power. The lesson is that great in-
creases in power are required to pro-
duce substantial increases in apparent
loudness. If one considers a 30 -watt
amplifier to have insufficient power
and replaces it with a 60 -watt ampli-
fier of otherwise equal quality, one
can achieve but a slight rise in max-
imum undistorted sound level. For a
hefty lift in sound level, one might
have to go to an amplifier of 300 watts
or more. This would amount to a 10 -
dB increase over the 30-watter, yet
still would not permit a "great"
change in apparent loudness. A rise of
10 dB sounds to the human ear more
like a doubling of the sound level
than like a multiplication by 10.

The decibel appropriately describes
how the human ear responds to
changes in acoustic level. The ear
interprets equal increases in decibels
as approximately equal increases in
apparent loudness. Going from 1 watt
to 2, from 2 to 4, and from 4 to 8-in
each case an increase of 3 dB, or
doubling of power-tends to sound
like a series of equal increases in loud-
ness. But going from 1 watt to 2, from
2 to 3, and from 3 to 4-in each case
an increase of 1 watt-would sound
like successively smaller increases in
loudness. The increase from 3 watts to
4 might well be inaudible. Not long
after, an increase of 2 watts would be
inaudible; then one of 5 watts; etc.
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Introducing
the KLH
Research %
Model Sixty
Turntable:
A solid
triumph in
human
engineering.

There are more manual turntables
to choose from these days than ever
before. And most of the better models
share many of the same fine features
and specifications.

So why make a turntable? (And we
are making it- not just slapping our
name on someone else's product. Every
part is handassembled in our plant in
Cambridge, Mass.)

The answer is in the product itself.
The Model Sixty is a two speed, belt -
driven, transcription quality turntable
that combines all of the most wanted
features with exceptional performance
and a maximum of something we call
"human engineering:"

What is human engineering?
It's designing an electro -optical

system that automatically shuts off the
turntable at the end of the record and
gently lifts off the tonearm. This is achieved
through the use of a light detector resistor

(shown here) rather than a mechanical
device which would have to be tripped by
the side force of the tonearm. Since our
system requires no side force, it virtually
eliminates all potential distortion and
side thrust problems.

Human engineering isdesigning a
special low mass aluminum tonearm and
unique low friction pivot block and post
assembly to such exacting standards that

usage deterioration and performance
deviation; -II but eliminated.

Hums. enginee' ;i'.designingall
of the electronic contrú,s into an upright
module for incredibly simple and
convenient operation. It's also making
the controls feel as good as they look.

(Jus7 'rt ouchandyouknowthere's
some, i ng substantial here.)

In short, human engineering is
finding out what people want and. need
in a product and putting itthere. That's
why the Model Sixty also features push-
button electronic cueing, anti -skating
control, a discrete suspension system that
minimizes rumble, acoustic feedback and
vibrations, one piece dynamically
balanced platter, 24 -pole synchronous
motor and every other important feature
you could want in a precision turntable.

All for $150.
Now that's human engineering.
The Model Sixty. Another superb

new product from KLH R esea rch X a
new era in audio.

For more information,
visit your KLH
dealer or write to
KLH Research &
Development Corp.,
30 Cross St.,
Cambridge, Mass. 02139.

Specifications
Rumble: -58 dB (CBS-RRLL), exceeds DIN
requirements.
Wow 8 Flutter: .09%, lower than one half of DIN
requirements.
Tracking Force: Continuously adjustable from 0.5
to 4.0 grams, with precision calibrated scale.
Average Absolute Tracking Error: 0.5°
less than 0.01 radian.
Arm Structure: Low inertia, precision ground,
high strength aircraft aluminum alloy.
Suspension: Tripoint seismic suspension of arm
and turntable on single precision casting, damped
to minimize influence of external vibrations
causing high order resonances.
300 RPM Motor: Precision polyphase synchronous
low speed motor for minimal vibrations and
optimum instantaneous speed accuracy and
freedom from counter -rotation.
Timing Accuracy. Better than 5 seconds per
average LP side: twice as good as DIN
requirements.
Speeds: 33% 8 45 RPM
Record Sizes: 7',' 10',' 12"
Operates on: 105-125 volts, 60Hz only, pilot light
indicates power "ON"
Dimensions: 17" (W) 13%" (D) 6'/a" (H) with
dust cover.

M11111j111111111111111111111111111111111®

KLH Research 8 Development Corp.
30 Cross St., Cambridge, Mass 02139

Check No. 17 on Reader Service Card



Negative Decibels
Sometimes decibels are presented

as negative numbers. For example, a
preamplifier's specifications might
state that noise is -70 dB for high-
level inputs (such as tuner). The nega-
tive figure merely indicates that one is
comparing the smaller with the larger
power, rather than the other way
around. In our example, we are in-
formed that noise produced by the
preamp is 70 dB less than that of the
desired audio signal. 70 dB means a
power ratio of 10,000,000 between the
audio signal and the noise. -70 dB
means that the noise power is 1/10, -

speaker; and before that, the elec-
trical power produced by the ampli-
fier. Therefore the relationship of
primary interest to the audiophile is
the one between decibels and power
ratios. However, in earlier stages of
the sound chain (tuner, tape deck,
preamp, etc.) electrical considera-
tions and measurements tend to be
primarily in terms of voltage rather
than power. Hence the need arises to
interpret decibels as voltage ratios,
particularly on the part of the engi-
neer and technician, but also by the
audiophile who assembles kits or
otherwise tinkers with equipment.

Table 2A -Translation of decibels into voltage ratios in steps of 20 dB.

Decibels Voltage Ratio Decibels Voltage Ratio
20 10 120 1,000,000
40 100 140 10,000,000
60 1,000 160 100,000,000
80 10,000 180 1,000,000,000

100 100,000 200 10,000,000,000
Note: To translate 3B into voltage ratios, for each 20 dB add a 7" ,,e number
a zero to the number 1.

Table 2B -Translation of decibels into voltage ratios in steps of 1 dB.

Decibels Voltage Ratio Decibels Voltage Ratio
1 1.12 11 3.55
2 1.26 12 3.98
3 1.41 13 4.47
4 1.58 14 5.01
5 1.78 15 5.62
6 2.00 16 6.31
7 2.24 17 7.08
8 2.51 18 7.94
9 2.82 19 8.91

10 3.16 20 10.00
Note: Each ratio, except the first, is obtained by multiplying the Nreceoing ratio
the preceding ratio by 1.12 (more accurately, by 1.12202).

000,000th as great as the signal power.
Another way of viewing the

negative decibel is to consider it as

representing division instead of mul-
tiplication. If 10 dB means multiply-
ing by 10, then -10 dB means divid-
ing by 10, so that power is reduced to
1/10th its original level. In the preced-
ing example, -70 dB signifies that in
order to arrive at the power of the
noise, the power of the audio signal is
divided by 10,000,000.

Voltage Ratios
Ultimately we are concerned with

the acoustic power produced by the

Electrical power involves both
voltage and current: power = volt-
age x current. When voltage in-
creases, current tends to increase pro-
portionately. If voltage doubles, cur-
rent also doubles. But power goes up
four -fold, since 2 x 2 = 4. This illus-
trates a basic phenomenon: power
varies with the square of the voltage
change. Thus, if voltage increases by a
factor of 10, power increases by a fac-
tor of 100 -the square of 10. Con-
versely, the increase in voltage is the
square root of the increase in power.
If power increases 16 -fold, voltage in-
creases 4 -fold. (All the foregoing as-

sumes no other changes in the elec-
trical circuit.)

Assume a 20 dB increase in power,
representing a power ratio of 100. But
the corresponding voltage ratio,
namely the square root of 100, is only
10. Thus a voltage ratio of 10 cor-
responds to 20 dB. Every 20 dB de-
notes multiplication of voltage by 10.
Similarly, if 1 dB represents a power
ratio of 1.26, 1 dB represents a volt-
age ratio of 1.12 (more accurately,
1.12202); 1.12 is the square root of
1.26. We can put all this together in
Tables 2A and 2B, which fully equip us
to translate decibels into voltage
ratios:

* Assume a figure of 52 dB. 52 dB =
40 dB + 12 dB = 100 x 3.98 = 398 (volt-
age ratio).

* Assume a figure of 135 dB. 135 dB
= 120 dB+15dB = 1,000,000 x 5.62 =
5,620,000 (voltage ratio).

Converting Ratios Into Decibels
Ordinarily the audiophile is more

concerned with translating decibels
into equivalent power ratios than the
other way around. However, conver-
sion of power ratios into decibels can
be easily done, using Tables 1A and
1B:

* Assume a power ratio of 200. What
is the corresponding number of dB?
First, 200 = 100 x 2. Since a power ratio
of 100 corresponds to 20 dB (Table
1A), and a ratio of 2 corresponds to 3
dB (Table 1B), we have: 200 = 100 x 2
= 20 dB + 3 dB = 23 dB.

* Assume a power ratio of 12,000.
12,000 = 10,000 x 1.2 = 40 dB + 1 dB=
41 dB. (This is an approximate answer
rather than an exact one, because 1
dB represents a power ratio of 1.26
rather than 1.2. But the error is not
serious; the exact answer would be
40.79 dB.)

Similarly, one can convert voltage
ratios into dB, using Tables 2A and 2B:

* Assume a voltage ratio of 700. 700
= 100 x 7 = 40 dB + 17 dB = 57 dB.
(The exact answer is 56.90 dB.)

Accuracy of the Tables
Tables 1 and 2 permit one to

translate between decibels and ratios
with sufficient accuracy for most prac-
tical purposes. Their compactness and
ease of use compensate for the slight
inaccuracy that may arise.

However, should the audiophile
insist, he can achieve greater accuracy
by either of two methods: He can ob-
tain and learn to use a table of
logarithms. Or he can construct tables
similar to 1B and 2B, following the
same principles as used to construct
those tables, except that the new
tables are in steps of .1 dB.
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To do the latter, he need only equip
himself with a calculator that can do
multiplication, and note two essen-
tial items of information:

1. .1 dB corresponds to a power
ratio of 1.023293, so that 10 successive
multiplications by this number result
in 1.25893 (power ratio represented by
1 dB).

2. .1 dB corresponds to a voltage
ratio of 1.01158, so that 10 successive
multiplications by this number result
in 1.12202 (voltage ratio represented
by 1 dB).

The "Absolute" Decibel
Sometimes we encounter state-

ments that suggest the decibel is an
absolute measurement in the way that
watts, volts, amperes, etc. are abso-
lute measurements. Thus, we are told
that the sound level is about 90 dB in a
noisy factory, about 110 dB on an
orchestral peak, about 120 dB on a
rock concert peak (or throughout
much of the concert), about 45 dB in a
typical residence, etc.

In fact, though, the decibel has no
absolute meaning. It does not refer to
a specific sound level. As stated at the
outset, it denotes a ratio between two
amounts of power.

The statements about sound levels
in such places as the home, factory,
etc. are based on an implied ratio,
namely between the cited sound level
and a standard reference level. The
reference is the sound level at the
lower threshhold of human hearing.
The reference is a sound wave with an
intensity of .000,000,000,000,000,1 watt
per square -centimeter. That is, one -
tenth of one -quadrillionth of a watt
barely escapes detection by the
human ear.

A sound level of 90 dB, as in a fac-
tory, refers to acoustic power that is
1,000,000,000 times as great as the
reference level of power; in other
words, .0000001 watt per square -centi-
meter. A sound level of 130 dB, which
represents the upper threshhold of
human hearing (higher levels are felt
rather than heard), denotes .001 watt.
This seems very little, yet relatively
brief exposure to a level of 130 dB, as
can happen near a jet aircraft or in an
up -front seat at a rock concert, can
temporarily or permanently impair
one's hearing.

What Does 0 dB Mean?
0 dB does not signify the absence of

power. It means that power is un-
changed, or that two amounts of
power (other than zero) are equal.

To indicate the absence of power,
we simply state that power is zero.
Decibels do not get into the act in this
case.

The undistorted truth
behind the Avid

dividing network.

At Avid, we know there's
a lot more to building a
really accurate
speaker than just
a super flat fre-
quency response.

So, after we've
done all we can to
build the flattest,
most linear response
into our speakers,
we spend a lot of time
fussing over a whole bunch
of equally important things.

Like dividing networks, for
example.

The role of the dividing net-
work is to send input frequencies
AI" th ',> ht driver without intro-
ducing airy d.:Vorr- -Nn or degrading
the transient characteristics of the
speaker.

It sounds simple.
Unless you happen to be the

engineer desig. ing it. In which
case it can become the most critical
can of worms in the whole speaker
design.

Pick the right crossover fre-
quencies, interface the drivers just
cig: and you've got the frequency

response
problem

just about
knocked.
But you
can't stop
there.

You
see, if the
drivers
aren't

damped
just right,

the dividing
network can
degrade the
transient

response of
the speaker, even if you've

achieved a super flat frequency
response. The result is a ringing
response. Transient distortion.
Poor imagery.

There's still more.
Because even the best designed

dividing network in the world can
be a real washout when it comes to
intermodulation and harmonic dis-
tortion, if the components you use
aren't up to snuff.

For instance, in a lot of speak-

ers you'll find dividing
networks using non-
linear components like
iron core coils. Great

for the manufacturer
because they're cheaper. Not

so great for you because of
the distortion they can create.

Especially at higher power levels.
Avid uses only ideal, linear

components such as air core coils
in its dividing networks. More
expensive, of course, but they're
distortion free.

The point is,
we're a company
that is totally
and unequivo-
cally committed
to just one
thing. The design
and construction
of the clearest, best
sounding speaker sys-
tems in their price range.

And that's not just so much
advertisingese. It's for real. But,
it's for you to decide. So here's
what we'd like you to do.

Go to your Avid dealer. A -B an
Avid with any other similarly
priced speaker. Then pass judge-
ment. We think we know what the
verdict is going to be.

CORPORATION
10 Tripps Lane, East Providence, RI. 02914
Distributed in Canada by.
Kairon Electronics, Montreal, Quebec

Check No. 3 on Reader Service Card



From the makers of Marantz...



Superscope Hi'Fidelity Products.

You don't have to spend a lot of money
to get your money's worth.

Perhaps you're not ready to make the com-
mitment to high-priced stereo equipment. Or
maybe you need a good second system. Then
loot into the modestly -priced Superscope line of
receivers, components, tape decks, tape players
and speaker systems.

Superscope products are designed and engi-
neered by the same people who b. `rig arc
world-famous Marantz stereo. And they're
backed by the same, strong, 3 -year guarantee*
that stands behind Marantz. So with Superscope

stereo you're getting quality at very modest prices.
Your nearest Superscope dealer has a full line of
equipment starting as low as $89.95** You'll find
him in the Yellow Pages.

Superscope - until you're ready to step up
to Marantz.

SUPERSCOPE®
Listen to us.

Superscope, Inc. guarantees the original registered owner that all parts are free from operating defects for one year, two years or three years from purchase date depend-
ing upon product purchased. Product is repaired or replaced free of charge provided you bought it in the U.S.A. from an authorized dealer. Naturally theserial number

cannot be altered or removed. Manufacturer's suggested retail price at dealer's option. ©1974 Superscope, Inc., 8150 Vineland Ave., Dept. H, Sun Valley, Calif. 91352.

Ir. Europe: Superscope Europe, S.A., Brussels, Belgium In Carmda: Superscope Canada, Ltd., Ontario. Prices and models subject to change without notice. Consult the

Yellow Pages for your nearest Superscope dealer. Send for free catalog.

Check No. 63 on Reader Service Card



Equipment Profiles
Yamaha Model CR -1000 Stereo FM Receiver

MANUFACTURER'S SPECIFICATIONS
Tuner Section
IHF Sensitivity: 1.7µV. Quieting Slope: 55 dB at 5µV; 60 dB
@ 10 µV. S/N: 75 dB. Capture Ratio: 1.0 dB. THD: Mono, j:
0.15% Ca 400 Hz, 0.3% from 50 Hz to 10 kHz; Stereo, 0.3°4 C,
400 Hz; 1.0% from 50 Hz to 10 kHz. Selectivity: 80 dB. In..'¢e
Rejection: 110 dB. I.F. Rejection: 110 dB. Spurious Res-
ponse Rejection: 110 dB. AM Suppression: 55 dB. Stereo FM
Separation: 45 dB C 400 Hz; 35 dB from 50 Hz to 10 kHz. Fre-
quency Response: 20 Hz to 15 kHz + 1.5 dB. Sub -carrier Sup-
pression: 60 dB. Muting Override Level: 10µV to 30 µV, vari-
able.

Amplifier Section
Power Output: 70 watts per channel, 8 ohm loads, both
channels driven, at any frequency from 20 Hz to 20 k.H. X95
watts per channel, both channels driven, 4 ohm loads, at any
frequency from 20 Hz to 20 kHz. Rated Harmonic Distor-
tion: 0.1% at rated power. IM Distortion: 0.1% at rated
power output. Damping Factor: 70 @ 1 kHz. Frequency P.es-
ponse: Phono, RIAA ±0.2 dB; AUX & Tape, 10 to 50,000 H1.,
+0.5 dB, -1.0 dB. Input Sensitivity: Phono, 3 mV; AUX, 150
mV; Mic, 3 mV. Hum and Noise (IHF "A" weighting net-
work): Phono, 80 dB; Mic, 70 dB; AUX and Tape, 90 dB;
Residual (volume at minimum), 100 dB. Tone Control
Range: Bass, ± 15 dB @ 50 Hz; Treble, +10 dB @ 10 kHz. Low
Filter: -3 dB at 20 Hz or 70 Hz. High Filter: -3 dB at 6 kHz or
12 kHz.

General Specifications
Maximum Power Consumption: 430 watts. Dimensions: 20
in. W x 131/4 in. D x 63/4 in. H. Weight: 42 lbs. Retail Price:
$850.00.

Yamaha's top stereo receiver is one of the most expen-
sive on the market and is one of a handful of receivers which
lack AM circuitry. Both of these facts immediately suggest
that the performance of this receiver is to be compared with
the performance obtained with separate components.
The unit differs in appearance from most stereo
receivers in that there are only two rotary knobs on
the entire front panel-one for tuning, the other serving as a
master volume control. All other control functions and
switching operations are performed by means of slide con-

trols, slide switches, and piano -key toggle switches, which
occupy the lower two-thirds of the panel height. The dial -
scale area is rather narrow, though well illuminated and cali-
brated with a 0-100 logging scale in addition to the usual
MHz markings. At the left are signal -strength and center -of-
channel meters, while the right-hand end of the dial area
has three indicator lights: one for power, one to signal
stereo reception, and one which Yamaha calls an "AFC/Sta-
tion Indicator." This last light works in conjunction with a
capacitance effect when touching the tuning knob. So long
as your fingers touch that knob, the built-in AFC circuitry is
defeated while you tune accurately to the FM station of your
choice. When the knob is released, and assuming a station
has been tuned, the panel light turns on, indicating the AFC
circuit is correcting possible mistuning. This refinement
requires a preamplifier, three transistors, a couple of signal
cl;odes, and the indicating LED light, not to mention the pas-
sive capacitors and resistors required in the associated
Crr uitr

Horizontally oriented slide controls vary muting thresh-
old, microphone input volume, bass, treble, left -right bal-
ance, and loudness. The loudness compensation arrange-
ment is one of the few found on modern receivers that
actually' permits the user to employ loudness compensation
meani.tgfully. With the loudness slide lever set to the right,
indicating "flat," the user adjusts the volume control to the
loudest desired level. Then, increased settings of the loud -

Fig. -Rear panel of the Yamaha CR -1000.

Fig. 2-Internal view of the chassis.
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