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When you go 4 channel ... 

goScott443 
Quadranf 4 channel 

It's Got The Features You Want. The 443 AM-FM Quadrant 
Receiver makes its own 4 channel programs from any 2 channel 
source using Scott's exclusive DvR matrixing circuitry. And 
Scott's flexibility allows combining 4 outputs into 2 for doubled 
output power when the 443 is used for conventional 2 channel 

listening. You may select 4 x 18 or 2 x 35 watts by a convenient 

front panel control. 

The 443 receiver also reproduces discrete 4 channel programs 
from live or recorded sources. And its detector output/multiplex 
input jacks will accept an adapter to receive 4 channel broad­
casts when the FCC establishes a format. 

It's Got The Quality You Demand. The 443 uses Scott's FET 
front end, silver plated tuner, solderless "tension-wrap" con­
nections, quick-change Modutron® circuit boards, direct 
coupled, all-silicon output stages, plus Scott's traditional100% 
American design and manufacture. 

It's Got The Value-For-The-Price You Deserve. The 443 

Want More Performance And Features? 
Try the Scott 444 AM-FM Quadrant 
Receiver. It's got all the quality features 
of the 443 plus separate signal strength 
and center channel tuning meters, 
slide type volume controls and switch­
ing for up to 16 speakers. At a power 
rating of 4 x 25 or 2 x 50 watts, it's also 
a value-for-the-price leader at $449.90. 

Interested In 4 Channel Amplification 
Only? Scott offers a choice of two inte­
grated control amplifiers. There's the 
495 at 4 x 25 or 2 x 50 watts at $349.90. 
Then, there's the powerhouse 499 with 
which Scott officially started the whole 
4 channel industry in 1969. It puts out 
a conservative 40 watts per channel 
into 8 ohms for $459.90. 

receiver offers 4 channels and 72 conservative Scott 
continuous (RMS) watts into 8 ohms for $319.90, 

which is in the price range of most 2 channel 
receivers of similar features and power ratings. 

Check No. 100 on Reader Service Card 

When you go 4 channel, remember that 
H.H. Scott offers more models and more 
performance per dollar than any other 
manufacturer. We needn't say more. 

H.H. Scott, Inc., 111 Powdermill Road 
Maynard, Massachusetts 01754 

remember PANDORA'S BOXP 
Remember the lady whom Zeus sent down to earth with a little Only with a TDK Super Dynamic cassette can you be sure, 

box full of plagues and troubles? Next time you buy a tape sure that you have a cassette that will never let you down. 
cassette remember Pandora's box ; - -------------------=:. And that gives you ultra-wide 
unless it says TDK on top, you never frequency response, high output and 

know what problems you are extended dynamic range, negligible 
bargaining for. Sticking. Jamming. noise and distortion and, overall, the 

Tape tangling and breakage. world's finest quality. 
Wavering pitch due to uneven speed. 

Noise. Signal dropouts. One way or 
another, the sounds you want to 

capture and keep are spoiled or 
irretrievably lost. 

T D K ®World's leader ;n tape technology .. 

TDK EL-ECTRONICS CORP. 

Next time you buy cassettes think 
of Pandora's box-and buy a box of 
TDK. Reliability is no hit-or-myth 

proposition. 

TDK offers Super Dynamic, Deluxe Low 
Noise, Maverick Cassette and Super 

Dynamic reel-to-reel recording tape 

LONG ISLAND CITY, NEW YCRK 111Q3 

Chftck No. 1 on Reader Service Card 
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HIGH 
FIDELITY Sepl. 1971 

Altogether, this new arm strikes us as an 
excellent piece of engineering: it prob­
ably is the best arm yet offered as an 
integral part of an automatic player. 0 
Operation is simple, quiet, and reliable. 
0 All told, we feel that Garrard has come 
up with a real winner in the Zero 100. 
Even without the tangent-tracking feature 
of the arm, this would be an excellent 
machine at a competitive price. With the 
novel (and effective) arm , the Zero 100 
becomes a very desirable "superchanger" 
with, of course, manual options. 

Th e GRAMOPHONE 
August, 1971 

Reproduction quality was excellent with 
no detectable wow, flutter or rumble 
under stringent listening conditions. End 
of side distortion, which is always a pos­
sibility with pivoted arms, was virtually 
absent, due no doubt to the tangential 
tracking arm. 

Fall. 1971 

One could go on cataloguing the virtues 
of the Zero 100 indefinitely. 

for 8-page test reports booklet and a 12-page 
brochure on the Zero100 and the entire Garrard 
series mail to British Industries Company, 
Dept. K 11, Westbury,N.Y. 11590. 

Name---------------------------

Address ____________________ __ 

AUDIO July, .1971 

The Zero-1 00 performed just about as we 
expected after reading the specifications. 
Wow measured .08 per cent-that is in 
the band from 0.5 to 6 Hz. Flutter, in the 
band from 6 to 250 Hz, measured .03 per 
cent both of which are. excellent. 0 Thus, 
the 'Garrard Zero 100 is certainly the 
finest in a long line of automatic turn­
tables which have been around for over 
50 years. 0 We think you will like it. 

Electronics August, 1971 

Our lab measurements essentially con­
firmed the claims made by Garrard for 
the Zero 1 00. We used a special 
tractor with an angular resolution of about 
0.5°, and the observed tracking error was 
always less than this detectable amount. 
The tracking force calibration was accu­
rate, within 0.1 gram over its full range. 0 
The Garrard Zero 100 operated smoothly 
and without any mechanical "bugs." 

Stereo Review July, 1971 

Indeed, everything worked smoothly, 
quietly, and just as it was meant to. If 
there were any "bugs" in the Zero 100, 
we didn't find 'th-em. 0 Garrard's Zero 
100, in basic performance, easily ranks 
with the finest automatic turntables on 
the market. l_ts novel arm- which really 
works as claimed- and its other unique 
design features suggest that a great deal 
of development time, plus sheer imagina­
tion, went into its creation . In · our view, 
the results were well worth the effort. 

Sept 16, 1971 

This unit has every imaginable gadget 
and gewgaw one might possibly desire, 
and it works. And considering how -much 
it does, and how well it does it, at 190 
bucks it doesn't even seem expensive. 
The changer has so much in it that an 
analys is of its innards is almost a case 
study in record player design. 
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Coming 
In 

December 
Special 
Headphone 
Number-
Articles include a stereo crossfeed 
unit and a headphone amplifier 

Equipment Reviews Include: 
Soundcraftsmen 20-1 2 equalizer 
Heath AR-1 500 receiver 

Plus-
Record and tape reviews and all 
the regular features 

About the Cover: This shows the 
listening room of Charles Price 
of Kansas City. JBL S-7 speakers 
are concealed behind the book­
case and above the doorway. 
The H F horns are angled slightly 
inward to give the optimum stereo 
image. The installation, which in­
cludes J BL Lancers and LE 14' sin 
other rooms plus LE 8's on the 
patio, was made by David 
Beatty. Amplifiers and tuner are 
Mcintosh (FM MX 11 2 and 250 
power amp) . 

Audioclinic 

Center-Channel Amplifier 
Q. I am interested in finding a mono 

amplifier to use as a center-channel driv­
ing source with my Marantz 33 pre­
amplifier. The center-channel speaker 
will probably be so:ne inefficient book­
shelftype. Can you make any suggestions 
as to what I can use?-Corrado J. 
Bendotti, Bronx, N .Y. 

A. As for the kind of amplifier to 
use for your center-channel driving 
source, most now are stereo these days. 
Of course, you actually need just mono. 
I think you will be forced to obtain a, 
stereo amplifier but you will use just 
one channel. The actual amplifier will 
not matter too much, just so long as it 
has enough power to drive the speakers 
you plan to use. Your preamplifier must 
have some means of adjusting the 
volume of this center-channel ampli­
fier in the event that the power amplifier 
you ultimately obtain does not have a 
volume control of its own. Further, 
the amplifier's minimum input voltage 
requirement must be at least equal to 
that which your preamplifier provides 
at its center-channel output. 

If you buy a stereo amplifier, it might 
be nice if it was the same make as your 
main amplifier. This way its phase 
characteristics will match those of 
your present equipment. 

The other channel of your new ampli­
fier will, of course, be unused for the 
time being. However, you will be pre­
pared for four-channel sound at such 
time as you wish to enter this interesting 
phase of our hobby. 

Locating a.c. Ground 
Q. How can I determine the ground 

side of an a.c. receptacle?- Joseph P. 
Laronda, Cheshire, Conn. 

A. It is possible to obtain neon lamp 
testers designed to sense the presence 
of 117 V a.c. or d.c. Theytake the form 
of a neon lamp, mounted in a housing. 
Protruding from the housing are two 
leads. If the ends of the leads are 
inserted into the wall socket, the neon 
lamp will glow. If one of the leads is 
inserted ·into the socket and the other 
lead is touched to the screw which holds 
the outlet cover, you may get a light 
from the tester. Try both socket con­
nections till you find the one which 
produces a light in the tester when the 
other terminal is touched to the socket 

·cover retaining screw. Under these 
conditions, the lead which is inserted 
in the socket is the "hot" lead; the other 
one is ground. 

JOSEPH GIOVANELLI 

The reason I suggest that you try 
both socket connections before coming 
to a definite conclusion is simply that I 
have found that in SO:!lle old buildings, 
the box in which the socket is mounted, 
and hence, the cover retaining screw, is 
not grounded. In that case, 
socket terminal will cause a glow m 
the test lamp. In that case, you must 
use a radiator or waterpipe as the 
ground connection. 

If you do not have one of these 
testers, anything will work. If you have 
an ordinary light socket on hand, con­
nect wires to it and insert an ordinary 
incandescent lamp into it. Then proceed 
as above. 

Amplif ier Reserve Power 
Q. What is the benefit of using an 

amplifier which provides 80-80 watts rms 
when a speaker might use only a tiny 
fraction of that power?-Ed Hannes, 
Great Neck, N.Y. 

A. Many speakers today are rather 
inefficient. Therefore, it is necessary 
to drive them with amplifiers capable of 
delivering large amounts of power. If 
you do really loud listening, especially 
to organ music, you will easily run your 
amplifier at full power output if you are 
using one of these inefficient speakers. 
If your speakers are efficient, you will 
not need the full amount of power of 
which the amplifier is capable. 

When tubes were used in high fidelity 
equipment, it was common practice to 
use amplifiers capable of delivering 
more power than was necessary. This 
was helpful because distortion rose 
slowly in such amplifiers till the power 
output maximum was reached. After 
this distortion rose rapidly, of course. 
Now that solid state devices have re­
placed tubes, the situation is different. 
Distortion remains more or less constant 
until full output is reached. Again, 
after this point, distortion will rise 
rapidly-far more so than tube gear. 

All of this means that, with an efficient 
speaker, you can use an amplifier 
capable of only 10 to 15 watts per chan­
nel rms and have all the level and sound 
quality you could ever need. 

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 . 

AUDIO· NOVEMBER 1971 



Tape Guide 
Recorder for an Auto 

Q. I would like to play my 7" stereo 
reels in my automobile at 118, 3-!4, and 
70 ips. Is this possible? Is there equip­
ment on the market for this? Is there a 
portable deck available which would play 
the tapes mentioned?-David E. Benford, 
New York City, N.Y. 

A. If it is a portable, battery..:operated 
tape machine that you are seeking, I 
don't specifically know of any that 
accommodate reels larger than 5" and 
at the same time meet your other re­
quirements. I suggest that you consult 
the audio stores in your locality. A 
poss!bility you might care to explore, 
particularly if you wish high quality 
performance, is to employ an a.c. 
operated tape machine and power it 
from a converter that plugs into the 
cigarette lighter unit of your car. Again, 
consult your audio dealer on this. 

Quality of Reproduction 

Q: I bought two tape decks while over­
seas, planning to use them to play pre­
recorded tapes. I have been disappointed 
in the quality of such tapes, finding that 
the hiss and other noise is quite a bit 
more audible than that on FM stereo or 
on discs. Given the state of the art, what 
medium of reproduction has the highest 
fidelity- FM·stereo, disc, or tape? 

I am still planning to continue the use 
of tape for off-the-air recording. Would 
having my machine adjusted for low-noise 
tape substantially improve the quality of 
reproduction? 

I am considering the purchase of a 
Revox A -77 or Tandberg 64X. I haven't 
heard these machines yet, but the specs 
surpass what I have now. With either of 
these machines, could I achieve fiedlity 
equal to the original FM-stereo broad­
cast?-Bob Kellogg, Winston-Salem, 
N.C. 

A. If the broadcast is of live music 
(or other live material) and if the FM 
station employs good equipment prop­
erly aligned and properly used, then FM 
probably offers the highest fidelity. 
Next I would place discs because I think 
the average high fidelity disc still tends 
to be better than the average high 
fidelity prerecorded tape; however, 
there is probably little to choose be­
tween the very best discs and the very 
best tapes. 

Converting your machine to use with 
low-noise tape, which requires changes 
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in bias current, equalization and audio 
drive current for optimum results, 
would probably tend to improve matters 
so far as noise is concerned. 

I am. sorry, but I cannot comment on 
the tape machines you are consider­
ing for purchase inasmuch as the policy 
of AuDio prohibits me from doing so. 

Left-Channel Static 
Q. I have used my Sony TC-200 tape 

recorder for about four years. For the past 
several months I have been picking up 
annoying static electricity on the left 
channel. My tapes do not produce any 
static when they are played on other re­
corders. When I pull back the pressure 
pads, the quantity of static is cut down 
but is not eliminated After cleaning 
the heads, guides, and pressure pads and 
after demagnetizing the heads, the static 
is eliminated for only an hour or two of 
playing time. Are there any other ways 
to reduce or eliminate this static elec­
tricity?-V. Gary Taylor, Williamsburg, 
Va. 

A. The only possibility that occurs 
to me is that the playback head of your 
machine is not. properly grounded. 
Check the grounding carefully. 

Proper Choice of Speed 
Q. For home use, is 3-!4 or 70 ips the 

best speed? My recordings will be from 
discs, off the air, and from other tapes. 
Should a different speed be used for each 
special instance, or the same speed for 
all of one's tapes?-Avery L. Puckett, 
APO San Francisco, Calif. 

A. For home use, and assuming you 
want really high fidelity, 7lh is still the 
preferred speed. If you employ a high 
quality machine, you may, however, 
fmd that the deterioration in perform­
ance between ?V2 and 334 ips is so small 
or even unnoticeable as to permit you to 
do your recordings at the lower speed. 
The only way to tell is to try. Should 
you find 3% ips is truly satisfactory, 
then stay with that speed for all pur­
poses. But if you find that ?1/2 ips offers 
a worthwh!le improvement, I suggest 
you use th1s for sources offering good 
quality, and shift to 334 ips for sources 
of lesser quality. Again, you will have 
to experiment to arrive at a final course. 

Crosstalk 
Q. I seem to be having trouble with 

crosstalk on my tapes, that is, when tracks 
1 and 3 are playing, tracks 2 and 4 are 

HERMAN BURSTEIN 

clearly audible in the background play­
ing backwards. Needless to say I find 
this somewhat disturbing as I thought the 
tape I was using was supposed to be ex­
cellent. When I bought the tapes I was 
afraid that I might have trouble with 
leakage or crosstalk, but was assured 
that with good equipment there would 
be no difficulty. Using Scotch 290 (0 mil 
tape), I find that the half of the tape 
closest to the center of the reel never 
winds smoothly, although some tapes 
wind more smoothly than others. This 
is also the portion of the tape that gives 
me the most trouble with crosstalk. I 
have no problems with winding or cross­
talk when I use Scotch 203 ( 1 mil). 

I realize that when using thin tape, 
things of this sort are more likely to 
happen. The crosstalk occurs soon after 
recording (within 24 hours). The tapes 
are not subjected to excess humidity and 
are kept at room temperature. I am 
wondering if there is anything wrong with 
my equipment or if I have defective tape. 
If it is just that the tape is too thin, which 
tape would you recommend so that I could 
get the greatest amount of playing time 
with least crosstalk?-Alan Koslow 
Clayton, Missouri ' 

A. One might think that your cross­
talk problem is due to vertical mis-' 
positioning of the tape- head. But since 
it occurs only with certain tapes, it does 
appear that the tape is at fault. I am 
not sure I can explain why. It's almost 
as though print-through occurred, not 
from one layer to the next, but from one 

to the next. You may be experienc­
mg a form of "adjacent channel spill­
over." Another possibility is that layer­
to-layer print-through occurs; and that 
lack of smooth winding permits tracks 2 
and 4 to approach the position of tracks 
I and 3 more nearly than if winding 
were smooth. 

. policy of AuDIO magazine pro­
me recommending specific 

Items of audiO equipment, including 
tape. Therefore I can only suggest that 
you try various tapes until you find 
the one closest to your needs. I might 
add. that the NAB standards suggest 
staymg away from lh-mil tape for high 
quality recording. 

If you have a problem or question on tape 

recording, write to Mr. Herman Burstein at 

AUDIO, 134 North Thirteenth Street. 
Philadelphia, Pa. 19107. All letters are 

answered. Please enclose a stamped, self­
addressed envelope . 
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The tweets and 
birdies that happen 
when the high fre­
quencies in your input 
signal beat against the 
bios frequency can't hap­
pen in our new cassette 
deck F-107. Because its bias 
frequency is so high-100kHz­
that even beat frequencies are too high to be audible. 

And you won 't get the speed-up gabble or the slow­
down groan thqt means your recorder taped something 
at one speed but is playing it back at another. That's 
because our hysteresis synchronous motor drive assures 
precise, un iform speed at all times, despite those power 
fluctuations that ore so common these days. 

The beats, tweets, 
birdies, gabbles and 

groans, you don't get. 
What you do. get is 

30-13,000 Hz response, 
a 47dB signal-to-noise 

ratio, and less than 0.2% wow and flutter. 
like the dual bias tape selector that we 

pioneered, Endmotic automatic stop that saves transport 
and tope wear, and all the controls that you could wish 
for (even a mono-stereo switch). Just $149.79. Concord 
Division, Benjamin Electronic Sound Corp. , Farmingdale, 
N .Y. 11735/subsidiary of Instrument Systems Corp. 

CONCORD F-107 
Prices subject to change without notice. 

r--------------------------, 
iBENJANIIN! 
I I 

I CONCORD l 
Clleck No. 7 on Reader Service Card 



What's New in Audio 

Leader LAG-25 generator 

This solid state sine/square wave gen­
erator features a 20 Hz to 200 kHz range 
in four decades, with a low distortion 
sine wave and fast-rise square wave. 
Calibration accuracy is said to be .±,3% 
(+2Hz) and is direct reading. Drift is 
rated at less -than 1% with .:t,5% change 
in line voltage. The unit will generate 
complex waves for IM distortion checks 
and synchronize frequency from any ex­
ternal standard source. Price: $99.50. 

Chec.k No. 8 Ol'\ Reader Service Card 

Novasound Kaleidophone 

The Model A Kaleidophone. is an elec­
tronic music synthesizer which can be 
used as a live performance instrument, 
a teaching aid, or sound. effects gener­
ator. The unit does not require signal 
generator modules or patch cords, 
though inputs from an electric guitar 
or turntable can be used. Price: 
$1,296.00. 

Check No. 9 on Reader Service Card 
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Kenwood KW-5066 recorder 

This reel-to-reel machine has a claimed 
response of 25 to 20,000 Hz ±3 dB. A 
front-panel bias adjustment allows the 
user to setup the for a wider 
than normal variety of tapes. Other 
features include echo, sound on sound, 
full-track erase, and noise filter. Price: 
$259.95. 

Check No. 10 on R.eader Service Card 

Russound/FMP IMP-1 
I m pedaverter 

This solid state electronic impedance 
converting amplifier terminates medi­
um and high impedance microphones 
properly, yet allows the use of cables up 
to 500 feet in length. Gain and phase 
switching is provided, as are paralleled 
114-in. phone and RCA-type phono jacks 
at both input and output. 

Check No. 11 on Reader Service Card 

Pioneer PL-41 D turntable 

Less than 0.07% wow and flutter is 
claimed for this unit which uses an eight­
pole hysteresis synchronous motor, to 
drive the 121;4-in, 4.6-lb.diecast platter 
by means of a polished polyurethane 
belt. The belt drive also features a 
lock mech.anism which is said to prevent 
deformation of the belt when the speed 
is changed. Tracking force range is 0.4 
to 12 grams, while tracking error is 
specified at 0.17 degrees/ ern. Price: 
$220.00. 

Check No. 37 on Reader Service Card 

Catalogs 

Xcelite has issued bulletin/price list . 
671L, covering a series of magnetic 
nutdrivers which use Alnico magnets 
and come in a variety of styles and sizes. 

Gotham Audio offers a four-color, six­
page brochure on the Delta-Tau Model 
101 audio signal delay unit, which dig­
itally processes audio signals. Several 
applications are described. 

Howard W Sams & Co., . Inc. has made 
available copies of its current cataJog 
of technical and scientific books. 

Olson Electronics' latest catalog, .771, 
offers a wide variety of equipment and 
accessories, from receivers, speakers, 
and microphones, to noise filters, test 
leads, and cassette storage cabinets. 
Price: 25¢ from Olson Electronics, 260A 
So. Forge St., Akron, Ohio 44308. 

AUDIO • NOVEMBER 1971 

lhe$95 Misunderstanding. 
It seems there's been some confusion about the 

price that appeared in our first ad for the new KLH Model 
Thirty-Two loudspeakers. To clear up any misunderstand­
ing, the price is, indeed, $95 the pa ir ($47.50 each). t 

If you're wondering how we could make a KLH 
loudspeaker for $47.50, it's really quite simple. 

We had two choices. 
Either we could make a fair speaker and a lot of 

profit. Or we could make a lot of speaker and a fair profit. 
We chose the latter. We always do. That's why KLH 

speakers sound like KLH speakers. · 
Of course our Model Thirty-Two won't deliver as 

t Suggested retail price . Slightly higher in the west . 
*A trademark of The Singer Company 

much bass response as, say, our Model Seventeen. But the 
bas ic listening quality of the new KLH Thirty-Two is superb 
by any standard. In fact, we'll match the Thirty-Two 
against any speaker in its price class: even against most 
speakers costing twice its price . For when it comes to 
making reasonably-priced speakers that deliver an in­
ordinate amount of sound, that's real ly what KLH is all 
about. 

And about that, there can be no misunderstanding. 
For more information on the Model Thirty-Two, write 

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

KLH RESEARCH AND DEVELOPMENT 
A Division of The Singer Company 

Check No. 12 on Reader Service Card 



ehristmas 
11uying Guide 

Under $10.00 
A. How about a case for carrying records? The Duotone 
RC-50 (as its' name implies) has room for 50 LP discs and 
costs only $9.95. It is finished in black leatherette and has 
extra strong locks. The address of Duotone is P. 0 . Box 1168, 
South Miami, Fla. 33143. 

Interested in FM DXing? The Univ. of Wisconsin has an atlas 
available which lists nearly 300 FM stations in the U.S. and 
Canada. It costs $2.00 (postpaid) from Dr. Bruce F. Elving, 
WUWM Radio, Univ. of Wisconsin, Milwaukee, Wise. 53201. 
B. Here is something for the home constructor: adhesive 
copper tape for making circuit boards. It costs $1.00 for a 
1116-in.-by-12-ft. roll and $2.00 for a 1/8-in.-by-12-ft. roll. 
From Tape-A -Circuit, P.O. Box 3268, Scottsdale, Ariz. 85281. 

Under $35.00 
C. The Staticmaster record cleaning brush features a polonium 
cartridge which is claimed to neutralize static charges by 
sending out a stream of alpha particles. The cartridge is said 
to be replaceable-which is strange because the half-life of 
polonium is about 626 years. Still, you never know . . . . 
Makers of the Staticmaster are: Nuclear Products, 2519 N. 
Merced Ave., So. El Monte, Calif. 91733. 
D. The Display Media cases are described as "a cure for 
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cartridge clutter" and the cassette case holds 20 tapes and costs 
$9.95. The larger version, which has room for 40 8-track 
cartridges, is fitted with a lazy susan base and costs $19.95. 
Both models are made of solid walnut. Display Media, 120 
Laura Dr., Addison, Ill. 60101. 
E. ·Why not buy another pair of stereo phones-either for 
another member of the family or for your own personal use. 
The Pioneer SE-120 shown here have a very wide frequency 
range and are unusually light at a mere seven ounces or so. 
Price: $29.95. 
F. A lot of good music is now available on cassettes but many 
people have 8-track players- especially in their cars. The 
solution to the problem is simple-use an adaptor. Two 
recently released are the Toyo 680, which costs $29.95, and 
the Muradaptor at $34.95. 

Under $120.00 
G. Changing to four-channel? There is now a wide selection 
of decoders including Sansui, Denon, EV, Sony-CBS, Toshiba, 
H eathkit, and Dyna. Shown here is the M etrotec version of 
the EV Stereo-4 and it features independent decode control 
of front and rear channels as well as front/rear balance 
control. It costs $69.95, but you can save $20.00 if you 
assemble it yourself. 
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H. Those rear speakers could pose certain domestic problems 
in some households and one compromise is to use coffee-table 
speakers like the Empire 6000's ($119.95). The tops are solid 
marble, not plastic. Another possibility are the small 3M Co. 
A -1050's, which are priced at $75.00 a pair. Among the more 
conventional systems worthy of consideration are the new 
JansZen 108's which use an electrostatic treble unit with an 
8-in. bass speaker. They measure just 20 by 10 by 10 in. 
( approx.) and cost $99.95 each. 

Under $300.00 
I. Audio equalizers which give a frequency control by octaves 
cannot make a poor loudspeaker sound like a good one, but 
they can often effect a dramatic improvement. They can also 
help to reduce standing wave peaks in poor listening rooms. 
Among those available are the Advent, Metrotec, SAE, and 
Soundcraftsmen. The model shown here is the Soundcraftsmen 
20-12, which gives separate channel control with a 24 dB 
rangefor each of 10 octave bands. Price: $299.50. 
J. Another solution to quadraphonic conversions is a combined 
decoder-amplifier and the addition of such a unit will enable 
you to play discrete 4-channel tapes, matrix discs, as well 
as producing a surround sound from ordinary two-channel 
stereo sources. A typical decoder-amplifier is the Sansui 

QS-100, which produces 15 watts per channel (rms, 8 ohms) 
and is priced at about $200.00. QS-1 shown. 

Expensive 
K. Need more power? How about investing in a Marantz 500, 
a state-of-the-art power amplifier giving an output of 500 
healthy watts per channel? That's right-a total punch of one 
kilowatt! But, after all, this is really only about 10 dB higher 
than a modest 50 watts per channel. Model 500 will mount on 
standard racks without adaptors and sells for $1200. There is 
a three-year parts and service guarantee. 
L. Here are two other items that could give pleasure to the 
whole family (or commune?). The first is the new Musonics 
Sonic V Synthesizer which has a four octave keyboard and 
comes complete with built-in speakers ready to play for 
$895.00. No patch cords are used, and it measures only 34 
inches wide by 21 inches deep and 13 inches high. Makers 
are Musonics, Inc., P. 0. Box 131, Academy St., Williams­
ville, N.Y. 14221. 
M. The second Item is a complete closed circuit TV and 
intercom system at the remarkable price of $370.00. The 
monitor has a 5-in. screen and the camera, which has a 
F:1.6 lens, is said to pick up a good picture under poor lighting 
conditions. Obtainable from Olson Electronics, 260 S. Forge 
St., Akron, Ohio 44308. 



BEHIND THE SCENES BERT WHYTE 

E ARL Y IN SEPTEMBER I was in 
London, visiting with Dr. Ray 
Dolby and his charming wife, 

Dagmar. I was also privileged to see 
the inner workings of Dolby Labora­
tories, about which I'll report on in the 
near future. 

While in London, I had the oppor­
tunity to hear a demonstration of the 
CBS SQ four-channel disc. The in­
defatigable Ben Bauer of CBS Labora­
tories was on hand to explain the 
workings of the SQ disc to a large 
assembly of British audio enthusiasts, 
including quite a few members of the 
British hi-fi press. The venue was a 
largish room in the Grosvenor House, 
measuring approximately 35 . feet wide 
by 50 feet deep, with 11 foot ceilings. 
As Mr. Bauer pointed out, a room this 
size is just about the limit for demon­
strating four-channel sound. 

At each corner of the room there was 
a huge studio monitor speaker, . and in 
between the front speakers a Studer 
four-channel stereo tape deck, conven­
tional disc playback equipment, and of 
course, four-channel stereo amplifica­
tion. There was also remote switching 
equipment and an illuminated glass 
display panel to indicate what mode the 
sound system was in during A-B tests. 
It was possible to switch between the 
master tape and the SQ four-channel 
disc, the SQ disc plus electronic logic 
(a special feature Qf the CBS system), 
the switching allowed the SQ disc to be 
played in conventional two-channel 
stereo mode, and finally, mono­
phonically. As with most of these 
demonstrations, the room was jam­
packed, so that many of the auditors 
(including yours truly) were poorly 
situated for optimum evaluation. Add 
to this the fact that these studio monitor 
speakers are highly directional and the 
optimum listening area becomes even 
more circumscribed. In regard to this 
symmetrically "ideal" listening area, 
I respectfully must disagree with Mr. 
Bauer that quadraphony per se "frees" 
the listener from the "center of the 
room" spot. The type of speakers used 
has a great deal to do with the shape of 
a quadraphonic sound field, with wide 
dispersion of high frequencies a de-
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sirable characteristic. But I submit that 
even with theoretically "ideal" speakers, 
a person who has gone to the expense 
and trouble of setting up a four-channel 
stereo system wants optimum results, 
and invariably in my experience, this 
is the intersection of the four sound 
fields in the approximate center of the 
room. 

At this point, a description of the 
· CBS SQ system would be in order. 
However, I have not yet been to Mr. 
Bauer's laboratories for really intensive 
listening and discussion. Plus the fact 
that Mr. Bauer has written an article 
for Aumo explaining his system, which 
appeared in the October issue. None­
theless there are several aspects of the 
SQ system which are purported to be 
different from other matrix systems, 
and these should · be mentioned. The 
system is said to possess "omnidirec­
tional stereo fidelity," which means 
that if a constant signal is panned 
around the encoder, the total sound 
power delivered to the stereophonic 
loudspeakers should remain constant 
regardless of the angle of the pan. To 
quote Mr. Bauer, "the system also 
displays omnidirectional quadraphonic 
fidelity-with a signal panned into the 
encoder around a 360 degree angle, 
the total encoded energy applied to the 
four loudspeakers should remain 
constant." The aforementioned "elec­
tronic logic," is described as a circuit 
which recognizes back channel sounds 
as side-effect sounds (as . interaction 
between front and back channel pairs) 
because of their equal strength and 
phase relationship, and causes the gain 
of the back channel amplifiers to be 
diminished. In this manner, the com­
plete illusion of the full orchestral span 
is preserved regardless of . listener 
orientation. When there is an orchestral 
pause in the music you are listening to, 
the reverberent sounds carry on and 
the logic causes full restoration of the 
back channel amplifier gain so as to 
reproduce accurately the. reverberent 
effects. 
- As for -- the demonstration itself, a 
four-channel SQ disc was played with 
an introductory narrative by the urbane 
Mr. David F rost, interspersed with 

musical examples. There were the usual 
cornball (but quite legitimate) "effects" 
-Frost's voice moving around the four 
speakers and the very eerie, chilling 
howls of a circling wolf pack! Then a 
four-channel master tape and an SQ 
disc cut from the master were played 
synchronously and A-B testing com­
menced. The pop music was a varied 
bag of rock, mood, and show stuff, 
all typical mix-downs from 8- · and 
16-track material. Classical music was 
the ubiquitous Walter Carlos' "Switched 
On Bach," some of the Gabrielli 
Canzoni, and the merest snippet of 
the finale of Tchaikovsky's 4th Sym­
phony. 

How did our British cousins react to 
the demonstration? How did I like it? 
The first comments from some people 
I talked to didn't surprise me. Their 
first concern was not with four-chan­
nel stereo, but with the sounds of the 
studio monitor speakers. In short, they 
utterly loathed them. Said one irate 
chap, "Blasted things can drill a hole 
right through one!" If you know the 
British propensity for understatement, 
you can understand why they felt this 
way about these hyper-bright "pres­
ence-peaked" speakers. As to four­
channel stereo per se, or at least to 
the matrixed disc kind that they heard, 
reactions were mixed. Some of the 
keener types I spoke to were en­
thusiastic, not merely because of the 
demonstration they had heard but for 
the whole idea of multi-dimensional 
sound and another step towards the 
concert hall experience. Still others 
dismissed the whole thing as a fad or a 
gimmick, and opined that they · didn't 
think four-channel stereo would get 
very far. A few were outright condemna­
tory, stating they heard all sorts of 
distortion, and "you just don't hear 
musiC this way" and it was just a plot 
by the damn yankees to sell more 
speakers and amplifiers. Gad! From my 
less than ideal spot, I thought the pres­
entation was good and allowing for the 
speakers, the sound was clean and well­
balanced. The A-B tests between the 
tape and the SQ with logic were quite 

(Continued on page 14) 
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Which of these two new Wollensak 
stereo cassette decks is worthy of 
your sound system? 
One is Dolby. One is not. 
The one on the left is the Wollensa:k 
4760 cassette deck featuring the 
new Dolby System® of noise . 
suppression. It reduces 
of background tape hiss by 10 db 
at 4,000 Hz or above, while 
greatly increasing dynamic range. 
To enhance fidelity, bias for both 
standard and high performance 
tapes can be selected by a tape 
selection switch. Frequency response 
of the Model4760 is 35-15,000 Hz 
plus or minus 2 db. This deck .is 
the ultimate in cassette decks; the 
finest you will ever buy. It is equal 
®A TRADEMARK OF DOLBY LABORATORIES. INC. 

--_-__ - ;;..-:-_-_-::.::-:-_- -
-- _:-_-_ ": :. -_ ·-·:. _- -:. -_ -

to the best and most expensive Fast- forward and rewind 
open reel recorders. speeds are about twice as fast as 
.For. the man who wants many of any otheL Interlocked _controls 
the same high qualities of the 4760 allow .you to go from one 
without the attributes of the function to another without first 
Dolby System, we have also going through a stop o_r neutral 
. invented the Wollensak 4755 mode. End-of-tape sensing stops 
cassette deck. Both of these unique the cassette, disengages the 
decks feature a massive, mechanism and prevents 
counter-balanced hi-peripheral unnecessary weaL The "Cassette 
drive responsible for one of the · Guardian" automatically rejects 
lowest. wow and flutter · a cassette in play or record 
characteristics you'll find anywhere. .position. 
The preci.se heavy-duty tape Either the Wollensak 4760 or the 
transport mechanism is considered 4755 can complement your present 
the finest by many audio experts. C(omponent system with cassette 
This· mechanism includes the only advantages. Hear them both at 
full-size flywheel and capstan your nearby dealer. Then answer 
available to assure constant tape the question: Dolby or not Dolby? 

Either way ... it's worth it Wollen sal< 3m 
3M CENTER ·SAIN T PAUL . MINNESOTA 55101 

Check No. 3 on Reader Service Card 
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(Continued from page 1 2) 

effective. However, I am bound to say 
(and not snidely) that the music that 
was presented was all of the equal ampli­
tude "surround" variety, even including 
the classical selections with the exception 
of the few brief seconds of the Tchai­
kovsky 4th. You must remember that 
the "Switched On Bach" is strictly an 
electronic studio product, while the 
Gabrielli is in the category of the 
Berlioz Requiem . . . one of the few 
pieces written for antiphonal front-to­
rear effects. As I have observed with 
all matrixed discs, when true rear chan­
nel ambient information is presented 
and A-B tested against a discrete master, 
invariably you perceive that when you 
switch from the discrete to the matrix, 
the sound field seems to "collapse" in 
front of you. It sounds almost like an 
out-of-phase condition and becomes 
very amorphous and vague, with little 
separation or directional qualities to 
anchor your auditory senses. Thus I 
personally will have to wait until my 
visit to CBS Labs and hear the SQ 
system with classical material with 
ambient information, before I can state 
unequivocally that I could not hear any 
difference between master tape and 
disc. 

It was interesting to note that when 
members of the audience were given 
the opportunity to use the remote 
switching control, they were inclined to 
spend more time switching between the 
SQ four-channel and conventional two­
channel stereo, rather than between 
four-channel tape and disc. I questioned 
a few people about this and they stated 
that they were more interested. in what 
they might be missing on going from 
four- to two-channel, inasmuch as they 
doubted they would ever be able to 
afford discrete four-channel stereo 
tape. In the after demo question ses­
sion, there seemed to be more concern 
about compatibility than is evidenced by 
American audiences. Nevertheless 
there were some very intelligent ques­
tions and poor Ben was I think rather 
"baited" by one chap, described later 
to me as "half mad-half genius," who 
was prepared with two metal hoops with 
which to argue and illustrate the com­
plex permutations of the four-channel 
matrix. 

All in all, I think our British friends 
were impressed. Percy Wilson, the grand 
old man of British audio, was there and 
he summed up things to me quite aptly. 
"My dear Bert, you know it took us a 
great deal of time to switch from mono­
phonic to stereo sound. I hesitate to 
think what is going to happen in the 

14 

four-channel era. And I especially dread 
how we are going to cope with the 
ladies." It is noteworthy to me that this 
spry octogenarian thinks there will be a 
"four-channel era." I look forward 
to visiting with Mr. Bauer at CBS labs 
for a full exposure to his most interest­
ing SQ disc. 

* * * 
I have reported to you in several 

columns about demagnetization and the 
unique products of the R.B. Annis Co. 
The super demagnetizer I mentioned, 
with the 400 oersted strength at the 
probe end, has arrived and works like 
a charm. I measured a value of 3 gauss 
on the capstan of one of my tape 
machines with the Annis pocket mag­
netometer. A few moments application 
of the Han-d-Mag degausser and then 
the meter registered zero. Incidentally, 
the field is so strong that it is only 
necessary to hold the probe end within 
a quarter-inch of the heads or guides 
and capstans . . . not actually touching 
the parts to effect demagnetization. 

The "hot" flush end of the Han-d-Mag 
is about 700 oersteds and can be used 
very easily to bulk erase cassettes. A 
double note of caution is in order ... 
on inexpensive tape machines with low 
quality VU meters it is prudent to 
keep the probe end of the unit about 
two inches away from the meters. On 
higher quality machines one inch spac­
ing is sufficient to prevent damage. A 
kind note from an engineer at CBS 
Labs states that a field strength of 350-
400 oersteds might damage input 
transistors and FET's of modem tape 
machines. Cause would be possible 
transformer action between degaussing 
devices and tape head windings which 
might develop voltages which would 
destroy solid state devices or at worst 
degrade operating noise figures. I have 
checked a number of engineers on 
this and · some state that it is of no con­
cern, while others say maybe. On pro­
fessional machines, there is no reason to 
worry. In any case, we . are following 
this up and will report to you as soon 
as we know the score on the problem . 
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In the current Module competition 
'Ne enter the Garrard thoroughbred ... 

complete ready to play ... at only 5 

Complete 
with these 

Blue Ribbon 
Features 

Synchro-Lab synchronous motor 
for absolutely constant speed 

Dynamically-balanced 
tubular aluminum tone arm 

Adjustable stylus pressure control 

Patented sliding weight 
anti -skating control 

Viscous-damped cueing/pausing 
and tone arm descent 

Fingertip tab controls 

Safe 2-point record support 

Oversized balanced turntable 

Interchangeable spindles 
for manual and auto play 



· Editor's ·Review 
I MANAGE to abandon ·the 

. Editorial Chair for two or three days so I can 
visit various manufacturers to see what is going on 
behind the scenes in the labs, so to speak. Many of 

. the new products I have seen during the past few 
months are still under wraps but the.re are a num­
ber of items I can mention. One is. the new AR 
loudspeaker system which is mainly intended for 
studio use. It is based on the standard AR-3a but 
has four mid-range and four HF domes in addition 
to the 12-inch bass unit. The domes are mounted 
to "fire" from the two angled sides as well as from 
the front so the net result is a wide dispersion. 
Cubic capacity of the enclosure is the same as the 
AR-3a, so the bass performance is almost identical. 
The sound has an uncolored, spacious quality, 
and I am sure these AR systems-which by the way 
are called .LST's-will find a place in many homes 
as well as studios. Not far away from the AR plant 
is a competitor, KLH, and here I was impressed 
with a new modular system which was demon­
strated by Mt. Von Sacken, the Marketing Manager. 
This was the Model 35 and it comprises a 40-watt 
(rms) AM/FM receiver, a Dual record changer, 
plus two Model 6 loudspeakers. Styling was 
typical KLH and performance, as might be ex­
pected, was above average. Price is $550.00. 

Can you imagine a color TV picture about six 
feet by five feet? Well, that is what I saw at Advent, 
and the elaborate three-gun projection system is 
the pet project of Henry Kloss. Henry is also very 
much occupied with tape recorders. He is very 
enthusiastic about chromium dioxide tape for 
cassettes and a demonstration of the low noise 
level achieved was certainly most convincing. 
The next call was at H. H. Scott and this pioneer 
company has an impressive range of products. 
It was evident that the VP of Engineering, Victor 
Brociner, and Chief Engineer, Dan Reckling­
hausen, are giving a great deal of thought to the 
potential of four-channel stereo. Epicure has 
moved from the Boston area to Newburyport, a 
few miles north, and here they are settling into a 
brand-new factory complete (or so the brochure 
says) with ping-pong table! I did not see this piece 
de resistance-but I did see stacks of speakers ready 
for dispatch. Other visits took me to Bozak where 
future plans-Top Secret-were discussed with 
Saul Marantz. A few weeks before this found me 
down at Benton Harbor, Michigan, at the giant 
Heathkit plant. Highlight of this visit was a look at 
the new computerized stacking machine in the im­
mense storehouse. Insertion of a punched card in 
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the control unit would send the stacking device 
down the rails to the programmed stop, where it 
would raise itself to the right level and pick up the 
required box of resistors or what-have-you's. 
Heathkit's president, David Nurse, told me that the 
robot nearly wrecked the storehouse during the 
first few weeks but now it has been tamed and 
everything is under control. The Chief Engineer, 
Gene Fibich, showed me a recent innovation-a 
large, well-equipped lab which is not used for re­
search or design but for quality control. Here, the 
new prototypes are sent for a thorough analysis, 
life testing, and so on before being finally approved. 
I was interested to see that the new AR-1500 re­
ceiver was undergoing its final tests-this is the 
"second generation" version of the popular AR-15 
and we hope to review one of the first models very 
soon. At the British plant evaluation was always 
performed by a group working away from the 
engineering labs but we never graduated to a QC 
lab on this scale! 

Hi-Fi For Beginners 
I am always being asked "What book on hi-fi 

would be suitable for beginners?" The trouble is, 
most of the great books of a few years ago are now 
a little dated, but here is a new one that can be 
highly recommended. ·lt is Hi-Fi in the Home 
and it is written by John Crabbe, Editor of the 
British Hi-Fi News & Rec;ord Review. No, I am. not 
biased on this account but I have to agree with the 
reviewer who said, "This book is the most up-to­
date and comprehensive treatment of domestic 
hi-fi in print." It can be obtained from Trans­
atlantic Arts, Inc., North Village Green, Levit­
town, N.Y. 11756. Price is $9.16 postpaid. 

Humor in Advertising 
From a press release: Say it with music has be­

come a means for spreading the word for H. B. 
Fuller. The adhesive product manufacturer has 
just released a 45 rpm record entitled "Someone 
is Glueing Your World Together." The words are 
"Living is taking the shape of tomorrow. It's not 
far to that world. Someone is gluing your world 
together, making it a better, Fuller world." Ouch! 
Of course, advertising with records is not new; 
more than 50 years ago a candy company made one 
which was quite popular. It was much better than 
the Fuller disc as it was made of chocolate, so that 
after one tired of the music the sticky mess could be 
eaten-for a fuller inside. G. W T. 

AUDIO • NOVEMBER 1971 

We didn•t say this about our new 
electrostatic headset. 

uy he really important rproof of the 
pudding' is in listening, and here the Isophase 
showed up as superb. If one were ever skep­
tical about the use of phones, these should 
cure him. Lows were solid like those from a 
large theatre-type speaker system, and highs 
were smooth and silky, with no raspiness and 
no harshneJJ. In addition to sounding so 
good, the Isophase headset was comfortable 
to wear, even with glasses, for a long period 
of listening. The kid-like vinyl covering for 
the circumaural foam pads was as soft as a 

maiden's kiss-one of those things you can't 
hardly ever get any more. Sure, we kicked out 
the circuit breakers several times, but we 
simply wanted to see how loud the phones 
would play. Loud enough, certainly, and even 
louder than one would consider adequate for 

· comfortable listening. Operation was restored 
immediately by depressing the circuit-breaker 
reset buttons on the front panel of the 
polarizer. On the whole, these phones were 
well worth waiting for." 

C. G. McProud 

Audio Magazine did. 

1\e Stanton Mark llllsopha$C Electrostatic Headset System 
offers frequency response from 20-18,000 Hz + 2dB, and is designed to 
from speaker output terminals of any amplifier of at Least 10 watts rms rating. 
Headphones weign only 15 ounces. Polarizer attd laeadphones: $159.95. 

STaNTOn .Magnetics Imc., Terminal Drive, Plainview, New York 11803 

Check No. 17 on Reader Service Card 



The 
Loudspeaker I Living 
RoyF.AIIison· Room System· 

do people actually hear when they put on a record and sit 
in their favorite chairs, and why do they hear what they do? '' 

A s PART OF A RESEARCH project on loudspeaker measure­
ment t_echniques, Acoustic Research recently measured 
the "frequency response" of the sound fields produced 

by loudspeakers in normal listening rooms. We wanted ob­
jective field data on real-life listening situations: what do 
people who buy high-fidelity loudspeakers, and put them where 
they will fit best in their living rooms, actually hear when they 
put on a record and sit in their favorite chairs? And (just as 
important for our purpose) why do they hear what they do? 
Which aspects of a loudspeaker system's performance are 
significant in determining the perceived frequency response, 
and which (if any) are not? 

These questions arise, of course, because of the very signifi­
cant differences in results obtained when loudspeaker systems 
are tested in different ways. The "frequency response" depends 
on the environment into which the speakers of the system 
radiate, the angle from the system at which the measurement is 
made, the distance of the microphone from the system, and 

, even the time (relative to the input signal) of the measurement. 
It is not surprising that ther:e is misunderstanding l;lnd contro­
versy .whenever loudspeaker measurements are discussed. 
Some of these differences may be clarified by the illustrations 
that follow. They show the results of tests on one particular 
model of speaker system under various conditions, with com­
ments on each type of test. (To answer the obvious question 
in advance, it is an AR-3a system). 

Tests made in an anechoic environment-either outdoors or 
in a chamber with completely sound-absorbing treatment on the 
walls-provide information on the direct radiation from the 
system but only at one angle from it at a time. Figure 1 shows 
the anechoic response of the individual speakers in the system, 
taken through the crossover network, at three angles: 0° 
(directly in front), 30° off the axis and 60° off the axis. The 
low-frequency part of the woofer curve was taken outdoors, 
since anechoic chambers are not perfectly sound-absorbent 
at very low frequencies . The mid-range and tweeter curves were 
taken in an anechoic chamber but with the speakers on large 
flat baffles to eliminate diffraction effects. 

Figure 1 is only a starting point. This kind of response is 
never heard as direct radiation from a speaker system, because 
at and near the crossover frequencies there are two speakers, 
physically separated in the cabinet, radiating simultaneously. 
Their phase relationship for rays of direct radiation changes 
with the angle of the ray, reinforcing or cancelling in the region 
of overlap. This interference effect is shown in Fig. 2. These 
are anechoic chamber curves of all three speakers of the system, 
remounted in the cabinet and operating together. The cabinet's 
molding has been removed and the speaker mounting plate 
extended by a flal-lbaffle . Response is shown at the same three 
angles as for Fig. 1. It should be realized, however, that 
while the curves in Figure 1 are typical of those that would be 
obtained for rays at the same angles in all planes, this is not 
true for the system curves in Fig. 2. The interference effects 
*Vice President, Acoustic Research, Inc., Cambridge, Mass . 
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would be different for similar angles in different planes around 
the cabinet. 

The first sound that reaches a listener's ears, regardless of the 
listening environment, is represented accurately by a response 
curve taken under the conditions that apply for Fig. 2. The 
exact curve that would apply depends on the angle of the lis­
tener with respect to the cabinet, of course . But this relatively 
simple situation does not last very long. , 

After a period of somewhat less than one millisecond, 
diffraction effects-reflections from the grille cloth molding 
and the cabinet edges-cause further perturbations in the re­
sponse at any particular angle. This can still be considered 
"direct radiation" because, even though it is the result of re­
flections, it is caused by the cabinet and it is independent of the 
listening environment. Diffraction flffects are visible in Figure 

FREQUENCY- Hz 

Fig . 1-Fiat-baffle anechoic response of each of three speakers 
in the system, taken at angles of 0, 30, and 60 degrees . 

FREQUENCY-HZ 

Fig. 2-Anechoic response of complete system in cabinet, 
but with grille cloth molding removed to minimize diffraction, 
at angles of 0, 30, and 60 degrees. 
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The new Heathkit AR -1500 surpasses our famous 
AR -15 in everything but price 

In 1967 we introduced the Heathkit AR-15, a receiver that opened 
new horizons in stereo and FM/ stereo circuitry. Experts agreed it 
was the most advanced receiver on the market, and customers by 
the thousands praised it as the best buy in stereo. Now meet the 
AR-1500, successor to the AR-15, with impressive improvements in 
every critical area, yet no increase in price! If you're going to im­
prove upon a classic, that's the way to do it. 

180 Watts Dynam ic Music Power, 90 watts per channel (8 ohm 
load); 120 watts dynamic music power per channel under 4 ohm 
load, with less than .2% intermod distortion, less than .25% har­
monic distortion. The 14-lb. power transformer and massive out­
put transistor heat sink make this definitive statement on power 
in the Heath tradition of conservative ratings. Direct coupled 
output and drive transistors are protected by limiting circu itry 
that electronically monitors voltage and current. 

FM Select ivity greater than 80 dB, better phase linearity, separa­
tion and less distortion are made possible by two computer-de­
signed 5-pole LC Fi lters. The improved 4-gang 6-tuned circuit front­
end gives better stab i I ity, 1.8 uV sensitivity, 1.5 dB capture ratio, 
and 100 dB image and IF rejection. Four IC's are used, three in the. 
IF, one in the Multiplex. Patented automatic FM squelch is both 
noise and deviation activated, fully adjustable for sensit ivity. 
Vastly Superior AM, an "also ran" with many other receivers, has 
two dual-gate MOSFETS in the RF and Mixer stages, one J-FET 
in the oscillator, 12-pole LC Filter in the IF, and broad-band de­
tector. Better overload characteristics, better AGC action, and no 
IF alignment. 

Famous Heath " Black Magic" Lighting hides tuning scales and 
meters when the AR-1500 Is not in use. You'll appreciate such 
niceties as velvet-smooth single-knob flywheel tuning for FM and 
AM, function pushbuttons, chrome-plated die cast panel and 
knobs. And there are outputs for two separate speaker systems, 
bi-amplification (separable preamps and amps); oscilloscope mon­
itoring of FM multipath. Inputs for phono, tape, tape monitor and 
auxiliary sources- all with individual level controls. 

If you can bu ild a kit, you can bu iid an AR-1500 ! Ten plug-in cir­
cuit boards, two wiring harnesses and extens ive use of pre-cut 
wiring with installed clip connectors make the AR-1500 a kit­
builder's dream. Built-in test circuitry uses signal meter to make 
resistance and voltage checks before operation. Install in the new 
low-profile walnut cabinet, in a wall or use the black-finish dust­
cover included in the kit. The coupon at right is your order blank. 
Or, if you still can't believe the AR-15 was just a beginning, send 
for more information on the new Heathkit AR-1500. 

Kit AR-1500, less cabinet, 42 lbs., mailable .. ... . . .. . .... . 349.95* 
ARA-1500-1 , walnut cabinet, 6 lbs., mailable . ..... . . . . . . . . . 24.95* 

Massive transformer, and output trans­
istors with heat sink across the full 
length of the back panel, are mute tes­
timony to the power at your command. 

Printed plug-in boards for AM and FM 
IF sections contribute to error-free 
building. FM circuitry has two LC fil­
ters, three IC's. Even the AM has an 
LC fi Iter for superior reception. 

Hinged circuit boards for FM IF, AM IF, 
Multiplex and Phono Preamp sections 
-six plug-in boards for all other ma­
jor circu itry. 

Completely new AM tuner circuitry 
mounts easily on printed circuit board 
- includes two dual-gate MOSFETS arid 
J-FET mixer. FM tuner is preassembled 
ready to i nsta 11.· 

I . HEATHKIT . I 
Dept. 41·11 l1u®1HMA l 

I Benton Harbor, Michigan 49022 

I D Enclosed is $·---------- · plus shipping. I 
I Please send model (s) 1 
I D Please send FREE Heathkit Catalog. I 
I Name (print) 1 
I Address I 
I City State Zip ___ I 
I Prices & specifica t ions subject to change without notice. I 
I *Ma i I order prices; F.O .B. factory . HF-252 1 
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3. These curves correspond to the ones in Fig. 2 except that 
the grille cloth molding has been reinstalled. Such curves 
represent accurately the sound field at listeners' ears during the 
time interval between the onset of diffraction (less than one 
millisecond) and the arrival of the first room reflections (3 
milliseconds or so). 

The room reflections build up in density (that is, the time 
intervals between individual reflections become shorter) and 
increase in total intensity, then fade away as the sound energy 
is absorbed by successive bounces from the walls and room 
furnishings. This reverberant field energy exists in significant 
amplitude for a period of 114 to one second, depending on the 
reverberation time of the room and upon the original intensity. 
During this interval hundreds of reflections will occur, each 
of which affects the "response" of the instantaneous sound 
field at the listeners' ears. The sound pressure level of the re­
verberant field is quite uniform throughout the room. If the 
listener is more than four or five feet away from the speaker 
system, the reverberant field is significantly greater in amplitude 
than the direct field for most frequencies, regardless of the 
direction in which the speaker is "aimed." 

The reverberant field is composed of sound energy that 
originates as radiation from the speaker system in all directions 
-not just the rays sent directly toward listeners. Therefore its 
"frequency response" is really the sum of the output at all 
angles (the acoustic power response of the speaker system), 
as modified by the frequency characteristics of the room itself. 

How does the room modify the reverberant field response? 
Figure 4 shows the unmodified acoustic power response of 
this speaker system, with mid-range and tweeter level controls 
at maximum settings. This curve was obtained in a reverberant 
chamber-a small room deliberately made as reflective as 
possible, with minimum sound absorption. Its frequency 
characteristic is known and compensated in the measurement 
system, so that Fig. 4 is an accurate representation of the sys­
tem's true power output vs. frequency. The room is not reliable 
below about 700 Hz, but the system is known to be omni­
directional below that frequency; thus its anechoic output 
at low frequencies can be considered to be representative of 
its acoustic power output. By comparing Fig. 4 with the results 
of the same kind of measurements made in actual rooms, 
therefore, the effects of the room can be seen. 

We made such measurements at several locations in each 
of eight real-life rooms. They were the music listening rooms­
the living rooms or recreation rooms-of eight AR-3a owners in 
the Greater Boston area. Neither the speaker systems nor the 
furniture was moved for these tests; the only thing we changed 
was the level control settings for the mid-range and tweeter 
units. They were turned to maximum for the tests, so that the 
results could be compared directly. The rooms varied sub-
stantially in size, shape, and "liveness." · 

Figure 5 is one set of curves for one of these rooms. The 
microphone for this test was placed eight feet from the left­
channel speaker system and directly in front of it. Figure 5A 
is the curve obtained with the speaker cabinet in its normal 
position, facing the mike; 5B is the curve obtained by rotating 
the speaker cabinet 30°; 5C is the curve obtained with the 
speaker cabinet rotated 60 o . Turning the cabinet, rather than 
moving the microphone, minimized the effect of room mode 
differences that would occur at different room locations. In this 
way we could change the frequency response of direct radia­
tion reaching the microphone (as demonstrated in Figs. 2 
and 3) and evaluate the effect on the total sound field in the 
room at the microphone location. The great similarity of the 
three curves of Figure 5 show clearly that the field at the loca­
tion of the microphone is primarily reverberant-that the ampli­
tude of direct radiation from the speaker system is far below 
the amplitude of the reverberant field. This was true for all 
normal listener locations in all the rooms. 
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Figure 6 is a curve obtained at another listening location in 
the same room, with both speaker systems operating and in 
normal physical orientation. This is a typical curve, about aver­
age in over-all shape and with a little more roughness than 
average. In general, we found that there were no sharp peaks 
or dips caused by room modes above l kHz. Whatever cor­
rection in general slope might be desirable could be done 

100 
FREQUENCY·Hz 

Fig. 3-Anechoic response of complete system in cabinet, 
with grille cloth molding, at angles of 0, 30, and 60 degrees. 
Diffraction would produce elevated output in 1 . 5-kHz region 
at some other angles. 

100 1K 10K 

FREQUENCY-HZ 

Fig. 4-Acoustic power response of the speaker system, 
measured in a reverberant chamber. Straight line at left shows 
relative woofer level . 

100 IK !OK 
FREQUENCY-Hz 

fig. 5-A, Frequency response of loudspeaker and room at 
location eight feet from speaker system, with speaker aimed 
directly at microphone; B, same with speaker cabinet rotated 
30 degrees, and C, same with speaker cabinet rotated 60 
degrees. 
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A new concept in tape decks: 
Superior Sound/Low Noise 
They're so good, TEAC heads carry a life-time guarantee. 

Meet the revolutionary Superior Sound/Low Noise (SL) 
Series by TEAC, the only tape decks in the world designed to 
fully exploit the superior recording characteristics of the new low 
noise/high output tapes. As such, they are the most advanced, 
most professional tape decks that money can buy. 

To understand what makes them so different from past tape 
it is necessary to look at the recording requirements 

of the new low noise/high output tapes. These tapes require 
greater recording bias current, higher recording signal level, 
wider frequency range and residual preamplifier noise to 
perform to theirfull potential. 

Until now, these requirements were beyond the capability 
of virtually all recorders. Here's how TEAC's industry-leading 
engineering has changed all that in the new SL Series. 

New front panel bias switch 
Controlling both bias and recording equalization, this front 

level 
meter 

reading 

Regular panel switch reduces 

noise and hiss to a level 
+1o- below audihility, permits 

NAB 

ods - a greatly improved signal-
- 10 -

- 20-

- 30 -

- 40-

-50-

-60-

to-noise ratio, wider 
dynamic range and lower 
distortion when used 
with the new type tapes. 
The results are a new 
clarity and brilliance 
of tone never before 
possible. It also maintains 

(Relation of noise to recording tape) full compatibility with 
your present tape library. 

Run your favorite tape through an SL Series decks and you'll 
notice a vast improvement in performance. 

New meter level switch 
To handle the higher recording signal levels demanded by the 

new type tapes, this control permits expanded 
scale operation by an additional3 dB to 
ensure a better signal-to-noise ratio and 
dynamic range expansion. This is TEAC's new 
engineering innovation developed exclusively 
for low noise tapes. 

Large expanded scale VU meters 
Tied in with the meter level switch, a pair 

of professional, semi-linear, expanded scale 

VU meters is used on all SL Series decks. Meter accuracy and 
sensitivity are assured when recording or playing back at higher 
recording signal levels. 

New high density ferrite heads 
SL Series tape decks ( 601 OSL, 

7010SL, 7030SL) are equipped 
with newly developed high 

density ferrite heads that 
are so good they carry 

an original-owner lifetime 
guarantee. Composed of 
an extremely hard ferrite 

material impervious to wear, they permit TEAC engineers to 
design and manufacture heads to a degree of mechanical 
precision not possible with laminar construction techniques. 
This extends all the way down to polishing. With their sparkling, 
mirror-like finish, the heads prevent dust and tape oxides from 
adhering to head gap thus assuring continued high frequency 
response over extended periods of time. 

New low noise preamplifiers 
Designed for the low noise concept, SL Series tape decks 

incorporate new record and playback preamplifiers built to 
professional standards with wide dynamic margins of performance. 
Selected low noise IC and silicon transistors are used throughout 
to reduce residual noise to new lows. 

These revolutionary SL Series features are available in 
the following models; 4010SL $499.50, 60IOSL $699.50, 
7010SL $899.50, 7030SL $799.50. 

If you're ready to make the move to the new generation 
of recorded sound, audition one of these 
great new tape decks today at your 
nearest TEAC dealer. 

TEAC Corporation of America: 7733 Telegraph Road, Montebello, California 90640 Phone: (213) 726-0303 

Authorized TEAC Distributor in Canada: White Electronic Development Corporation (1966) Limited , 3041 Universal Drive, Mississauga, Ontario , 
Canada Phone : (416) 625-5404 I TEAC EUROPE N.Y., Kabe1weg 45-47, Amsterdam-W.2, Holland Phone: 020-12 44 041 TEAC Corporation of 
Japan : Sales Offtce: 1-8-1 Ntshi-Shmjuku, ShmJuku-ku, Tokyo 
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quite accurately with a treble tone control or the level controls 
on the speakers. As for the room modes at low frequencies, 
notice the differences below 1 kHz between Figs. 5 and 6: 
correction for one room location would make response worse 
at the other location. It is difficult to see any justifica­
tion for resonant narrow-band "room equalizers" if the speaker 
systems are good to start with. . 

One might argue that the relative amplitudes of the dnect 
and reverberant fields are of no consequence. The direct wave 
reaches the listener first. Since directional perception is un­
deniably carried on by detection of very small time differences 
between the direct waves from two speaker systems, isn't it 
probable that listeners base their judgments of spectral balance 

high frequencies. That slope should be tailored to make up the 
difference between high-frequency absorption in the hall and 
the home listening room. 

Figure 7 contains two frequency response curves. One is 
a plot of the average spectral balance of four typical concert 
halls, measured (without audience) at orchestra-floor seats 
between YJ and Y2 way back in the hall from the stage. The solid 
part of this curve is the actual empty-seat measurement; the 
dashed part shows the average result that would be expected 
with the audiences in place. The other curve is the average 
spectral balance we measured for 22 normal listener locations 
in eight living rooms with AR-3a speaker systems. It is clear 
that the best match would be obtained with both the mid-range 

It is difficult to see any justification for resonant narrow-band 
'room equalizers' if the speaker systems are good to start with.'' 

also on the first-arrival sound wave, and ignore the reverberant 
field's spectral balance? 

The first argument in response to that proposition is a nega­
tive one . Frequency response of the first-arrival wave is not 
affected by the room. If the direct wave's spectral balance were 
the perceived spectral balance, therefore, a speaker system 
would sound the same in any room; an orchestra would sound 
the same in any hall . Experience tells us that this is not so. 
As a positive test, however, we made binaural recordings 
a dummy head, with microphones built into the ears) of music 
played through speakers in several of the rooms. We rotated 
the speaker cabinet several times during each recording, as 
we did for the response curves in Fig. 5, thereby changing the 
direct sound's frequency response substantially. 

Listening to these recordings with stereo headphones we 
were unable to hear any differences in spectral balance between 
the oo , 30°, and 60° cabinet angles for any normal listener 
location of the dummy head. Slight differences could be heard 
if the dummy head was brought to within three feet of the speaker 
cabinet. Conclusion : listeners base judgments of spectral 
balance on the sum of the direct and reverberant sound 
fields , and for all normal .listener locations the reverberant 
field predominates in amplitude. Therefore, the acoustic power 
frequency response of a speaker system is of primary impor­
tance. The direct radiation at any particular angle is important 
only insofar as it affects the ratio of direct to reverberant sound 
at a particular listener location in the room. By the same token, 
wide, uniform dispersion of output at all frequencies is necessary 
to achieve maximum uniformity in the reverberant field and 
assure its predominance at locations close to the speaker systems. 

Another important question is this: what is the proper spectral 
balance of the reverberant field-what should be its frequency 
response? The first impulsive answer would be, "Flat, of 
course." If the goal is maximum accuracy in reproducing the 
concert-listening that is the wrong answer, at least 
for recordings as they are now made and for live broadcasts 
using present microphone techniques. 

The main microphones for recording sessions and live broad­
cast are always set up quite close to the instruments. Often 
they are very close indeed, particularly for soloists on the stage. 
As a result these microphones are in the "near field"-the direct 
sound predominates, and the microphones receive a spectrum 
of energy that is either flat or with accentuated high frequencies. 

A concert hall audience, on the other hand, is well within the. 
area of reverberant field predominance. That is true even for 
small intimate halls. The reverberant field of the average con­
cert hall has a spectral balance that slopes down at the high­
frequency end much more severely than that of the average 
living room. To duplicate at home the spectral balance of the 
sound perceived at a live concert, the refore, the energy put 
into the room by the playback system must also slope down at 
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and tweeter levels turned down well below m aximum; and 
with a small amount of bass tone control boost or placement of 
the speakers in positions more favorable for bass output. 
These are average curves, however, and should be interpreted 
only as a place from which to start. In view of the actual 
variations found in both concert halls and home listening rooms, 
maximum realism for each record can be obtained only if one 
is willing to recognize that these slope variations do exist and 
to make liberal use of tone controls to correct for them. /!i:.. 
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Fig. 6 -Frequency response at another listening location, same 
room as Fig . 5, both speaker systems operating. 
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Fig. 7 - A , Average spectral characteristic of concert halls, 
as actually measured without audience; A', predicted result 
with audience , and B, average spectral characterist ic produced 
by AR-3a systems at 22 listening locat ions in eight living 
rooms . 
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We compared our new deluxe preamiJ 
to a 10° piece of wire. 

First we ran a signal through a 10<1: 
length of shielded cable. What came 
out the other end was, of course, aud i­
bly identical to what went in. Then we 
ran the same signal through our new 
TA-2000F preamplifier. and ran an A-B 
comparison between its output and the 
wire's. Both were audibly identical. As 
we'd expected . 

This is not to say that sufficiently 
precise instruments could not detect 
inaudible d ifferences between our pre­
amp's signal transmission and a wire's. 
Whereas a straight wire has no distor­
tion whatsoever, we must admit to 
having some-three hundreths of one 
per cent harmonic, and five hundreths 
of one per cent intermodulation, maxi­
mum, at rated output. And whereas a 
wire theoretically does generate some 
noise. its signal..:.to-noise ratio is still 
somewhat better than the 73dB ob­
tained through the TA-2000F's phono 
inputs, or even the 90dB obtained 
through our Aux, Tape and Tuner inputs. 

But, as you 'd expect, the big differ­
ence in price between our deluxe pre­
amp and two feet of cable, buys a great 
deal more than just a pure, clean signal. 
As our preamp's 58 levers, switches, 
meters, knobs and jacks would indicate. 

· NEARLY 2,000 RESPONSE 
SETTI NGS 
Six of those controls are devoted to 
precise adjustment of frequency re­
sponse. The calibrated, 2dB-per-step, 
bass and treble controls have switches 
that adjust their turnover frequencies, 
so you can choose how deeply the tone 
controls will affect -or not affect the 
midrange. Still another switch cuts the 
tone controls out of the circuit alto­
gether. And a single knob controls the 
sharply-cutting, 12d B-pe r-octave, 50Hz 
and 9kHz filters . Together, these six 
controls give you a choice of 1,935 
precisely repeatable response settings 
including flat (10Hz-100kHz, +0.-2dB) 
response. 

The facilities for tape recording are 
exceptional and unique; you can record 
on two tape decks at once, monitoring 
either (or your program source) at the 
flick of a switch. You can dub from one 
machine directly to the other, without 
external patching or connections. For 
straight microphone recordings, there's 
a mic input position on the function 

selector knob; for voice-over-music, 
there's a separate mic level control that 
diminishes all other input signals as 
it increases the microphone level. 

And, of course, the two. front-panel 
VU meters. are as useful for testing as 
they are for monitoring record levels. 

TOTAL INPUT AND OUTPUT 
FLEXI BILITY 
The TA-2000F can feed two stereo 
amplifiers (and an additional mono­
phonic or center-channel amp) at one 
time, at either a 1 volt or 300mV level . 
The second amplifier output could also 
be used for still another tape recorder, 
should you wish to use the ultra-versa­
tile tone controls and filters in record­
ing . The front-panel output jack feeds 
both high- and low-impedance head­
phones. or can be used as a tape out­
put, by suitable adjustment of its in­
dependent level control; the same . 
knob also controls the center­
channel output. 

Five of the 8 rear-panel stereo 
inputs have rear-panel level ad­
justments. A sixth- the Phono 1 
input - has a switch that selects 
three separate input impedances 
at the normal 1.2mV sensitivity set­
ting, and two more impedances at 
the 0.06mV setting that lets you 
use even the lowest-output 
cartridges. 

96 TRANSISTORS VER­
SUS A SINGLE WIRE 
But all these features 
merely make our 
TA-2.000F more ver­
satile than any 
wire. They don't 
explain how we 
can come so 
close to the 

power amplifier. Not too surprisingly, 
we make one: the Sony TA-3200F. Its 
fully direct-coupled circuitry produces 
200 watts continuous (RMS) at 8 ohms, 
with power bandwidth from 5 to 
35,000Hz.IHF Dynamic Power is rated 
at 320 watts into 8 ohms (and fully 
500 watts into a 4 ohm load). Its distor­
tion. at a listening level of one half watt, 
matches the preamplifier's at 0.03%; at 
full rated output, it is still a mere 0.1 %. 
And the signal-to-noise ratio is 110dB. 

Our amplifier's facilities nearly match 
our preamp's. The 3200F has controls 
you 've rarely, if ever, seen on power 
amps before: switch-selected stereo in­
put pairs; a speaker selector switch; a 
power limiter (which holds output down 
to 25 or 50 watts, should you so desire) , 
and a rear-panel switch that lets you 
limit bass response below 30Hz., in­

stead of letting it extend to 10Hz. 
For further information, 

see your Sony dealer, or 
write us. Or wire. Sony 
Corporation of America, 
4 7-4 7 Van Dam Street, 
Long Island . City, N.Y. 
11101. 

wire's pure, un­
adulterated per­
formance. That 
explanation will 
rest with our cir- ·· t 
cuit designers, 
and with the 96 
high voltage, and 
Field Effect transistors they used. 

THE TA-3200F: AN AMPLIFIER TO 
TRULY CO MPLEMENT OUR PREAMP 
A preamplifier like the TA-2000F de­
serves, of course: its complement in a 
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From Bock to Bach in 0.25 Seconds 
Sony can't stop those little family arguments. But we can make 
them more worth winning And a flip of Sony's unique, knob­
and-lever dual selector switch gets the winner into the music of 
his choice just a little quicker than an ordinary, single-knob 
selector. Because until your fingertips unleash the STR-6065 
receiver's performance, it might as well not be there. 

So we didn't just engineer our circuits and our switches. We 
human-engineered them. For instance, in normal FM-stereo 
operation, all the 6065's levers make a neat row, and all its knob 
indexes point straight up; any control that's out of place shows 
up immediately. 

You , who have no doubt adjusted to the crotchets of your 
current equipment (and perhaps even love them), may not think 
th is much. Julian Hirsch, who must re-adjust to every new com­
ponent that he tests, commended it: "Most receivers and ampli­
fiers are surprisingly deficient in ease of use. Sony is to be 
congratulated ." 

With performance this accessible, the 6065 had better 
perform. And it does: 2.2 uV IHF sensitivity ("1.9 uV," says 
Julian Hirsh) gets you the weak FM signals; an FET front 
end prevents overload from strong ones. And our high selec-

tivity makes tuning easier. If you find those stations easier to 
listen to, you might also credit our direct-coupled amplifier 
circuitry. It's supplied with both positive and negative vol­
tages (not just positive and ground), so we don't have to put a 
coupling capacitor between the speakers and the amplifier. 
And, so that we can maintain full power (255 watts IHF, 160 
watts RMS into 4 ohms; 220 watts IHF, 140 watts RMS at 
8 ohms) or all the way down to 20 Hz at 50 watts RMS per 
channel. 

Which brings up another way we made the 6065's perfor­
mance more accessible ·to you: the price. And if its moderate 
price isn 't accessible enough, we also make a lower-priced 
model, the 6055. Its power is a little less ( 145 watts rather than 
255 watts) as is its rated sensitivity (2.6 uV instead of 2.2). But 
its otherwise almost identical. 

So perhaps we can solve those family squabbles after all : a 
6065 for yourself, and a 6055 for your son. 
Sony Corp. of America, 47-47Van Dam St., Long Island City, N.Y. 

SONY®6065 I 6055 
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·M hODERN INTEGdRATED CIRCUITS 

ave opene up many new 
opportunities for circuit im­

provement in the audio field. We have 
already been witness to the penetration 
of the IC operational amplifier into 
audio circuits. Now other IC's are 
beginning to make their presence 
felt, in some areas opening up totally 
new concepts. Applying these devices to 
traditional problems can result in worth­
while economies as well as better per-

System Components 
In simplest form, a tone burst unit 

could consist of an audio transmission 
path with a series switch (perhaps push­
button activated) to make and break the 
audio path (Fig. 1). But of course this 
will suffice for only the most rudimen­
tary experiments-it allows no control 
over relative ON and OFF times or ratio 
between ON and OFF voltage level. 
Control of these paramenters is ab-

. solutely necessary of course, and when 

Performance Specifications Of IC Tone Burst Generator 

Input Signal: 
Amplitude-Will operate properly with 
input signals within the range of 20 
m V p-p and 10 V p-p (approximately 
-35 to + 15 dBm. in a 600 ohm system). 
Frequency Range-10Hz to 100kHz. 
Input Impedance- 47K, unbalanced. 
On-Off Timing: 
General- Control of ON-OFF switching is 
via two internal modes of switch con­
trol, COUNTED or TIMED, or by external 
gating signal. 
Counted Mode-Coherent ON-'OFF timing 
in integral number of cycles of 1, 2, 4, 
or 8. Duty ratio of 50 percent. 
Timed Mode-Coherent ON-OFF timing 
in any duration of ON or OFF, inde­
pendently adjustable. Range of ad­
justment of ON -OFF periods 10 seconds to 
10 microseconds. 
Switching Phase-In both COUNTED and 
TIMED modes the starting point of 
switch closure is adjustable ± 90 
degrees about 0 degrees or 180 degrees 

formance. An example of just such a 
useful application of IC's is a tone burst 
generator. Tone burst generators have 
been with us for years, but previously 
have been a sophisticated and expensive 
tool relegated to the laboratory. The 
availability of a wide variety of . IC's 
at economical prices have now made 
the construction of a tone burst generator 
feasible to the dedicated audio ex­
perimenter. And that is what we'll be 
talking of in this article-how to build 
an IC tone burst generator using readily 
available state-of-the-art IC's. But before 
we get into the details of solder, nuts 
and bolts, let's first look at what a tone 
burst unit is comprised of and define 
how we'll go about building this model. 
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with respect to input for total range of 
360 degrees. 
External Control-Control switch ON­
OFF state available· by external signal 
input. Levels are TTL compatible; 
equal to or less than 0.4 = oN; equal to 
or greater than 2.4 = OFF. 
Output Signal: 
General-Output signal is l: 1 replica of 
input in ON state, THD and noise 0. L 
percent. OFF state of signal is adjustable 
from equal to ON level down to 80 dB 
below ON level. 
Offset or Pedestal- Adjustable through 
zero . 
Switching Time-50 nS or less. 
Output lmpedance-10 ohms, d.c. 
coupled. 
Power Requirements: 
Internal supplies of ± 12 and +5 V., 
regulated and protected. A.c. line 
power 105 to 129 V. a.c., 60-400 Hz, 
15 watts. 
Price: Less than $50.00. 

we begin to talk of how these things are 
to be accomplished, the simple ON-OFF 
push button rapidly develops. But let's 
see how and at the same time why. After 
all, you'll want some justification for 
glorifying a simple ON-OFF switch, 
won't you? 

Basically the two main components of 
this tone burst system are the switch 
itself and the means of controlling this 
switch. This latter device we'll call a 
synchronizer. The switch is obviously 
more than a simple SPDT bat-handle 
or even the highest speed reed relay-it 
must be a completely electronic high 
speed switch under the control of the 
synchronizer. But even though it is an 
electronic switch and must operate at 
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microsecond speeds, it must not 
sacrifice any of the other parameters of 
an ideal switch, namely: linearity, 
isolation, frequency response and so· 
forth (more on this in a moment). 

Fig. 1-S 1 is a switch to interrupt the 
audio path. 

EIN 

OFF 
LEVE L 

51 
ELECTRONI C 

SWITCH 

SWITCH 
SYNCHRONIZAT.ION 

AND T IMING 

3 EXTERNAL 

CONTROL 

Fig. 2-Switching modes: 1, COUNTED; 

2, TIMED, and 3, EXTERNAL. 

Fig. 3-Aiternate single cycles of ON 
and OFF . 

Fig. 4-The upper waveform advanced, 
the lower retarded, with switching 
waveform not shown. 
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Synchronization and Control 
Consider the other element of our 

system, the synchronizing portion which 
co·ntrols the state (ON or OFF) of the 
switch. This device must control the 
timing of switch openings and closures 
in accordance with the phase of the 
incoming audio signal. It provides two 
basic control modes of switch control. 

The first of these is to count out a 
predetermined number ot: cycles 
( 1 ,2,4,8 or more) and generate a switch 
drive corresponding to the zero cross­
ings of the audio signal. This is the 
"counted" mode, the simplest form of 

GAIN ADJUST 3 o.-...:..1----· 

I 
I 

I 
I 
L ___ __ __ _ 

control. It is illustrated by Fig. 3, 
showing alternate single cycles of ON 

and OFF, with the drive which commands 
the switch shown directly below the gated 
waveform. Note in this case the phase of 
the gating which is at the exact zero 
crossing of the sine wave. Phase control 
of the synchronizer allows two varia­
tions beyond this. A simple 180 degree 
reversal would interchange the position 
of the ON and OFF cycles. Another, 
more subtle form of phasing is pro­
vided by a vernier phase control which 
advances or retards the switch timing­
from the zero point. This is shown by 

10 -v 

OUTPUTS 
+ 6 -9 

500 

Fig. s........:Schematic of MC 1496G balanced modulator I demodulator. 
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Fig. 6-The MC1496G connected up as a two-channel switch . 
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Fig. 4, the upper waveform advanced, 
the lower retarded (switching waveform 
not shown). 

A second synchronizer mode of a more 
general nature is the TIMED mode. In 
this mode the switch control is of vari­
able time length for both ON and OFF 

states. This is the more flexible of the 
two control 1Jlodes, and with time con- , 
stants of sufficient range can be pro­
grammed for duty cycles of any ratio. 
As an example, if the ON time is made 
Jf one cycle duration and the OFF time 
9 times this, a 10% duty cycle results. 
Conversely, reversing the two ratios 
will result in a 90% duty factor. This form 
of switch control can accommodate 
variable duty cycle control over the com­
plete audio range with suitable range of 
time constants. 

A third mode of switch control is· by 
means of external stimulus. This allows 
an external signal to gate the audio path, 
with the timing parameters determined 
elsewhere. Using this mode the tone 
burst unit can be used as a general 
purpose audio gate with defined ON 

and OFF states of the control signal. 

The Electronic Switch 
We have talked briefly above of the 

electronic switch, but not in any detail. 
This element is really the heart of the 
generator. And since the overall quality 
of' the tone burst will be determined 
by the performance of this switch, 
let's talk now in terms of what is re­
quired of this element. 

A conventional , manually operated 
switch is such a simple device that it is 
totally lacking in most of the detrimental 
factors which plague the electronic 
variety. No one thinks of a toggle 
switch as having d.c. offset, yet this is a 
common misery plaguing electronic 
switches. Switching transients are also 
much more prevalent in the electronic 
type, usually due to feed-through of the 
switch drive to the signal output. And 
of course, it is quite unheard of for a 
toggle switch to create distortion or to 
alter frequency response (at least within 
the audio frequency range) . However, 
these are very real considerations in an 
electronic switch. But even though all 
of these problems are formidable, they 
are by no means insoluble. In fact this 
challenge is met quite well by one of the 
newer IC's we talked of in the intro­
ductory paragraphs. Now here is what 
it is and how it relates to our job of 
electronic switching. 

The IC of which we speak is the 
M C 1496G balanced modulator I de­
modulator, a schematic of it is Fig. 5. 
This IC is designed for communications 
applications of modulation and de­
modulation where the desired output 
voltage is to be a product of an input 
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voltage (the signal) and a switching 
function (the carrier). The middle 
pair of transistors (Q5-Q6) constitute 
the signal input port and the upper 
pair(s) of differently connected 
switches constitute the carrier input port. 
Q7, Q8 and Q9 form a biasing network, 

LOGIC CONTROLQ......_ _ __, 

Fig. 7-The equivalent of the MC1496G 
as a DPDT switch . 

A QUIESCENT LEVEL 

D.C. t 
VOLTS 8 QUIESCENT LEVEL 

TIME____. 

Fig. 8-Switching transients are due to 
the differences in the A and B quiescent 
levels. 

FINE PHASE 

CD 
® rv PHASE 

providing a constant d.c. emitter current 
to Q5 and Q6 from the collectors of 
Q7 and Q8. All circuit nodes are brought 
outside the package to facilitate flexi­
bility in external connection options. 

Connected up as a two-channel switch, 
the MC1496G appears again in Fig. 6. 
Here we begin to see how the device 
really lends itself to our needs. In this 
application transistors Q5 and Q6 are 
linear common emitter amplifiers for 
input signals A and B. Signal A is an 
unattenuated version of the input 
signal Ein, signal B is a variable level 
version adjustable from 0 to the maxi­
mum value (the case where B =A). If 
the switchoutputconsistsof A channel we 
get the full amplitude of the input. 
This constitutes the BURST or ON state 
of the switch. The switch output in 
position B can be any ratio of the input 
from 0 to max. This is the OFF state, 
which allows maximum flexibility in 
the adjustment of the ratios between the 
A and B levels. 

The actual switching between the two 
channels is done by the differential 
pairs Ql-Q2 and . Q3-Q4. This is best 
understood by analyzing the output at 
pin 9 for the two states of the Q l-Q4 
switches. 

Q l-Q4 are controlled by a logic signal 
at pins 7 and 8 which switch the relative 
state of conduction between the pairs. 
With pin 8 held at a positive bias of 
1.5 volts, a logic ZERO (not greater than 
0.4V. d.c.) at pin 7 will turn on Q2-Q3 
and a ONE (not less than 2.4V. d.c.) will 
turn on Q l-Q4. Thus only two transistors 

sl 
COARSE PHASE 

AUDIO SHIFTER 
INPUT AND 

rv 
SCHMITT 
TRIGGER 

TRIGGER u­
PULSE 

GENERATOR 
LIMITER 

Fig. 9-Synchronizer block diagram. 
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of the Q l-Q4 set are on at one time, 
Q 1 and Q4 or Q2 and Q3 . Now look 
at the output (pin 9) in terms of the sig­
nals A and B and the logic control 
input. First, if pin 7 is low (a logic zero) 
both Q2 and Q3 are on. Pin 9 receives 
output from both Q2 and Q4, but in this 
case only Q2 is on. So the output at 
pin 9 is the output of Q2, which in turn 
is the output of Q5, or the "A" signal. 
Now, reverse the state of the logic 
signal at pin 7, make it high (a logic 
one), and follow the signal path to 
pin 9 for this condition. In this case Q 1 
and Q4 are held on by the logic one, 
and pin 9 receives the output of Q4. 
Q4's output consists of the current from 
Q6, or the "B" signal. So this is how the 
logic control at pin 7 selects either the 
A or B channel. 

To simplify the explanation above we 
have purposely avoided discussing the 
state of the other output, pin 6. It can be 
analyzed in exactly the same manner 
and it will be found to be a complement 
of pin 9, always receiving an output 
which is the exact opposite. The opera­
tion of this switch is summarized in 
Table 1 and its equivalent as a DPDT 
switch illustrated by Fig. 7. 

Control Pin 6 Pin 9 
Input Output Output 

High Source A Source B 

Low Source B Source A 

Table 1 -Summary of the switch 
operation . 

Since the differential pairs Q l-Q4 
possess the capability of switching at 
nanosecond speeds, response time is 
hardly a limitation in applying this IC 
to audio usage. In the same sense, 
the transistors used in the MC 1496G 
are VHF devices with characteristically 
low capacitance and wide bandwidth. 
These factors remove any restrictions 
on bandwidth due to the IC. 

The biasing of the QS and Q6 
amplifiers with current. sources Q7 and 
Q8 provides excellent signal linearity. 
This allows the current output of those 
stages (Ia and Ib, Fig. 6) to be linearly 
proportional to the applied voltages 
A and B. The switching transistors Q l­
Q4 have little effect on these signal cur­
rents from a distortion standpoint and 
serve only to pass or block the desired 
signal. As a result this switching con­
figuration results in linear overall signal 
handling characteristics with distortion 
products below 0.1% of full scale in the 
ON state. Isolation of the switch in the 
OFF condition is on the order of 80 db. 

Another serious problem common to 
electronic switches, which is handled 
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No need to Cbmpromise 
Bozak Quality Costs Very Little More 

Of course you can always trade-in for a TEMPO 1, 
later.- But why? 

When you buy a first-rate stereo system, you expect 
first-rate sound - rich, vibrant bass, smooth crystal­
clear strings and voices, the open flow of all the music 
without tonal coloration. 

For very little more you can have it to start with- in 
a Bozak TEI\IIPO 1. 

TEMPO 1 inherits the superior qualities of its larger 
ancestors. It is a true Bozak in every way. Every part 
that could make the slightest tonal difference is made 
only at the Bozak factory. Bozak, for example, is one 
of the very few manufacturers who make all of their 
own loudspeaker cones rather than settling for com­
mercially-available units. 

This fine three-way bookshelf loudspeaker has the 
same costly drivers found in the most luxurious Bo­
zaks. The variable-density bass cone, developed by 
Bozak, is made from a unique highly-damped material 
processed into a lightweight but structurally-rigid 
piston ·that is free of coloration. In the midrange 

speaker there is a critically-damped aluminum cone 
with excellent transient response. The entire dia­
phragm of the treble speaker, of thin spun aluminum, 
rests on a bed of soft resonance-damping foam. All 
cones, together with their gen.erous ceramic magnets 
and precision-machined pole structures, are assembled 
on solid cast frames - not sheet-metal stampings. 

Bozak's traditional excellence in craftsmanship is 
further apparent in the smart enclosure, where the 
warm beauty of select wood grain is brought out by 
careful hand finishing. 

Quality tells. TEMPO 1 gives you rich big-Bozak 
sound from a superbly engineered bookshelf system. 
The longer you live with this fine speaker the more you 
will appreciate what a difference true quality makes. 

Not every dealer is permitted to sell TEMPO 1. If you 
can't locate your authorized Bozak Dealer, write for 
our list of the fine audio showrooms in your area. The 
R. T. Bozak Manufacturing Company, Darien, Conn. 
06820, USA. Overseas Export by Elpa Marketing In­
dustries Inc., New Hyde Park, New York 11040, USA. 
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