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"The sound is roomy. Good." 

Ron Steele's newest album is C,hicar,o, for Ov:;tion. 
He's a first call guitarist for art1sts ~1ke E~la F1~zgerald, 
Barbra Streisand, Nancy Wilson, L1za Mmnelh, . 
Dionne Warwick, and one of the best known behmd­
the-scenes musicians in films and TV. 

That's the real reason for power as big as ours. 

tronic reasons for that. ICs in the IF and multiplex cir­
cuits, all silicon transistor and printed board circuitry, 
new 4-section front end with dual gate MOSFETs. 
We've about eliminated noise, wiped out cross modu­
lation, and our overload characteristics are beautiful. ~ 

It gives sound spaciousness at normal levels. 

"Man, no distortion. None!" 
"How come it doesn't cost more?" Less than 0.5 o/o actually. That's because of the 

two new 5-pole phase linear toroidal filters in our IF 
stages. They achieve selectivity and distortion values That's our secret. But you compare our specs, 
far beyond crystal filters. It's permanent performance, listen to our performance, look at our price, and you'll 
too, because they're permanently aligned. probably go away asking yourself the same ti:ing. 

Incidentally, the turntable and speakers m our 
"You don't over-control. I like that." new Professional Series are equally remarkable. If you 

Actually we have about all the controls imagin- would like all the facts and figures write: Professional 
able. What professionals admire is the ability to get a Series, Dept. 7 4, P.O. Box 124 7, Benton Harbor, 
"master tape" sound. It's possible because certain of Michigan 49022. 
our controls are cancellable-Loudness, Balance, and If the professionals can please recording studio 
Treble/High filter. engineers, sound technicians, and musicians, people 
"It's dead quiet. Beautiful." who make a 1i ving making and reproducing great sound, 

Our tuner-amplifier is full of complicated elec- we're confident they can make you very happy, too. 

Made in Benton Harbor, Michigan by 

VM CORPORATION 

Amplifier: Power output: 40 watts RMS/channel power. . 
at less than O.So/0 distortion; bandwidth 9-30KHz. IM distortion: 
less than 0.5o/0 • Frequency response: ± 1 db 20Hz-20KHz. 
Tuner: Sensitivity: 1.9 uv for 30 db quieting. Signal to noise ratio: 
-75 db. Capture ratio: 1.8 db. Selectivity; -75 db. SM 100% MOD 

The VM Professional1521: Semiconductor complement: 49 distortion: less than 0.5o/o. Stereo separation: 40 db at 1Hz. I~age 
transistors, 30 diodes, 3 ICs, 2 MOSFETs. rejection: -90 db. IF rejection: -100 db. Spurious response rejec-
FM circuit: four ganged front end with 2 dual gate MOSFETs for tion: -100 db. 
lower cross modulation, greater sensitivity and overload; two 5-pole Cabinet: Comes complete with cabinet of oiled walnut veneer hard-

hase linear toroidal filters and 2 ICs for selectivity, sensitivity and wood at no extra cost. (Mode11520, same as above except 25 watts 
hmiting that surpasses all previous standards in this price range. RMS/channel power.) 
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wait till you get your pause on a TEAC A-1230 
You'll be making the cleanest tapes on the new 
TEAC A-1230. Thanks to TEAC's unique 
symmetrical control system with Edi-Q. This 
advanced system allows you to edit while 
recording- instantaneously. In a flash, before 
that unwanted FM commercial is upon you, 
flick- and you're in PAUSE mode. Your tape 
stops silently, instantaneously. Record amps are 
fully fired and at standby for the first note 
of your recording restart. End of co'mmercial 
and you toggle deftly back to ~~PLAY." You are 
off to a clean new recording start. 

But Edi-Q is only one of a whole host of 
professional features on the A-1230. It also 
incorporates the same kind of advanced design 
and new-features engineering philosophy that 
established TEAC's famous Model A-1200 as 
the best value in various consumer tests. 

There's a record bias switch for both high­
output, low-noise tape and standard tape alike. 
So you get the fullest dynamic range with 
any type of tape. It also ensures the TEAC 
A-1230's high-performance characteristics. 

So much for new refinements. Remember 
those other advanced A -1230 features: 
three-motor solenoid operation, three heads; 
tape/source monitoring, mic and line mixing, 
independent record mode switches for %-track 

Check No. 1· on Reader Service Card 

stereo/mono operation, independent stereo 
headphone monitor, tape tension and spring­
loaded automatic shutoff arms. 

And the price, too, will give you pause; 
it's sensible. 

Dust cover optional 

TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 



say 
SHARPE 
for the 
sound of 
satisfaction 

When you purchase SHARPE 
Stereo Headphones, you get the 
finest that money can buy. 
Whether you choose the new 
budget minded Model 7 or the top 
rated MKII . . . or any other 
SHARPE Stereo Headphones, 
you will experience presence, 
fidelity, and brilliance unmatched 
by any other brand . For example, 
the MKJI stereophones with their 
smooth frequency respon se from 
15-30,000 Hz (30 -15,000 ± 3.5 
dB) are the choice of the pros . . . 
they should know qual ity when 
they hear it. 
Ask your dealer about "Stereo 
Central:' SHARPE's new 
development in stereophone 
remote control convenience . The 
ultimate in electronic design, 
Stereo Central's unique phase 
blending control extends two­
channel stereo to the full spectrum 
of sound achieved from four­
channel stereo systems . Styled in 
r ich walnut wood grain, Stereo 
Central will compliment your decor 
and offer an ideal stereophone 
storage facility. 
Use the handy reader-service card 
for the name of the SHARPE 
franchised dealer nearest you . 

SHARPE 
AUDIO DIVISION 
SCINTRE X INC. 
390 Creeks1de Drive, Amherst Ind ustria l Park 
Tona w anda , NY. 14 150 
Export A gen ts· 
Elpa M ark eting Indu stri es Inc .· 
New Hyde Pa rk, N.Y. 11044 

ALSO AVAILABLE IN CANADA 

Check No. 2 on Reader Service Card 

AU D I 0 Successor lo I\A!!!9,Esl.l911 

May 1971 Vo1.55, No.5 

George W. Tillett Jay L. Butler Contributing Editors 
Editor Publisher Herman Burstein 

Edward Tatnall Canby Sanford L. Cahn 
Leonard Feldman 
Richard Freed 

Associate Editor Marketing Director 
Joseph Giovanelli 

Eugene Pitts Mary Anne Collins C. G. McProud 

Assistant Editor Advertising Production Alexander Rosner 
Bertram Stanleigh 

Marlyn Rentschler Jean Davis S. L. Weingarten 
Designer Subscription Manager Bert Whyte 

DIRECTORY OF RECEIVERS AND TUNERS 
36 Int roduct ion and Glossa ry 
37 Receivers Directory 

44 Tuners Directory 

FEATURE ARTICLES 
18 Tun ing With No Moving Parts 
28 A. E. S. Meeting Highlights 

Leonard Feldman 

30 Constructi ng a 10-watt Stereo Ampli f ier Dwight V. Jones 
48 Constructi on of a Madsen-System Delay Tube, Part II Duane H. Cooper 
60 Canby at Boston Edward Tatnall Canby 

EQUIPMENT REVIEWS 
52 Bogen AM/FM Stereo Receiver 
55 Acoustic Research Loudspeaker X 
57 Sharpe Headphone Control Units 
58 Annis Magnetometer 

RECORD REVIEWS 
64 Classical 

66 Canby's Capsules 

68 Jazz and Blues 

70 Weingarten Looks at . . . 

AUDIO IN GENERAL 
4 Audioclin ic Joseph Giovanelli 
6 Tape Guide Herman Burstein 
8 What 's New 

10 Quadraphonic News 

BR-360 

AR-2ax 

Model 20 

Edward Tatnall Canby 
Edward Tatnall Canby 

Martha Sanders Gilmore 
Sherwood L. Weingarten 

12 Beh ind the Scenes Bert Whyte 
16 Ed itor 's Review 

72 Class if ied 

71 Advertising Index 

AUDIO (title reg istered U.S. Pat . OFF.) is publ ished by North American Publ ish ing Co., I.J. Borowsky, 
President; Frank Nemeyer and Roger Damio, Vice Presidents ; R. Kenneth Baxter, Production Director; 
Nate Rosenblatt, Promotion Director; Mary Claffey, Circulation Director. Subscription rates--U.S. 
Possessions, Canada, and Mexico , $5.00 for one year ; $9.00 for two years; all other countries, $8.00 per 
year. Printed in U.S.A. at Philadelph ia, Pa. All rights reserved . Ent ire contents copyrighted 1971 by North 
American Publishing Co . Second class postage paid at Philadelph ia, Pa., and additional mai ling office. 

REGIONAL SALES OFFICES: Jay L. Butler and Sanford L. Cahn, 41 East42nd St., New York, N.Y. 10017; 
Telephone (212) 687-8924. 
Jay Mart in, 15010 Ventura Blvd ., Sherman Oaks, Calif. 91403; (213) 981 -7852. 

REPRESENTATIVES: United Kingdom: Overseas Newspapers (Agencies) Lim ited . Cromwell 
House, Fulwood Place, London , W.C.1./Telephone: 01 -242 0661 / Cables: WESNEWS London 
PS4. Continent al Europe: John Ashcraft , 12 Bear St. , Leicester Square, London W.C.2. England. 
Tel. 930-0525. For Benelux & Germany; W. J. M. Sanders, Mgr. Herengracht 365, Amsterdam, Hol land. 
Tel. 24.09.08. Japan: Japan Printing News Co. , Ltd . No . 13, 2 Chome Ginza-Higasi, Chuo-ku Tokyo, 
Japan. Phone 541-5795. 

.····. 

• AUDIO Edi tor ial and Publishing Offices, 134 N. 13th St., Philadelphia, Pa. 19107 
Postmaster: Send Form 3579 to the above address 

Afour Swindon works'! 
for every man who assembles 

we have one 
who tests. Garrard of England is the world's 

largest producer of component auto­
matic turntables. 

And our SL95B is generally con­
ceded to be the most advanced auto­
matic you can buy, at any price . 

Yet we confess to some star­
tlingly old-fashioned ideas . 

Instead of rewarding the speedy, 
for example, we encourage the per­
snickety. 

In fina l assembly, each man who 
installs a part tests that finished as­
sembly. The unit doesn't leave his sta­
tion until he's satisfied it's right. 

For a faulty unit to be passed 
down the line, a man must make the 
same mistake twice. An occurence we 
find exceedingly rare. 

If something isn't up to stan­
dard, he adjusts it on the spot- or sets 
it aside to be made right. 

Hardly the sort of thing produc­
tion records are made of. 

A modest record 

But as Brian Mortimer, Director 
of Quality Assurance, has said , "We 
absolutely refuse to let units per hour 
become an obsession. It is simply a 
useful statistic. 

"Each final assembly line for 
our 95B consists of nineteen men and 
women. 

"In top form, they turn out 
twenty un its an hour. A rather mod- · 
est record in these days of mecha­
nized production li nes . 

"But if we were to speed it 

Check No .• _3_ on .Reader Service Car_d . 

up, we'd pay for it in quality. And, in 
my book, that's a bad bargain." 

Of roots and heritage 

We admit, however, to enjoying 
a special circumstance. Garrard re­
cently marked its fiftieth year, all of 
them in the town of Swindon, England . 

In a time of people without roots 
and products without a heritage, many 
Garrard employees ,are second and 
third generation . 

Brian Mortimer's father, E. W., 
hand-built the fi rst Garrard. 

And in all, 256 of our employees 
have been with us over 25 years. 

A happy circumstance, indeed. 

To buy or not to buy 

In an age of compromise, we in­
dulge still an other old-fashioned notidn. 

Of the 202 parts in a Garrard 
automatic turntable , we make all but 
a piddling few. 

We do it for just one reason. We 
can be more finicky that way. 

For instance, in the manufac­
ture of our Synch ro-Lab motor we ad­
here to incredibly fine tolerances. 

Bearings must meet a standard 
of plus or minus one ten-thousandth 
of an inch. Motor pulleys, likewise. 

To lim it f riction (and rumble) 
to the irreducible minimum we super 
fin ish each rotor shaft to one micro­
inch . 

And the finished rotor assem­
bly is automatically balanced to within 
.0008 in .-oz. of the absolute. 

Not parity, but superiority 
Thirty-odd years ago, H. V. Slade 

(then Garrard of England's uncompro­
mising Managing Director) set policy 
wh ich endures to this day. 

"We will sell a Garrard in the 
U.S. only when it is more advanced 
than any machine available there." 

Spurred by this commitment, 
Garrard engineers have produced every 
major advance in automatic turntables. 

Today's SL95B remains the 
world's premiere automatic turntable. 

Its revolutionary two-stage syn­
chronous motor produces unvarying 
speed , and does it with an ultra-light 
turntable . 

Its new counterweight adjust­
ment screw lets you balance the tone 
arm to a hundredth of a gram. 

And its patented anti-skating 
control is permanently accu;ate. 

The six Garrard component 
models range from the 40B at 
$44.50 to the SL95B (shown) at 
$129.50. 

Your dealer can help you se­
lect the right one for your system . 

Cf~· 
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Coming 
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June 
Hi-Fi Outdoors-A survey of 
equipment by Len Feldman. 

How Much Amplifier Power is 
Required?-Don Davis looks 
at public address systems and 
power requirements. 

The Why and How of Horn 
Loudspeakers-Victor Broci­
ner concludes his article. 

Equipment Reviews Include: 
Fisher 201 receiver 
Stanton electrostatic head­
phones 

Plus-
Record and tape reviews 
and all the regular features. 

About the cover: Here we show the 
Heath AR-17 tuner, which costs 
$72 .95 as a kit, and the deluxe Marantz 
19, which sells for $1000. The tuner is 
the new SAE which uses digital read­
out and will set you back $950-with­
out the cabinet. 

Audioclinic 

Preamplifiers 
Q. I do not understand the basic pur­

pose of a preamplifier. Is a preamplifier 
really necessary?-Dana Edwards, Edin­
burg, Ill. . 

A. In the early days of electrical sound 
reproduction, pickups were made from 
elements which produced rather high 
voltage as compared to more mod­
ern devices. Therefore, it required rela- • 
tively small amounts of voltage gain to 
bring these older crystal pickups to a 
satisfactory level for application to the 
power output stage of the amplifier. 

In the mid-1940's magnetic pickups 
made their appearance on the home 
market. However, their output voltage 
was only a fraction of that provided by 
the crystal pickups of that day. There­
fore, in, order to build up the signal of 
the magnetic pickups, it was necessary 
to use a piece of equipment termed a 
"preamplifier," whose output then was 
connected to the phono input of the 
existing amplifier. The preamplifier, 
then, was an add-on device. 

Later, power amplifiers were made 
which had no controls on them what­
soever, with the exception of volume 
adjustment. The preamplifier, there­
fore, actually became the control center 
for the sound system, including the 
necessary gain to accommodate mag­
netic pickups. It also included adjust­
ments for bass and treble, loudness, 
volume, and provisions for connection 
and selection of various external pro­
gram sources. Thus, it would have per­
haps been better if we had called this 
device a "control center" rather than 
a preamplifier. However, because the 
early add-on devices were exactly that, 
preamplifiers, it was easier · to allow 
that . name to remain even though the 
devices took on additional functions. 

Now much of our sound equipment 
is integrated into a complete package in 
which both the control functions and 
power amplifications are included. This 
package includes circuitry to boost the 
tiny voltage produced by today's mag­
netic pickups. The circuit which accom­
plishes this task is still called a "pre­
amplifier." It is the first amplification 
which takes place. 

Equipment which features all the 
control functions, the output of which 
must work into a separate power ampli­
fier, is today often called a "control 
center" rather than a preamplifier. 

FM Wireless System 
Q. I have a complete high quality stereo 

system in my living room. I connected it 
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JOSEPH GIOVANELLI 

to my bedroom mono system. To accom­
plish this I purchased a mono FM tuner 
kit. Because a run of wire between the 
two music systems was considered im­
practical, I tried one of those FM WIRELESS 
modules, which acted as a transmitter; 
the bedroom mono FM set was, of course, 
the receiver. It appears to be sufficiently 
adequate to meet my needs except for one 
thing, inadequate treble. I suspect that 
the problem is the absence of a pre­
emphasis network in the module, while my 
tuner does have the standard de-emphasis 
network. 

Can you suggest a pre-emphasis cir­
cuit which will overcome this prob/em?-
Kirk L. Thompson, St. Paul, Minn. 

A. You . correctly assume that the 
lack of treble in your system is the re­
sult of the lack of pre-emphasis in the 
module. These modules are made as 
cheaply as possible. The fact that they 
are even reasonably frequency stable is 
a miracle. 

I think that an approximation of the 
pre-emphasis curve co!lld be obtained 
by following the circuit shown. I am 
assuming here that the input impedance 
of the module is 10,000 ohms. 

750 pf 

--o 0 ~ 0 o--
100 K 

"1 ~ 
FM pre-emphasis netwQrk. 

I can oniy hope that you have suf­
ficient signal to overcome the 20 dB 
signal loss which will occur at mid and 
low frequencies. At extremely high 
audio frequencies the loss will be 
practically zero dB because of the action 
of the capacitor shunting the resistor. 
Because the reactance of this capacitor 
is much lower than the value of the 
resistor, for high audio frequencies, 
signal can flow more easily around the 
capacitor than through the resistor. The 
effect is that of boosting treble fre­
quencies, which is just what is needed 
to correct for the lack of treble you 
indicated. 

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. 
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What would happen to a preamplifier 
design, if the design engineer could free 
h imself from stereotyped ideas and start 
fresh with only a list of customers' re ­
quests? Well, at CROWN that has just hap­
pened, and the result is the IC150, an 
exciting "new concept" control center w ith 
simplified circuitry, controls that are easy 
to understand and use, several exclusive 
features, unsurpassed quality, and - to top 
it all off - a lower price tag . 

Crown Engineers discovered that pre­
amp switches don 't need to pop .. that 
there is something better than the stereo 
mode switch . . that the phono preamp 
can be dramatically improved . . and, 
that by using IC 's, a versatile high-qual­
ity, advanced-performance preamplifier 
can be priced to beat inflation. 

0 0 0 

IC150 
Praamoliliar 

Of co urse. the true uniqueness of such 
an innovative design cannot be appreciated 
by reading about it. The only answer is 
to experience the IC150 yourself. Let us 
tell you where Crown's " new concept" is 
being introduced in your area . Write today 
for a list of locations. 

World 's quietest phone preamp 
Infinitely variable stereo panorama control 
Silent switching a,nd automatiC mut ing . 

at turn-on and turn-off 
Integrated circuit modules 
Industry' s lowest distortion levels 
Full range tone and loudness controls 
Guaranteed phase response 
3-year parts and labor warranty 
Wdl dnve any amplif1er 
5239. walnut enclosure 533 
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Ask your dealer also about Crown's new com· 
pan ion D 150 power amplifier, which delivers 200 
watts IHF output at 8 ohms or 350 watts at 4 ohms. 
No amp m this power range - however expensive 
has better frequency response or lower hum, 
no1se or distortion. It offers performance equal 
to the famous DC300, but at medium power · and 
price. It's worth listening into! 



NEW, 
TRANSPARENT 
AND BEAUTIFUL. 

ADC's brand new 450A is a "high 
transparency" speaker system for the 
perfectionist who wants to own the best 
bookshelf system money can buy. 

This two-way system avoids the use of 
complex crossover networks and the 
resultant phase distortion . By enabling 
the majority of the audio spectrum to be 
radiated by the high frequency unit, we 
achieve essentially a "single point 
source". The low frequency driver is 
then left to do the demanding but un­
complicated job of reproducing the low 
and basically non-directional portion of 
the audio spectrum. 

The result is an extremely transparent 
true-to-life bookshelf speaker system 
you must hear to appreciate. 

ADC 450A SPECIFICATIONS 

Type .•• Full-sized bookshelf. 
Cabinet . . . Oiled Walnut. 
Dimensions . . . 25" H x 14" W 
X 123/s" D. 
Weight • . . 50 lbs. each. 
Frequency Response .. . 25 Hz to 30 
kHz ± 3 dB (measured in average 
listening room). 
Speakers (2) .. . 3/4" "point source" 
wide range tweeter and 12" high 
compliance woofer. 
Nominal Impedance ... 6 ohms (for 
optimum performance from 
transistorized amplifiers). 
Power Required . . . 10 watts RMS -
minimum. 
Price .. . $165 (suggested resale). 

AUDIO FOR 
AUDIOPHILES 
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Tape Guide HERMAN .BURSTEIN 

IM DISTORTION 
Q. Can you explain the following: (1) 

H ow does intermodulation occur in ampli­
fiers? Can we hear a difference between a 
piece of music when reproduced by two 
different amplifiers, one having a rather 
high degree of intermodulation and the 
other not? If there is an audible difference, 
how does it sound? (2) Why do tape 
recorders have such a high degree of 
intermodulation distortion? (3) If you 
were to purchase a good quality stereo 
tape machine, and if you could choose 
between 2- and 4-track heads, what 
would be more advisable, a 2- or 4-track 
head? Is there any loss or difference in 
audio quality between 2- and 4-track 
playback and recording?-Christoph 
Keutmann, Am Wasserturm, West 
Germany 

A. The signal coming out of a tran­
sistor ot tube is supposed to be an exact 
facsimile of the signal coming in, except 
that the output is amplified in terms of 
voltage or current or both. If the output 
signal is not an exact facsimile, there 
will be an interaction between this sig­
nal and other signals going through the 
transistor (or tube) , resulting in the 
production of new signals. These new 
-signals are called intermodulation 
products, and tend to be noticeable to 
the ear. In very slight amount, inter­
modulation tends to impart a "filmy" 
quality to the sound. As intermodulation 
distortion increases, the sound tends 
to become successively grainy, fuzzy, 
coarse, and then broken. Tape recorders 
tend to have high intermodulation 
distortion \Jecause the tape is not a 
perfectly linear medium; that is, the 
magnetic record on the tape does not 
correspond perfectly to the signal 
going through the record head. While 
bias current helps greatly to overcome 
this nonlinearity, the results are not 
perfect. Furthermore, less bias is ordi­
narily used than the amount which 
would reduce distortion to a minimum; 
the reason is that less bias permits 
extended treble response. Also, in order 
to maximize signal-to-noise ratio, 
recording ordinarily takes place at a 
level that results in a significant in­
crease in intermodulation distortion. 
On the other hand, for reasons not 
completely clear, the human ear seems 
to be able to tolerate larger amounts 
of intermodulation distortion from a 
tape recorder than from other audio 
equipment. 

6 

In today's state of the art, a 4-track 
stereo machine of high quality can 
perform very well, with little if any 
noticeable loss of performance com­
pared with a 2-track machine. For home 
use, a quality 4-track machine is gen­
erally advisable. 

High Speed Duplicating 
Q. I would like to know the results 

of high speed dubbing of tapes. What, if 
anything, is lost in the process of high 
speed duplicating?-Avery L. Puckett, 
APO San Francisco, Calif. 

A So far as I know, little if anything 
is lost in the process of high speed tape 
dubbing. True, there are special me­
chanical and electrical problems, such 
as being able to drive enough bias 
current through the record head at 
elevated speed (and therefore at ele­
vated frequency). But these have been 
met quite successfully. The chief prob­
lem in dubbing, unrelated to speed, is 
that of increasing noise with each gen­
eration of tape. 

Need For Amps 
Q. rm interested in purchasing a tape 

recorder and a receiver; I wish to use the 
recorder as a music system, primarily 
playing back stereo music recorded from 
FM . My question is this: Should I obtain 
the recorder with output amplifiers in ­
cluded in the unit, to ·be able to record off 
the receiver, or would I suffer no impaired 
quality in recording from the receiver 
though it would be powering the recorder 
and the tuner/receiver itself at the same 
time, not to mention speakers or head­
phone? Would excessive power loss occur 
to mar the quality of recorded FM 
material?-L.T. Keith, Huntington 
Park, Calif. 

A. If you plan to use your tape re­
corder in conjunction with an audio 
receiver, there is no need for the tape 
recorder to have what you call output 
amplifiers-presumably power ampli­
fiers capable of driving speakers. The 
signal supplied by the receiver to the 
tape recorder is essentially voltage, with 
only a very minute amount of power in­
volved. The tape recorder drains no sig­
nificant amount of power from the re­
ceiver and therefore does not affect the 
receiver's performance. The signal sup­
plied by the tape recorder to the receiver 
(for tape playback) is also essentially 
voltage, and hence there is no need for 
the tape machine to have output power 
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amplifiers. Of course the tape machine 
should have record preamps; and unless 
you plan to use the tape playback pre­
amps of the receiver (assuming the re­
ceiver has these), the tape machine 
should have playback preamps. 

Left-Channel Transient 
Q. I have an Ampex Micro 85 cassette 

recorder. I have been generally pleased 
with it, although I have wrestled with its 
limitations, but there is one problem 
which I can't fathom. When I make a 
recording (usually from a stereo record) 
I sometimes get great variation in the 
left channel. First the highs will go, 
then everything will fade out until it's 
necessary to move the balance control 
to the 9 o'clock position to restore 
balance. Balance will stay that way for 
a minute or so, and then the left channel 
level will go up: Sometimes this happens 
repeatedly-up and down for 5 or 10 
minutes. The problem seems to happen 
most often on the back side of the cassette. 
This makes me wonder if it is not related 
to the physical construction of ·the 
cassette. Could the trouble be in the 
pressure pad? I tried one of the new 
Norelco cassettes with wrap-around 
shield and foam pad, and the left channel 
was way down throughout. My recorder 
plays prerecorded tapes without this 
fading problem. Please note that when 
the left channel is not fading, the balance 
is true at the 12 o'clock setting of the 
balance control. Generally the quality 
of my recordings is much better than 
that of the prerecorded cassettes. I would 
like your ideas as to whether the fault 
lies in my recorder, the tape, or elsewhere 
in the system.-Laird Brown, Dayton, 0. 

A. Initially your problem sounds like 
"left-channel dropout," due to poor 
contact between the upper head gap 
and the tape. But since you do not 
experience any difficulty with prere­
corded tape, the trouble appears to oc­
cur in the recording process. There may 
be a faulty connection in the record am­
plifier, or there may be a faulty capac­
itor, resistor, or other component. An­
other possibility is a fault which causes 
the amount of bias current reaching the 
upper gap to vary. If this is the case, 
there would also be a marked variation 
in treble response. I think your problem 
calls for handling by a service technician. 

If you have a problem or question on 
tape recording, write to Mr. Herman 
Burstein at AUDIO, 134 North .Thir· 
teenth Street, Philadelphia, Pa.19107. 
All letters are answered. Please en­
~lose · a stamped, self-addressed 
envelope. 
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After you remove the 
rumble, wow and flutter from 

a transcription turntable 
-what do you have? 

Thorens engineers believe that if you 
don't hear rumble, wow and flutter at 
a concert or .m u sic fest iva 1 , you 
shouldn't hear it at home on your 
transcription turntable . You won't, 
with the Thorens TD-125AB. 

Rumble, wow and flutter elimi­
nated. Unlike other turntables, the 3-
speed electronic TD-125AB uses solid 
state circuitry to replace . mechanical 
methods of speed control. This re­
duces the number of moving parts and 
total mass. So rumble isreduced. Low 
250 rpm motor speed, plus a vibration­
free belt-driven motor system, com­
pletely routs rumble, wow and flutter . 

Uniquely des igned for precise 
speed control.lt is vital that motor ro­
tor speed control be precise. In the 
TD-125AB it is governed by a depend­
able Wien Bridge transistorized oscil­
lator whose frequency can be varied 
precisely . to change the speed of the 
16-pole synchronous motor. Since the 
motor requires only 5 watts to drive it 
and the output of the oscillator is pow­
ered by a 20 watt amplifier, there's 

considerable power to spare. 
Shock-free , vibration-free per­

formance Another professional Thor­
ens touch is the split level design. The 
·tonearm and platter are mounted on a 
separate framework and then shock 
mounted to a second chassis housing 
the drive system and controls. Result: 
the tonearm is protected against shocks 
when the controls are operated. 

Versatile tonearm. Mounted on 
finely polished ball races is Thorens' 
superb TP25 low mass, tubular tone­
arm. Designed to work with the finest 
cartridges, it adjusts from ~ to 4 
grams tracking force. Tracking error 
IS less than 0.2% . Anti-skate control 
is provided. 

TD-125AB, complete with Thor­
ens tonearm and walnut base . .. $310. 
The TD-125B, same as above without 
T P-25 tonearm. Tone arm mounting 
board provided for your use with 
other tonearms . . . $215. Other Thor­
ens models available from $140. See 
your Thorens dealer, or send coupon 
for further details. 

THOR!!!S®TD-125AB 

---------, 
ELPA MARKETING INDUSTRIES, INC. AS 
New Hyde Park, N .Y. 11040 

Please send additional information on the complete line of Thorens Transcrip­
tion Turntables and the name of my nearest dealer. 
Name ____________________________________________________ ___ 

Address---------------~---------

City / State _________________ _L..,ip ___ _ 

~-----------------------------------~ 



An infinite 
choice 
of speeds. 
The variable control Lenco manual 
turntables offer an infinite selection of 
speed-a continuous sweep from30 
to 86 rpm. At the standard 16-2/3, 
33-1/3, 45 or 78.26 rpm, there are 
click stops that can be precisely set 
or adjusted at any time. 

With this, you can slow down a 
complex rush of notes, the better to 
appreciate the inner voices when you 
listen next at normal speeds. You can 
tune a recorded orchestra to match the 
instrument you play, and join in. Your 
tuning is not restr icted to a paltry 
fraction of a note, either. You can 
exercise your urge to conduct, choosing 
whatever tempo suits you . And you can 
use it to extend your knowledge of the 
dance or language, or to accompany 
your slide or movie shows. 

And at every orie of these speeds, 
Swiss precision takes over. For 
example, the Lenco L-75's sleekly 
polished transcription tonearm shares 
many design concepts (such as gravity­
controlled anti-skating , hydraulic 
cueing , and precision, knife-edge 
bearings) with arms costing more alone 
than the entire L-75 arm and turntable 
unit. And the dynamically balanced 
8 .81b. turntable reduces rumble, wow 
and flutter to inaudibility. 

The L-75 complete with handsome 
walnut base at $99.50 offers profes­
sional quality and versatility but at 
far less than studio-equipment prices. 
The B55 (lighter. platter and an arm of 
almost equal specification) is only 
$85.00 with base. Both are available 
now at your Benjamin/Lenco dealer. 
Benjamin Electronic Sound Corporation, 
Farmingdale, N.Y. 11735, a division 
of Instrument Systems Corporation. 

Lenco turntables 
from Benjamin 

Check No . 8 on Reader Serv ice Card 

What'S New in Audio 
Richard Allen speaker 

The Chaconne is a two-way speaker of 
bookshelf size in an infinite baffle en­
closure. The 8 in. bass speaker uses a 
highly compliant cambric surround, and 
is said to achieve extended bass response 
in a relatively small enclosure. Power 
handling capacity is 20 watts rms, and 
rated impedance is 8 ohms. Price: 
$69.95. Check No. 36 on Reader Service Card 

GC Electronics test tapes 
These test tapes make possible testing 
and adjustment for head alignment, 
frequency response, equalization, sweep 
frequency, IM distortion, flutter, stereo 
balance, channel identification, and 
separation. Prices: open reel, $6.50; · 
8-track cartridge, $7.95, cassette, $5 .60. 

Check No. 38 on Reader Service Card 

TEAC stereo tape decks 

Models A-1230 and A-1250 (shown) 
have three motors, dual-range bias 
current switch, and pause control. Sym­
metrically-arranged, solenoid-operated 
controls provide smooth operation, 
while a turntable height adjustment 
allows for variation in reel dimensions. 
Other features include three heads, 
71h and 3% ips speeds and a frequency 
response at 71h ips of 40 Hz to 18 kHz 
± 3 dB . The A-1250 has in addition a 
composite head for both forward and 
reverse playback. Prices: A-1230, 
$349.00; A-1250, $449.00. 

Check No. 40 on Reader Service Card 
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Garrard Zero 100 turntable 
Zero degree tracking error is claimed for 
the ingenious dual-articulated arm on 
this new turntable from Garrard. The 
arm is designed so that the cartridge 
housing is pivoted directly over the 
stylus tip, with the degree of pivot con­
trolled by an auxiliary articulating arm. 
The resultant tracking error is claimed 

to be less than 90 seconds or approxi­
mately 160 times as small as the error 
of conventional tonearms. Additional 
features include 15 degree vertical track­
ing angle adjustment, sliding-weight 
stylus-force adjustment, cartridge over­
hang adjustment, magnetic anti-skating 
control, and illuminated stroboscope. 
Two speeds: 33V3 and 45 rpm. Price: 
$189.50 Check No. 42 on Reader Service Card 

Ampex tapes by mail 
Some 222 selections from the more 
than 3000 titles in the Ampex Stereo 
Tapes open reel catalog are available 
by mail in a test marketing program. 
Customers pay list price for their first 
selection and receive a $1.00 discount 
on each subsequent tape ordered. No 
minimum orders, service or mailing 
ch~rges , or membership fees are re­
q mred. Check No. 44 on Reader Service Card 

Wharfedale speakers 
British Industries Corp., U.S. dis­
tributor of Wharfedale speakers, in­
forms us that the speakers listed on page 

50 in the March speaker directory are no 
longer offered. The current Wharfedale 
line is correctly listed on page 74 in 
the September, 1970 issue. Shown above 
is a pair of Wharfedale WSOA's in the 
optional B68 base. 

Check No . 46 on Reader Service Card 
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Sleek, black and omni-directional , the 5303 vir­
tually eliminates tight polar patterns on the 
upper highs. Gives you deep, full timbered 
bass on the ultra lows . Banishes that bother­

some "hole in the middle." Ends nailing your 
chair down to that one "best" spot common 

with conventional speakers. Gives you the free­
dom to roam around your own room , enveloped 

in rich stereo sound. 
The 5303 utilizes four woofers and four horn 

tweeters. Flawlessly reproduces the 20 to 20,000 Hz 

range. Handles up to 80 watts input with ease. 
Can be mounted on stand (included), or hung 
from ceiling to give you more living space. 

If your tastes are more traditional, then 
check out JVC's Model 5340. It handles up 
to 80 watts. Integrates a cellular horn in its 
powerful4-way speaker system. There are many 
other fine speakers in the JVC line. See and hear 
them at your nearest JVC dealer. He will be proud 
to demonstrate them, just as you will be proud to 
own them. 

JVC Catching On Fast 
JVC America, Inc ., 50·35, 56th Road, Maspeth, New York, N.Y. 11378 

Check No. 9 on Reader Service Card 



LSB-2 No total component system is complete 
without the reserve flexibility offe re d by the 
LSB-2 Linear Stereo Booster. This symmetrical 
push-pull unit wi II allow you to boost or re­
duce the output level of any source for opti­
mum use with any preamplifie r. It also fac ili­
tates the mixing of unmatched different level 
devices such as a microphone and FM receiver. 
The LSB-2 will not introduce any noise or dis­
tortion of your frequency response, wh ile it 
offers a flat 30 db gain between 10 hz and 
50,000 hz. 

(Also avai I able at your retai I store) 

STEREO TONE EXPANDER This unit is housed 
similarly to the LSB -2, having two tone con­
trols instead of two volume controls. When 
used in conjunction with the controls of your 
preamplifier, th is compact equalizer wi II offer 
virtually the same contour shaping capability 
of units costing ten times as much . 

All factory wired mail order sa les are on a 
two week money back guarantee . Try the uni t. 
If it does not suit your need return it for 
a full refund. Enclose a check and Electro­
Harmon ix will pay shipping. Or, if more con­
venient order C.O .D. for cost plus shipping. 

electro-harmonix Aus 
15 West 26th St., New York, N.Y. 10010 

Please ship: 
LSB-2 
Stereo Tone Expander 

factory comp lete 
wired kit 

$22 .95 0 $15.95 0 
$24.95 0 $17.95 0 

D Enc losed is check for $-----
0 Please ship C.O.D. 

NAME . . . . .. ... ... . ... .. .. . .. ... . .. . 

ADDRESS 

CITY .......... .. STATE .. .. ...... ZIP .... .. 

Check No. 10 on Reader Se_rvice Card 

[ ® Guadraphonic News 
The E-V (Fixler-Feldman) 
system 

Among the many stations experi­
menting with this system is WDHA, in 
New Jersey, and they began tests as far 
back as February 5th. The response was 
so good (no pun intended) that regular 
programs began on March 1st and now 
WDHA is broadcasting discs and tapes 
which lend themselves to synthesized 
quadraphonic reproduction. Times are 
from 7:00 to 8:00 each evening and 3:05 
to 5:00p.m. on Sundays. The afternoon 
transmissions consist of tapes of the 
Boston Pops precoded by station WCRB 
in Boston. The only problem seems to 
be the availability of decoders, but E-V 
assures us that supplies should be to the 
dealers pretty soon. The equipment 
used at WDHA includes two TEAC 
quadraphonic decks plus a special E-V 
encoder. As a matter of interest, we are 
now testing a TEAC TCA-42 deck and a 
review will appear as soon as possible. 

* * * 
Critics of the E-V system say that the · 

front left-right separation of 11 dB is 
not sufficient and that it does not meet 
the FCC requirements of 29.6 dB. How­
ever, E-V maintains that four-channel 
stereo will have all channels modulated 
most of the time and discrete channel 
directionality is not an important factor. 
Len Feldman also states that the 11 dB 
figure is not a true one and points out 
that normal methods of measurement 
do not apply. 

Tele-Quadraphonics? 
Quadraphonic-plus-visual broadcasts 

have been given recently by Pittsburgh's 
WDV A, WWSW and KDKA-TV as 
well as WDAS, WIFI with KYW-TV in 
Philadelphia. The latter program con­
sisted of rock music with psychedelic 

· light patterns and I must say it certainly 
made an impact! 

* * * 
Dynaco is now marketing an adaptor 

called "Quadaptor" for the connection· 
of four speakers to a stereo amplifier 
using the Hafler arrangement. A three­
position switch . disconnects the rear 
speakers, changes the circuit to give a 
null position for accurate bala:ncing or 
connects all four speakers. A rear 
speaker level control is fitted and the 
price as a kit is $19.95 or $29.95 for' 
those too lazy to assemble it. 

* * * 
KL has just released another record 

which sounds particularly good on the 
Hafler (Dynaquad) system. It was re­
corded in quadraphonic stereo and then 
mixed down to two channel. Title is 
"Riverboat Rascals Play Range Line" 
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and according to the covernotes "the 
only consideration for performance by 
this amateur group is love of jazz, 
musical camaraderie and a wee dram." 

* * * 
From Japan comes news of a double­

four-channel recording made by Sansui 
in St. Mary's Cathedral in Tokyo. This 

4 NEUL,~AN U-67 ~ AK G 0- 2~ 

Mike positions in St. Mary's Cathedral. 
event was held on the 215th anniversary 
of Mozart's death (!) and the item se­
lected was the "Mass in C Major." The 
tape was replayed from an eight-speaker 
setup at the Japanese Audio Fair a few 
weeks later. Sansui says that the object 
was to recreate a three-dimensional 
sound field and two of the microphones 
(A and B) were facing upwards and two 
(B and D) were pointed towards the 
floor. 

ERRATA 
How Many Channels? Part II 

February, 1971 page 28 
An unfortunate mixup of illustrations 

caused the Madsen system to be shown 
as Fig. 1, rather than the triphonic sys­
tem discussed by Dr. Cooper. The 
correct illustration is shown here. 

The caption for Fig. 2 has misled 
some readers. A better one might have 
read, "Possible quadraphonic arrange­
ment of apparent sources as perceived 
for the four signal combinations. With­
in each square of the figure, the physical 
locations of the six speakers in the room 
are shown by the locations of the sym­
bols, while the . particular symbols used 
designate the signal combinations." 

Fig. 1-The triphonic system. 
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NEW DYNACO QUADAPTOR® 
tiyNilt:l1 
QUADA PTOR 

Only 
$1995 

KIT 
$29.95 factory­

assembled 

AND 
TWO MORE SPEAKERS 

CREATES 

FOUR-DIMENSIONAL 
C) 6 c 0 

SCA-80 ($169.95 kit; $249.95 assembled) 

DYNAQUAD® STEREO 
The new Dynaco Quadaptor® can be used with 

virtually any existing stereo receiver or amplifi~r. 
Dynaquad® four-dimensional stereo does not requ1re 
an additional stereo amplifier ... just two matched, 

eight ohm speakers in 
back of the room. The four 
speakers are connected to 
the Quadaptor® which in 
turn is connected to the 
amplifier. 

The Quadaptor® is not 
a synthesizer. Rather it 
reveals depth and concert­
hall sound already on many 
of your present stereo re­
cordings but not enjoyed 
due to the limitations of 
the conventiona I two­
speaker stereo system. 
The manner in which the 
new two back speakers are 

connected unmasks this hitherto hidden information 
to fully utilize everything that has been included on 
your recordings all along. Not only will the Qua­
daptor® give you four-dimensional stereo from your 
present recordings, but 
you can enjoy the same 
Dynaquad® stereo from 
your present FM stereo 
tuner too. 

Best results are realized 
when the back eight ohm 
speakers have as constant 
an impedance as possible. 
The Dynaco A-25 ($79.95 
each) speakers were de­
signed . specifically to pro­
vide constant impedance. 
The Stereophile Magazine 
calls them "probably the 
best buy in high fidelity 
today." 

RIGHT REAR LEFT REAR Dynaco A-25 speakers ($79.95 each-assembled only) 

Send for literature or pick some up at your dealer where you can see and hear Dynaco equipment. 
3060 .JEFFERSON ST., PHILADELPHIA, PA. 19121 

IN EUROPE WRITE: DYNACO A/5, HUMLUM, STRUER, DENMARK 



BEHIND THE SCENES BERT WHYTE 

S EVERAL months ago I reported on 
the use of a pocket magnetometer 
to detect residual magnetism in 

the tape path of recorders. If you recall, 
the magnetometer was manufactured by 
the R.B . Annis Co. of Indianapolis. 
Well friends, I guess there must be a 
great many of you who are particularly 
concerned about this magnetism, be­
cause I have had a communication from 
Mr. Annis, who tells me he has had 
over 700 orders for his magnetometer 
and they are still pouring in, and he is 
temporarily out of stock! In addition to 
this information, Mr. Annis kindly sent 
me some notes on demagnetizing. As an 
expert in the field of magnetism, Mr. 
Annis has some interesting observations 
in his notes, some of which are at vari­
ance with certain commonly accepted 
viewpoints. In my use of the magneto­
meter, I reported that I found the 
highest values of magnetization in the 
capstans, guides, and rollers of my 
various tape machines. Mr. Annis points 
out that there are steels which range 
from magnetically "soft" to "hard." 
Most capstans, guides, and rollers are 
made of medium to hard steels for 
their superior mechanical strength and 
wear characteristics. Such magnetically 
"hard" steels have a lesser ability to 
conduct magnetism, but have a relative­
ly good "magnetic memory." Should 
this "hard" steel be exposed to magnet­
ism, even if only for a fraction of a 
second, it will "remember" the exposure 
by retaining a fair portion of the 
original magnetism, becoming a sec­
ondary source of magnetism in its own 
right. Thus the capstans, guides, and 
rollers are among the major offenders 
in retaining magnetism and tend to 
degrade the recorded signal every time 
a tape is played. . 

Mr. Annis made a statement which 
really made me flip! "Fairly long iron 
or steel members, oriented somewhat 
parallel with the direction of the earth's 
magnetic field, will become magnetized 
due to the fact that their high magnetic 
"conductivity" tends to concentrate the 
earth's magnetic field in that area. 
Rather strong magnetic poles will 
appear at either end of such iron or 
steel members. Steel components 
brought near such poles will become 
magnetized in turn due to this concen­
tration of the earth's field. Very little 
consideration is usually given to such a 
possibility. In other words, don't place 
your recorders too close to the ends of 
long steel pipes, bars or structures 
oriented either vertically or in a gener­
ally north and south direction." Now 
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who would have thunk about that? The 
usual demagnetizing tool operating on 
60 cycle a.c. exposes steel components 
to a magnetic field of cyclically re­
versing polarity with a minimum initial 
intensity higher than a certain fraction 
of the original magnetizing field. As we 
know, such cyclically alternating 
demagnetizing fields can be reduced to 
essentially zero by slowly withdrawing 
the tool from the steel components a 
certain distance and then shutting off 
the current. What is not very well 
known, says Mr. Annis, is that actual 
demagnetizing is accomplished only 
during the incremental reduction of 
successive half-cycles of the demagnet­
izing field or only during that time when 
the steel component and the demagnetizer 
are beint; separated. 

The most important thing in demag­
netization, states Mr. Annis, is the 
intensity of the field. He has investigated 
a number of the common probe-type 
demagnetizing tools and found that 
their field intensity averaged around 70 
to 80 Oersteds (gauss in air) when 
measured at a standard quarter-inch 
distance from the end of the pro be. This 

' field intensity is far too low in value 
for the important initial phase in the 
cyclical demagnetizing of magnetically 
"hard" steel capstans, etc. Mr. Annis has , 
developed a prototype hand demagnet­
izer of the probe variety which measures 
in excess of 400 Oersteds. With such a 
powerful unit, it is not necessary that 
the probe touch the components to be 
demagnetized. Bringing the probe 
within a quarter or half-inch and then 
withdrawing it in the standard fashion 
and turning off the power is sufficient. 
There is a possibility that the unit 
described may become a production 
item, although it would be relatively 
expensive. The hand bulk tape eraser 
I mentioned in my previous article has 
a fairly high field intensity, but this 
field is not concentrated as in the probe­
type units. How far the field extends 
around the periphery of these bulk 
erasers is at the moment an unknown 
factor. Because of this, if your recorder 
has its VU meters fairly close to the 
heads, capstan or other parts you may 
want to demagnetize, there is a possi­
bility you may damage the meters. 

I pointed out that in using the Annis 
magnetometer, it might be necessary to 
fashion an "extension probe" to reach 
the part to be measured. Mr. Annis 
says that the best material for such a 
probe is Permalloy or other high quality 
steel lamination material. A typical 
probe would be 5/16 inch wide by B's 

inch long, with a right angle bent about 
5116 inch from one end, which would 
allow the bent end to be taped or 
clipped to the test edge of the magneto­
meter case. The ends should be vinyl 
or plastic taped to avoid scratching of 
heads, etc. Just in case you don't want 
to go to that bother, such "clip-on" 
probes are now available as an accessory 
for the magJ!etometers. 

* * * 
Recently, within two days time, I was 

the happy recipient of 10 Dolbyized 
cassettes. There are quite a few more in 
the works. This is progress; and it looks 
like a good start has been made on the 
"chicken and the egg" problem. There 
is also a very strong possibility that we 
will get some Dolbyized open reel tapes 
before the fall, maybe even by the 
Consumer Electronic Show in June. 
Things are looking dandy for Dolby, 
right? Well, there are some sour notes 
being sounded in certain quarters . There 

- has been resistance to Dolby licensing 
terms on the part of some cassette re­
corder manufacturers, who have 
promptly announced their own "noise 
reduction systems." Some extravagant 
claims have been made for these sys­
tems. From what can be observed thus 
far, most of these systems are simple 
expansion circuits working on playback, 
which either cut high frequency re­
sponse or reduce the gain of th~ play­
back amplifiers in the recorder during 

· low level passages. On a dynamic basis, 
there are the characteristic "breathing" 
and "swishing" sounds which have been · 
typical of these circuits for many years. 
H owever, just for the hell of it, let us 
assume that one of these companies 
comes up with a workable system free 
of the usual problems. I still maintain 
that the area of principal interest in 
Dolby, as far as most people are con­
cerned·, is in prerecorded. cassettes. 
These Dolbyized cassettes will be made 
from masters supplied by the record 
companies of the world, which almost 
without exception have adopted the 
Dolby system. At last count, London/ 
Decca had over 70 Dolby A30 1 units, 
Columbia over 140. Most record com­
panies count their A30 1 units in mul­
tiples. In a word the Dolby system is 
thoroughly entrenched, and it is highly 
unlikely that the record companies 
would embrace another type of noise 
reduction system. Nor are they likely 
to issue any cassettes with noise reduc­
tion characteristics other than Dolby. 

(Continued on page 14 ) 
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The new KLH ThirtY-Two is the best speaker 
you can buy for the mon~ 

Bravado has never been our bag. But after carefully 
comparing the new model Thirty-;wo ~ith our competi­
tor's best-selling loudspeaker, we re gomg to break our 
rule. 

Our product is superior. · . 
You see, the Thirty-Two sounds like a very close rela­

tive of our now famous Model Six. 
With good reason. . . 
It's designed like a Six. It's built like a -~IX. And 1t 

shares many of the Six's finest listening qual1t1es. Bass 
response that curls your toes. A mid-range that seduc~s 
you with its smoothness . And an overall sound qual1ty 
that finally puts an end to listening fatigue. . 

But the Thirty-Two not only sounds like an expens1ve 
speaker, it looks like one, too. It is unquestionably the 

best looking loudspeaker in its price range. 
The price? 
Almost as amazing as the sound. Just $47.50 ($95 

the pai rl.t . 
'Make sure you hear ...... and see-the new KLH Thirty-

Two soon. And compare it with the best-known speaker 1.n 
its price range. We are sure you will agree that there s 
never been anything like it for the money. 

Anybody's money. . . 
For more information on the Model Th1rty-Two, wnte 

to KLH Research and Development Corporation, 30 Cross 
St., Cambridge, Mass. 02139. Or visit your KLH dealer. 

11111111111111111111 ~11111111111 11111 
· KLH RESEARCH AND DEVELOPMENT CORPORAT ION 

*A trademark of ~LH Reseor~M ond· Development Corpora tion tsuggested retail price . Slightly higher in the west. Check No. 13 on Reader Service Card 



Just this once, 
it's nice to have a machine take over. 

We designed our ROBS a-track 
record deck to automatically eject the 
tape for two very important reasons. 

First, since the tape ejects at the 
end of one program (or all four), it's 
always at the beginning of a program. 
Never again will you insert a tape 
only to hear the middle of the music. 

And second, you avoid possible 
internal damage to your tape 
cartridges. 

Our ROSS lets you record from 
two sources simultaneously. You can 
play along with records and get a 

perfectly balanced recording every 
time. Looks? The ROSS has a 
black-out dial face and genuine 
walnut veneer cabinetry. 

See a BSR McDonald dealer and 
get hold of an ROSS. You'll turn 
out your own perfect-sounding 
8-track cartridges for a fraction 

of the price of www pre-recorded tapes. I I 
Send for free I 

full color catalogs. 
BSR (USA) Ltd., 
Blauvelt, N.Y.10913 McDONALD 

Check No. 14 on Reader Service Card 

Behind the Scenes 
So where does this leave our manu­

facture r with the hypothetically worka­
ble non-Dolby noise reduction system? 
Sure his cassette unit can play the 
Dolbyized cassettes and impose its 
technical restrictions on the sound. But 
without the correct Dolby playback 
circuitry his unit simply can't give his 
customer the benefits of this kind of 
noise reduction. Most of these manu­
facturers are well aware of these prob­
lems, so their next move was to raise a 
great hue and cry about compatibility. 
That is the great crutch these days. They 
loudly proclaim that the Dolby System 
is incompatible with any cassette re­
corder not equipped with Dolby cir­
cuitry. A lot of dimwits go along with 
these notions and express themselves 
in print. Now let's stop kidding around, 
use some common sense and expose this 
nonsense about comp~tibility. There 
is nothing wrong with compatibility 
per se, providing that in the pursuit of 
it, the quality of sound is not subverted 
and made a secondary consideration. 
Let's take a look at the cassette recorder 
market as presently constituted. The 
vast majority of the machines in the 
hands of the public are cheap jack, 
portable monophonic units. Ranging in 
price from 15 to 50 dollars, they are 
almost a form of electronic Kleenex; 
what with present service charges, they 
are cheaper to replace than to repair. 
Up the line a bit in price is a fair-sized 
group, made up mostly of monophonic 
units with a few stereo units at about 
100 dollars . A very small part of the 
market are stereo units up to 150 dollars, 
and a still smaller percentage are the 
Dolby and non-Dolby machines at still 
higher prices. 

Now a look at the prerecorded cassette 
market. This has been a major disap­
pointment for the record companies. 
Sales are a dismal flop . . . and for the 
most elemental of reasons. All those 
own'ers of the cheapie machines simply 
can't afford to pay $5.95 and $6.95 for 
a cassette. Even with discounts, they can 
get the same music on a disc still 
cheaper (and from their viewpoint) 
better than the cassette. For the affluent 
group with the better cassette machines, 
they have not been buying prerecorded 
cassettes because of generally inferior 
sound quality, especially the awful tape 
hiss. 

Now for the compatibility bit. Op­
ponents of Dolby say that Dolbyized 
cassettes played on non-Dolby machines 
sound screetchy and over bright. Tests 
by Ampex and others, including yours 
truly, have shown that on the cheapie 
machines, the Dolby cassettes sound 
better and that on most better quality 
machines a reduction in the treble 
control can put the sound in order. /Fe. 
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This new receiver cleans · 
your signal, without cleaning out 

your bank account 
It's a dirty world out there. And even though an 

PM station transmits a clean signal, by the time it reaches 
your house, it may be mixed up with 20 or so other signals, 
and some interference sources, many of them strong enough 
to swamp the signal you want to hear. The new Sony 6045 PM 
stereo/PM-AM receiver spares no detail to deliver a clean 
signal to your speakers. · 

Its PM front end uses passive r.f. circuitry, so that 
those strong, but undesired signals can't overload the input ; 
to swamp your station or to pop up at several random pla~es 
on the dial. (The passive input stage can't generate any hiss, 
either) . By the time the signal does reach an active stage, 
most of the undesired signals have been shorn away- and 
since that stage is an PET, it's virtually immune to over­
loading anyway. 

Six solid-state i.f. filters clean the signal even 
further. They combine uniform response over the entire PM 

2.6 u V (IHP) sensitivity, 70 dB signal-to-noise ratio, · 80 dB of 
selectivity, 100 dB of spurious signal rejection, and a capture 
ratio of 1.5 dB- all at a total harmonic distortion of only 
0.4%. AM performance is equally outstanding. 

Cleanliness doesn't stop at the 6045's tuner stage. 
Its amplifier uses the same dual-power-supply, direct-coupled 
approach as our more expensive amplifiers and receivers, so 
there's no coupling capacitor to stand between you and the 
music. The 6045 gives you the best sound your speaker is 
capable of, because you get the full damping factor at ~11 
frequencies, and perfect transfer of all 75 watts dynamic 
power output• at only 0.5% distortion. Noise at full output is a 
miniscule 0.13 millionths of a watt, virtually inaudible. Still, 
no matter how clean the receiver's circuits, some stations 
still put out a dirty signal, some records are worn or scratched 
and some tapes have hiss. The 6045 has an answer for that 
one, too: a high filter that cleans such signals up. 

Price is not a dirty word either, $229.50** 
which, in this day of rising prices, is just 

channel with almost complete at­
tenuation everywhere else . You can 
pluck the station from a host of 
stronger ones or adjacent frequen­
cies. And solid-state i.f.'s never need 
realignment . Together, these ideally­
matched PM circuits provide : 

.. ··l ..• -

clean miraculous. Sony Corporation 
of America, 47-47 Van Dam St., 
Long Island City, New York 11101. 

Check No. 15 on Reader Service Card I t' 
SONY®6045 
*I H F standard constant supply method 
at 8 ohms . **Suggested retail price. 



Editor's Review 
0 UR DIRECTORY on pages 36 to 46lists receivers 

ranging from the Heath AR-17 at $72.95 to 
the Marantz 19 with built-in scope at $1000.00! 
Between these two extremes are receivers with pre­
set station selection, slide controls, multi-position 
tone controls, varactor tuning, remote control, re­
verb amplifier, automatic tuning, PETs, ICs, and 
many other features. We have certainly come a 
long way since the .days of Armstrong. . . . Most 
receivers have an AM broadcast band but this 
facility is not included in some of the more inex­
pensive models-or some of the most elaborate, 
though for different reasons. Cheapest tuner is 
the Heath AJ-14 at $57.95 and prize for the most 
expensive goes to the new SAE Mk VI which costs 
$950.00. 

E. T. Canby has described the DGG Boston re­
cording session with the Boston Symphony in his 
article this month, but I would like to quote from 
an impromptu speech made by Tom Mowrey on 
that occasion. Said Tom, "There can't be anyone 
here today who hasn't read about or written about 
the imminently expected demise of the classical 
music recording industry. It's heard from every 
side. The repertoire is exhausted. Musical tastes 
have shifted, and the young people want something 
more "relevant." Of course, "relevance" is such a 
subjective term that, if you'll pardon me saying so, 
it has lost its relevance. The coffin has been pre­
pared and there's no lack of hands willing to give 
the corpse a final push .... You may be wondering 
why we've gathered you all together today. To hear 
a splendid orchestra in a magnificent hall-sure. 
To see a recording session from the inside; yes, we 
all know that's exciting. There's something else, 
though. The room next door, the equipment in it, 
our contract with this orchestra, made at a time 
when recording costs are out of sight and rapidly 
driving many record companies out of the classical 
business, all of those things are impressive enough 
in themselves. But what they symbolize is really the 
point, and that is DGG's absolute commitment to 
the strange mixture of art and business which we 
call the classical record indus try." 

The New York Audio Society announces that 
the next meeting will take place on May 19 at the 
Mercury Studios, 110 West 57th St., New York. 
The speaker will be John Eargle, and the time will 
be 7:30. John will deal with the processing of four­
channel material from two- and three-channel 
masters. 

* * * 
I am very pleased to 

welcome a newcomer to 
our columns. This is 
Martha Gilmore, who will 
be reviewing jazz and 
blues. Martha has a B.A. 
from Duke University, 
with a major in English. 
Her interests include early 
eighteenth century music 

as well as jazz and blues, flute and piano, art, lit­
erature, and natural history. She has had articles 
published in such journals as Down Beat, Inter­
national Musician, Music Journal Jazz Journal 

' ' and Jazz Report. To forestall inquiries, I must tell 
you that Martha is married. · 

* * * 
The Bose Corporation is suing Consumers Union 

for a cool half million dollars, charging them with 
·falsely reporting on the Bose 901 speaker system . . 
The report stated that the system needed "gigantic 
amounts of power" and that the sound was charac­
terized by "wandering violins" and "pianos ex­
tending from wall to wall." The Bose Corporation 
claims that the speakers were not positioned cor­
rectly, that the reviewer was "incompetent in the 
evaluation of speakers" and that misleading and 
sarcastic comments were made in the interests of 
entertaining tpe readers and promoting the circula­
tion. 

* * * 
Albert Jourdan will be very pleased to hear from 

anyone interested in disc recording. His address 
is 438 Wall Street, Meriden, Conn. 06450 G. W. T. 

LATE FLASH ---Dolby Laboratories demonstrated their B system for noise reduction as applied to 
FM bro~dcasti?g recently." lm~l , ications for broadcasters and I isteners are of extreme importance. 
Tests wrth . statron WFMT m Ch 1cago have shown noise reduction of I 0 dB in fringe areas and the 
system is fully compatible although a Dolby B decoder is necessary for optimum results.' It is ex­
pected that the first FM receivers incorporating the Dolby B system will be on sale this year. 
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THE RECORD LOVERHATER 

The job of the music critic isn't easy. He can help a 
record make it to the top or damn it to ob.livion. 

And since many people depend on his judgment 
when they shop for records, it's logical to ask: 

"But what does he depend on?" 
Mostly, his ears and his knowledge help him as he 

listens. Yet the music critic can only hear what his 
stereo system delivers. If his critical listening is to be 
unbiased, it must begin with a stereo cartridge 
whose frequency response characteristics are as flat as 
possible. One that introduces no extraneous coloration 
as it reproduces recorded material. 

Many record critics do their auditioning with the 
Stanton 681EE. Recording engineers have long used the 
'Stanton 681A to check recording channel calibration. 
The 68IEE provides that logical continuation of the 
Stanton Calibration Concept. It has been designed for 

Edward Tatnall Canby, Author and Critic 

low-distortion tracking with minimum stylus force. Its 
low-mass, moving magnetic system produces virtually 
straight-line frequency response across the entire audio 
spectrum. Its built-in longhair brush keeps the stylus 
dust-free, and protects record grooves, thus reducing 
noise and wear. Each 681EE is individually calibrated, 
and the results of these calibration tests are included 
with each cartridge. 

The Stanton 681EE-used by recording engineers, 
broadcasters, critics and audio professionals-the 
cartridge that sounds like the record sounds, always. 

For further information, write: Stanton Magnetics, 
Inc., Terminal Drive, Plainview, N.Y. 11803. 

Check No. 17 on Reader Service Card 
STaNTOn 



Tuning 
with no 

• movang 
parts 
Leonard Feldman 

D URING THE past few years, FM 
tuners and Stereo FM tuners 
designed for high fidelity com­

ponent use have reached levels of per­
fection undreamed of barely a decade 
ago. Sensitivity figures have approached 
theoretical noise limits and are not 
likely to get significantly better because 
such limits, dictated by physical con­
stants, do exist. Selectivity recently has 
undergone significant improvements 
thanks to crystal and ceramic filters 
which yield band-pass (or i.f. "re­
sponse") curves which were once de­
scribed as "text-book ideals." Proper use 
of FET's (Field Effect Transistors) in 
"front-ends" of tuners have enabled de­
signers to reduce spurious responses and -
cross-modulation products which once 
plagued solid-state tuner designs to 
levels which are as low or even lower 
than even the best casco de- triode designs 
of yesteryear. Stereo FM separation is 
often better over the entire audible 
range than the FCC station performance 
requirements. 

It is therefore not surprising to find 
that engineering efforts are now being 
devoted to areas of performance not 
directly related to "specifications," but 
of great importance and convenience to 
the ultimate consumer. One of the most 
interesting innovations in this area is the 
transition to "electronic" tuning of both 
AM and FM frequencies in recent tuner 
and receiver designs of forward-looking 
manufacturers in the high fidelity com­
ponent field and even some manufac­
turers in the "not-so-high-fidelity" 
table-radio ·and car-radio segments of . 
the industry. To clarify, all tuning of 
frequencies in AM and FM radios or 
tunersis, of course, "electronic." By way 
of a quick review for those who have 
forgotten the principles involved in 
"tuning in" a station using "superhet­
erodyne" circuitry, let's refer to the 
block diagram of Fig. 1. The elements 
or blocks apply whether we're talking 
about AM or FM -only the frequencies 
are different-and an example of a 
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station frequency received in each 
medium is illustrated numerically in 
the diagram. The first block, labeled 
"r.f." is an amplifier, which both ampli­
fies and selects the desired signal from 
amongst the myriad of radio waves 
present in the vicinity of the receiving 
antenna. The "selection" part of the 
process is accomplished by the use of 
one or more (sometimes as many as five 
or even six)· "tuned circuits," sometimes 
called resonant circuits which, regardless 
of their "schematic diagram" complex­
ity, can always be resolved into a com­
bination of L (inductance), C (capac­
itance) and (R) resistance as shown in 
Fig .. 2. Once the sections of the tuned 
circuit have been resolved down to these 
simple elements, the formula for the 
incoming frequency at which this circuit 
will resonat~ (9r tend to be "selective") 
is F = ·lh·rr~, in which L stands for 
inductance (measured in Henrys) and C 
stands for capacitance (measured in 
Farads).' The value of R simply deter­
mines how selective the circuit will be, 

1000 kHz (AM) 

r.f. AMP 

98 MHz (FM) 

/ 

Fig. 1-Basic "blocks" of an AM or 
FM front-end contain "tuned circuits" 
consisting of "L" and "C" components. 

and therefore does not appear in the 
formula for frequency. 

The second block of Fig.· 1 also con­
tains a tuned circuit, but.it is tuned to 
a frequency above the desired station 
frequency. Its function is not to "select" 
but to oscillate, or produce a signal of 
its own, always removed in frequency 
from the desired incoming signal by the 
same amount (10.7 MHz in the case of 
FM tuners, 455kHz in the case of AM 
tuners). In block 3 of Fig. 1, the ampli­
fied "selected" incoming signal is 
"mixed" or "heterodyned" with the 
locally produced oscillating signal to 
produce a "difference" signal known as 
the i.f. frequency. (A "sum" signal is 
also produced in the process, but it is 
summarily rejected _ by more tuned 
circuits in the i.f. stages which choose 
the desired "difference" frequency 
only.) 

From the formula shown earlier, you 
can rightly deduce that to change the 
frequency of any of the tuned circuits 

3 

1455 kHz (AM) 

OSCILLATOR 

2 

108.7 MHz (FM) 

i.f. OUTPUT 
455 kHz 
(AM i.f.) 
10.7 MHz 
(FM i.f.) 
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Fig. 2-Equivalent circuit of any parallel 
resonant tuned circuit. The frequency of 
resonance is determined by values of 
"L" and "C" while "Q" is a function of 
the equivalent resistance of "R." 

Fig. 3-An AM variable tuning capacitor. 

Fig. 4-Schematic representation of a 
variable capacitor suggests i~s actual 
construction. 

present in a tuner "front end," you need 
only change either the inductance or the 
capacitance, and since both of these 
terms are in the denominator of the 
formula, an increase in either one of 
their values will cause a decrease in 
resonant frequency and vice versa. 
While some tuners utilized a variable 
inductance to change frequency of the 
various tuned circuits (this practice was 
quite popular in many automobile 
radios and even in some FM tuners 
years ago), by far the greater number 
have used variable capacitors to accom­
plish the "tuning" or change-of-fre­
quency function. A photo of this familiar 
object is shown in Fig. 3. A variable 
capacitor is represented symbolically 
in Fig. 4, and the representation is quite 
accurate, since the device really is a 
pair of plates (or 2 groups of plates), 
insulated from each other electrically 
and capable of being spaced at varying 
distances from each other (by rotating 
one group in and out of an interleaved 
position with respect to the other sta­
tionary group). It is the change in the 

relative pos1t10ns of the sets of plates 
with respect to each other that changes 
the value of "C." Usually the rotating 
group of plates is in some way coupled 
to a shaft which is in turn coupled to a 
dial string, dial pointer, and a tuning 
knob. Thus, when you tune your tuning. 
knob ill variable-capacitor equipped 
tuners, you are simply changing the 
telatjve position of the movable sets of 
plates with respect to the stationary sets. 

Diodes as Capacitors 
The elimination of the · variable 

capacitor as the main means for tuning 
to desired radio fr~quencies was made 
possible by the development of a very 
specifll kind of diode, usually called a 
"varactor" ~liode. Actually, these diodes, 
which behave like capacitors of a 

specific value when some "reverse bias" 
voltage is applied, have been used in 
consumer circuitry for many years. 

. Figure 5 represents a simple FM con­
verter stage, in which one transistor 
serves the dual purpose of local oscil­
lator and mixer. The local oscillator 
resonant circuit constants consist of L-4 
and C-3C in parallel with C-13 (a 
trimmer capacitor used to "fine tune" 
the main variable capacitor C-3C) and 
C-14 (a fixed capacitor required to 
establish the minimum and maximum 
values of total capacitance as C-3C is 
rotated from its closed to its open posi­
tion). Notice however that there is 
another network, consisting of C-17 in 
series with diode D-1 in parallel with 
all of the foregoing components. One 
end of this diode has positive or "reverse 
bias" voltage applied to it because of the 
voltage divider action of ·R-6 and R-7. 
Since the diode is biased in the reverse 
or ·nonconducting mode and no d.c. 
current is flowing, this reverse voltage 
is easily calculated as 180 + 680 x 9 V., or 
approximately 2.4 volts d.c. At this 
reverse voltage, the diode has a certain 
amount of junction capacitance. Let us 
presume that it is 4 pF, for argument 
sake. The effective additional capac­
itance in the resonant circuit arising 
from the series combination ofC-17 and 
D-1 is therefore 2 more pF. 

Notice however, that the lower end of 
the diode is connected to "AFC Volt­
age" -a voltage which is zero when 
stations are perfectly tuned in, but 
which goes slightly positive if the tuner 
is tuned a bit too high in frequency. 
With a slight positive voltage at the 
lower end of the diode (let us say 1 volt), 
the net potential across the diode will · 
now be only 1.4 volts. The effective 
junction capacitance will be greater­
perhaps rising to 6 pF. Now · the extra 
capacitance contribution of C-17 and 
D-1 '--in series amounts to 2.4pF (4.6 + 
10). The total capacitance in the overall 
resonant circuit is therefore greater) 
which means that the local oscillator 
will tend to oscillate at a somewhat lower 
frequency, tending to compensate for 
our having tuned the tuner off frequency 
on the "high side" in the first place. 
This is, of course, exactly what AFC is 
supposed to do. Had we been detuned 
below the correct frequency, the AFC 
voltage would have been slightly nega­
tive at the lower end of D-1, resulting 
in a greater reverse bias across the diode, 
a lower junction capacitance, a lower 
overall resonant circuit capacitance and 
a resultant higher local oscillator fre­
quency required to "pull" the desired 
station back towards proper tuning. 

The case illustrated is typical of AFC 
circuits that have been used for many 
years. The varying voltage supplied 
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Fig. 5-Convertor stage utilizing a regular variable capacitor, as well as fixed values of "C" to tune the local oscillator. 

across the diode to help "pull" the 
frequency of the local oscillator back 
where it belongs is derived from the d.c. 
output of the ratio-detector or discrimi­
nator circuit of the FM i.f. section, 
which has exactly the right kind of "plus 
and minus" excursion about a zero­
center point to work quite nicely in this 
arrangement, as shown in Fig. 6. Re­
member, that 10.7 MHz is the desired 
ceil.ter i.f. frequency. Incorrect tuning 
of the dial (and hence the local oscil­
lator) leads to frequencies either above 
or below that number, as shown on the 
diagram of Fig. 6, and such departures 
from center frequency cause either 
positive or negative voltages at the 
detector output which are then used as · 
AFC voltages in the manner just de­
scribed. In a very minimal way, then, 
tuners have been "tuned" by a varying , 
d.c. voltage for a long time. It would 
seem a very simple transition to go from 
this "minimal,. amount of tuning to 

· full tuning of the entire set, just by 
varying the voltage applied to a diode. 
In order to understand why the transi­
tion was not so simple, let's consider 
the size of the change of capacitance 
required for covering the FM band (88 
to 108 MHz) and then, the more dif­
ficult AM band (535 kHz to 1605 kHz). 
In the former case, the ratio of highest 
to lowest frequency (allowing for no 
overlap) is 1.35. Referring back to the 
formula for resonance, however, we see 
that this involves a change of capacitance 
of (1.35)~, since the "C" term in the 
formula is inside the radical, or "square 
root" sign. Thus, the required change of 
capacitance to tune the FM band must 
be a ratio of at least 1.82 to 1. Since we 
usually want some overlap at the ends 
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of the band, a ratio of 2: I in capacitance 
would be more realistic. Now, consider 
the situation with the AM band. Here 
we are dealing with the ratio of 1605/ 
535, or 3: I. Again, squaring this ratio 
leads to a capacitance change ratio of 
9:1. 

Wide Range Diodes 
As finally developed for wide range 

tuning applications, varactor diodes are 
p-n junction diodes, generally con­
structed of silicon, ·although gallium 
arsenide may be used for higher fre­
quency response. Additional impurities 
may be introduced to increase capac­
itance variation as a function of reverse 
voltage applied. Figures of merit (Q), 
which determine the selectivity of the 
ultimate tuned circuit, can run higher 
than 100-often as high as 200 or more. 
Two · examples of available varactor 
diodes for use in FM applications are 
the Siemens BB-1 04 and the Motorola 
1N5142A. The former has a typical 
capacitance (with 30 volts of reverse d.c. 
applied) of 14 pF and a capacitance 
ratio (if on~ varies the reverse voltage 
from 3 volts to 30 volts) of 2.65-more 
than enough to cover the FM band. The 
unit is, by the way, a double diode, 
having a common cathode and as such 
can be used in two tuning stages or in a 
push-pull application when extreme 
linearity and symmetry is desired. The 
Motorola unit has a capacitance (with 
4 volts of d.c. applied) of about 15 pF. 
Its ratio of capacitances (from 4 to 60 
volts of rev_erse bias) is about 3.0-again, 
more than sufficient for the FM band. 

In 1966 Matsushita Company of 
Japan (Panasonic is the name used in 
the U.S.A.) introduced an automatic 

tuning AM radio which used no moving 
parts for tuning. They developed a form 
of varactor diode which they called the 
"Capistor." The device is produced by 
an alloy-diffusion process and is of a 
hyperabrupt silicon junction. The ratios 
of capacitance obtained with a change 
of voltage from -1 V to -10 V is no less 
than 16! With max:imum capacitance at 
about 250 pF, the device is quite suit­
able for covering the entire AM band, 
and that is how this radio was able to be 
tuned with "no moving parts." For 
whatever reason, not too many AM 
radio manufacturers have followed 
Panasonic's lead in this area, but an ever 
increasing number of FM tuner artd 
receiver manufacturers in this country 
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Fig. 6-Varying d.c. voltage at the output 
of the FM detector is used to automati­
cally correct for improper tuning of 
stations. 
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R.F. 

TUNING 
VOLTAGE 
(+ 4 TO 24 V.D.C.) 

Fig. 7-Basic FM front-end by Gorier, using three varactor diodes instead of the usual variable capacitor. 

and abroad have realized the niceties of 
"tuning with a d.c. voltag'e" and a 
number of designs have come forth­
each taking better advantage of the 
inherent possibilities than the one 
before it. 

As an example, consider the schemat­
ic of Fig. 7. It is a complete PM "front­
end" developed by the Gorler company 
of West Germany. Three tuned stages 
are used, each equipped with a varactor 
diode in place of the familiar variable 
capacitor symbol. (The capacitor symbol 
with the arrow though it is a trimmer 
capacitor, set once during alignment, to 
help the varactor diodes "track" over 
the entire PM band. It is not moved 
during the actual station-to-station 
tuning process.). Diode D-4, by the 
way, is the old familiar "AFC" diode, 
still being used in its minimal capac­
itance-changing mode along with its 
more sophisticated "first cousins," D-1 
through D-3. Tuning voltage required 
ranges from 4 to 24 volts, with the 4-volt 
bias corresponding to 87.5 MHz and the 
24-volt point providing coverage up to 
· 108.5 MHz. (See Fig. 8.) Obviously, 
a simple potentiometer or variable 
resistance hooked -up as in Fig. 9 is all 
that is needed to tune this front-end. 
Equally obvious is the fact that if the 
simplest of power supplies were used to 
provide this variable voltage, any slight 
variation in a.c. line voltage would 
cause a rather substantial shift in fre­
quency-more than the compensating 
AFC circuits could possibly cope with. 
Again, diodes come to the rescue-this 
time Zener diodes which exhibit the 
remarkable characteristic of "breaking 
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Fig. 8-Change in capacitance with applied voltage of a typical varactor diode. 
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Fig. 9-A potentiometer acting as a voltage divider could easily serve as the 
"tuning control " for the circuit of Fig. 8. 

AUDIO · MAY 1971 

Arthur Fiedler has chosen 
AR-5 speaker systems for use in his home. 

For over 40 years, Arthu r Fiedler has been conductor 
of the Boston Pops Orch estra. Hi s recordi ngs with the 
Pops have made him known to music lovers all over 
the world. Mr. Fiedler has chosen AR-5 speaker 
systems because their advanced design contributes 
to accurate reproduction of the original program 

materia l. Here, in his Brookline, Massachusetts, 
home, he auditions his latest Polydor recordings over 
an AR music system consisting of two AR-5 speakers, 
an AR FM receiver, and an AR turntable with Shure 
V-15 type II cartridge. 

r---------------------------------, I 
ACOUSTIC RESEARCH, INC. I 
24 Thorndike St. , Cambridge, Mass. 02141, Dept. AU5 1 

Please send me a free copy of your illustrated catalog, as 
well as technical specificat ions and measured performance 
data for the AR-5 speaker systems. 

Name ________________________________________________ ___ 

Address __ ~---------------------------------------------

I 
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I 
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I 
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I 
I 

L--------------------------------~J 
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Fig. 1()--A Zener-diode regulated power supply provides tuning voltage. Transistor 
Q-1 improves temperature stability of the system. 
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STATION 
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Fig. 11-Five individual potentiometers, singly selected by pushbuttons, tune the 
varactor-diode front-end to preselected station frequencies. 

down" at specific reverse voltages and 
changing their internal impedance with 
current flow in such a manner that the 
voltage appearing across the diode is 
very nearly constant over a wide range 
of current flow. A suggested power 
supply for use with the varactor front­
end of Fig. 8 is shown in Fig. 10. Now, 
with an available accurate source of 
variable voltage, accurate, stable tuning 
using just this variable voltage is assured. 

Tuning Innovations 
Given the "new freedom" of no 

mechanical linkages and no moving 
parts, engineers let their imaginations 
go and came up with a variety of ever 
more sophisticated tuning aids. The first 
one to suggest itself was the "push 
button" radio, in which several favorite 
FM stations may be "pre-set" by turning 
individual potentiometers, connected to 
the source of voltage and the "tuning 
voltage" point of the front-end by 
means of individual switches in the form 
of push buttons. This is so much 
simpler in execution than the horren­
dous mechanical marvels we still find in 
automobile AM radios in which the 
pushing of a button creates all sorts of 
mechanical "happenings" too terrible 
to behold! The push-button arrange-
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ment necessary for our varactor front­
end is shown in the partial schematic of 
Fig. 11 and its operation is so obvious 
that we won't dwell upon it. 

Automatic Tuning and 
Signal Seeking 

To Fisher Radio Corp. must go the 
credit for really carrying the varactor­
tuning concept to its ultimate level of 
sophistication in United States designs. 
Not content with just a few preselec­
table stations, Fisher engineers devised 
two more forms of tuning. Dubbed 
Autoscan, one form of the circuit 
"scans" the dial from low end (88 
MHz) to high end (108 MHz) in a 
slow sweep, automatically stopping 
along the way when stations are properly 
tuned in. When 108.0 MHz is reached, 
the tuning voltage instantly lowers to 
the 88 MHz setting and the process 
starts again, always in the up-scale 
direction. In the other version of Auto­
scan, buttons are available enabling the 
user to tune down-scale or up-scale, 
depending upon which button is de­
pressed. The former circuit is used in 
Fisher's 450-T while the latter appears 
in Fisher's 500-TX and their new four­
channel Model 70 I. A complete sche­
matic of the somewhat simpler circuit 

STATION 
# 5 

END 

is reproduced with their kind permission 
in Fig. 12, and the explanation of the 
workings of the circuit, as contained in 
their service manual, is so clear an 
exposition that we have taken the liberty 
of quoting it, almost verbatim, for the 
benefit of those of our more technical 
readers who can follow this rather 
sophisticated, but beautifully ·logical 
circuit arrangement. 

How 450-T Autoscan Works 
Transistor Q-902 provides the . con­

stant-current source to charge capacitor 
C-906 which actually determines the d.c. 
tuning voltage for the varactor front­
end. As voltage on C-906 rises, the front­
end tunes higher in frequency, towards 
108 MHz. Q-903 is a unijunction tran­
sistor. When the voltage across C-906 
reaches approximately 25 V. d.c., 
which corresponds to the emitter peak­
point of Q-903, and C-906 is discharged 
through Q-903 to approximately 3 volts 
d.c. As soon as C-906 is thus discharged, 
Q-903 resumes its normal, essentially 
open-circuit condition and the charge 
cycle begins to repeat. 

Field-Effect Transistor Q-901 is a 
variable shunt across the constant­
current charging source. Its gate is d.c. 
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Fig. 12-Complete circuit diagram of Fisher Radio's "Autoscan" as used in the Model 450-T. 

coupled to the output of the ratio­
detector. When the output voltage of the 
ratio detector sweeps through zero 
(which corresponds to exact center of 
station tuning), Q-901loads the charging 
source so as to maintain a constant 
tuning voltage across C-906. The hold 
control adjustment, R-909, is used to 
set the load current equal to the charge 
current (constant tuning voltage) when 
the gate voltage is zero. The source of 
Q-901 is d.c. coupled to the audio 
muting circuit. When the receiver is 
tuned to center-station? the muting 
output voltage is approximately zero. 
As the receiver is tuned off-station, 
however, the muting voltage applied to 
the source of Q-901 through R-910 
rises to + 15 V. d.c., allowing the tuning 
voltage to rise once more. When the 
receiver scans upwards in frequency to 
the next desired station, muting and 
detector voltages both swing through 
zero once more, ancl Q-901 loads the 
charging source Q-902 to establish and 
hold the new correct tuning voltage. 

The emitter of Q-906 is d.c. coupled 
to the i.f. amplifier. With the receiver 
tuned to a station, Q-906 is reverse 
biased and operation of the i.f. ampli­
fier is unaffected. When either the 
continuous advance or the one-station 
advance button is pressed, the grounding 
of C-904 temporarily drops the base 
voltage, forward biasing Q-906 and 
shorting out the i.f. amplifier. The drop 
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in output of the i.f. amplifier releases 
the hold on the tuning voltage across 
C-906 and the receiver begins to scan. 
As the voltage across C-904 rises, Q-906 
resumes reverse biased operation and 
the i.f. amplifier becomes operative 
once more. The release time during 
which the i.f. amplifier is muted by 
· Q-906 must be long enough to allow the 
receiver to tune off its previous station 
setting, but short enough to prevent 
station skipping. Variable timer tran­
sistor Q-904 progressively loads the 
base of Q-906 to lengthen the release 
time at 108 MHz, compared to the 
release time at 88 MHz, since the 
varactor diodes are not completely 
linear in frequency vs. voltage relation­
ship. To sweep the receiver 1 MHz at 
88 MHz requires approximately Yz 
volt change of d.c. tuning voltage, 
whereas at 108 MHz, approximately 
1 V2 volts change of d.c. tuning voltage is 
required. · 

Remote Control Operation 
From the foregoing, it is obvious 

that a simple duplication of the 
"advance" switches on the end of a long 
cable would constitute an excellent 
means of providing remote control 
tuning for such a receiver and, of course, 
Fisher provides just such a "remote 
control" attachment. Manual tuning is 
also easily accomplished, by simply 
including a continuously variable 

potentiometer to which is fed the highest 
d.c. tuning voltage required. The "arm" 
of the potentiometer then supplies 
tuning voltage depending upon its 
setting or point of rotation. 

The more advanced form of Autoscan 
featured in Fisher's 500 TX makes 
provision for an ascending as well as a 
descending d;c. tuning voltage, enabling 
the user to scan up.: scale or down -scale 
in frequency by means of two separate 
push buttons, but the basic principles of 
operation are the same and will not be 
detailed here. 

Conclusion 
All of the refinements embodied in 

these automatic tuning methods depend 
upon the fact that specially fabricated 
diodes can now be produced with 
controlled values of junction capac­
itance accurately determined by the d.c. 
voltage applied as reverse bias to them. 
Whether this development will lead to 
the complete abandonment of mechani­
cal, variable-capacitor tuning of AM 
and FM tuners by all manufacturers of 
tuners and receivers in the future 
depends upon cost factors and the 
engineering ingenuity of each manufac­
turer. But it's nice to know that the 
choice is there and we can foresee a 
variety of interesting and novel tuning 
schemes based upon this simple com­
ponent as more and more manufacturers 
begin to experiment with it. 1£. 
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THE SANSUII}S-1 
I}UADPHONIC SYNTHESIZER® 

SANSUI QS-1 
I 

4·CHANNEL SOUND FROM ANY 2·CHANNEL SOURCE 
Senses and recovers the ambient information 

hidden in. your stereo discs, tapes and broadcasts 

After having discovered that the ambient components of the original total sound 
field are already contained in hidden form, in conventional stereo records, tapes 
and broadcasts, Sansui engineers developed a method for sensing and 
recovering them. These subtle shifts and modulations, if re-introduced, 
breathtakingly recreate the total of the original sound as it existed in the 
recording or broadcast studio. 

The heart of the Sansui Quadphonic Synthesizer'~ is a combination of a unique 
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel 
information to obtain separate direct and ind irect components, then redistributes Phase-modulated signals 

these signals into a sound field consisting of four distinct sources. 
This type of phase modulation of the indirect components, applied to the additional 

speakers, adds another important element. It sets up a complex phase int erference fringe in the 
listening room that duplicates the multiple indirect-wave effects of the original field. The result is 
parallel to what would be obtaind by using an infinite number of microphones in the studio (Ml through 
Mn in the accompanying illustration) and reproducing them through a corresponding number 
of channels and speakers. · 

The startling, multidimensional effect goes beyond the four discrete sources used in conventional 
4-channel stereo, actually enhancing the sense of spatial distribution and dramatically expanding the 

dynamic range. Also, the effect is evident anywhere in the listening room, not just in a limited area 
at the center. And that is exactly the effect obta ined with live music! This phenomenon is one 

of the true tests of the Quad phonic system. 

The Sansui Quadphonic Synthesizer QS-1 has been the talk of the recent high-fidelity shows at which 
it has been demonstrated throughout the country. You have to hear it yourself to believe it. And you 

can do that now at your Sansui dealer. Discover that you can hear four channels plus, today, 
with your present records and present stereo broadcasts. $199.95. 

*Patents Pending 

SANSUI ELECTRONICS CORP. 
Woods ide, New York • Gardena , California 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan • Frankfurt aM., West Germany 
Electronic Distributors (Canada), British Columbia 
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AUDIO 
ENGINEERING SOCIETY 

Fortieth Technical Meeting and Exhibition 
April 27-30, at the Hilton Hotel, Los Angeles 

Here are some of the papers to be presented 
TUESDAY, APRIL 27 

Session A, commencing 9:30 a.m. 

On the processing of two- and three-channel program 
material for four-channel playback-John Eargle, Mercury 
Records. Dual-triphonic matrix stereo system-Takeo 
Shiga, Michio Okamato of Nippon Columbia and Duane 
Cooper of the University of Illinois. 
At the push of a button and the flick of a switch: The de­
sign of a new studio complex-John Mosely, Command 
Studios, London. · 

Session B, commencing 9:30 a.m. 

Airport noise management-John Hilliard, Ramberg and 
Lowery, Santa Ana, Calif. 

Session C, commencing 2:00 p.m. 

A new dynamic feedback cutter-head with associated 
solid-state driving system-Howard Holzer, Holzer Audio 
Engineering, Los Angeles. · 
Further improvements in performance of the Westrex 
3D-II stereodisc system-Frank Pontius and John Jarvis, 
Westrex, Beverly Hills, Calif. 
The education and tribulations of a precursory disc 
engineer-Robert Callen, Glenn Sound, Los Angeles. 
Analysis of crosstalk in stereo discs-Bernard Jacobs, Shure 
Bros., Evanston, Ill. 

Session D, commencing 2:00 p.m. 

Chromium dioxide audio tape-Klaus E. Naumann, Memo­
rex Corp., Santa Clara, Calif. 

WEDN,ESDAY, APRIL 28 

Session E, commencing 9:30 a.m. 

A high-quality all horn-type transducer- Raymond New­
man, Electro- Voice. 
Transducers and industrial espionage- Leo Jones, Saber 
Labs, San Francisco. 

Session F, commencing 2:00p.m. 

The ·world's most powerful sound system-Robert Reim, 
Hannon Engineering, Los Angeles. 
Sound reinforcement systems for the modern high school 
and college complex-Albert Huff, Hannon Engineering, 
Los Angeles. 

Acoustical design of Pappi Studios-two studios of 30,000 
a.nd 6,000 cubic feet respectively, plus control rooms and 
six reverb chambers-Ronald McKay, Bolt, Beranek and 
Newman. 

Session G, commencing 2:00 p.m. 

The Darren compatible four-channel FM broadcast sys­
tem-James Gilbert, KIOI, San Francisco. 

THURSDAY, APRIL 29 

Session H, commencing 9:30 a.m. 

Double sound system-Stan Horobin, CBC, Toronto. 

Session J, commencing 2:00p.m. 

The electrical design and musical application of an un­
conditionally stable combination filter-resonator-Dennis 
Colin, Tonus, Inc., Mass. 

Session K, commencing 2:00 p.m. 

A new approach for testing the hearing of new-born infants 
Clinton Jorgensen, Beckman Instruments, Fullerton, Calif 

FRIDAY, APRIL 30 

Session L, commencing 9:30 a.m. 

Determination ofloudspeaker signal arrival times-Richard 
Heyser, Calif. Inst. of Technology, Pasadena, Calif. 

Session M, commencing 2:00 p.m. 

The Foster "Freqy," a new tool in audio. This is a fre­
quency-shifting device with wide applications- Don Foster, 
Amos Productions, Canoga Park, Calif. 

Session N, commencing 7:30p.m. 

A recording studio workshop-Bill Lazerus of Sunset Sound 
Recorders and Brian Ingoldsby of MCA Studios will pre­
sent a live recording session with a mix-down from six­
teen-track. A question and answer period will follow each 
process. 

Further information can be had from the Audio Engineer­
ing Society, Room 428, The Lincoln Building, 60 E. 42nd 
St., New York, N.Y. 10017 
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The Dolby 360 Series 
Nearly a thousand of these new units are already in use. 

!til , .. JitiiJ ot nurmiL dttk. 
l!r- ou1 rtc • rtlllGtt tit~ II ·I• >:; ; ....., DOLBY SYSTEM A-Tvv• Model 361 O~llrt Labor>10H&> lot ~ 

Full compatibility with the A301 

Each Series 360 unit is only H inches .(44 mm) high. 16 
channels therefore require only 28 inches of rack space. 

Models 360 and 361 are single-channel A-type (professional) noise 
reduction units which process signals identically to the two-channel A301. 
The new units are small in size and are designed for simplified installation 
and use of the Dolby System with 16-track recorders. The cost of the 360 
series is some-What less than that of the A~01 for an equivalent number 
of channels. 

Automatic record/play changeover in the 361 

The Model 360 Is a sihgle-channel noise reduction processor unit. The 
Model 361 is identical to the 360 in size and appearance, but contains 
facilities for automatic record/play changeover controlled from the recorder. 
In the new series, the operating mode is set and clearly displayed by 
illuminated push-button switches. 

Internal oscillator 

High stability 

Single-module design 

An internal "Dolby Tone" oscillator is provided . for 
establishing correct operating levels. The characteristic 
modulation of the tone also identifies Dolby-processed 
tapes. All oscillators in a multi-track installation can be 
controlled by a single switch. 

The circuit is highly stable a1:1d does not require routine 
adjustment. A removable front panel allows input and 
output levels to be adjusted from the front of each unit. 
The panel also provides access to reiays and the ·noise 
reduction module. 

The noise reduction circuitry is contained in a single 
module which can be purchased separately. Should fail· 
ure ever occur, plug-in substitution will restore operation 
of the system in seconds with no adjustments necessary. 

· Prices, delivery information and complete specifications 
are available from 

0[] DOLBY LABORATORIES INC 
UK and International 
346 Clapham Road London SW9 

) 

333 Avenue of the Americas New York NY 10014 
(212) 243-2525 cables: Dolbylabs New York (01) 720-1111 telex: 919109 cables: Dolbylabs London · 


