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When you go 4 channel... 

go Scott 443 
Quadrant® 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 1171 
front end, silver plated tuner, solderless "tension -wrap" con- 
nections, quick -change Modutron® circuit boards, direct 
coupled, all -silicon output stages, plus Scott's traditional 100% 
American design and manufacture. 

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

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 4x 25 or 2x 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. 

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. 

J SCOTT® 
where innovation is a tradition 
H.H. Scott, Inc., 111 Powdermill Road 
Maynard, Massachusetts 01754 

Check No. 100 on Reader Service Card 
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TOP -P TED 
MODEL 10 

First choice of 
sound laboratories 

and professìona! 
musicians. 

"Smoothest 
sounding 

headphones" 
Regularly 

fair-traded 
at $39.95. 

FIRST TIME! 
Now at 

SPECIAL 
Factory -Authorized 

LOW PRICES! 
For a limited 
time you can 

buy these 
world-famous 

stereo 
headpnones 

featuring 
liquid -filled ear 

cushions and 
coiled cord... 

and yet pay 
mary dollars 
less, than the 

normal list price! 
For complete 
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Four new and completely 
different AM -FM stereo receivers 

with increased performance, 
greater power, unsurpassed precision 

and total versatility. 
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Long before the current wave of 
consumerism, Pioneer had established 
its reputation for superior quality 
craftsmanship. This reputation has 
been continuously augmented by our 
commitment to building high fidelity 
components with a measurable extra 
margin of value. Our four new 
receivers - SX-828, SX-727, SX-626, 
SX-525 - are designed to meet a wide 
range of requirements and budgets. 
Yet each unit incorporates a 
significant array of features and 
refinements built into the top new 
model-the SX-828. Regardless which 
new Pioneer receiver you finally 
select, you are assured it represents 
the finest at its price. 

Conceptual diagram 

onsistent power throughout the bandwidth. 

More meaningful power. 
When it comes to power, each model 
provides the most watts for your 
money. This is meaningful power. 
Power that is consistent throughout 
the 20-20,000 Hz bandwidth (not just 
when measured at 1,000 Hz.) 
Especially noticeable at the low end of 
the spectrum with improved bass 
response, the overall effect is greater 
frequency response and low, low 
distortion. 

Model IHF Music Power 
4 ohms 

SX-828 270 watts 
SX-727 195 watts 
SX-626 110 watts 
SX-525 72 watts 

RMS @ 8 ohms 
Both channels 
driven @ 1 KHz 

60+60 watts 
40+40 watts 
27+27 watts 
17+17 watts 

Direct -coupled amplifier 
circuitry and twin power 
supplies improve responses. 
Of course, having power to spare is 
important; but directing it for 
maximum performance is even more 
vital. In the SX-828 and SX-727, you 
will find direct -coupled circuitry in the 
power amplifier combined with two 
separate power supplies to maintain 
consistent high power output with 
positive stability. This means 
transient, damping and frequency 
responses are enhanced, while 
distortion is minimized. In fact, it's 
less than 0.5% across the 
20-20,000 Hz. bandwidth. 

You can't expect great music 
without great specifications. 
Pioneer's reputation for high 
performance capability is thoroughly 
reinforced in these four receivers. 
Listening to them substantiates it; the 
specifications tell the reasons why. 
Since Field Effect Transistors 
increase sensitivity, they're incorpo- 
rated into the FM tuner section of 
each unit. For example, the SX-828 
uses 4 FET's. You get greater 
selectivity and capture ratio with 
Integrated Circuits and Ceramic 
Filters in the IF stage. Here's a mini 
spec list. 

FM Sensitivity (IHF) 
(the lower the better) 

Selectivity 
(the higher the better) 

Capture Ratio 
(the lower the better) 

Power Bandwidth 

SX-828 SX-727 SX-626 SX-525 

1.7uV 1.8uV 2.0uV 2.2uV 

+75dB +70dB +70dB +45dB 

1.5dB 2.0dB 2.5dB 3.0dB 

All exceed by a wide margin the 
usable sound frequency spectrum 

Inputs and outputs for every 
purpose including 4 -channel sound. 
Depending on your listening interests 
and desire to experiment in sound, 
each receiver provides terminals for 
a -wide range of program sources. 

Inputs: 
sx- 

Tape 828 

monitor 2 

Phono 2 

Auxiliary 1 

Microphone 2 

SX- 
727 

2 

2 

1 

1 

sx- 
626 

2 

2 

1 

1 

sx- 
525 

2 

Phono/Mic. 
1 

Phono/Mic. 
(as above) 

Exclusive protector circuit 
for speakers. 
Another example of 
Pioneer's advanced engi- 
neering is the automatic 
electronic trigger relay 
system designed into the 
SX-828 and SX-727. 
Since the signal is trans- 
mitted directly to the 
speakers because of the 
direct -coupled amplifier, 
this fail-safe circuit 
protects your speakers 

against damage 
and DC leak- 
age, which can 
cause distor- 
tion. It also 
guards against 
short circuits 
in the power 
transistors. 
It's absolutely 
foolproof. 

Versatile features increase 
your listening enjoyment. 
Our engineers have outdone them- 
selves with a host of easy -to -use 
features. All four units include: 
loudness contour, FM muting, mode 
lights, click stop bass/treble tone 
controls with oversize knurled knobs, 
and an ultra wide linear FM dial scale 
that takes the squint out of tuning. 
Except for the SX-525, they all employ 
high and low filters. Enlarged signal 
strength meters make tuning easier 
than ever. Center tuning meters 

are included as well 
in the SX-828 and SX-727. 
Further sophistication is 
offered on the top two 
models with a 20dB audio 
muting switch - the perfect 
answer to controlling 
background music. As 
the senior member of the 
family, the SX-828 is 

endowed with speaker indicator lights 
(A,B,C,A+B,A+C) and a tuning dial 
dimmer for creating a more intimate 
lighting atmosphere. 
Some day other stereo receivers will 
strive for this total combination of 
power, performance, features, 
precision and versatility. Why wait? 
Pioneer has more of everything now. 

See and hear these magnificent 
receivers at your local Pioneer dealer. 
SX-828-$429.95; SX-727-$349.95; 
SX-626-$279.95; SX-525-$239.95 
Prices include walnut cabinets. 

U.S. Pioneer Electronics Corp., 
178 Commerce Road, Carlstadt, 
New Jersey 07072 
West: 13300 S. Estrella Ave., 
Los Angeles, Calif. 90248 
Canada: S. H. Parker Co., Ontario 

t- TAPE 1 

P$$ NO 1 PHONO 2 AUX REC/PB REG MON AEC/ ICH OU, MON/ 

sx- sx- sx- 
Outputs: 828 727 626 

Speakers 3 3 3 

Headsets 2 1 1 

Tape Rec. 2 2 2 

SX- 
525 

2 

1 

2 

Someday, if you want 4 -channel 
sound, all models have 2 inputs and 
2 outputs to accommodate a unit such 
as Pioneer's QL-600 Quadralizer 
Amplifier. With it, and two additional 
speakers, perfect 4 -channel sound is 
simply achieved. 

Ultra wide linear FM dial scale takes the squint out of tuning. 

89 9t 9,1 94 96 9t Nt 102 WI 106 108 

(41) PIONEER* 
when you want something better 



min - What's New in Audio o 

Quadraphonic Progress Report 
Add -On Decoder -Amplifiers 
Reviewed 
The Language of High Fidelity 
-Part Ill 

Equipment Reviews Include: 
Fisher 801 Quadraphonic 
Receiver 
Sony 277-4 Tape Recorder 
Lenco L-75 Turntable 

Buyers Guide 
to turntables end 
Record Chargers 

Psychology of Sound 
Reproduction 

How We test 
Turntables 

ABOUT THE COVER: This 
shows an early phonograph- 
Victor Il which first appeared in 
1902. It used a single spiral 
spring motor, hand wound, of 
course, and the horn had a 133/4 

in. bell. It sold for $32.50 with 
a choice of soundboxes. Inci- 
dentally, a phonograph with three 
horns was demonstrated at the 
Paris Exposition in 1898. It 
was called "The Multiplex Grand" 
and was undoubtedly the first 
stereo reproducer! 

Pioneer QL-600 Quadralizer 

This four -channel synthesizer can sup- 
ply either of two different four -channel 
effects from existing two -channel 
sources or can accomodate discrete 
four -channel sources. A pair of power 
amplifiers for driving the rear speakers 
deliver 10 watts of continuous power 
per channel across 8 ohms, with less 
than 0.5% THD and 1.0% IM distortion 
claimed. Other features are four level 
controls, a master level control, and 
four illuminated level meters. Bass and 
treble controls are also included. Price: 
$199.95. 

AKAI GXC-40D cassette deck 

In addition to playing regular tapes, 
this cassette recorder has a bias switch 
which allows the use of chromium di- 
oxide tapes for a broader frequency 
response and a higher signal-to-noise 
ratio. An over -level switch activates a 
low -noise circuit to cut distortion. 
Other features include piano key con- 
trols, pause button, slide volume con- 
trols, tone control, 3 -digit counter, and 
2 VU meters. Price: $190.00; with 
amplifier, $240.00. 

Check No. 2 on Reader Service Card 

Check No. 3 on Reader Service Card 

Lafayette RK -760A 
cassette deck 
This unit has 10 transistors and 10 

diodes and features a front panel bias 
equalizer switch for selection of stan- 
dard or Cr02 tape. New push-pull 
bias circuitry helps lower harmonic 
distortion. Manufacturer specifications 
are: Frequency response, 30 to 12,000 
Hz; S/N, 48 dB; separation, 30 dB. 
Pricer $99.95. 

Check No. 4 on Reader Service Card 

Norman Labs Model 5 acoustic 
equalizer 

This acoustic equalizer incorporates 
circuitry for 10 specific bass equaliza- 
tion curves, all selected by the maker 
to allow the extension of bass response 
by an octave or more. Five position 
bass, midrange, and treble controls are 
also included to accommodate personal 
listening preferences. Price: $87.00. 

Check No. 5 on Reader Service Card 

Metro Sound control console 
This audio control unit will handle 

up to 10 low impedance microphone 
inputs, with volume, reverb, monitor, 
bass, treble, and variable attenuator 
from 0 to 22 dB on each channel. 
There are master volume and monitor 
controls and a five band graphic equal- 
izer. Options include up to 400 watts 
rms amplification with limiter cir- 
cuits. Price: $1,100.00 approx. 

Check No. 6 on Reader Service Card 

AUDIO OUR 25th YEAR JUNE 1972 



HERE IS THE WORLD'S 
ENTIRE SELECTION OF 

AUTOMATIC TURNTABLES 
WITH ZERO 

TRACKING ERROR. 
There they are. All one of them. 
Garrard's Zero 100, the only 

automatic turntable with Zero 
'backing Error. 

Not that there haven't been 
attempts by other turntable 
makers. Many have tried. This is 
the first to succeed. And it has 
succeeded brilliantly. Expert 
reviewers say it's the first time 
they've been able to hear the 
difference in the performance of a 
record player...that the Zero 100 
actually sounds better. 

It's all because of a simple but 
superbly engineered tone arm. 
An articulating auxiliary arm, 
with critically precise pivots, 
makes a continuous adjustment 
of the cartridge angle as it moves 

from the outside grooves toward 
the center of the record. 

This keeps the stylus at a 90° 
tangent to the grooves. Conse- 
quently tracking error is reduced 
to virtual zero. (Independent test 
labs have found the test instru- 
ments they use are incapable of 
measuring the tracking error of 
the Zero 100.) Theoretical calcula- 
tions of the Zero 100's tracking 
error indicate that it is as 
low as 1/160 that of conventional 
tone arms. 

Zero tracking error may be the 
most dramatic aspect of Zero 100, 
but it has other features of 
genuine value and significance. 
Variable speed control; illuminated 
strobe; magnetic anti -skating; 

viscous -damped cueing; 15° 
vertical tracking adjustment; the 
patented Garrard Synchro-Lab 
synchronous motor; and 
exclusive two -point record sup- 
port in automatic play. 

The reviewers have done 
exhaustive reports on Zero 100. 
We believe they are worth 
reading, so we'd be happy to send 
them to you along with a 12 -page 
brochure on the Zero 100. Write 
to us at: British Industries Co., 
Dept. F12, Westbury, N Y 11590. 

GARRARD 
ZERO 100 

$19995 
less base and cartridge 

Check No. 7 on Reader Service Card 

Mfg. by Pless, 



. PHILIPS GA -202 
the high- 

performance 
electronic 
turntable 

...with RAVE 
reviews 

GA -308 

Heralded by new equipment reporters 
as a smooth -acting control system with 
excellent performance ... a precision - 
built machine that does its job flaw- 
lessly ... 
We couldn't add a single superlative 
to this but to say - this vernier - 
controlled three -speed (33-45-78 rpm) 
single -play "floating" suspension turn- 
table with an integral viscous -damped 
tonearm and cueing device, is sup- 
plied with base, hinged dust cover, 45 
rpm adapter and cables. 

See the GA -202 as well as the new 
two -speed GA -308 at your dealer's. 
Also see three new Philips Calibrated 
Cartridges or wite us for information 
today! 

Department 913 

MERICAA PHILIPS CORPORATION 
Street, New York, N.Y. 10017 

Audioclinic Joseph Giov anelli 

Boosters and Weak Signal Recep- 
tion 

Q. I noticed your column in the Oc- 
tober, 1971 issue of AUDIO. I am won- 
dering about your statement that weak 
signal reception will be decreased with 
the use of an Al booster. I have been 
using one or another of these boosters 
for years. I regularly listen to stations as 
far as 200 to 300 miles away, weather 
conditions permitting. Everything I read 
indicates that this is not supposed to be 
possible; FM is supposed to be limited 
to a distance of 50 or 60 miles. 

Is it possible that conditions are so 
much different out here from what they 
are in the East, where most of the test- 
ing, etc., is carried on that reception 
over greater distance is possible? 

Is it possible that the boosters have 
not been helping as much as I thought? 
Note that in western Kansas there is no 
problem from overloading by strong 
stations. We strain for every tenth of 
a microvolt we can get.-John F. Wie- 
land, Liberal, Kansas 

A. A booster, used with a tuner of 
modern design, may degrade reception 
rather than improve it by adding more 
noise than signal. 

Have you tried listening with the 
booster disconnected? You may find 
an improvement. If your tuner is a 
tube unit or one of the early solid 
state units, the booster may then be a 
decided improvement. 

With the booster disconnected, signal 
strength will be less, but if the noise 
is still less, reception will be improved. 
Do not judge reception merely by read- 
ings on the signal strength meter. 
Listen to stereo signals when making 
your observations. 

When we talk of FM reception being 
limited to line of sight, we mean nor- 
mal, reliable reception. Weather con- 
ditions, especially temperature inver- 
sions, can and do play an important 
role in bending VHF signals, causing 
them to stay close to the ground rather 
than going out into space as they 
would normally tend to do. It is defi- 
nitely possible and in fact likely for 
you to pick up signals from 200 to 300 
miles away, assuming that there are 
few obstructions between your receiver 
and the source of the signal. This is 
probably the case in your part of the 
country. 

Changes in atmospheric density can 
also result in signal bending, or re- 
fraction. (Actually, a temperature in- 
version is just one manifestation of 

such changes in atmospheric density.) 
Assuming that your present antenna 

is the best possible, obtain another 
one and stack it. This will produce a 
three dB increase in wanted signal, 
plus added rejection of unwanted sig- 
nals and external noise. By adding two 
more antennas, making a total of four, 
an additional three dB improvement 
will result. 

Information for vertical and horizon- 
tal stacking is probably available from 
the manufacturer of your antenna. If 
not, you can find the information you 
need by writing to the American Radio 
Relay League, Newington, Conn. 
06111. 

Triac Power Handling Capacity 
Q. My question concerns the use of 

triacs, specifically the RCA 40526 and 
40527. According to the RCA transistor 
manual, they are identical in every re- 
spect except the off -set voltage. The 
40526 is rated at 2.5 A with an off -set 
voltage of 200 V. The 40527 is rated at 
2.5 A with an off -set voltage of 400 V. 

I know that the 40526 can be used at 
120 V at 2.5 A for a total power of 300 
W. The 40527 can be used at 240 V at 
2.5 A for 600 W. It seems to follow that 
I can use the 40527 at 120 V at 5 A 
and have 600 W of power available 
through the device. Is this correct? 
-W. B. Voosen, San Diego, Calif. 

A. You cannot use the 40527 rated 
for 240 V operation, run it on 120 V, 
and expect to be able to draw twice 
the current. Triacs have maximum cur- 
rent rating which must not be exceeded 
regardless of the voltage applied to the 
device. It is the current and its result- 
ing internal voltage drop which causes 
some heating within the triac. The 
operating temperature must be kept 
below its design limits. In your ap- 
plication, therefore, if you need a triac 
which can handle 5 amperes, be sure 
that its current -carrying capacity is at 
least this value or you will lose the 
device in short order. 

If you have a problem or question on 
audio, write to Mr. Joseph Giovanelli at 

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

answered. Please enclose a stamped self- 
addressed envelope. 
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Entente Cord ¡aIC 

A friendly understanding. 
A phrase that perfectly 

describes the relationship between 
Revox tape recorders and Beyer 
microphones. One fine piece of 
equipment uniquely 
complementing another. 

Wherever you go, you'll find 
these two thoroughgoing 
professionals working together. 
On location and in the most 
demanding studio situations. 

Both Revox and Beyer are 
expressions of the same European 
dedication to meticulous 
craftsmanship and superior 
technology. 

For example, take the new 
Revox A77 Mk III. It's the 
successor to the critically ac- 
claimed Revox A77, the machine 
that moved Stereo Review to 
comment, "We have never seen a 
recorder that could match the 
performance of the Revox A77 
in all respects, and very few that 
even come close:' 

Or take the new Beyer M500 
microphone. You've never used 
anything quite like it. It combines 
the sharp attack of a condenser 
and the sturdy reliability of a 
moving coil with the undupli - 
eatable warmth of a ribbon. 

And Beyer makes a number of 
other microphones to satisfy 
virtually any broadcasting or 
recording requirement. 

Together or separately, these 
sophisticated instruments provide 
the ideal solution to the problem 
of versatile, high quality, low 
cost recording. 

Your nearest Revox-Beyer 
dealer will be pleased to 
demonstrate any of these fine 
products for you. 

After that, you can arrive at 
your own friendly understanding. 

For additional information and 
complete technical specifications, 
write: Revox Corporation, 
155 Michael Drive, Syosset, 
New York 11791. 

California: 3637 Cahuenga Blvd. W., Hollywood 90068 Canada: Revox Sales and Service, Montreal 

Check No. 9 on Reader Service Card 



Dollars 
for 
Tapes 

I 

THIS MONTH, first prize of $50.00 
goes to James K. Jobson of 
Atlanta, Ga., for his magnificent 

recording of two pianos in "Dynaquad.' 
Two AKG C -451E (cardioid) micro- 
phones were used for the front channels 
and two AKG D-119ES mikes were 
placed 20 feet away for the rear signals. 
These were wired in anti -phase to get 
the correct Dyna perspective. Recorder 
was a Crown CX 822 and James used 
Scotch 203 tape. Pianos were a Conover 
and a Yamaha, both 7 -ft. grands, and 
the pianists, Sue Walker and Walter 
Ross. The tape was entitled "Four 
Hands in Four Channel"-what else? 
The program ranged from Bach and 
Brahms to Mancini, and very well 
played it was, too. The second choice, 
by a narrow margin, was another 
brilliant recording-but this one was 
in mono. It was sent by Michael T. 
Kobal of Washington, D.C., who wins 
$25.00. The recording-which must have 
been difficult to make-was of a church 
organ and the occasion was its dedica- 
tion. The church is St. Thomas More 
in Arlington, Va., and the player, John 
Fenstermaker. Michael used a single 
Neumann U-87 mike mounted on a 
tripod about 6 ft. from the floor and 
placed some 30 ft. from the nearest 
organ pipe. Recorder was a Nagra IV -L. 

Consolation prizes of Maxell reels 
of tape or cassettes go to the following: 
Alan Omer, age 11, of the Flossie 
Valley School, for a cassette tape on 
ecology. Nice try, Omer, keep up the 
ecology studies! Edward Dybas, of 
Chicago, for a nicely recorded vocal - 
instrumental session with his sistet 
(who has a nice voice). To Frank Ruhl, 
of Fairfield, Ohio, for a recording of 
three songs-all originals. Frank used 
a TEAC TCA-42, Shure 67 mixer, and 
Shure microphones. Also to Frank 
Farmer, a Dixieland fan, for his re- 
cording of an amateur jazz group using 
a Revox A-77; to Tony Iacovelli, of 
Framingham, Mass., for a most interest- 
ing cassette tape made underwater! 
From a submarine, in fact, and the 
recording includes all kinds of fish 
noises, groans and screams from sperm 
whales and porpoises, as well as the 
more mechanical noises of torpedo 
firing and destroyers passing overhead! 

."''Sing date for this competition is 
hurry up with those tapes! 

Tape Guide 
Poor Erasing 

Q. 1 purchased a TEAC 4010S tape 
deck in Singapore, and it plays beauti- 
fully with one exception. It only par- 
tially erases previously recorded material 
on a tape. What needs to be done?-Dick 
Prokopowich, Asheboro, N.C. 

A. Your difficulty seems due either 
to misalignment of the erase head (that 
is, the gap of the erase head doesn't 
span the same portion of the tape as 
do the other heads) or to insufficient 
oscillator current getting to the erase 
head. Possibly the erase head itself is 
defective. 

Too Much Recording Hiss 
Q. My problem lies in recording from 

records to tape. I seem to record with 
a large amount of hiss, which is quite 
annoying at times. I record just below 
the 0 dB level on the VU meters, but 
it seems that the hiss is not overcome 
at any particular recording level. If you 
can prescribe a method of recording 
which will alleviate some of this noise, 
I will be grateful.-Robert Sadowsky, 
Brooklyn, N.Y. 

A. The hiss of which you complain 
could be due to poor design of your 
tape machine, including failure to use 
low -noise components in the case of 
resistors and transistors. It might be 
due in part to magnetized heads, and 
this can be overcome by demagnetiz- 
ing the heads. It might be due to a 
misadjusted record -level indicator, 
causing you to record at too low a 
level and therefore to reduce the sig- 
nal-to-noise ratio. Switching to low - 
noise, tape should help. If you are 
operating at 33/4 ips, you will probably 
get better results at 71/2 ips. 

Duplicating 
Q. I have a Revox A77 biased for 

low -noise tape, and a Tandberg 64X 
biased for regular tape. If I wish to du- 
plicate a tape that has not been made on 
low -noise tape, am I better off going 
from the Revox to the Tandberg or 
vice versa? What apparent differences 
will show up when a tape is recorded 
on a machine not biased for low -noise 
tape, and played on a machine biased 
for low -noise tape? Can you use your 
preamp treble and bass controls to com- 
pensate for losses or gains in either 
treble or bass when dubbing? I have 
thought of biasing my Tandberg for 
low -noise tape, but I have a large li- 
brary of tapes recorded on regular tape, 
and I dislike the idea of losing any 

playback quality.-Daniel S. Karsch, 
New York, N.Y. 

A. When shifting from regular to 
low -noise tape, the only required 
changes are those in recording (more 
bias, more signal to the recordhead, 
less treble boost). There are no changes 
in playback. Therefore in duplicating it 
would not matter whether the pre- 
recorded tape was made on regular or 
low -noise tape. What counts is the tape 
on which you wish to make the copy. 
If the copy is to be made on low -noise 
tape, use your Revox; use your Tand - 
berg if the copy is to be on regular 
tape. If you plan to record on low - 
noise tape from now on, there is no 
reason not to adjust your Tandberg 
for this kind of tape. It will still prop- 
erly play all your tapes; and so will 
the Revox. With respect to using your 
tone controls to compensate for fre- 
quency deviations in duplication, this 
depends upon your audio preamplifier. 
Most such preamps provide a flat sig- 
nal at the tape output; a few permit you 
to tailor the signal being fed into 
a tape recorder. If your preamp pro- 
vides only a flat signal at the tape out- 
put (in other words, a signal taken be- 
fore the tone controls), it would be 
necessary for you to modify the pre - 
amp in order to provide a signal for 
the tape recorder following the tone 
controls. 

High Input Impedance 
Q. I have a Sony TC -355 purchased 

overseas and with European specifi- 
cations. The major difference between 
this and the American version is its in- 
put impedance of 560 K ohms, com- 
pared with 100 K ohms for the U.S. 
model. My amplifier manual states that 
for the tape output the minimum recom- 
mended load resistance is 200 K ohms. 
Should I change the load resistance, 
and if so to what value?-M. C. Harrell, 
Timberville, Va. 

A. Inasmuch as the amplifier re- 
quires a minimum load resistance of 
200,000 ohms, and since your tape re- 
corder provides a load impedance 
above 200,000 ohms, there is no ap- 
parent advantage in changing the in- 
put load resistance of your tape re- 
corder. 

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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We doubt that anyone will be overly sur- 
prised to learn that our newest loudspeaker sounds 
terrific. Most people really expect KLH to make 
terrific sounding things. But at $62.501 a piece, 
our new Model Thirty -Eight delivers an amount and 
quality of sound that we think will astonish ever 
our most avid fans. The bass response is absolutely 
staggering; the transient response is flawless; and 
the Thirty -Eight's overall smoothness matches any- 
thing we've ever heard. Most important, you can 
use a pair of Thirty -Eights with virtually any mod- 

estly priced receiver. (What good is an inexpensive 
pair of loudspeakers that need a $400 receiver to 
effectively drive them?) 

The Thirty -Eights are at your KLH dealer now. 
After hearing them, we think you'd pay $125 for 
just one. But $125 buys you two. Which has got to 
make the Thirty -Eights the biggest stereo bargain 
since ears. 

For more information, visit your KLH dealer or 
write to KLH Research and Development, 30 Cross 
Street, Cambridge, Mass. 02139. 

The New KLH Model Thirty -Eight. 
Two for $125: 

l 
KLH REaEARCH AND DEVELOPMIENT - 

A Diviaon ul Ihe Singer Company 

tSuggested east coast reiall price. Slightly higher in the south end west. 'A tiadersork of The Singer company. 

Check No. 11 on Reader Service Card 



Dreaming 
about a pair 
of $300 
condenser 
microphones? 

Think 
seriously 
about these: 
$39.75*each 

Model 1710 Electret Condenser 
Omnidirectional Microphone 

All of the great condenser advantages 
are here without compromise. Flat, 
extended range, excellent transient 
response, high output, low noise, and 
ultra -clean sound. But the new E -V 
electret condenser microphones need 
no high voltage power supply. Just 
an AA penlite battery to operate the 
built-in FET impedance converter. 
The result is studio performance 
without complications and at a dram- 
atically lower price. 
There are 4 new E -V electret micro- 
phones, including cardioid models, 
from $39.75 to just $75.00, audiophile 
net. Second -generation designs with 
unusually high resistance to heat and 
humidity. Hear them today at your 
nearby Electro -Voice soundroom. 
Or write for details. 
More U. S. recording studios use Etectro- 
Voice microphones than any other brand. 
'Suggested retad price. Microphones shown on 

Model 421 Desk Stand. $17.00 each. 

ELECTRO -VOICE, INC., Dept. 622A 
602 Cecil Street, Buchanan, Michigan 49107 

e ,rope: ElectroVoice, S. A., Rtmerstrasse 49, 
,,te41, Switzerland 

Dear Editor 
Crossfeed Circuit 
Dear Sir: 

Those of your readers who made up 
the stereo-crossfeed circuit for head- 
phone listening in the December, 1971, 
issue, will wish to extend thanks to Mr. 
Siegfried Linkwitz. 

At moderate cost it certainly makes 
a welcome improvement. However, I 
for one would like even more forward 
depth added to my headphone enjoy- 
ment of stereo records. Until such time 
as I can listen through the AKG K-180 
headphones with their knob -adjustable 
drivers, I must be content with the vast 
improvement Mr. Linkwitz's circuit 
makes with my admittedly cheaper 
Sony DR-5A's. It even reduces their 
hiss! 

However, is my hearing in any way 
unique? Prior to assembling this device, 
it felt as though I were squatting on the 
floor of the orchestra pit with at least 
one soloist sitting on my shoulders. 
Now I am happy to say, it sounds as 
though I had fallen through into the 
theater basement and the musicians 
were scraping, tooting, and banging 
through the hole above my head! 

Of genuine forward sounding per- 
ception of distance there appears to be 
very little-or is that largely due to the 
ridiculous way the record companies 
go about producing stereo recordings? 
Oh, that we had the choice of genuine 
ungimmicked binaural stereo! We 
might not then need the newer quadra- 
phonic set-up, save for added echo and 
reverberation! 

Probably one answer is to try and 
find those recordings where, as Mr. 
Linkwitz suggests, some semblance of 
balance between the soloist and the 
orchestra is retained! 

John Matthew 
Toronto, Canada 

Stimmung Revisited 
Dear Sir: 

I should like to comment on William 
N. Agosto's article on Stockhausen's 
Stimmung performance at Alice Tully 
Hall (AuDio, Feb., 1972, p. 63). 

The taped sounds of the performance 
were more than reference pitches. They 
included narrow -band filtered har- 
monic -containing waveforms, subtly 
mixed in ensemble with the singers, and 
were clearly audible to the audience. 

The overtone separation was not 
achieved "with the human voice alone," 
but by the interaction of the vocal - 
cavity resonances with the non-linear 

characteristics of the microphones and 
amplification system. 

These technical procedures, as well as 
the coincident issues of musical con- 
tinuity demonstrated by Stimmung, 
have been used by various American 
composers (La Monde Young, Alvin 
Lucier, John Cage, and others) for at 
least a decade. Up to the composition 
of Stimmung, Karlheinz Stockhausen 
dismissed these procedures as decadent 
in his lectures and writings. By his use 
of these procedures Mr. Stockhausen 
has produced an impressive work, but 
it does not deserve to be called 
"pioneering." 

Gordon Mumma 
Cummingham Dance 

Foundation 
New York, N.Y. 

Mr. Agosto comments: 
The composer's notes on Stimmung 

imply no direct electronic alteration of 
the vocal parts, but I don't know that for 
a fact. Mr. Stockhausen and his staff left 
for Boston immediately after the concert 
and were not available for comment. 

It's certainly true that the flexible 
narrow -band sound and remarkable over- 
tone separation we heard that night are 
consistent with the audio mix Mr. 
Mumma describes. I think we could all 
profit from further clarification of that 
point by Mr. Stockhausen, which I hope 
to obtain in correspondence. 

On the point of `pioneering," I stand 
fast. A pioneer doesn't have to discover 
the territory he settles, and I think there's 
general agreement that Stockhausen has 
staked a legitimate claim with Stimmung 
no matter what he may have said about 
drome music or its like in the past. 
A composer's ultimate statement is, 
after all, his music. It must transcend 
what he speaks if he's to amount to 
anything. 

Test Big Speakers! 
Dear Sir: 

I'm tired of your speaker tests that 
review only small speakers. Why don't 
you test something big, such as the 
Bozak? 

Robert Zimmerman 
Horse's Breath, Montana 

No, Small Ones! 
Dear Sir: 

Now that quadraphonic systems are 
upon us, it seems imperative that you 
direct more attention to testing small 
speaker systems... . 

Tony Laurie 
Longueuil, Quebec 
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THE 
JAM SESSION 

IS Dew. 
The tape cassette has always had 

its obvious advantages. 
Urfort nately, it's always had one, 

very not -3m -obvious disadvantage. 
Jamrr rg. 
Ater ell, what good is a super- 

sensi:ive,super-faithful tape if it's 
goinç to get stuck on you just when 
you nsec it most' 

In:rocucing the BASF jamproof 
cassette The first tape cassette that's 
actually guaranteed against 

jamming Dr we'll replace it anytime, 
free of charge. 

You see; every BASF SK M, LHTM 

and Chrcrrciox dTM cassette now 
comes w tr a special kind cf tape 
t-ansportsysten that guides the tape 
though tie cassette without its ever 
snagging or sticking. It's called Spe- 
cial Mecianicsanc crly BASF cas- 
settes have it. 

Variaola tensior is practically 
non-existent. Which means you can 

Chad, No. 13 en Re eóer Service Card 

also forget about things like w w 
and f ut -er. 

And because it's the perfect tape 
transport system you can bet your 
sweet woofer there's ar equally per- 
fect tape inside. 

For:he BASF deale- nearest you, 
writeB?SF Systems, Irc., Bedk rd, 
Massachusetts 01736. 

Tie BASF jamprcot cassette. 
Because it'll rever gat stuck of you, 
you' i always to stuck3n it. 

Ai' 



Behind The Scenes Bert Whyte 

As You KNOW, last month AUDIO 
celebrated it's 25th birthday and 
the occasion was duly noted by 

an effusion of nostalgia and much 
reminiscing about the progress of the 
hi-fi industry in the last quarter of a 
century. Space limitations being what 
they are, the story of my involvement 
with the people, the places, the events, 
and the developments in the world of 
audio during those years could not be 
covered in one issue of this esteemed 
journal. Thus the story has "spilled 
over" to this month's edition and with 
your kind indulgence, I will bring this 
saga to its conclusion so we can return 
to the realities of today's audio scene. 

When we left the story last month, I 
was telling you about a phone call I 
had received from Major Edwin Arm- 
strong, the "father of FM," in which he 
informed me about his new develop- 
ment in FM broadcasting called stereo 
multiplex. He wanted my co-operation 
in furnishing him with stereophonic 
recordings for his experimental multi- 
plex transmissions. Naturally, I agreed 
to help the Major, as I was quite 
excited by the potential of his stereo 
broadcasting, to say nothing of the fact 
that I was thrilled at the prospect of 
meeting this almost legendary figure. It 
just so happened that when the Major 
called me in Chicago, I was within a few 
weeks of returning to New York, where 
among other things, I was to be an 
audio columnist and associate editor 
for "Radio TV News" (later "Elec- 
tronics World"). 

I shall never forget my first meeting 
with the Major in his opulent penthouse 
in the fabled River House apartments 
on East River Drive in New York. I 
found him to be a kindly, affable man, 
singularly free of any pretentious 
mannerisms or airs of hauteur. As 
I sat in the living room sipping on the 
excellent Scotch the Major had thought- 
fully provided, he gave me a detailed 
explanation of his FM stereo multiplex 
process. He outlined his need for stereo 
tapes, since the only alternative would 
have been to do live broadcasts, and 
due to the experimental nature of the 
transmissions and their point of origin, 
this would have been impractical. At 
that time Major Armstrong was broad- 
casting stereo multiplex from his huge 
personally -owned transmitting tower 
atop of the high palisades at Alpine, 
New Jersey, across the Hudson River 

laboratory at Columbia Uni - 
the benefit of those who 

may not know the story of the Major's 
tower, a word of explanation. The 
Major was the quintessential audio 
purist. He simply wanted the very best 
in sound quality and was rigidly un- 
compromising in this respect. As you 
know, FM propagation is limited to 
"line of sight" (hence broadcasting 
from places like the Empire State 
building for maximum area coverage), 
so to ensure that he would broadcast 
a good signal, the Major had this very 
high, complex tower erected at the 
reputed cost of several hundred thou- 
sand dollars. If I remember correctly, 
the height of the tower plus the height 
of the granite palisades at Alpine added 
up to better than 800 feet. Major Arm- 
strong had this experimental mono- 
phonic FM station (whose very famous 
call letters elude me at the moment) 
and there is little doubt that some of 
the highest quality FM sound ever 
broadcast emanated from his station. 
Consider this . . . there would be a 
concert by the Marine or Navy Band, 
or the National Symphony Orchestra 
in Constitution Hall in Washington, 
D.C. and a top-notch engineer would 
set up the best microphones available 
at that time (very often the Western 
Electric 640AA calibration standard 
condenser type). Then the Major would 
personally pay the charges for a 15 kHz 
equalized line all the way from Washing- 
ton to his tower at Alpine! The sound of 
these live concert broadcasts was 
fabulous. Those in the know made tape 
recordings of the broadcasts using a 
special "black box" which enabled one 
to use a McIntosh amplifier for record- 
ing purposes. I have heard many of 
these tapes and there was a "Firebird 
Suite" performed by the National 
Symphony Orchestra which was simply 
stunning in its sonic impact. As noted, 
the broadcasts covered the full audio 
spectrum and with a signal-to-noise 
ratio that was quite a bit better than 
the S/N ratio afforded by the tape 
recorders of that day. 

At that first meeting, the Major 
asked me about the mike placements I 
had used on my various stereo record- 
ings. Then he wanted me to make stereo 
recordings with special mike placements 
with regard to spacing, height, and 
distance from orchestra. (This was 
subsequently accomplished in Carnegie 
Hall with the help of the late Hal 
Sherman, a good friend and knowledg- 
able recordist.) In the following 
months, if one had owned a multiplex 
adapter, he could have listened to 

Major Armstrong's stereo broadcasts 
and heard such diverse things as the 
bands of Woody Herman and Stan 
Kenton, and the Chicago, Detroit, and 
Minneapolis Symphony orchestras. 
I want to emphasize that from the 
beginning and in our subsequent meet- 
ings, Major Armstrong told me that 
he considered his stereo multiplex 
system a straightforward, high quality 
A -B (left/right) system. "Storecasting" 
and other SCA services had no place 
in his stereo scheme of things. Of 
course, in retrospect, one is bound to 
say that his A -B system would have 
eventually run afoul of the FCC. 

Somewhat less than a year after my 
initial meeting with Major Armstrong, 
I received a letter from Murray Crosby, 
another FM expert who was also 
experimenting with stereo multiplex. 
His "sum and difference" method of 
multiplexing made it possible for the 
monophonic listener to receive a 
left/right balanced signal. Mr. Crosby 
told me of his difficulties in demonstrat- 
ing his system, because of a lack of 
stereo recordings, and lamented the 
fact that the musicians union was 
against stereo recording (unless you 
paid a double fee for the two tracks!). 
More about the union a little later. 
I found out that Mr. Crosby lived less 
than 5 minutes from my home and his 
laboratory was also nearby. I met with 
Mr. Crosby and agreed to furnish him 
with stereo tapes. Not long afterward 
he gave me a closed circuit demonstra- 
tion of his stereo multiplex system and 
I was much impressed. Murray Crosby 
knew of my association with Major 
Armstrong and just a week previous to 
the Crosby demonstration I had been 
visiting the Major at River House. We 
had been discussing the improvements 
in S/N ratio with the new high output 
tape oxides, and in all respects the 
Major was his usual self, affable, 
assured ... the perfect host. You can 
imagine my utter shock when I walked 
into the Crosby labs the day after the 
demonstration and Murray told me a 
bulletin had just come over the radio 
that Major Edwin Armstrong had 
"apparently committed suicide" and 
his body was found 13 floors below on 
a roof -terrace of River House. I tell 
you I was really shaken. The Major 
had seemed absolutely rational to me 
with no evidence at all of the kind of 
trouble that would precipitate such an 
act. A tragic untimely end for such a 
great man. Some time later it was my 
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Our Head is Our 
Heart 

Have you ever fallen in love? You wanted it to last "forever" 
didn't you? Well that's only natural ... but it's usually hard 
to find. 

If you would fall in love with music, the natural choice 
would be the remarkable AKAI GX-365 Stereo Tape 
Recorder. 
Because the heart of the system is AKAI's exclusive GX 
glass and crystal ferrite head-dust-free. And virtually wear - 
free. So it's built to last. Guaranteed, in fact, to last for 
twenty years. 

What's more, the GX head provides an exclusive "focused 
field" for distortion -free recording. The result is magnificent 
sound reproduction. 

But that's not all. 

The GX- 365 is superbly engineered with 3 motors ...4 
speeds ... 3 heads ... 4 -track stereo/monaural recording 
system ... automatic continuous reverse. With sound -on - 
sound, sound -with -sound, sound -over -sound. Plus Compute- 
O-Matic (automatic recording level control). And an SRT 
button for use with super range tape. Available as a deck or 
a complete unit. 

Nothing's been overlooked. 

Which is why you owe it to yourself to see your AKAI deal- 
er. And discover a sound investment in recording pleasure. 
The remarkable AKAI GX-365. 

You'll fall in love with it ... for a long, long time. 

AKAI TM AKAI America, Ltd. / 2139 E. Del Amo Blvd. / Compton, Calif. 90220. 
In Canada: Electronic Distributors, Ltd., Vancouver, B. C. In Mexico: Mexico International Imports, S. A., Apartado Postal, 66-6' 

For your nearest AKAI dealer call 800-243-6000 toll free. In Connecticut, 800-882-6500. 
Check No. 15 on Reader Service Card - 



sad lot to go up to his Columbia 
laboratory to pick up my stereo tapes 
he had been using. 

Some months later, although in- 
formed engineers rated the Crosby 
stereo multiplex as the "system of 
choice," Mr. Crosby was not having 
much luck in placing his equipment in 
an FM station for experimental 
transmissions, even on a totally free 
basis! Having become convinced of the 
worth of the Crosby system, I had 
allied myself with Mr. Crosby. I sug- 
gested that we "go to the top" and see 
if this approach would get some results. 
My reckoning was that we should try 
RCA, since they had all the requisites 
... broadcast facilities, a record com- 
pany, and manufacturing capabilities 
for multiplex equipment. 

Dr. Oliver Reed was Editor of "Radio 
TV News" and a friend of the late 
General David Sarnoff, head of RCA. 
He was kind enough to write the 
General on my behalf, with a brief 
explanation of stereo multiplex. Dear 
friend Leopold Stokowski also con- 
tacted the General, telling him what 
I had in mind. The upshot of all this 
was an appointment with a Dr. Jolliffe, 
technical director of RCA. I had my 
trusty Magnecord along, complete with 
earphones and stereo tapes, as Dr. 
Jolliffe had never heard stereo, let 
alone multiplex stereo. Dr. Jolliffe 
liked what he heard and had me contact 
various executives in the broadcast, 
consumer, and manufacturing divisions 
of RCA. After a period of negotiation 
and planning, late in 1954 a group of 
14 RCA executives made the journey 
out to Crosby Labs on Long Island, for 
a closed circuit FM stereo multiplex 
demonstration. They were suitably 
impressed with the multiplex demon- 
stration, and more so with stereo which 
no one in their group had ever heard 
before. For over a year after the 
demonstration there was much "back- 
ing and filling," "foot -shuffling," 
and "wheel -spinning," typical of big 
company inertia, and nothing was ever 
accomplished on behalf of multiplexing. 
However, the exposure to stereo 
evidently was worthwhile for early in 
1955 RCA Victor became the first 
major record company to issue stereo 
prerecorded tapes. As an aside to this, 
I pointed out the trouble we were 
having with the musicians union and 
decided to try and resolve the problems. 
Through the truly herculean efforts of 
a lesser union official with whom I was 
quite friendly, I finally met the re- 
cording secretary of the union, who 
turned out to be a very reasonable man. 
Once he understood the situation, he 
arranged for me to demonstrate stereo 

' mes C. Petrillo himself! Armed 
-'ith Magnecord, phones, 

and tapes, I invaded the union head- 
quarters on Lexington Avenue in New 
York. After listening intently, and after 
I told Mr. Petrillo that everything in the 
pop or classical catalogs would have to 
be re-recorded if people wanted these 
items in the stereo medium, he smiled 
and relaxed, said the sound was 
terrific and invited the girls in his office 
to "come have a listen." The most 
immediate result of this encounter was 
that the recording secretary gave me a 
blanket letter of permission to record 
union musicians in stereo for "experi- 
mental purposes." This, needless to 
say, was worth any amount of trouble. 
A short while after the Petrillo demon- 
stration, the union lifted its demand for 
double fees, and stereo recording began 
in earnest. 

The first RCA Victor stereo tape was 
the Chicago Symphony performing 
Richard Strauss' "Also Sprach Zara- 
thustra," (famous today through the 
"2001" movie). It was, and is, a superb 
recording and it was used as part of a 
famous promotion. Ampex came out 
with the Model 600 stereo tape play- 
back deck and a pair of small suitcase - 
sized matching speaker/amplifiers. All 
around the country, in stores and at 
shows, they would set up the speaker/ 
amps with the proper spacing for the 
size of the room, and conceal them 
behind draw drapes. When the audi- 
ence had assembled, they would start 
"Also Sprach Zarathustra" and from 
behind the curtains would come this 
spectacular sound. The audience swore 
they were listening to some huge new 
super -speaker, when the drapes would 
be dramatically parted and there were 
these puny little units pumping out 
this startling sound. Stereo was "in" 
with a vengeance! That first RCA 
Victor stereo tape and the others that 
soon followed sold a great many Ampex 
600's. Today, after 17 years and over 
35,000 units sold, the Model 600 has 
record facilities, a new two -speed motor 
and is still going strong! 

I have been involved with many 
other audio situations over the years 
and . . . well shucks, fellas, I could 
write a book! One of the most satisfying 
and yet frustrating experiences in audio 
was my Everest Records affair. Mr. 
Harry Belock, at the time President of 
Belock Instrument Corp. of New York, 
a high -precision electronics manu- 
facturer and defense contractor, and I 

founded Everest Records in 1958. The 
name was my idea, "the peak of 
achievement"! Mr. Belock is one of the 
most remarkable men I have ever met, 
a veritable dynamo, with great drive 
and awesome perseverance. His 
organizational and production genius 
earned his company Navy "E's" and 
financial rewards for himself. He had 

one credo-everything had to be the 
best available, and this was reflected in 
the fabulous array of recording equip- 
ment we quickly acquired. First we 
used Ampex three -channel half -inch 
recorders, specially modified in the 
Belock plant and later on, drawing on 
Mr. Belock's extensive experience in 
the sound departments of Columbia 
and Paramount Pictures, we introduced 
the use of 35mm magnetic film. Westrex 
made the machines with Belock-modi- 
fied electronics for full spectrum audio 
recording, rather than their usual 50- 
7500 Hz cinema equalization curve. In 
four months time we had built a record- 
ing studio complex in Bayside, New 
York, with the main studio so big that I 
recorded Leopold Stokowski and the 
entire N.Y. Philharmonic doing "Peter 
and the Wolf," with Captain Kangaroo 
narrating! The studio was equipped 
with its own pair of Scully lathes, 
and the Westrex stereo disc cutter, and 
the cutting was in charge of Robert 
Engler ... formerly of Westrex. Our 
Chief of Engineering was John Liva- 
dary, former head of the sound depart- 
ment of Columbia Pictures. Most of our 
35mm recorders were three -channel, 
but we had a special six -channel unit, 
with which we did the recording in 
Rome for Mike Todd, Jr.'s picture 
"Scent of Mystery." This was the odd- 
ball picture that had "Smellavision" 
. . . actual scents keyed to the story 
and the score. The picture was a bomb, 
but the six -channel stereo was great! 
I still have a photo somewhere that 
should make KLH happy ... showing 
six of their speakers being used as 
monitors. We recorded extensively in 
this country and in England and the 
Continent. My bailiwick was the 
classical recording, and we had a 
notable series which, if I may be slightly 
immodest, has been characterized as 
some of the best recordings ever made 
... this praise coming from some pretty 
hard-nosed and rather blase recording 
engineers. Yes, at Everest we had the 
best of everything ... everything but an 
understanding board of directors of the 
parent company. It takes a long time 
for a record company to establish itself, 
and the money return is necessarily 
slow. Impatience set in ... the board 
pulled the plug, and Everest was sold. 
It is a sort of record conglomerate these 
days, still under the banner of Everest 
Records, doing little if any original 
recording, but by all reports thriving 
in its particular milieu. 

So it goes. Win some, lose some. 
Audio is ever fascinating and I've had 
my fun, and sometimes a little glory in 
the past 25 years. Maybe some other 
time I can dredge up a lot of other 
audio tales, that must for now stay 
untold. 
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if you go for f channel... 

you don't have to go for broke 
Buy yourself a miracle for as little as $214.95 That's all 

it takes to get your conventional two -channel stereo to do 
anything any total four -channel receiver and control center 
can do, now or in the future. 

The Sansui QS500 and QS100 converters are complete 
Four -Channel Synthesizer -Decoder -Rear -Amplifier -and - 
Control -Center combinations that transform standard two - 
channel stereo totally. The only other equipment you need 
is another pair of speakers. 

You can decode any compatibly matrixed four -channel 
broadcasts or recordings and reproduce them in four au- 
thentic channels. You can detect the ambient signals 
present in most two -channel recordings or broadcasts and 
propagate them through the rear channels. In Sansui matrix- 
ing, the exclusive phase -shift technique prevents the can- 
cellation of some signals and the change in location of 
others that occur in many matrixing systems. And the 
exclusive phase modulators restore the effect of the live 
sound field. 

You can plug in a four -channel reel-to-reel or cartridge 
deck or any other discrete source. In the future - if you 
should have to - you can add any adaptor, decoder or what - 
have -you for any four -channel system for disc or broadcast 
that anyone's even hinted at. And a full complement of 
streamlined controls lets you select any function or make 
any adjustment quickly and positively. 

COvfliGlee Y SM.» Sa. ui PAe 
41) 

The QS500 features three balance controls for front -rear 
and left -right, separate positions for decoding and synthesiz- 
ing, two -channel and four -channel tape monitors, electrical 
rotation of speaker output, alternate -pair speaker selection, 
and four VU meters. Total IHF power for the rear speakers 
is 120 watts (continuous power per channel is 40 watts at 
4 ohms, 33 watts at 8 ohms), with TH or IM distortion below 
0.5% over a power bandwidth of 20 to 40,000 Hz. In its own 
walnut cabinet, the QS500 sells for $289.95 

An alternate four -channel miracle -maker is the modest 
but well -endowed QS100, with total IHF music power of 50 
watts (continuous power per channel of 18 watts at 4 ohms 
and 15 watts at 8 ohms). In a walnut cabinet, it sells for 
$214.95 

SANSUI ELECTRONICS CORP. 
Woodside, New York 11377 Gardena, California 90274 
ELECTRONIC DISTRIBUTORS (Canada), Vancouver 9, B.C. 
SANSUI ELECTRIC CO., LTD., Tokyo, Japan Sansui Audio Europr^ 
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Editor's Review 
THE HI-FI DEALERS Association of Delaware 
Valley has accomplished a number of praise- 
worthy things-campaigning against mislead- 

ing Music Power and other phony ratings, 
educating the public about compacts and com- 
ponent systems, and so on. But, their recent 
communique-if that is the right word-regarding 
quadraphonic sound is to be deplored. Some of 
the criticisms are valid enough, i.e. the shortage 
of records, few stations broadcasting in the 
medium, the discrete vs. matrix confusion, but 
when Ed Gorak, the executive director, says 
"Retailers are generally agreed that the sound 
from four speakers offers very little more than 
present stereo sound," he is talking absolute 
nonsense. Later in the article (which appeared 
in the Daily News Hi-Fi Supplement), it is stated 
".. . retailers are not equipped at this time to 
demonstrate four -channel sound," and this might 
well be the clue. An array of speakers on wall - 
shelves might be good enough to demonstrate 
ordinary two -channel stereo but quadraphonic 
sound must be demonstrated under home con- 
ditions. It is no use putting four speakers all in 
line, as I saw a few weeks ago in a Philadelphia 
store-no use whatever. Care must be taken with 
speaker placement but results are well worth the 
extra effort. Quadraphonic sound can recreate a 
sound field more accurately than possible with 
two channel, it can be more realistic and exciting. 
It can reduce the effects of poor room acoustics, 
and the listener is not so aware that he is listening 
to loudspeakers. Some of the most impressive 
four -channel sound I have heard has been in small 
rooms where ordinary two -channel stereo gives 
indifferent results. 
Media Are Tools 

From the NCAE (National Center for Audio 
Experimentation) newsletter published by the 
University of Wisconsin, "The communications 
media are tools which convey a representation of 
reality. Except in a symbolic way, they do not 
transport reality to the presence of the viewer or 
listener. The media, whether they be considered 
art forms themselves or parallel to the arts, estab- 
lish conventions which often offend when in- 
troduced but tend to be accepted by the public 
in a short time.... When new conventions are 
established, old conventions may be rejected or 
absorbed. Acceptance of the new seldom comes 
without a struggle." 
Microsonic Grooves 

"[any years ago, the Dutch Philips company 
- 'nenting with high density microgroove 

records. I don't remember now how tight they 
squeezed those grooves but I know they were 78 
rpm. So were the discs (unequalized) made by my 
good friend Cecil Watts. Anyway, a small com- 
pany up in Revere, Mass., has just come up with 
a stereo disc with a density of 800 grooves per 
inch. First release is a 7 -in., 45 -rpm record that 
plays for over 30 minutes a side. As far as I could 
tell (the recording was "Jesus Christ, Superstar"), 
quality was comparable with a conventional disc 
although distortion is theoretically higher than 
that of a 12 -in. record-particularly near the center. 
Classical releases are promised in the near future 
and I hope to write a more detailed report in due 
course. A 12 -in. disc playing for an hour each side 
sounds an attractive proposition-and I forgot to 
mention-there was no sign of mistracking or 
groove jumping when the record was playing with 
an ADC 25 cartridge at 1' grams. Amazing! 

This Is Your Life 
AUDIO has just had a large-scale readership 

survey conducted by a market research organiza- 
tion, and here is what you look like. About 22% 
are between the ages of 25 to 29, 20% 20 to 24, and 
just under 14% 30 to 34. Over 30% are engineers 
or technicians, 25% professional or managerial, 
and there are nearly 12% students plus 11% en- 
gaged in research. More than 24% have family 
incomes in the $10,000 bracket, 22% between 
$15,000 and $20,000, and 30% in the $20,000 to 
$50,000 range. A lucky 2.7% enjoy incomes over 
$50,000. No less than 42% are homeowners, and 
21.4% have a second or vacation home. 

The Youth Market 
ABC -FM recently issued a market survey of the 

Youth Rock Stereo Listeners in the seven areas 
including New York, Detroit, Los Angeles, 
Pittsburgh, Houston, and San Francisco. Age 
group is given as 18 to 34 and the report covers 
magazine readership, cars, clothes, books, and 
beer, etc., etc. More than 84% own some kind of 
stereo equipment, and the majority plan to buy 
component systems. The stereo brand preferences 
are listed, with Garrard at the top, closely fol- 
lowed by Panasonic and Sony, then Fisher, KLH, 
Pioneer, Sansui, Dual, Scott, and Marantz. Under 
the section entitled Leisure Time Activities, 
Swimming, Spectator Sports, and Camping rate 
between 11 and 13% each, but Opposite Sex gets 
only 0.5%.... Times certainly have changed! 

G.W.T. 
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larger and specially designed 
plug. A simple blue -black and 
chrome color scheme adds the 
quality finished touch. $59.95. 

Stanton Dynaphase Forty, a 
high-performance economy ver- 
sion of the Dynaphase Sixty with 
wide range single speaker sys- 
tem is also available. $39.95. 

ACCESSORIES 
Stanton Model 5741 control 

unit-The most convenient in - 

Stanton quality is 
a very special quality... 

in headphones too. 
The headphone is, after all, a 

speaker system for the head. 
And the new Stanton Dyna- 

phase Sixty is an advanced two- 
way speaker system designed for 
heads instead of shelves. Its 
unique, extremely wide -range 
two-way dynamic reproduction 
system is acoustically mounted 
with a separate woofer and 
tweeter. A special crossover net- 
work precisely channels the highs 
and lows into each ear, creating a 
truly breathtaking feeling of 
presence. 

In keeping with the high 
quality approach to the design of 
the Stanton Dynaphase Sixty 
headphone, the fully adjustable 
headband and softly cushioned 
earpieces are stitched (not heat 
sealed). Stanton even 
improves convenience 
in amplifier connec- 
tion and discon- 
nection by pro- 
viding a 

line control unit ever developed 
for headphone listening. Works 
with Stanton Dynaphase head- 
phone systems as well as with 
other headphones. Lets you con- 
trol listening at your location by 
providing separate volume and 
tone controls and a stereo -mono 
switch. Complete with 17 -foot 
coiled cord, it acts as a perfect 
extension accessory. $1995. 

Model 5742-Separate 25 - 
foot coiled extension cord 
works with all headphones. 

$7.95. 
=or complete tech- 
nical data write 

Stanton Mag- 
netics, Inc., 
Terminal 
Driv= Plain- 
view, N.Y. 
11E03 

STaNTOn 
Manufacturers of the world famous Stanton Calibration Cartridges and the renowned Isophase Electrostatic H' 
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STOOT of SOUND 17r3FODUCT 

Harry F. Olson* 

THE PSYCHOLOGY OF SOUND REPRODUCTION involves 
the psychology of music, speech, and emotional 
responsiveness. The psychology of music provides the 

law and order in the structure and operation of the human 
hearing mechanism and the musical mind. The psychology of 
speech involves the factors which determine the communication 
of information through the human hearing mechanism to the 
brain. The psychology of emotional responsiveness to music 
and speech may be expressed as the degree and kind of per- 
ception and sensation which is produced. The sensation and 
perception of music involves imagery, memory, and mentality. 
These attributes are related to the musical mind in finding 
music and speech attracting or repelling, pleasing or antagoniz- 
ing, and tolerable or intolerable. 

The purpose of this paper is to present an exposition on the 
psychology of sound reproduction involving the psychology 
of music, speech, hearing, distortion, noise, and spatial 
phenomena. 

PSYCHOLOGY OF MUSIC 
The psychology of music is the science of musical experience 

and behavior. Psychology provides a working knowledge of 
the performance of the musical mind. Accordingly, the fun- 
damentals for the classification of events in musical experience 
and behavior can be established. A scientific musical termin- 
ology can be developed from these fundamentals. Employing 
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the definitions from the terminology, research in the psychol- 
ogy of music has shown that the musical listener must have 
four capacities for apprehending and appreciating all music, 
namely, the sense of pitch, the sense of loudness, the sense 
of time, and the sense of timbre. 

The foregoing simplifies the understanding of the capacity 
of the musical mind in that each of these four basic functions 
appear in such complex musical forms as harmony, melody, 
dynamics, rhythm, volume, and tone quality. These musical 
forms are influenced by other important musical properties 
involved in listening to live or reproduced music such as 

localization, and perspective of the sound sources, acoustic 
ambience, reverberation, and other spatial phenomena. 

The preceding brief introductory exposition shows that the 
psychology of music relates to the reproduction of sound in 
a very important and significant manner. 

The purpose of this section is to describe the major psycho- 
logical phenomena involved in the reproduction of music. 

Properties of a Tone 
The psychological properties of sound, namely, pitch, loud- 

ness, time, and timbre depend upon the physical characteristics 
of the sound wave, namely, frequency, amplitude, duration, 
and waveform. The four physical characteristics of a sound 
wave completely describe every type of sound wave whether 
original or reproduced. The musical mind must be capable of 
apprehending and appreciating, to a more or less degree, the 
four characteristics of a sound wave representing a musical 
selection. 

The four physical characteristics can be broken down into 
seven physical characteristics which are more specific and 
individualistic in describing a musical tone, namely, frequency, 
intensity, growth, steady state and decay (duration), porta- 
mento, timbre, vibrato and deviations. These characteristics 
of a tone are depicted in Fig. 1. 

The following definitions of tone properties are descriptive 
rather than absolutely rigorous presentations of the formal 
and somewhat abstruse language of the standards. 

Frequency of a sound wave is the number of cycles occurring 
per unit of time, measured in Hertz. The subjective counterpart 
of frequency is pitch. 

Intensity of a sound wave is energy transmitted per unit of 
time. The intensity is usually expressed in decibels above the 
threshold of hearing at 1000 Hz, which is 0 dB = 10-16 W/cm2. 
The subjective counterpart of intensity is loudness. 

Growth is the time required for a sound to build up to some 
fraction of the ultimate value. 

Steady state of a sound is the length of time in which there 
is no change in the intensity. 

Decay is the time required for sound to fall to some fraction 
of the original value. Note that growth, steady state, and decay 
lumped together become the envelope of a tone. 

Duration is the length of time that a sound persists without 
interruption or discontinuity in the output. 

Portamento is a uniform glide in frequency from a sound of 
"RCA Laboratories, Princeton, N.J. 
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one frequency to a sound of another frequency. Portamento 
is also termed a frequency glide. 

A complex sound wave is made up of the fundamental 
tone and overtones. The timbre or spectrum of a tone is ex- 
pressed in the number, intensity, and phase relations of the 
components; that is, the fundamental and overtones or partials. 

Vibrato is a low -frequency modulation of a musical tone. 
This may result from either frequency modulation or ampli- 
tude modulation or a combination of both. In general, the 
modulation frequency is of the order of 7 Hz. Tremolo, a 
special case of vibrato, is created by amplitude modulation 
only. 

Deviation is a departure from the regular and is one of the 
beautiful and artistic characteristics of some types of music. 

With reference to the preceding descriptions, many of the 
properties of a tone are interdependent. For example, timbre 
is influenced by the attack, decay, portamento, vibrato, etc. 
When the properties of a tone as just defined and depicted in 
Fig. 1 are specified, the tone can be completely described. 
Furthermore, the tone can be produced from these specifi- 
cations by providing electronic means for generating its charac- 
teristic properties. 

Loudness 
Loudness of a sound is the magnitude of the auditory sen- 

sation produced by the sound. The units on the scale of loud- 
ness should agree with the common experience in the estimates 
made upon the sensation magnitude. A true loudness scale 
must be constructed so that when units are doubled the sen- 
sation will be doubled, when the scale is trebled the sensation 
will be trebled, etc. The sone is the unit of loudness. By defi- 
nition, a pure tone of 1000 Hertz, 40 dB above the listener's 
threshold produces a loudness of 1 sone. The loudness of 
another sound as judged by the listener to be n times the loud- 
ness of 1 sone is n sones. The loudness level of a sound, in 
phons, is numerically equal to the sound pressure level, in 
dB relative to the threshold of 0.0002 microbar, of a free 
progressive plane sound wave of 1000 Hertz which is judged 
to be equally loud. 

The relation between loudness and loudness level is given by 
S = 2c" iio (1) 

where S = loudness, in sones and 
P = loudness level, in phons. 

To establish the loudness of a complex sound, such as music, 
at least three specifications must be available as follows: 

1. A scale of loudness termed the sone scale, the relation 
between sones and phons is given by equation 1. 

2. The equal loudness contours for discrete frequency 
bands of the complex sound. The octave is a convenient 
frequency band. 

3. The rule by which loudness adds as the discrete fre- 
quency bands of the sound are added. 

Specifically, after the sound pressure level in each octave 
band has been determined, the next step is the proper sum- 
mation in each octave band of these data. The relation between 
the loudness and the loudness index is given by 

ST = 0.75SM + 0.3ES (2) 
where ST= total loudness of the complex sound, in sones, 

S = loudness index in each octave band and 
SM = greatest of the loudness indices. 

The loudness index in each octave band is obtained from 
the graph of Fig. 2. The use of equation 2 and Fig. 2 makes it 
possible to determine the loudness of a complex sound. 

There is a very definite relationship between the preferred 
or tolerable top level of sound reproduction and the volume of 
the room. Subjective tests have been carried out on the pre- 
ferred or tolerable top level of sound reproduction and the 
volume of the room. The results are shown in Fig. 3. The 
preferred or tolerable top sound level in the home is 80 dB. 
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Fig. 2-The loudness index contours for octave bands. 
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Fig. 3-The tolerable or preferred top sound level as a function 
of the volume of the room. The bar graphs show the tolerable 
top sound level and the threshold sound level due to the 
ambient noise for a concert hall and a room in the home. 
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Fig. 6-The effect of nonlinear distortion upon reproduced 
speech and music depicting 0-objectionable, T-tolerable and 
P-perceptible nonlinear distortion for various high frequency 
cutoffs. The spectrums showing four values of nonlinear 
distortion are typical. 
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Fig. 7-The transient response to a tone burst of frequency 
fR. A-A sound reproducing element with uniform response. 
B-A sound reproducing element with a peak in the response 

frequency fR. C-A sound reproducing element with a dip 
.A oonse at frequency fR. 

For the concert hall, the top level is 100 dB. The threshold 
due to the ambient noise is 30 dB for the average home and 
the threshold due to ambient noise in the concert hall is 35 
dB. The bar graphs of Fig. 3 depict the threshold levels and 
the preferred or tolerable levels for the home and the concert 
hall. The bar graphs show that the amplitude range in the 
home and the concert hall are 50 dB and 65 dB respectively. 

Quality 
The quality of the reproduced music is a subjective property 

describing the degree of resemblance of the reproduced to 
the original music. 

To obtain resemblance of the reproduced music with the 
original music requires a high order of fidelity of performance, 
particularly from the standpoints of frequèncy range, non- 
linear distortion, transient response, and noise. 

The individual tones of musical instruments are composed of 
the fundamental and the partials or overtones. The relation- 
ship between the fundamental and the partials and the various 
partials must be maintained in order to preserve the quality of 
the reproduced music. 

The frequency ranges required to reproduce speech, musical 
instruments, and some noises without any noticeable frequency 
discrimination is shown in Fig. 4. 

The effect of frequency discrimination upon the quality of 
orchestral music is depicted in Fig. 5. To reproduce orchestral 
music with no discernible frequency discrimination requires a 
frequency range of 30 to 15,000 Hertz (Many experts would 
extend the upper limit to 18,000 or 20,000 Hz.-Ed.) 

A sound reproducing system which introduces nonlinear 
distortion generates new partials and modifies the relative 
amplitudes of the original partials. The effects of nonlinear 
distortion upon the reproduction of music has been determined. 
Typical spectrums of the nonlinear distortion for four values 
of nonlinear distortion are shown in Fig. 6. There are three 
subjective levels of nonlinear distortion, namely, perceptible, 
tolerable, and objectionable. Perceptible is the amount of 
distortion required to be just discernible. Tolerable and ob- 
jectionable are not as definite terms and are a matter of 
opinion. By tolerable distortion is meant the amount of dis- 
tortion that could be allowed in medium -grade consumer 
sound reproducing systems as exemplified by the phonograph, 
magnetic tape, radio, and television. By objectionable distortion 
is meant the amount of distortion that would be definitely 
unsatisfactory for the reproduction of sound in consumer sound 
reproducing systems. Referring to Fig. 6 it will be seen that 
the amount of perceptible, tolerable, and objectionable non- 
linear distortion decreases as the high frequency cutoff in- 
creases. To reproduce music over the entire audio frequency 
range with imperceptible distortion requires a system with 
less than one percent nonlinear distortion. 

All speech, voice and music are of a transient character. 
Therefore, the transient response of a sound reproducing 
system is an important performance characteristic. Poor tran- 
sient response alters the envelope of the sound, that is, the 
growth, duration, and decay. The response of a sound repro- 
ducing system to a tone burst depicts the transient response. 
The transient response of sound reproducing elements with 
various frequency response characteristics is shown in Fig. 7. 
In general, if the response is uniform as shown in Fig. 7A, the 
transient response will be good. If there is a peak in the fre- 
quency response as shown in Fig. 7B, there will be a lag` in the 
growth. Following the end of tone burst input, there is a hang- 
over in the response which decays with time. If there is a dip 
in the response as shown in Fig. 7C, there will be an immediate 
full response followed by a decrease to a lower steady level. 
Following the end of the tone burst input, there is a sudden 
rise in output followed by a decay. The data of Fig. 7 shows 
that poor transient response changes the envelope of the 
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After the monthly 
breakthroughs and 
revolutions in speaker 
design, how come 
the Rectilinear III 
still sounds baiter? 

Figure it out for yourself. 
More than five years ago, 

without much fanfare, we came 
out with a very carefully engi- 
neered but basically quite 
straightforward floor -standing 
speaker system. It consisted of 
six cone speakers and a cross- 
over network in a tuned enclo- 
sure; its dimensions were 35" by 
18" by 12" deep; its oiled wal- 
nut cabinet was handsome but 
quite simple. 

That was the original Recti- 
linear Ill, which we are still sell- 
ing, to this day, for $279. 

Within a year, virtually every 
hi-fi editor and equipment re- 

viewer went on record to the 
effect that the Rectilinear Ill was 
unsurpassed by any other 
speaker system, regardless of 
type, size or price. (Reprints still 
available.) 

Then came about forty-seven 
different breakthroughs and 
revolutions in the course of the 
years, while we kept the Recti- 
linear Ill unchanged. We 
thought it sounded a lot more 
natural than the breakthrough 
stuff, but of course we were prej- 
udiced. 

Finally, last year, we started to 
make a lowboy version of the 
Rectilinear Ill. It was purely a 

cosmetic change, since the two 
versions are electrically and 
acoustically identical. But the 

new lowboy is wider, lower 
and more sumptuous, with a very 
impressive fretwork grille. It 
measures 28" by 22" by 121/4" 
deep (same internal volume) and 
is priced $20 higher at $299. 

The new version gave Stereo 
Review the opportunity to test 
the Rectilinear Ill again after a 

lapse of almost five years. And, 
lo and behold, the test report 
said that "the system did an es- 

sentially perfect job of duplicat- 
ing our"live music" and that both 
the original and the lowboy 
version "are among the best - 
sounding and most 'natural' 
speakers we have heard." (Re- 

prints on request.) 
So, what we would like you to 

figure out is this: 
What was the real break- 

through and who made it? 

For more information, includ- 
ing detailed literature see your 
audio dealer or write to Recti- 
linear Research Corp., 107 
Bruckner Blvd., Bronx, N. Y. 

10454. 

Rectilinear III 
Check No. 23 on Reader Service Card 
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Fig. 8-An enclosure containing three sound sources, Si, 
S2 and S3 and a listener. Di, D2 and D3 represent the direct 
pencils of sound. R i i, R i 2 and R13 represent reflected pencils 
of sound with one, two, and three reflections. The direct sound 
supplies the auditory perspective and the reflected sound sup- 
plies the acoustic ambiance or reverberation envelope. 
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Fig. 9-The effect of frequency range upon the syllable ar- 
ticulation of speech. HP-High pass filter, that is, all frequen- 
cies below the frequency given by the abscissa removed. 
LP-Low pass filter, that is, all frequencies above the frequency 
given by the abscissa removed. 

musical tone. Poor transient response destroys the clarity and 
incisiveness of a musical tone. 

Noise 
Noise is any undesired audio signal in a sound reproducing 

system. In general, noise is an erratic, intermittent or statis- 
tically random oscillation. Some disc record reproduction 
exhibits "ticks" of noise due to an imperfection in the record 
groove. Some magnetic tape reproduction exhibits ticks of 
noise due to "dropouts," that is, imperfections of the tape 
coating. Most noise is, however, of a statistically random type 
covering the entire audio range and is manifested as "hiss." 

Noise is present to some degree in all sound reproducing 
systems. The objective is a noise level that is imperceptible. 
This is indeed difficult to achieve at the present stage of the 
art. Most high quality systems can be designed so that the 
annoyance is negligible. To achieve this order of performance 
requires a signal-to-noise ratio of at least 60 dB. Under these 
conditions the noise of the sound reproducing system will be 
lost in the ambient noise of the room. 

Perspective and Ambience 
The normal human hearing mechanism combined with a 

;cal mind can apprehend all the tonal characteristics of the 
-,,es that enter the ear. In general, the human hearing 

mechanism operates in a field of sound, that is, the sound 
source and the ears are separated in space. In addition, for the 
most part, the sound source and the ears are located in an 
enclosure. 

The human hearing mechanism is binaural and thereby 
attributes a directional sense to the sound that is received so 
that the source of sound can be localized. That is, the binaural 
hearing mechanism provides the means for placing the sound 
sources in perspective. 

When a sound source operates in a room, the acoustic 
ambience or reverberation envelope is comprized of sound that 
has encountered one, two, three, etc. reflections from the 
boundaries before impinging upon the listener's ear. 

The field effects of sound waves, namely, perspective and 
acoustic ambience or reverberation envelope, will be described 
as follows: 

Three sound sources Si, S2, and S3 are located in an enclosure 
as depicted in Fig. 8. The listener determines the angular 
location of the three sound sources from the direct pencils of 
sound Di, Dz and D3. This angular localization is obtained 
by means of the human binaural hearing mechanism. The 
angular discrimination is the matter of only a few degrees in 
a part of the audio frequency range. The angular localization 
provides the listener with auditory perspective of the sound 
sources. 

The sounds emanating from the sound sources are reflected 
by the walls, ceiling and floor. The reflections in two dimen- 
sions are depicted in Fig. 8. Only a few of the pencils of sound 
that have been reflected one, twice, and three times are shown 
in Fig. 8. The intensity decreases with each reflection due to 
absorption of sound by the boundaries. The decrease in the 
level of each reflection continues and the amplitude of the 
reflected sound is ultimately lost in ambient noise level. The 
reflected sounds provide the acoustic ambience or reverberation 
envelope. 

Perspective and ambience are important psychological fac- 
tors in apprehending and appreciating original and reproduced 
sound in an enclosure. The optimum acoustic ambience which 
is determined by the acoustical performance of the enclosure 
depends for the most part upon the reverberation time of the 
enclosure. 

The auditory perspective of the original sound is reproduced 
in stereophonic and quadraphonic sound reproducing systems. 
The auditory perspective and acoustic ambience are repro- 
duced in the quadraphonic sound reproducing system. 

PSYCHOLOGY OF SPEECH 
The psychology of speech is the science of the transfer of 

intelligence by means of the sounds of speech. Psychology 
provides a workable insight into the nature of perception of 
speech sounds by the human hearing mechanism and the mind. 

There are two fundamental quantities involved in the trans- 
mission of speech, namely, intelligence and resemblance. The 
transmission of the intelligence of speech is determined by 
the articulation. The transmission of resemblance is determined 
by the quality. 

Articulation 
The recognition or intelligibility of speech is an important 

aspect of a sound reproducing system involving the trans- 
mission of information. In measuring speech recognition 
through a transmission system the speaker reads aloud sounds, 
syllables or words to a listener who writes down what he thinks 
he hears. A comparison of sounds, syllables, or words recorded 
by the listener with those uttered by the speaker provides the 
fraction of what is interpreted correctly. The fraction is termed 
sound and syllable articulation and word intelligibility. 

There are three types of recognition measurements involving 
sounds, syllables, and words. Sound articulation refers to the 

(Continued on page 73) 
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Now you can really snuggle 
up to Schumann. When you 
get next to our new stereo 
receiver, the SA -6500. 

Because we cut down the 
distortion. By cutting out the 
input transformer, the output 
transformer and the output 
capacitor. So insead of putting 
your music through a whole 
electronic maze, we put it right 
through. Via direct coupling. 
With less than 0 5% distortion. 
And ai_ amplifier frequency 
response of 10 to 100,000 Hz-1dR. 

And because the signal 
doesn't get capacitored and 
transformered to death, you get 
something else. Full 200 watts of 
power (IHF) a1 the time. 

The music is more than just 

OLD'VAY -- 
OUR NAY 

close, it's sharp. Because we've 
got 1.8,íV sensitivity on FM 
from two 4 -pole MOSS FET's 
that can pull in your favorite 
station. So it sounds like it's being 
broadcast next door. Even if 
ifs coming from the next state. 

We also have selectivity. 
Because of two RF stages, a four - 
section tuning capacitor, four 
tuned circuits and an IF 
stage with a crystal filter and 
integrated circuit. 

Having brought you closer to 
the music, we also bring you 
closer to absolute control. With 
linear sliding controls for bass 
and treble. Low Filter, High 

Filter, and Loudness switches 
to shape the sound. An FM 
Muting switch to eliminate 

annoying inter -station noise. 
And pushbutton audio controls. 

There's even more. Like a 
linear FM dial scale with 
maximum station separation, 
for easier tuning. And dual 
tuning meters to measure FM/ 
AM signal strength and pinpoint 
FM stations. Plus Lumina - 
Band tuning to light them up. A 
full range of Input and output 
jacks. Even a rich walnut cabinet. 

Now that our SA -6500 has 
shortened the distance between 
you and the music, all you 
have to do is shorten the distance 
between you and your nearest 
Panasonic Hi-Fi dealer. 

200 Park Avenue, N.Y. 10017. For your nearest Panasonic Hl Fi dealór, call 800631;9.in N.J., 800 962-2803. We pay for tf 

Check No. 28 on Reader Service Card 



The experts talk about a new 

>di NB'vrHArr menrm 
"...The tuner which may well prove to be the 'classic' 

of the 1970's is Heath's new A1-1510 Digital FM Stereo Tuner." 
- Leonard Feldman, AUDIO MAGAZINE 

"...When it comes to using the AJ-1510, we find ourselves almost at a loss 
for words. It is probably as near to the ideal FM tuner as we have ever encountered." 

Mr. Feldman goes on to say: "The 'ultimate' tuner? Well, if it isn't 
it'll do until someone comes up with something better!... There is 
NO tuning knob and there is NO tuning dial or pointer, since all 
frequency indications are read from digital read-out tubes...At 
the left are ten keyboard buttons, numbered '1' through '0', as 
well as a re -set button (punched when you wish to 'punch up' a 

new station frequency) and a button labeled BY-PASS (used to 
initiate the 'auto -sweep' action which causes the tuner to sweep 
downward in frequency, automatically locking in on every avail- 
able signal in your area)...three more buttons, labeled A, B and C 

...are used to select three predetermined favorite stations...and 
there are additional buttons for SQUELCH DEFEAT and STEREO 
ONLY reception... 
'...a tiny test switch button when depressed, lights up all the 
elements of the digital readout tubes to insure that they are oper- 
ative. There is also a rotary control which determines the speed 
at which the AUTO -TUNE action takes place, a noise squelch ad- 
justment control, and an AGC squelch control. A slide switch 
changes the meter function from signal strength indication to 
multi -path indication and a second, three -position slide switch 
selects automatic stereo, partial stereo blend (for reduced noise 
in weak -signal stereo reception situations with some sacrifice in 
overall stereo separation), and mono -mix. The right section behind 
the trap door contains three horizontal slots, labeled A, B and C. 
These slots correspond to the three PREPROGRAM selection but- 
tons described earlier and, upon inserting three plastic cards no 
larger than a standard credit card, the buttons can be used to 
tune in your favorite station which you easily program onto the 
cards yourself... 
"...The rear panel of the A1-1510... contains antenna terminals 
for 300 ohm or 75 ohm transmission lines, a dual pair of output 
jacks as well as horizontal and vertical output jacks for connec- 
tion to an oscilloscope for observing the nature and extent of any 
local multipath problems beyond what you can read on the dual 

-nose self-contained signal meter... 
-ro able to appreciate the amount of thoughtful engi- 

} into this unit, both in terms of its performance 
ibility. Recent Heathkits have increasingly 

- Julian Hirsch, STEREO REVIEW 

stressed the modular approach and the AJ-1510 has carried this 
concept to its ultimate. There is a 'master' or 'mother' board into 
which are plugged seven circuit boards. Connectors are used 
throughout, which means that boards can be removed without 
having to unsolder or unwire a single connection. 
"...The heart of the non -mechanical tuning aspect of this unit lies 
in the voltage -tuned FM front-end, which is of the varactor-tuned 
type and contains no moving variable capacitor. Instead, a suit- 
able d.c. voltage applied to the varactor diodes determines their 
effective capacitance. The keyboard, pre-programmed cards, or 
automatic sweep tuning methods all program a divider circuit. 
The divider circuit divides the tuner's local oscillator frequency 
and compares it to a crystal controlled reference frequency and 
the result of this comparison is the tuning voltage. Changing the 
divide ratio of the divider circuit changes the d.c. voltage applied 
to the tuner and a different station is tuned in. Simultaneously, a 

visual display of the station frequency is provided by the readout 
circuitry. Because of the crystal controlled reference frequency 
and the phase -lock -loop circuitry, however, the accuracy of the 
frequency tuned in is no longer dependent upon the drift -free 
characteristics of the FM front-end but will be as accurate as the 
reference crystal frequency and, in the case of the AJ-1510, that 
means at least 0.005% accuracy!... 
"...Do not confuse this 'digital readout' tuner with some units 
which have recently appeared on the market and simply replace 
the tuning dial with numeric readout devices. The latter variety 
guarantee no more tuning accuracy than their 'dial pointer' coun- 
terparts. The Heath A1-1510 is tuned exactly to 101.5 MHz when 
those readout tubes READ 101.5 - and not to 101.54 or 101.47!... 
"...There is no doubt that the elaborate 'computer' type circuitry 
incorporated in the Heath AJ-1510 must represent a fair percent- 
age of its selling price, but even if you ignored it completely (or 
considered it as a welcome bonus), the tuner's performance as a 

tuner would justify its total price and then some. 
"...Almost as if to reprimand us, when we punched up 87.9 MHz 
on the keyboard, a light lit up on the front panel and read RE- 
PROGRAM. (It could have said 'please'...) Realizing that we weren't 
about to fool this unit, we settled for 88.3, 98.9 and 106.1. These 



Heathkìt 'ciassìc' 
chosen frequencies, together with our not -too -perfect 'screen 

room' enabled us to read a sensitivity of 1.6 uV. Impressed, we 

decided that we weren't going to let this one get off so easily, so 

we tried to measure alternate channel selectivity and, as near as 

we could figure, it was just about 100 dB!...[With] the total quiet- 
ing curve, you can interpolate the THD (mono) down to an incred- 

ible 0.18% for 100% modulation (as opposed to 0.3% claimed). 

Ultimate S/N is a very respectable 66 dB....quieting reaches a 

very usable 56 dB with a mere 5 uV of signal input. In the stereo 

mode, we remeasured the THD and found that it was only 0.25% 

for 100% modulation (as against 0.35% claimed) and that, to us, 

represents a real breakthrough, since stereo THD is usually much 

higher than mono THD on most tuners and receivers we have 

measured in the past... 
"...Here's a tuner that maintains at least 30 dB of separation 
from 50 Hz to 14 KHz and hits a mid -band separation figure of 

46 dB! Both SCA and 19 and 38 kHz suppression were in excess of 

60 dB, which means that SCA interference was absolutely inaud- 

ible. Capture ratio measured 1.35 dB as against 1.5 dB claimed... 
In short, every space was easily met or exceeded and if you com- 

pare published specs with the best of the 'ready mades' you're 

not likely to come up with a finer set of readings anywhere... 

"...After spending several hours playing with the keyboard, the 

automatic sweep, and the dozen or so cards which I prepared with 

the aid of a small pair of scissors, I got down to the serious busi- 

ness of logging stations...Would you believe 63, without having 

to rotate my antenna?... 

"...We enjoyed the crystal-clear, distortion -free reception we ob- 

tained in using the Heath AJ-1510...f it] has got to be the way all 

tuners of the future will be made. It's very nice to know that Heath 

has just brought that future into the present..." 

Mr. Hirsch comments further: "...the Heath AJ-1510 digital Stereo 

FM tuner kit is new, with a fresh and imaginative design approach 

...and we know of nothing else on the market with comparable 

features... 
is quite impossible, in the available space, to give an ade- 

quate description of this remarkable tuner. Anyone familiar with 
the inside of a typical FM tuner will not recognize this as belong- 

ing to the same family. It more closely resembles a small digital 
computer. There are no moving parts (the tuning is entirely elec- 

tronic), and almost nothing resembling r.f. circuit components... 
The i.f selectivity is provided by sealed multipole inductance - 

capacitance filters. Not only do they give outstanding alternate - 

channel selectivity (the kind most of us are concerned with), but 

it is also easy to separate adjacent -channel signals only 200 kHz 

apart,.. 
"..-our measured performance data on the AJ-1510 met or ex- 

ceeded Heath's published specifications...The IHF sensitivity was 

1.6 microvolts...The 89 -dB image -rejection figure was very good, 

and we confirmed Heath's alternate -channel selectivity rating of 

95 dB...The FM frequency response was well within ±1 dB from 
30 to 15,000 Hz. Stereo channel separation was exceptionally 
good - 40 dB at middle frequencies...suppression of 19 and 38 

kHz components of stereo FM signals was the best we have yet 
encountered... 
"-..tuning the AJ-1510, in any of its modes, is a unique experi- 

ence. No matter how you go about it, the output is always a clean 

signal or nothing - not a hint of a thump, hiss, or squawk at any 

time...for anyone who wants a tuner that is most certainly repre- 

sentative of the present state of the art, and which is not likely to 
be surpassed in any important respect for the foreseeable future, 
his search can stop at the A1-1510." 

Kit AJ-1510, "Computer Tuner" less cabinet, 23 lbs. 539.95* 
AJA -1510.1, pecan cabinet, 6 lbs. 24.95* 

New versatility in 4 -channel sound - 
the Heathkit AA -2004 Integrated Amplifier 

Improves what you already own. Thanks to built-in matrix circuitry 
that decodes matrixed 4 -channel recordings and 4 -channel broadcasts, 
the AA -2004 lets you use your present turntable, tape equipment or 

tuner. Also, the decoder enhances your present record & tape library, 
and conventional 2 -channel FM broadcasts by feeding the "hidden 
presence" to rear speaker for an extremely satisfying 4 -channel effect. 

Puts you ahead of tomorrow's developments. As discrete 4 -channel 
media becomes more prevalent, the AA -2004 is ready. Four conserva- 
tively rated and fully protected amplifiers produce 260 watts into 4 

ohms (4x65), 200 watts into 8 ohms (4x50), 120 watts into 16 ohms 

(4x30). Controls are provided for every source, mode and installation. 
Amplifier sections are controlled in pairs with one complete stereo 
system for left & right front speakers and another for left & right 
rear - so your AA -2004 can be used to power two separate stereo 
systems if desired. With outputs for both main and remote speaker 
systems, it can be used to power two 4 -channel systems (up to 8 

speakers). Duplicate controls are provided for front and rear bass, 

treble, balance and volume; phono, tuner, aux, tape & tape monitor 
inputs. Mode switches select mono, stereo, matrixed 4 -channel or 

discrete 4 -channel. And 20 input level adjustments - enough for five 
separate 4 -channel sources - can be reached from the bottom of the 
chassis. Separate rear -panel jacks give direct access to preamp out- 
puts & power amp inputs, permitting biamplification by simply adding 
a crossover network. 

Performance specs you'd expect from Heath. Make your own compari- 
son of the AA -2004's impressive specifications. Power bandwidth on 

all channels from less than 5 Hz to more than 45 kHz for 0.25% total 
harmonic distortion. IM distortion less than 0.2%. Damping factor 
greater than 100. Hum and noise - 65 dB for phono, -75 dB for tape 
and aux. 

Goes together with traditional Heathkit simplicity. Plug-in circuit boards 
and preassembled wiring harnesses reduce point-to-point wiring - 
make the AA -2004 as much fun to build as it is to use. Add the pre - 
assembled, prefinished pecan cabinet - and you have the most attrac- 
tive, as well as the most practical approach yet, to the fascinating 
new world of 4 -channel sound. Get with it...today. 
Kit AA -2004, 39 lbs., less cabinet 349.95* 

AAA -2004-1, pecan cabinet, 7 lbs. 24.95* 

Discover the Heathkit audio 'classics' at your nearest Heathkit 
Electronic Center... or send for FREE catalog! 
HEATHKIT ELECTRONIC CENTERS -, ARIZ: Phoenix, 2727 W. Indian School Rd.; CALIF.: Ana- 
heim, 330 E. Ball Rd.; El Cerrito, 6000 Potrero Ave.; Los Angeles, 2309 S. Flower St.; 
Pomona, 1555 Orange Grove Av. N.; Redwood City, 2001 Middlefield Rd.; San Diego (La 
Mesa), 8363 Center Dr.; Woodland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 
38th Ave.; FLA.: Miami (Hialeah), 4705 W. 16th Ave.; GA.: Atlanta, 5285 Roswell Rd.; 
ILL.: Chicago, 3462-66 W. Devon Ave.; Downers Grove, 224 Ogden Ave.; KANSAS: Kansas 
City (Mission), 5960 Lamar Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Boston 
(Wellesley), 165 Worcester St.; MICH.: Detroit, 18645 P. Eight Mile Rd. & 18149 E. Eight 
Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Oak Rd.; MO.: St. Louis, 9296 Gravois 
Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); N.Y.: Buffalo (Amherst), 3476 Sheridan 
Dr.; New York, 35 W. 45th St.; Jericho, L.I., 15 Jericho Turnpike; Rochester, Long Ridge 
Plaza; OHIO: Cincinnati (Woodlawn), 10133 Springfield Pike; Cleveland, 5444 Pearl Rd.; 
PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 Wm. Penn Hwy.; TEXAS: Dallas, 
2715 Ross Ave.; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third Ave.; WIS.: Mil- 
waukee, 5215 Fond du Lac. 

r 
HEATH COMPANY, Dept. 41-6 
Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 

Enclosed is $ 

Please send model (s) 

Name 

Address 

City State 7ip 

*Mail order prices; F.O.B. factory. 
Prices & specifications subject to change 

HEATHKIT 

Schlumberger 

plus shipping. 
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The ADC 303AX. 
Without a doubt, ti -se most popular speaker 

we've ever made. 
Time and again, enthus_astic owners have 

written to tell us how very pleased they were with 
the 303AX. Fantastic .. _ outstanding... beautiful ... 
and remarkable were among the more common- 
place accolades we received. 

As for the experts, they expressed their 
pleasure in more measured phrases such as, superb 
transient response, excellent high frequency 
dispersion, exceptionally smooth frequency re- 
sponse and unusually free of coloration. 

Obviously, a speaker like the ADC 3C3AX 
doesn't just happen. 

It is the result of con`inuale designing and 
redesigning. Measuring and remeasuring. Improv- 
ing and then improving on the improvements. All 
with only one goal in mind . . 

TO create a speaker system that produces a 
completely convincing illusion of reality. 

And we believe that the k'y to this most 
desirable illusion is a speaker liat has no character- 
istic sound of its own. 

We've even coined an expression to describe 
this unique quality ... we allit, ` high 
transparency". 

It's what makes listening lo music with the 
ADC 303AX like listening back through the speaker 
to a live performance. 

And it is this very same quality that has made 
our very remarkable crowd pleaser the choice a: - 
leading audio testing orgarizaions. 

Finally, a pleasing word at out price. Thanks to 
steadily increasing demand and improved manu- 
facturing techniques, we've been able to reduce the 
already low price of the very remarkable ADC 
303AX to an irresistible $90*. 

That could make it the mo st crowd pleasing 
buy in high fidelity today. 

*Other ADC high transparency speaker systea_s *available from es to $150. 

Audio Dynamics Corporation 
Pickett District Road, New Milford, Connecticut 06776 

ck No. 31 on Reader Service Card 



A Dynamic Noise Filter 
For Mastering 

Richard S. Burwen 
Burwen Laboratories, 12 Holmes Road, Lexington, Massachusetts 02173 

NOISE IS A PROBLEM! You can't escape it. It is in the 
environment, electronics used for recording, records, 
tapes, AM, FM, TV, microwave, and other audio 

communication media. Noise in studio tape recorders is too 
high for much of the musical program material being recorded 
today. Studios without noise reduction equipment usually 
overcome noise by such undesirable methods as (1) recording 
at such a high level that peaks far exceed the 1% or even the 
10% distortion level of the tape, (2) limiting the signal before 
recording or (3) monitoring through a speaker system that 
attenuates the very high frequencies. The rather serious 
limitations of these methods have been overcome by electronic 
noise reduction. 

Among the three principal methods of noise reduction 
available for studio mastering two of them, the Dolby 
Laboratories Noise Reduction System' and the Burwen 
Laboratories Noise Eliminator', involve compression of the 
signal before recording. Asa result the signal recorded on the 
tape is nonstandard and a separate noise reduction channel 
must be used for each track in multitrack recording. 

A third system, the Dynamic Noise Filter, Fig. 1, manu- 
factured by Burwen Laboratories, is much simpler, requires far 
less equipment, eliminates the problems of nonstandard tapes, 
and is more versatile than either of the two systems mentioned 
above. For example, a single two -channel Dynamic Noise 
Filter operating on a two -track master tape output feeding a 
disc cutting system, as illustrated in Fig. 2, reduces the cumu- 
lative noise from all sources ahead of it. Thus two channels 
of the Dynamic Noise Filter do the job of 18 channels of the 
other types in the 16 -track system of Fig. 2. One of the key 
advantages of the Dynamic Noise Filter is that it may be used 
to reduce the noise in any program material without the need 
for special processing and without audibly affecting the signals. 

Principles of Operation 
The operation of the Dynamic Noise Filter is based on two 

principles: (a) the noise output of an electronic system is 
dependent upon the system bandwidth and (b) the human 
auditory system "masks out" noise in the presence of the 
desired signal at frequencies in the vicinity of the signal fre- 
quency when the signal-to-noise ratio is sufficiently high. The 
Dynamic Noise Filter* can be described as an automatically 
variable bandpass filter whose bandwidth changes rapidly with 
each musical note and whose high and low frequency cutoffs 
are independently controlled by the spectral content of the 
input signal. Figure 3 illustrates the Filter's dynamic frequency 
response. Noise reduction is achieved by restricting the band- 
width at high and low frequencies when the signal level is 
very low (the minimum bandwidth is 800 Hz). At medium and 
high signal levels it passes the full 20 Hz to 20 kHz bandwidth. 
As in the other noise reduction systems, the Filter reduces noise 
only for low level signals; the noise is passed along with the 
high level signals. However, due to the characteristics of the 
ear, the noise that is present during each note is masked by 
the music. 

The noise reduction, as shown by the minimum bandwidth 
curve in Fig. 3, is 25 dB @ 30 Hz and 22 dB @ 10 kHz. On 

*Patent pending 
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71/2 or 15 ips unweighted tape noise the reduction measured 
typically 10 to 11 dB. Because noise reduction is attainable 
without any special preprocessing of the signal, the Dynamic 
Noise Filter is useful not only for a multitrack mix or a master 
tape playback but also for prerecorded tape, cartridges, 
cassettes, records, FM programs, or video tape sound. 

This versatility comes, of course, at a sacrifice-the band- 
width is restricted for low level signals. However, as will be 
shown later full bandwidth is attained at such low signal levels 
and in such a short time that the effect of the Dynamic Noise 
Filter on most good quality program material is completely 
inaudible except for the reduction of noise. When musical 
instruments are played at such a low level that the bandwidth 
is restricted, they usually produce much less overtone output 
and little is lost by the attenuation of the high frequencies. 

Design Simplification 
The system described here is a simplification of an extremely 

flexible and highly complex Dynamic Noise Filter' system 
described in an earlier paper. The previous system, built in 

Fig. 1-The Dynamic Noise Filter chassis accommodates 
modules for 1, 2, 3, or 4 channels. 

16 TRACK 
TAPE 

MIXING 
CONSOLE 

2 TRACK TAPE 

DYNAMIC 
NOISE 
FILTER 

DISC 
CUTTING 
SYSTEM 

Fig. 2-Two-channel Dynamic Noise Filter reduces noise in a 

16 track system. 
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Fig. 4-Rear view. 
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BANDWIDTH CONTROLLER 

Fig. 5-A high performance module incorporating 15 opera- 
tional amplifiers. 

three channels, incorporated precision multipliers and in- 
tegrators for bandwidth control and used a total of 320 
integrated circuit operational amplifiers mounted on 57 plug-in 
circuit cards. It provided a choice of cutoff frequencies of 6, 
12 or 18 dB/octave at high and low frequencies, a variety of 
bandwidth limiting functions, four -frequency notch filtering 
for hum and rumble, and a unique click limiter to eliminate 
noise impulses from phonograph records. Experiments made 
with this unit on a wide variety of program material indicated 

that the steeper slopes were preferred mainly for old material 
having high frequency distortion or completely lacking in the 
very high frequencies. For wide frequency range program 
material it was found that the same noise reduction could be 
achieved using a 6 dB/octave filter having a high cutoff 
frequency considerably below the minimum tolerable for 12 
or 18 dB/octave filters. Furthermore, the 6 dB/octave filter 
seems to produce smoother operation on low level classical 
music. 

In an instrument optimized for studio mastering, the notch 
filters for hum and rumble along with the click limiter and a 
number of the controls were deemed expendable luxuries. 
The use of common control circuits for two channels saved 
a considerable number of components while preserving the 
stereo balance. Thus a simplified Dynamic Noise Filter, Figs. 

1 and 4, evolved having a minimum of controls and accom- 
modating 1, 2, 3, or 4 channels on a single l'%" high rack 
panel. Operational amplifiers are still used extensively to 
achieve a 100 dB dynamic range with 0.01% midband harmonic 
distortion. The system is built using high quality, reliable 
plug-in modules, such as is shown in Fig. 5, involving a total 
of 80 operational amplifiers for four channels with as many 
as 15 in a single module. 

Block Diagram 
The modules can be arranged into as many as four signal 

channels and the configuration for one channel is illustrated 
in Fig. 6. The input signal is first fed to the active transformer 
which is a unique differential input d.c. amplifier. It serves 
the same function as a conventional audio transformer and 
provides the same common mode rejection while overcoming 
the transformer's limitations in frequency response, distortion, 
and hum pickup. The signal from the active transformer is 
fed to two other modules, the voltage variable bandpass filter 
and the bandwidth controller, which form the heart of the 

A TALE OF THREE CITIES We couldn't think of a better way to 
prove the capability of the Sony STR-6065 
than to test it in three cities with heavily 
trafficked FM bands. The engineering 
staffs of the FM station listing guides 
located in New York, Los Angeles, and 
Washington, D.C. conducted the tests. 
(Who should know more about FM per- 
formance than magazines catering to the 
heaviest FM users?) 

In New York, where there are 57 
stations within 65 miles of Manhattan, 
tests were made in the suburbs, 48 miles 
from Manhattan and in Manhattan. From 
Westchester, using an outdoor antenna, 
the Sony 6065 received 36 stations full 
quieting-all major New York City, 
Long Island, Westchester and New Jersey 
stations. In Manhattan, using only a 300 
ohm ribbon antenna, 30 stations were 
received, 22 full quieting. Excellent, 
under the most difficult of conditions. 

In Washington, D.C., using a Yagi with 
rotator, 45 stations were received with 
full quieting. In Los Angeles, where some 
of the 73 stations are more than 100 miles 
from the test site, the 6065 logged 44 
stations. 

While the specifications of the Sony 
6065 are most impressive, how it delivers 
in heavy FM traffic is the true test of its 
performance. The Sony 6065, 220 watts 
IHF*, 70 + 70W RMS at 8 ohms. $429.50** 



noise reduction system. At the input to the bandwidth con- 
troller signals from two channels are added. Inside the module 
the high and low frequency components are selected out and 
individually rectified, filtered, and compressed to form two 
separate d.c. control voltages that adjust the cutoff frequencies 
of the voltage variable bandpass filter. The control voltages 
vary the bandwidth of the system in relationship to both the 
frequency content and level of the input program material. 

The Voltage Variable Bandpass Filter 
The key module in the noise reduction system, the voltage 

variable bandpass filter, is shown in block form in Fig. 7. 
The signal from the active transformer is brought to the input 
of the module where a feedback type pre -emphasis network 
increases the high frequency gain at 6 dB/octave above 3 kHz 
for the purpose of increasing the signal-to-noise ratio. At the 
output of the module the response is flattened by a comple- 
mentary de -emphasis network and output buffer amplifier. 

Following the pre -emphasis network the signal passes 
through a multiplier, X 1, which attenuates the signal in ac- 
cordance with the value of the high frequency d.c. control 
voltage produced by the bandwidth controller. The multiplier 
then feeds the main signal operational amplifier, Al, which in 
turn delivers its output to the de -emphasis network. Three 
separate feedback paths around Al determine the high, 
middle, and low frequency gains of the module. 

The first feedback path via capacitor C l converts Al into an 
integrator and reduces the high frequency gain. The gain 
from the input to the output at very high frequencies is the 
product of the gain of the multiplier X1 and the integrator 
Al. At middle and low frequencies, where the gain allowed by 
capacitor C 1 is high, the closed loop gain is determined by 
the ratio of the values of resistors R6/R 1. At low frequencies 
the feedback is further increased by the multiplier X2, the 

FROM CHANNEL 

Fig. 6-Single channel system diagram. 
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Fig. 7-Block diagram of Voltage Variable Bandpass Filter 
module. 

integrator A3, and the inverter A2. Combining the three 
feedback paths produces virtually infinite d.c. feedback and 
reduces the system gain to 0 at d.c. 

Changing the high frequency cutoff point is achieved by 
varying the high frequency control voltage supplied by the 
bandwidth controller. Increasing the control voltage on multi - 

The Sony 6055 is a less powerful version 
of the 6065 (100 watts IHF*, 40+ 40W 
RMS at 8 ohms). It employs the same ba- 
sic circuitry (FET front end, dual power 
supply, direct coupling). It also costs a bit 
less, $319.50** Make your own test in 
your city today. A free copy of these test 
reports is available by writing: Sony 
Corporation of America, 47-47 Van Dam 
Street, Long Island City, New York 11101. 

SONY STEREO RECEIVERS 
'Ii -IF standard constant supply method 

"Suggested retail price. subject to Fair Trade where applicable 

Check No. 32 on Reader Service Card 
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, 

Fig. 9-Output vs input at 85 Hz, 650 Hz, and 6.6 kHz. 

plier X1 effectively reduces the time constant of integrator 
Al and raises the high frequency cutoff in direct proportion 
to the voltage. 

The low frequency cutoff is changed by causing the feed- 
back path made up of integrator A3 and multiplier X2 to pre- 
dominate over R6 at low frequencies. Changes in the gain 
of the multiplier and the effective time constant of the in- 
tegrator are caused by the low frequency control voltage 
generated by the bandwidth controller. Increasing the d.c. 
control voltage delivered to the multiplier X2 effectively re- 
duces the time constant of the integrator A3 and raises the 
low cutoff frequency. What is desired is a reduction in low 
cutoff frequency for an increase in low frequency control 
voltage. To accomplish this, the value of the low frequency 
control voltage is inverted by dividing it into a d.c. reference 
in the divider block causing a value to +0.2 V to produce a 350 
Hz frequency cutoff and +5 V to produce a 13 Hz low fre- 
quency cutoff. 

The frequency response curves produced for d.c. control 
voltages of 0.2 V, 1 V, and 5 V at both control inputs are the 
same as in Fig. 3. Note that the midband gain is constant 
and determined by R6/R1 and the wideband response is flat 
within 0.2 dB from 20 Hz to 20 kHz. These curves are very 
similar to the curves that would be produced by feedback 
around Al via R6 at middle frequencies, through a variable 
capacitor at high frequencies, and through a variable inductor 
at low frequencies if the remaining components were removed. 

The Bandwidth Controller 
',.ìndwidth controller which produces the high and low 

c, control voltages is shown in more detail in 

Fig. 8. External to the module are high frequency sensitivity 
and low frequency sensitivity potentiometers which divide 
down the summed output of the active transformers in chan- 
nels 1 and 2. The arm of the high frequency sensitivity 
potentiometer feeds a high pass filter which selects out fre- 
quencies primarily in the vicinity of 6.6 kHz and provides 
considerable amplification. The high frequencies are then full 
wave rectified and peak rectified using a precision feedback 
circuit that produces accuracy down to millivolt levels. A 
multiple section nonlinear filter is used to smooth the output 
of the peak rectifier sufficiently to eliminate modulation of the 
bandwidth at any audio frequency. The filter is a nonlinear 
feedback system which can charge rapidly and takes only 1 mS 
to reach full output. Its decay time is approximately 50 mS to 
within 10% of final value. The output of the nonlinear filter 
passes through a compressor and limiter circuit which increases 
the effect a small audio input has on the bandwidth. An 
external high frequency cutoff potentiometer places an upper 
limit on the +0.2 to +5 V control voltage anywhere within 
this range, and may be used to limit the bandwidth for poor 
quality or distorted program material. 

The low frequency d.c. control voltage is generated in the 
same manner as the high frequency control voltage following 
the low frequency sensitivity potentiometer. In this part of 
the bandwidth controller the low frequencies primarily in 
the vicinity of 85 Hz are used to produce the d.c. control 
output and the time constants are longer. The low frequency 
attack time to produce +5 V output from an overdrive input 
is 10 mS and the decay time is approximately 500 mS to within 
10% of the final value. The low frequency part of the controller 
is about 14 dB less sensitive than the high frequency section 
because music tends to have more low frequency energy than 
high frequency energy. 

In choosing the attack and decay time constants for the high 
and low frequency sections of the bandwidth controller, an 
attack time of 1 mS to attain the full 32 kHz bandwidth was 
found to be short enough for no audible effect on musical 
transients. On the other hand, it was found undesirable to 
shorten the attack time further because this allowed the ticks 
on a record to actuate the filter. The decay time seemed to be 
optimum at about 50 mS to within 10% of final value. A 
shorter time reduced the effective reverberation in the program 
material and a longer time allowed more noise to be heard 
between the notes. 

The low frequency attack and decay times appeared to be 
somewhat less critical but had to be longer to support the 
low frequency response and prevent more than 0.05% harmonic 
distortion on a low level 20 Hz signal. 

Other Features 
Each channel has a differential input with a 100k impedance 

which may be changed to 600 ohms by means of a rear panel 
switch. The overall voltage gain of each channel is 0 dB ±0.1 
dB and the maximum output is ± 11V instantaneous peak 
into an open circuit, + 18 dBm into 600 ohms, or + 16 dBm 
into 150 ohms. The output is single ended, grounded to the 
chassis and has an internal impedance of 0.4 ohms to which 
600 ohms can be added by means of a rear panel switch. 

A 0.01% regulated ± 15 V power supply powers all four 
channels. The transformer is toroidal for low external magnetic 
field, and the positive and negative voltages are interlocked 
and overvoltage protected so that a supply failure will not 
damage the other modules. 

Performance 
A measurement of the output vs input, Fig. 9, shows that 

the Dynamic Noise Filter behaves as a linear amplifier at 
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The TEAC 4010 GSL strikes another blow 
at built-in obsolescence. 
In this thr:waway age, you re something of a 
square when you keep upiirg the life- 
expeCancr o' your product. tut this hasn't 
kept -EAC from producinc tape decks like the 
4010'3SL with heads so reliable that we 
warranty _-tern for the orig nat owner's lifetime. 
Of ccurse the transport it tire 4010 GSL deck 
is world renowned for smoo - , precise, 
incredibly gentle tape hand) ng and quick - 
start cha-acteristics. it's alsc one of the most 
rugged and reliable units n existence. 
So a ding :he ferrite heacs makes it the 
all-rc_lncendurance champ 

To begin with, the 4010 GSL 1 -as three ultra - 
reliable precision motors. Anc a solenoid 
system for smooth fingertip cD-ltrol Automatic 
reverse and end -of -reel shjt-:-f. 
Operator conveniences rival those on 
professional studio equipmert A pushbutton 
pause control for easy cueinç ant editing. 
Switchable bias and dual -scale iii mete -s for 
perfectly equalized recordings on either low- 
noise/high-output or standard tapa Tape/ 
source monitoring and MIC/LIVE ruixinc with 
independent output level cort-cle. 

PHONE 

All told. the 4010 GSL may outlive you even 
you come from a long line of nonacenarians. 
But if it does-what a way to gc! 
Salient 4010 GSL Specs 
Frequency response: 30-22,000 Hz (40-1&00C 
Hz t-3 dB) @7zips. 
Signal-to-noise ratio: 55 dB 
Wow and flutter: 0.08% @ 71/2 ips. 
Crosstalk: 30 dB @ 1,000 Hz 

TEAC Corporaton of Americ 
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Fig. 12-Bandwidth Controller sensitivity vs frequency. 

650 Hz but appears to be a low level expander at 85 Hz and 
6.6 kHz. These measurements were made at the typical control 
setting used when playing a multitrack mix or a master tape. 
It can be seen that the expansion takes place at a very low 
level in the range of -75 to -35 VU at 6.6 kHz. What is really 
happening, of course, is that the bandwidth is being extended 
as the signal increases. 

Another way of looking at this same effect is to plot the 
-3 dB bandwidth vs input as shown in Fig. 10 at 85 Hz and 
in Fig. 11 at 6.6 kHz. These frequencies are the points at which 

°^e. bandwidth controller is most sensitive as shown by the 
-ves of the bandwidth controller filters in Fig. 12. 

At other test frequencies the bandwidth variation will occur 
at higher levels as determined by these curves. 

The sensitivity can be varied over a wide range to shift the 
curves in Figs. 9, 10, and 11 up and down in level to suit 
the particular program material. Generally, the low frequency 
sensitivity is set so that rumble just begins to operate the low 
frequency filter and the high frequency sensitivity is set so that 
hiss just begins to operate the high frequency filter. 

As in other types of noise reduction systems, the Dynamic 
Noise Filter discriminates best between the music and the 
noise when the signal-to-noise ratio is high initially. When 
used with extremely noisy program material such as a 78 rpm 
record, the controls have to be set for a compromise between 
noise reduction and degradation of the program material. 
Many 78 rpm records contain only noise and distortion in the 
region of 6.6 kHz and there is some advantage in cutting off 
the high frequencies at 12 dB/octave at a somewhat lower 
frequency ahead of the Dynamic Noise Filter. Since the filter 
attenuates the high frequencies at small signals as low as 
1100 Hz, it produces worthwhile noise reduction in excess of 
that attainable with a fixed filter. The tone can be balanced 
for pleasing response following the Dynamic Noise Filter. 

In listening tests an interesting psychological effect was 
observed. A reduction in tape hiss seems to be accompanied 
by an attenuation of the high frequency content in the program 
material even when it does not actually occur. This effect can 
be confirmed by adding hiss to a noise -free signal in which 
case the high frequency output seems to be somewhat in- 
creased. 

Applications 
The Dynamic Noise Filter achieves 10-11 dB of noise re- 

duction on tape program material by performing as a constant 
gain filter whose instantaneous bandwidth is a function of 
the program content. It has the advantage over other noise 
reduction methods in its ability to reduce noise arising any- 
where in a system ahead of the filter. In contrast, the Dolby 
Laboratories Noise Reduction System and the Burwen 
Laboratories Noise Eliminator are both designed to prevent 
the recording system from introducing noise into the program 
material but they are not designed to improve existing noisy 
program material. 

For live recording on 16 tracks follgwed by a two -track tape 
master and then a two -channel disc, 18 channels of the Dolby 
Laboratories Noise Reduction System or the Burwen Labora- 
tories Noise Eliminator are normally used. By recording non- 
standard signals on the tape the former achieves 10 dB noise 
reduction and the latter as much as 50 dB. Alternatively, the 
signal can be recorded on the 16 -track machine and then on 
the two -track machine in normal manner without noise reduc- 
tion and played through a two -channel Dynamic Noise Filter 
inserted before the tape duplicating equipment or a disc cutter. 

The range of applications for the Dynamic Noise Filter is 
just now being explored. Potential exists in the AM, FM, and 
television broadcast fields as well as in theatre sound systems, 
and rerecording of historic material. For the audio engineer 
the Dynamic Noise Filter is a new, versatile, and economic 
tool by which he can control the noise present in his environ- 
ment, his equipment, his recordings, and his program material. 
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2 NEW DYNACO A-10 

------ LOUDSPEAKERS 

Plus Dynaco's QuadaptorM decoder 
for superb 4 -Dimensional Sound 

Converting your present stereo system to 4 -dimen- 
sional sound need not be expensive at all. The inex- 
pensive Dynaco QuadaptorTM decoder ($19.95 kit, 
$29.95 assembled) is inserted between your present 
receiver or amplifier and the four speakers. Your 
present two speakers remain in front. Add two new 
Dynaco A-10 speakers in back. That's it. No second 
stereo amplifier is needed. Now you can enjoy 4- 

dimensional stereo from today's FM stereo broad- 
casts and tapes as well as discs. 

The most satisfying results are derived when high 
quality, full -range speakers (either Dynaco's A -25's 
or the new A -10's) are used in back as well as front, 
since it is faithful reproduction of all audio frequen- 
cies that provides the greatest sense of spatiality 
and directionality. 

The new Dynaco A-10 aperiodic speaker system 
has been designed to provide this desired reproduc- 
tion-yet they cost only $99.95 per matched 
stereo pair. They use the same tweeter as the highly 
rated A-25 and the A -10's 61/2" woofer incorporates 
the same magnet structure as that of the 10" A-25 
woofer. Their compactness (81/2"x143/4"x73/4" 
deep) and light weight (12 lbs.) make them ideal for 
unobtrusive mounting on a back wall. And this 
mounting is simplified by the hanging brackets built- 

olynraco rrvc_ 

into the rear surface of each A-10. 
The sonic and efficiency similarities between the 

A-10 and other Dynaco speakers permits them to be 
intermixed in the same 4 -dimensional system. Since 
they also have about the same efficiency as conven- 
tional acoustic -suspension speaker systems, they can 
be intermixed with them as well. 

The new A-10 and QuadaptorTM permit you to 
realize the full potential of your present equipment 
and library-at minimal extra cost. 

SPECIAL DIRECT OFFER ON 
4 -DIMENSIONAL DEMO RECORD 

I -DYNACO INC. 
3060 Jefferson Street, Philadelphia, Pa. 19121 

Enclosed is my check or money order for $2.95. Please 
send me the new Dynaco/Vanguard 4-D demo record post- 
paid. Limited to USA residents only. Offer expires 
July 31, 1972 

Name 

Address 

City_ _ State Zip. _ -. 

3060 JEFFERSON ST., PHILA., PA. 19121 

IN CANADA WRITE: Dynaco of Canada, Ltd. 9429 Cote de Liesse Road, Montreal 760, Que' 



TI E LA\G 
Part I I - 

LANGUAGE, basically intended to 
improve communications, some- 
times behaves perversely and, 

seemingly deliberately, compounds 
confusion. The word components is an 
example. In high fidelity it refers to 
the parts of a system-the tuner, ampli- 
fier, record player, tape deck, and 
speaker system. But it also means the 
individual parts that comprise these 
components-parts such as resistors, 
capacitors, coils, conductors, tubes, 
and solid-state devices. 

These electronic parts or compo- 
nents, although different in appearance 
and behavior, all have a common 
function-to take a signal voltage, guide 
it, strengthen it, and to let it emerge 
unscathed to the final transducer-the 
speaker system. Unfortunately, the word 
voltage is a simplification and gives 
us no inkling of the large variety that 
exists. 

Voltages are easy to produce; so easy 
in fact, it's almost impossible to avoid 
doing so. Walk across a rug, rub your 
lapel, drive your car-in each instance 
you produce a voltage, sometimes more 
elegantly known as an electromotive 

ELECTRODE 

Electrical pressure (voltage) 
exists between these two 
electrode terminals 

ELECTROLYTE 

ELECTRODE 

Fig. 1-Electrons taken from the elec- 
trode at the right make it positive. The 
electrons move through the electrolyte 
`r, the electrode at the left, making it 

4g EMF now exists between 

AGE OF HIGH FDELITY 

3asic Electronic Components 

Martin Clifford 

force and promptly made less elegant 
by abbreviating it as EMF. These volt- 
ages are not always controllable-often 
just a nuisance, but sometimes are 
dangerous. Controlling a voltage is 
easy if it is man-made rather than 
naturally produced. One of the earliest 
man-made techniques (now about 200 
years old) for producing a controlled 
voltage is to use a chemical technique- 
a battery. 

Electrons 
The word volt is a name identifying 

a physical condition, but does not de- 
scribe it. Voltage is predicated on the 
behavior of extremely tiny particles 
called electrons. Electrons are asso- 
ciated with atoms and form part of 
their structure, and because of this may 
be termed bound electrons. Electrons, 
though, may also be independent or 
free. Their unique feature, whether atom 
associated or not, is that they all carry 
a negative electric charge. Get enough 
of them together on some surface and 
you will have developed an electrical 
pressure, or force, between the electron - 
crowded plate and a nearby plate 
relatively free of electrons. This elec- 
trical pressure, created by the fact that 
each electron demands its lebensraum 
and repels other electrons, is voltage. 
Voltage, or electrical pressure, or elec- 
tron pressure, or EMF, is due to a 

CONNECTING 
WIRE 

LOAD 

Electronic symbols 

Battery 

Wire 

Load -^/W 
Fig. 2-A load is any device drawing 
current from a voltage source, such as 
a battery. 

difference in electron quantity on two 
surfaces, often adjacent. However, when 
electrons do move, they are referred to 
as a current. And so voltage and current 
are inextricably bound. It is possible to 
have voltage without current flow just as 
it is possible to have physical pressure 
without movement, hence the use of 
separate labels, voltage and current, 
makes electronic sense. 

The Battery 
A battery is a chemical method for 

removing electrons from one substance 
and then transferring and storing them 
on another. Two identical metal plates 
adjacent to each other in a glass of 
water do not supply a voltage since the 
number of electrons on each plate may 
be about the same. Change the plates 
so they are of different metallic sub- 
stances, immerse them in an alkaline 
or acidic liquid and you have a voltage - 
producing device. The liquid (Fig. I) 
called an electrolyte, robs one of the 
plates of electrons and transfers them 
to the other plate. Since electrons have 
a negative charge, the electron -enriched 
plate or electrode becomes negative 
(or minus). The other plate, deprived of 
many of its electrons is less negative 
than formerly, or, saying the same 
thing, is positive (or plus). An elec- 
trical pressure or EMF now exists be - 

TOTAL 

VOLTAGE 

3 volte 

T 1 5 volta 

1.5 volte 

Fig. 3-When cells are connected in 
series the total voltage is the sum of 
the individual cell voltages. 
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tween the two plates. There is an elec- 
tron migration inside the battery from 
one plate to the other and because 
there is no longer an electron balance 
there is a voltage between the exposed 
terminals connected to the electrodes. 
Connect a wire (Fig. 2) from one ter- 
minal to the other and there will be 
a flow of current through it, external 
to the battery. It is this external cur- 
rent we want to use and control. 

Cells And Batteries 
Technically, this voltage producing 

chemical factory isn't a battery, but a 
cell with two or more connected units 
does form a battery. The current ob- 
tainable from a cell is a function of 
its physical construction. The larger 
the electrode plate area, the greater 
the current capability. A 12 -volt car 
battery is much larger and heavier 
than eight 11/2 -volt transistor batteries. 
The big difference is one of current 
capability, not voltage. 

More Voltage, More Current, 
Or Both 

To get more voltage we connect cells 
in series (Fig. 3), an arrangement in 
which the plus terminal of one cell is 
wired to the negative terminal of the 
next, analagous perhaps to circus 
elephants proceeding in single file, 
trunk to tail. To get more current (Fig.4), 
we wire cells in parallel (or shunt) with 
all plus terminals connected, and all 
minus terminals connected. To get more 
voltage and current (Fig. 5), we combine 
series and parallel wiring methods. 

Current Flow Opposition 
The movement of current, whether 

through a liquid or solid, isn't smooth 
or free, but encounters a certain amount 
of opposition generally known as re- 
sistance. Any substance that permits 
the relatively easy passage of electrons 
through it is called a conductor, but 
the amount of opposition or resistance 
to electron passage varies, depending 
on the material of which the substance 
is made, its volume, and the temper- 
ature. Copper is a commonly used 
conductor. So is aluminum. Silver is a 
much better conductor (it has less 
resistance) but is much more expensive. 

However, we are not only interested 
in forcing a current to flow through a 
wire but to get it to do some useful 
work in the process. Thus, the external 
current flow of a battery can be made 
to do this by inserting some component, 
such as a light bulb, in the wire con- 
necting the battery terminals. (Fig. 6) 

Current Control 
To permit current to move with 

minimum opposition from one point 

to another, we connect them with 
copper wire. This permits maximum 
flow, but it is often in our interest to 
regulate the amount of current, to 
permit only precise amounts to flow 
between parts. Resistors are simple 
devices for letting us do so. Made of 
carbon compressed with a special 
binder or a. special kind of wire alloy 
(such as the wires used inside your 
toaster), they can govern current quan- 
tity quite effectively. The larger the 
amount of resistance, the smaller the 
flow of current. A substance that allows 
very little or no current flow at all is 
called an insulator. Resistors are used 
to govern amount of current flow; 
insulators for keeping currents in their 
proper paths. 

The basic unit of resistance is the 
ohm, often represented by the Greek 
letter omegas_. Multiples of the ohm 
are the kilohm, abbreviated as K O., or 
thousand ohms, and the megohm, of- 
ten abbreviated to meg. 

Some resistors, particularly those 
designed for use in test instruments, are 
manufactured with considerable pre- 
cision. Inexpensive, mass -made receivers 
may use resistors having wide tolerances. 
Precision costs money but precision 
is often needed for very fine current 
control. 

Resistor Combinations 
Although the resistor is a current - 

controlling component, further refine- 
ment in current control is obtainable 
by connecting resistors in various com- 
binations. One technique is to wire 
resistors so that the total opposition to 
current flow is increased. Known as a 
series circuit, just as in the case of 
series -wired cells, the resistors are 
connected so that the same current 
flows through each. Thus, a 100 -ohm 
resistor in series with another 100 -ohm 
resistor, behaves like a single 200 -ohm 
unit. Resistors can be wired in series 
to obtain values not normally obtain- 
able. The total resistance is then equal 
to the sum of the value of the individual 
resistors. 

Another current controlling technique 
using resistors is to wire them in par- 
allel or shunt (Fig. 8), a method that 
reduces the overall resistance. When 
two resistors are in parallel, the cur- 
rent has two paths, hence the opposition 
to flow is lowered. To find the equiva- 
lent resistance of two resistors in par- 
allel involves arithmetic, but nothing 
more than ordinary multiplication and 
division. Multiply the values of the 
two resistors and then divide by their 
sum. If you have a 6 -ohm resistor in 
parallel with a 3 -ohm unit, 6 x 3= 18. 

The sum of 6 and 3 = 9. 18 divided 
by 9 = 2. Thus, a 6 -ohm resistor in 

(a ) 

Fig. 4-Cells can be wired in series (a) 
to supply more voltage, or in parallel 
(b) to supply more current. 

Fig. 5-Circuit diagram 

_ F4. 

of a 

parallel arrangement of cells. 
series - 

Fig. 6-In this diagram the current 
is utilized to light a lamp. 

MVV 

RI Rt 

Fig. 7-Symbol for a resistor (a) and 
resistors in series (b). When resistors 
are series connected, the total resistance 
is equal to the sum of the values of 
the individual resistors. 

RI 

R2 

Fig. 8-Resistors in parzlle' 
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parallel with a 3 -ohm resistor behaves 
like a 2 -ohm component. 

Of course more than two resistors 
can be connected in parallel and since 
more current paths are supplied, the 
overall resistance is reduced further*. 

Codes And Values 
Resistors in a circuit are often 

identified by the letter R followed by 
a number. R1, known as a code, refers 
to resistor No. 1. R18 is resistor No. 18. 
The code identifies the resistor, but 
tells you nothing more-nothing of the 
value of the resistor, its size, shape, 
or purpose. 

Adjacent to the resistor in a circuit 
diagram you will often find the value. 
This may be given as a simple number, 
such as 1,000, or the number may be 
followed by the omega symbol for 
resistance. The value supplied in the 
diagram is the median value-that is, 
it does not take into account that the 
resistor has a certain tolerance. A 100 - 
ohm resistor with a tolerance of 10% 
may have a value ranging from 100 

1I 

lb) 

I 

lel 

Fig. 9-Ohm's law. The triangles are 
a memory aid for remembering the 
various forms of the law. Ohm's law 
triangle (a). Drawing (b) shows how 
to determine voltage. Cover E with a 

finger and the answer is I x R. In (c) 

I = E/R and in (d) R = E/I. 

*The formula for more than two resistors in paral- 
lel is: 1+Re = 1+R1 + 1+R2 + 1+R3 .. . 

Let R1 = 3 ohms, R2 = 6 Ohms, and R3 = 2 

'.mi..then 1+Re = (1+3) + (1+6) + (1+2) 
1/6+3/6= lohm. 

ohms + 10% to 100 ohms - 10%. On 
the diagram, though, the resistor will 
be identified as 100 ohms, but its true 
value may be anywhere from 90 ohms 
(100 ohms - 10%) to 110 ohms (100 
ohms + 10%). 

Voltage, Current 
And Resistance 

Voltage is often represented by the 
letter E, current by the letter I, and 
resistance by R. These three are in- 
extricably involved, for we start with 
an electrical pressure, E, produce a 
current I, which flows through a con- 
ductor or resistor having a certain 
amount of resistance, R. The relation- 
ships of E, I, and R are simple and 
direct and are best represented by a 
simple formula known as Ohm's law: 
E = I X R. This formula (Fig. 9), 
probably the most widely used in elec- 
tronics, is less formidable than it looks. 
It simply states that if you know the 
amount of current (in amperes) and 
multiply it by the amount of resistance 
(in ohms) your answer will be the 
voltage (in volts). The formula can 
be rearranged to read: I = E/R. Di- 
vide the amount of voltage by the 
amount of resistance, and the answer 
will be the amount of current. And in 
its third form, Ohm's law looks like 
this: R = E/I. Divide the voltage by 
the current value to obtain the amount 
of resistance. 

Fixed vs Variable Resistors 
The technique for current control 

by wiring resistors in series, in parallel, 
or possibly series -parallel combinations, 
is useful but it has limitations. Some- 
times the amount of current flow needs 
to be varied smoothly and continuously 
over fairly wide ranges. This can be 
done by means of a variable resistor 
(Fig. 10), known formally as a poten- 
tiometer and less formally as a pot. 
Every hi-fi system has a number of these 
components controlled by knobs from 
the front panel or as a screwdriver - 
adjust type on the rear apron of a 
component such as an amplifier or 
speaker system. The pot consists of a 

'V V V\A., 

Fig. 10-Resistors can be fixed or 
variable. Symbol for a fixed resistor (a). 

Two symbols can be used for variable 
resistors, as in (b) or (c). 

resistive element on which a sliding 
element makes contact. 

Power 
There are a number of types of 

energy: chemical, heat, light, electrical. 
Power is the fate at which energy is 
produced or used. The basic unit of 
electrical power is the watt, with sub- 
multiples such as the milliwatt (thous- 
andth of a watt) and the microwatt 
(millionth of a watt). Going in the other 
direction, a kilowatt is a thousand 
watts, and a megawatt is a million. 

There are various ways of calculating 
power, one of the more commonly used 
being the product of voltage and cur- 
rent. Multiply the current (in amperes) 
by the voltage (in volts) to obtain the 
amount of power (in watts). 

Some electronic parts, notably re- 
sistors, both fixed and variable, are 
rated in terms of watts, a measure of 
their power handling ability. Resistors 
range from as little as 1/8th watt to 
units having values of 100 watts or more. 
The wattage of a resistor is an indi- 
cation of its ability to dissipate heat, 
a consequence of the friction of elec- 
tron movement through the resistor. 
The wattage rating of a resistor is an 
economic factor: the higher the wattage 
rating, the greater the cost. Wattage 
ratings are also applied to components, 
such as audio power amplifiers, but in 
this instance the rating indicates the 
sound power output capability of the 
amplifier. 

Meaning of D.C. 
The movement of current external to 

a battery is uncomplicated. Current 
always flows from the negative ter- 
minal of the battery, through a device 
(Fig. 11) such as a lamp or a resistor, 
and then back to the positive terminal. 
Inside the battery the current moves 
from the positive to the negative ter- 
minal, but normally our concern is 
with the external movement only. 

Current movement is unidirectional 
no matter what arrangement of resistors 
or other components are wired to the 
battery. Because of this steadfastness 

LOAD 

- V V V 

CONNECTING WIRE 

Fig. 11-Arrows are often used to 
indicate direction of current flow. 
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The Dual 1219. 

Still the favorite of the purist 
who insists upon a 

fullsize processional turntable. 
Ever since its introduction two years 

ago, the 1219 has been widely acclaimed 
and accepted as the "no -compromise" 
automatic turntable. 

Today, it is still the favorite of the 
more serious music lovers, those purists 
who are never quite satisfied unless every 
component in their system is "state-of-the-art:' 

From years of listening, these record 
lovers know that on a Dual, any Dual, 
records are preserved indefinitely and 
continue to sound as good as new no matter 
how often played. Yet over the years, they 
have purchased more "high -end" Duals 
than any other model. Readers of the 
largest music magazine, for example, have 
purchased more 1219's than any other 
turntable at any price. That is quite a tribute 
for a turntable that sells for $185.00. 

The reasons for the 1219's continued 
popularity vary from purist to purist. To 

many, it's the tonearm, centered and 
balanced within the two concentric rings of 
a gyroscopic gimbal. With horizontal 
bearing friction less than fifteen thousandths 
of a gram. When a cartridge actually 
arrives that can track at a quarter of a gram, 
this tonearm will do it full justice. 

To others, the 1219's platter is important. 
It's a full-size 12 inches in 
diameter, cast in one piece, 
non-magnetic zinc alloy, 

and individually dynamically balanced. To 

drive this massive seven pound platter, 
there is a powerful continuous -pole motor 
that brings it up to full speed in less than 
half a revolution. Then the motor's 
synchronous element takes over to hold 
speed at absolute constancy. 

We find that most people interested in 

a turntable of the 1219's caliber use it 
primarily in its single -play mode. So the 
tonearm was specifically engineered to 
perform precisely as a manual tonearm: 
parallel to the record instead of tilting 
down. This is accomplished by the Mode 
Selector which lowers the entire tonearm 
base for the single -play mode. And raises 
it for the multiple -play mode. 

To the purist, all of the 1219's many 
precision features are important. But in the 
end he buys this Dual for the same reason 
a non -purist buys it. For its uncompromised 
performance and absolute reliability. 

If you'd like to know what the 
independent test labs say about the 1219, 

we'll send you complete reprints of their 
reports. Plus a reprint of an article from 
this magazine that tells you what to look for 
in record playing equipment. 

Better yet, just pay a visit to your 
franchised United Audio dealer 
and ask him for 
a demonstration. Dual 

e 

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

Check No. 39 on Reader Service Card 



of direction, the current is called direct, 
promptly abbreviated as d.c., and lead- 
ing to such anomalous phrasing as d.c. 
current which could be translated as 
direct current current. The voltage that 
produces a direct current is a direct 
voltage, also abbreviated as d.c. and 
translatable as direct current voltage. 
Because of this moderate confusion in 
terminology, d.c. is often specified as 
d.c. current or d.c. voltage. Some of 
the currents that flow through high- 
fidelity components (tuners, receivers, 
etc.) are direct. Others, however, more 
or less periodically, reverse their 
direction of movement. 

Alternating Voltages 
And Currents 

It is possible to reverse the direction 
of current flow from a battery by trans- 
posing its connecting leads. The external 
battery current still flows from negative 
to positive or minus to plus, but now 
the current direction through the resis- 
tor is reversed. 

An easier method of producing cur- 
rent reversal is through the use of a 
generator, a large sized version of which 
delivers voltage and current to the 
outlets in your home. The basic idea 
of the generation of a voltage by 
mechanical rather than chemical means 
(as in a battery) is an extremely simple 

MOTION OF 

MAGNET 

one. A magnet (Fig. 12) is plunged into 
a coil and then removed, with the pro- 
cess being repeated regularly. 

The moving magnetic field of the 
magnet as it goes into the open form 
around which the coil is wound causes 
some of the electrons inside the coil 
wire to collect at one end of the wire, 
leaving the other end with a deficit. 
However, an electron displacement, 
just as in the case of a battery, means 
the production or generation of a volt- 
age. In the case of the coil, the end 
with the electron surplus is negative; 
the other end is positive. 

However, when the freely moving 
magnet is pulled out of the coil, the 
situation is reversed. The electrons 
rush from the crowded end to the 
opposite end of the coil. This crowded 
end is now negative, because of its 
electron surplus, while the opposite, 
electron -poor end, is positive. Note 
that the voltage hasn't disappeared, but 
the polarity has been transposed. Be- 
cause of this action, the voltage is 
referred to as alternating; the polarity of 
the voltage at the ends of the coil 
changes alternately. The back and forth 
surge of current in the coil, reminiscent 
of the current inside a battery, can be 
taken out by connecting some device 
to the ends of the coil-a device such as 
a resistor or a lamp. The current, of 

Fig. 12-Electromechanical method of generating a voltage. The voltage produced 
is a.c. The small circle with the letter G indicates a galvanometer, a sensitive cur- 
rent measuring instrument. 

MAGNET 
STARTS 

INTO 
COI L 

MAGNET STOPS 
MOVING INTO COIL 
READY TO MOVE OUT 

X AXIS 

MAGNET 
OUT OF COIL 

TIME -w 
Sine wave of voltage or current produced by the generator. 

course, will move back and forth 
through the external device, hence the 
current is also referred to as alternating. 
Alternating voltage and alternating 
current are both identified by the 
abbreviation a.c. A.c. current means 
alternating current current bringing us 
right back to our earlier terminology 
fracas. Just say a.c. voltage or a.c. cur- 
rent and be done with it. 

Back To The Sine Wave 
The movement of the magnet into 

and out of the coil results in a sine 
wave (described in the previous in- 
stallment) of voltage and current (Fig. 
13). As the magnet moves into the coil, 
current starts to flow until it reaches 
a peak. Ultimately, of course, the mag- 
net will need to stop to begin its 
reverse travel. At the moment it stops 
there is no voltage or current. This is 
indicated at the point where the graph 
crosses the X-axis or zero line. When 
the magnet is pulled out of the coil, 
the current increases to maximum 
again and then decreases as more and 
more of the magnet comes out of the 
coil form. When the magnet is com- 
pletely out and stops moving, the graph 
once again crosses the X-axis. 

There is nothing mysterious about the 
sine wave. The portion above the X- 
axis indicates that the current is flowing 
in one direction. The portion below 
the X-axis shows that the voltage has 
reversed its polarity and that the current 
is now moving opposite to its original 
direction. 

Back To Frequency 
The faster the magnet is pushed in 

and out of the coil form, the more often 
the polarity of the voltage reverses, 
simply another way of saying that the 
frequency is higher. The amplitude 
or strength of the sine wave depends 
on the strength of the magnet, and on 
the number of turns of wire of the coil. 
The voltage produced across the ends 
of the coil is sometimes referred to as 
an induced EMF. Any wire carrying an 
alternating current is surrounded by 
a varying , magnetic field, capable of 
inducing a voltage in any nearby con- 
ductor, not necessarily a coil. That 
is why it is inadvisable to place power 
line cords (such as lamp cords) adjacent 
to FM antenna lead-ins, or to put a 
record player directly on top of a tape 
unit. 

The combination of coil and magnet 
is known as a generator, an electro- 
mechanical device for producing a.c. 
It is eminently suitable for power - 
line frequencies, such as 60 Hz, but 
purely electronic generators are used 
for the much higher frequencies re- 
quired in broadcasting. 

(To Be Continued) 
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s, 

toihe irresistible sound 
of MartiSpeakers 

The sound of Martin Speakers can be as quiet and, ir- 
resistible as the gentle meeting of sand and surf. a.r, 

vibrant and deepthroated as the roar of thunder in the 
summer sky. ._. 
Martin Speakers, for people who are attuned to the ir- 
resistible sounds of the audible universe. 

MARTIN SPEAKER SYSTEMS A DIVISION OF EASTMAN SOUND MANUFACTURING 
Harmony Road and Route 295 Martin Speakers from 
Mickleton, New Jersey Check No. 41 on Reader Service Card A new stand%'. 
08056 



How A Turntable Is Profiled 
TESTING AND EVALUATING audio 
equipment is one of the most 
interesting facets of preparing 

the editorial content of a magazine, 
and since the early 1950's has been an 
important function of practically every 
magazine in the field, both in this 
country and in hi-fi magazines through- 
out the civilized world. How it is done 
is usually unexplained and in any case 
is likely to invite criticism from readers 
and manufacturers alike-the latter 
particularly if the finished profile does 
not paint the product in as glowing 
terms as the advertising might have 

done. But in this writer's opinion, no 
test report is of value to the reader 
unless it tells the bad features of the 
product as well as the good ones. The 
advertising always tells the good points, 
but if there are any deficiencies in 
operation, they should be pointed out 
to the reader. In most instances, a 
product which does not come up to its 
specifications is not reviewed in print- 
the manufacturer is advised of the 
results of the tests, and if satisfactorily 
explained the profile is rechecked to 
determine the actual performance. If 
the recheck is still unsatisfactory, the 

Fig.1-Exterior view of battery -operated preamp used to provide sufficient gain for 
use in turntable measurements. Since this photo was taken, another switch has 
been added to place a 10-µF capacitor in the feedback circuit to give flat response. 

Fig. 2-Inside view of the preamp. Entire circuit is on etched board which plugs 
into circuit -board socket shown at right. 

3.. -Circuit of the battery -powered preamp used to boost output from magnetic 
to level adequate for measurements. 

profile does not appear in print. For- 
tunately, that happens only rarely, for 
most manufacturers offer equipment 
that has stood the tests of time or of 
continual upgrading by the factory to 
ensure that the product will be as good 
as possible in order to be a success on 
the market. 

The Test Procedure 
The first step in testing is the un- 

packing. This seems simple, but when 
it must be considered that the product 
is to be returned to the manufacturer 
is the same condition it was received, 
the unpacking operation becomes 
important. Placement of packing ma- 
terial, wrapping in the usual plastic 
bag, protection of the external leads, 
placement of accessory equipment-all 
are important when the equipment is 
to be repacked. Our custom is to re- 
place all the corrugated cardboard 
material, plastic wrappers, rubber bands, 
and any other surplus items back in 
the original shipping box. Some manu- 
facturers provide diagrams on the out- 
side box or on an enclosure which 
show just exactly how the unit should 
be repacked, and to these manufacturers 
go our unqualified thanks. It is often 
a month after unpacking before the 
unit is to be returned to its box and 
thence to the manufacturer, so the 
routine of unpacking is likely to have 
been forgotten. That is why we applaud 
the diagrams which make the job easier. 

The equipment is then given a vis- 
ual inspection to determine its various 
features, as well as to aid in restoring 
it to its normal condition before the 
actual testing begins. Then it is photo- 
graphed as a whole, and in as many 
separate shots as seem to be desirable to 
point out the specific characteristics 
of the product. For a turntable, this 
implies shots of the controls, the platter 
-often from top and bottom-the arm 
and its features, the top of the unit with 
the platter removed, and the underside 
of the chassis. This usually results in 
from six to ten separate "poses," with 
four to six usually ending up in the 
profile as it appears in the magazine. 

The unit is then reassembled, and if a 
cartridge is not supplied with and moun- 
ted in the head or on the cartridge 
slide, we pick out a reliable make of 
cartridge and install it. Since we are 
not measuring cartridge characteristics 
in a turntable test {in most instances) 
it makes little difference what car- 
tridge we use, assuming it is not espe- 
cially susceptible to hum pickup. The 
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The ultimate 
turntable 

for sophisticated 
systems. 

The BSR McDonald 810 Transcription Series. 

BSR makes more automatic turntables 
han any other manufacturer. More than all the other manufac- 

:urers in the world put together. But of all the turntables we make, 
:he BSR McDonald 810 Transcription Series is the finest. It is a 

:riumph of years of painstaking efforts and research in our Engi- 
leering Laboratories in Warley, Worcestershire, England. 

The 810 offers an impressive group of design innovations for 
serious music lovers ... for professional users of transcription 
turntables ... and for the audiophile who revels in sophisticated 
high fidelity equipment. It has the tightest specifications for rum- 
ble, wow and flutter of any automatic turntable made. We would 
be pleased to send you detailed technical specs upon request. 
As a matter of fact, few-if any-automatic turntable manufac- 
turers publish complete specifications as we do. Only your 
personal inspection can reveal the overall excellence of this fine 
instrument. We suggest a visit to your BSR McDonald dealer. 
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Why do speaker 

companies use more 

Crown DC300's than 

any other amplifier ? 

Audiophiles who keep up with the hi fi 
shows have noticed something: nearly all 
independent speaker company exhibits 
use Crown DC300's. And, if you could 
visit their factory design labs and test 
chambers, you would see DC300's in 
nearly every plant too. 

To be sure, they are not there just 
because some engineers were impressed 
with an ad or spec sheet. To sell his 
speakers, every manufacturer knows 
that they must sound their best to the 
evaluating ear of the critical listener. 
For, regardless of printed specs, how 
a speaker sounds in your system is the 
final criterion. So for his speaker dem- 
onstrations, you know that every manu- 
facturer searched and tested diligently to 
find the amplifier which would make his 
speakers sound their best. Interestingly 
'enough, nearly all of them chose the 
Crown DC300. Because it makes good 
speakers sound their best, at all listen- 
ing levels. 

But what you want to know is how 
the DC300 will sound to your ears with 
your speakers, and that's something 
you will have to find out for yourself. 
See your local audio specialist today, and 
hear the DC300 difference 

POWER OUTPUT guaranteed 150 watts per 
channel RMS with 8 ohm speakers; typically 300 
watts per channel RMS with 4 ohm speakers (This 

is continuous power, not IHF or short-term, but 
hour -after -hour performance.) In actual laboratory 
testing, the DC300 has produced over 900 watts 
total power continuously for four hours with a 

single whisper fan for cooling. 

I M DISTORTION guaranteed under 0.05' 
across the entire power spectrum; typically 
under 0.01°0 

HUM AND NOISE guaranteed 110db below 
rated power, typically better than 115db 

LIFETIME units five years in the field show 
no measurable deterioration in performance 

WARRANTY three years on parts and labor. 

plus round-trip shipping 

PRICE $685, walnut enclosure $37 

Made only in 
AMERICA 

1000, ELKHART, INDIANA 46514, U.S.A. 

`e on Reader Service Card 

unit is then turned on and left running 
with no record on the platter for an 
hour. 

Before making any measurements, 
the next step is to study the instruc- 
tion book to find out if there are any 
unusual features that should be de- 
scribed in the write-up, and-contrary to 
the time-honored custom of audiophiles 
everywhere-to find out how the unit 
should be operated. Surprising how 
often this prevents our damaging the 
machine by doing something wrong, and 
often it simplifies the actual operation. 

The first measurement that we nor- 
mally perform is that of wow and flut- 
ter. To get sufficient level for such a 
measurement, the output of the car- 
tridge must be amplified, so it is 
plugged into a small battery -operated 
preamp which has been in use for a 
long time and not yet brought up to 
date with a modern IC form of con- 
struction. The device derives from an 
early GE transistor manual and uses 
four PNP transistors-two 2N508's and 
one each of 2N634 and 2N322. Since 
the photos were taken, an additional 
switch has been added to connect a 
10- µF capacitor across the 0.05- µF unit 
in the feedback network to give a gain 
of 46 dB and a flat response, whereas 
the original supplied bass boost and 
no high -frequency rolloff. A SPDT 
switch selects either left or right car- 
tridge coil, and the output is fed to 
further measuring equipment. The gain 
is 46 dB, and the output noise is 0.5 
mV with the input terminated, 1.0 mV 
with the input open circuited. 

Using a CBS BTR-150 test record, we 
next play the 3000 -Hz band, feeding the 
output of the battery -operated preamp 
to the input of a wow -and -flutter 
meter-the one described in these pages 
in the spring of 1966. The writer has 
used this unit consistently for the inter- 
vening years, and while it does not 
provide "weighted peak flutter" in 
accordance with the new IEEE Standard 
193-1971, it does indicate the difference 
between wow, or low -frequency speed 
variation, and flutter, which is high - 
frequency variation. The wow and flut- 
ter are measured separately with this 
instrument, and the figures recorded. 
Plans are under way for the addition of 
a 4 -Hz filter to permit weighted peak 
flutter as specified. In the meantime, 
a Ferrograph RTS-1 is also used. See 
page 61 for a review of this unit. 

The next step is to determine the 
range of vernier speed variation pro- 
vided by the control. The output of the 
preamp is fed to a Heathkit IB-101 
frequency counter, and the 1000 -Hz 
band of the record is played, with the 
control at the normal position. The 
indicated frequency is noted, as are the 
frequencies at both extremes of the 

vernier control. This is easier and 
quicker than counting revolutions, and 
percentages of speed variation can be 
calculated from the frequencies read. 

Still using the frequency counter, 
the line voltage is varied from 120 to 
135 and down to 85, with variations 
in indicated frequency being noted and 
recorded. Then with the voltage held 
at 120, a varying frequency ranging 
from 40 to 90 Hz is applied to the 
turntable and speed changes again 
noted and recorded. With synchronous 
motors, the speed varies with frequency, 
and only slightly (if at all) with vari- 
ations in voltage. Induction motors 
maintain the same speed regardless of 
frequency (within the range noted 
above), and their speed increases with 
higher voltages just a little, and drops 
off quite rapidly down to the lowest 
voltage applied. All of these figures are 
recorded. 

The next to last measurement we 
make is the important one of signal- 
to-noise ratio. There are many different 
ways in which this measurement can 
be made, particularly as to the reference. 

The NAB Standard further specifies 
level of 1 cm/sec peak velocity at 100 
Hz, with the further notation that this 
level corresponds to a peak velocity of 
5 cm/sec at 500 Hz. A peak velocity of 
5 cm/sec results from an rms velocity 
of 3.54 cm/sec, and since most stan- 
dard records rely on a frequency of 
1000 Hz for their reference, a correction 
factor of 3.0 dB must be added to the 
numerical value of measured S/N to 
obtain a valid figure. Thus our actual 
reference is 3.54 cm/sec rms velocity at 
1000 Hz, and the correction factor is 
added. 

The NAB Standard further specifies 
that the response of the measuring 
system shall fall off at the rate of 12 
dB/octave above 500 Hz, and with this 
proviso, the acceptable turntable shall 
have a S/N of 50 dB if the response 
of the measuring circuit is flat from 1000 
Hz to 15,000 Hz, and rolls off at the 
rate of not less than 12 dB/octave 
below 500 Hz. This therefore eliminates 
the effect of hum and/or rumble, and 
constitutes the high -frequency S/N. We 
customarily measure with an RIAA low 
end (500 -Hz turnover) and a flat high 
end. The presumed ARLL (audible 
rumble loudness level) figure derives 
from the "flat" measurement which 
corresponds roughly to the rolloff of 
human hearing at low frequencies at 
low levels. 

Thus we again use the battery -oper- 
ated preamp and feed its output to an 
a.f. voltmeter, making sure that ground- 
ing results in the lowest possible hum. 
We then play the 3.54-cm/sec, 1000 -Hz 
groove of the STR-150 record and note 
the level. Next we play the "silent" 
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groove and again note the levels in 
both positions of the preamp-bass 
boosted and flat. The difference be- 
tween the 1000 -Hz level and the level 
of the silent groove in the boosted 
position represents the measured value 
of the S/N, to which must be added 
the correction factor of 3 dB. The 
figure obtained with the preamp "flat" 
closely approximates the ARLL value. 
The average measured S/N is in the 
vicinity of 38 to 40 dB, resulting in a 
figure of 41 to 44 dB when the correc- 
tion factor is added. The ARLL figure 
is usually about 19 dB better than the 
value obtained with the preamp in the 
bass boost position. 

These constitute the major measure- 
ments made on turntables. In the case 
of automatic models, the change time 
is noted, both for start and for the 
time from the tripping of the mecha- 
nism at the end of one record to the 
setdown of the arm on the next record. 

There are several other measurements 
that could be made, but none is con- 
sidered necessary with modern turn- 
tables. Among these additional measure- 
ments are the horizontal and vertical 
forces to move the arm. The require- 
ments for these measurements are quite 
precise and are complicated to perform, 
but on any hi-fi turntable they are 
hardly considered important. The 
measurement of "stiction" which is the 
term given to the force required to 
start the arm moving is even more 
complicated, and still not considered 
important. 

Arm resonance is measured by play- 
ing the 200 -to -10 -Hz band of the CBS 
STR-100 record and recording the out- 
put on a graphic recorder. If the arm 
resonance falls within this range, a 
small flick will be seen on the recorded 
curve, and by interpolation this fre- 
quency of resonance can be determined. 
If it does not fall within this range, it 
is simply reported as being "below 
10 Hz." 

Finally, the unit is connected to an 
amplifier and a number of records 
played-automatically if it is a changer, 
and manually if not. Overall handling 
is noted, as well as any eccentricities 
the unit may have. Stylus force is de- 
creased until faulty reproduction is 
heard as well as noted on a scope. 
Visual observation of the general 
performance of the turntable completes 
the test procedure. 

Then, and only then, can a valid 
Profile be prepared, and since this 
procedure does not constitute part of 
the testing, it will not be described 
other than to say that the Profile re- 
sults from a compilation of the infor- 
mation gained from the testing, and 
written in as readable a form as this 
observer can produce. C. G. McProud 

Playirg records with some cartridges is like 
listening to Isaac Stern play half a violin. 

In the important upper audio frequen- 
cies, some cartridges suffer as much as a 
50% loss in music power. 

So, there's a lack of definition in the 
reproduction of violins, oboes, pianos, 
and other instruments which depend on 
the overtones and harmonics in the up- 
per frequencies for a complete tonal 
picture. 

The Pickering XV -15 cartridge delivers 
100% Music Power 100% of the time. 
Which is why we call it "The 100% Music 
Power Cartridge." At 100% Music Power, 

all the instruments are distinct and clear, 
because Pickering XV -15's have no music - 
robbing output drop anywhere in the 
audio spectrum. 

Pickering XV -15 stereo cartridges are 
priced from $29.95 to $65.00, and there's 
one to fit anything you play records with. 
For more information write: Pickering & 
Co., Inc., Dept. A, 101 Sunnyside Blvd., 
Plainview, L.I., N.Y. 11803. 

PICKERING 
lior those who can ;hear' the difference" 

All Pickering cartridges are designed for use with all 2 and 4 -channel 
matrix derived compatible systems. 

Check No. 46 on Reader Service Card 

McIntosh CATALOG 
and FM DIRECTORY 

Get all the newest and latest information on the new McIntosh Sol- 
id Stale equipment in the McIntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 

IlMnfosl, 

MX112 
FM STEREO/AM TUNER PREAMPLIFIER 

-ALL SOLID STATE 

SEND 

TODAY! 

McIntosh Laboratory Inc. 
2 Chambers St., Dept, AE11 
Binghamton, N.Y. 13903 

NAME 

ADDRESS 

CITY STATE ZIP_ __ 
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TURNTABLES: cai; 
NOTE: Rumble figures are NAB unweighted. The weighted 
figures (DIN or ARLL-Audible Rumble Loudness Level) 
would be about 10 to 20 dB higher. A directory of turntables 
begins immediately following these capsule reviews. 

Empire 598 
Speeds: 33'/3, 45, & 78 rpm. Features: Integral arm with 
special "star" mounting, belt drive from hysteresis - 
synchronous, outer -rotor motor, illuminated record 
surface, anti -skating, stylus pressure 0 to 6 grams cali- 
brated. 
Reviewed: December, 1970. Price: $234.98 
Wow: 0.03%; Flutter, 0.06%; Rumble: -54 dB unweigh- 
ted. 

"A finely crafted and well -designed record playing 
device.... A handsome unit, very low rumble and wow 
and flutter." 

Check No. 86 on Reader Service Card 

Rabco ST -4 
Speeds: 33'/3 or 45 rpm. Features: Straight-line servo 
tracking, pushbutton cueing, PE light sensitive cell used 
for actuating lift cycle, belt drive from synchronous 
motor. Tracking pressure adjustment, '/a gram per full 
turn of counterweight. 
Reviewed: November, 1971. Price: $159.00 
Wow: 0.05; Flutter: 0.03%; Rumble: -43 dB unweighted. 

... we found the Rabco ST -4 to be well -made and 
capable of excellent performance in every particular. 
It takes a little longer to set up and get into action than 
the usual turntable, but when it is in your system, you 
are sure to like it." 

Check No. 88 on Reader Service Card 

Panasonic SP10 
Speeds: 33'/3 and 45 rpm. Features: Direct -drive with 
low -voltage electronically controlled 20 -pole motor. 
Speed change, ±2%0. 
Reviewed: August, 1971. Price: $329.95 
Wow: 0.04%; Flutter: 0.06%; Rumble, -57 dB un - 
weighted. 

"The Panasonic SP -10 must therefore be classed very 
close to the top in turntables-one any of us would be 
glad to put in our systems. One thing is sure-few of us 
could possibly have a better one." 

Check No. 87 on Reader Service Card 

Thorens TD -125 
Speeds: 45, 331/2, 1634 rpm. Features: Belt drive; inter- 
changeable tonearm mounting; motor driven by Wien 
bridge oscillator and 20 watt amplifier. Speed change: 
± 2'h%. 
Reviewed: June, 1969. Price: $215.00, Model TD-125AB 
with integrated arm, $310.00. 
Wow and Flutter: 0.07%; Rumble: -49 dB unweighted. 

"If you have room for its 18 -in. width, you will most 
certainly find the TD -125 the answer to your continuing 
search for the ultimate in every department-beauty of 
functional design, virtual absence of rumble, low wow 
and flutter, a shock mounted drive system, and simple 
tonearm change facility." 

Check No. 76 on Reader Service Card 
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Dual 1218 
Speeds: 331/2, 45, 78 rpm. Features: Two -ring gimbel 
mounted tonearm, elastically damped counterbalance, 
anti -skating & vertical tracking adjustment 0 to 5 grams. 
Speed control: ±3%. 
Reviewed: January, 1972. Price: $155.00. 
Wow: 0.1%; Flutter, 0.05%; Rumble: -44 dB unweighted. 

"For those who long for a fine turntable but who 
cannot get up the scratch for a 1219, the 1218 is a logical 
choice and it will certainly give long and satisfactory 
service for the average user." 

Check No. 90 on Reader Service Card 

Miracord 50H II 
Speeds: 331/2, 45, 78 rpm. Features: Lateral tracking with 
gauge, anti -skating, facility for "repeat" operation, stylus 
pressure range 'h to 6 grams, speed adjustment +3%. 
Reviewed: May, 1972. Price: $199.50. 
Wow: 0.08%; Flutter: 0.03%; Rumble: -41 dB un - 
weighted. 

"Tracking error calculated close to the classic 0.5 

degree attained by the best off -set arm turntables.:. . 

On the whole the 50H II is certainly the best of a long 
line of excellent automatic turntables, and should 
satisfy both the critical audio buff as completely as its 
appearance and ease of operation should please the 
distaff side of the household." 

Check No. 91 on Reader Service Card 

BSR-McDonald 810 
A complete review of this turntable will be found 

in the Equipment Review section of this magazine. 
The review begins on page 56. 
Wow: 0.06; Flutter: 0.06; Rumble: -44 dB. 
Price: $149.50 

Check No. 5 8 on Reader Service Card 

Garrard Zero 100 
Speeds: 45 and 331/2 rpm. Features: Anti -skating, "paral- 
lelogram" tracking, plug-in heads, vernier speed control 
(±3%), vertical tracking adjustment, anti -skating, 
adjustable tracking pressure calibrated in 1/10th gram 
steps. 
Reviewed: July, 1971. Price: $199.95. 
Wow: 0.085%; Flutter: 0.03%; Rumble: -41 dB un - 
weighted. 

"This is certainly the finest in a line of automatic 
turntables which have been around for over 50 years. 
As usual, each model contains improvements over its 
predecessors, with constant research which strives to 
both performance and reliability." 

Check No. 89 on Reader Service Card 

PE 2040 
Speeds: 331/4, 45, and 78 rpm. Features: Speed control 
(6%), adjustable vertical tracking angle, cueing facility, 
stylus pressure 0 to 6 grams. 
Reviewed: December, 1970. Price: $155.00. 
Wow: 0.05%; Flutter: 0.11%; Rumble: -42 dB un - 
weighted. 

"Among the features we found most interesting are: 
The lead carrying the two shielded cables and the third 
grounding wire, the jig for setting the stylus for the 
vertical angle, the dynamically balanced motor and 
platter and the overall ease of operation." 

Check No. 92 on Reader Service Card - 
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Aut®rmatIlc 

A-33,45,78 
B - 33, 45 

C-33 only 

SPEEDS 

D-16,33,45,78 

E - 16,33,45 

F - Cont. variable 

Fisher 502 

ßSR 61U/X 

Benjamin/Miracord 750 

SPECIAL FEATURES 

BSR MCDONALD 810 B 12 0.1 -55 0.5 8.56 Conc. 0-6 7 6 5 3 454 17 944 22 149.50 Also available with wood base, dust cover, 
Gimbal x15 M9IE MD Shure Cartridge 239.45 

610 D 11 .08 -42 1.2 6.474 Counter 5-20 13 6 5 2- 3'G 131 6- 13 79.50 Available as "total turntable" w/base Shure M 93E 
Bal. 7/16 oll44 15/16 ctg. and dust cover, 141.95 

510 D 11 .08 -42 1.2 6.474 Counter 5.20 13 6 5 2- 3'/a 1354 6- 10 64.50 Available as 'total turntable" w/base, Shure M75ECS 
Bal. 7/16 x11/ 15/16 ctg. and dust cover, 100.00 

310 D 11 0.12 -40 1.25 6.474 Bal. 5-14 14 6 5 2- 3% 13% 6- 10 44.50 Available as "total turntable" w/base, Shure M75CS 
&Spg. 7/16 x11/ 15/16 ctg. and dust cover, 80.00 

MIR CORD Miracord A 12 0.06/ -40 Bal.& 8 10 34 5% 18/ 10 18 199.50 
(BENJAMIN) 50H II 0.02 Spg. x1454 

Miracord D 12 0.06 -40 0.5 7/ Bal.& 0-15 8 10 10 314 5% 141r 10 18 179.50 Hysteresis -synchronous motor. 
50H 0.025 Deg Spg. x1241 

In. 

Miracord D 12 0.06 -40 0.5 714 Bal.& 0-15 8 10 10 354 5% 141 10 18 149.50 
150 0.025 Deg. Spg. x121 

In. 

Miracord D 10% 0.07 -39 0.5 7Sí Bal.& 0-11 10 10 12 2% 5% 13% 9 17 119.95 
650 0.03 Deg. Spg. x11% 

In. 

Miracord D 10% 0.06 -39 0.5 756 Bal.& 0-11 10 10 12 2% 5% 13% 9 17 149.50 Hysteresis -synchronous motor, overhang adj., 
6608 0.025 Deg. Spg. x11% calibration marker. 

In 

FISHER 3100 D 101 0.15 -38 1.0 7.5 Spg. 0-9 20 7 7 3 4 13x11 4 80.00 Includes base, dust cover & Shure M-75 cart. 
Cueing, stylus pressure & anti. 

skating adjustments. 

302 A 10% 0.15 -37 1.8 8 Bal.& 3-15 10 8 344 31 5% 13 8'/a 11% 99.95 Anti -skating & stylus pressure adjustments; 
Spg. x10% var. pitch cont.; viscous cueing. 

402 A 10% 0.15 -40 1.8 8 Bal.& 3-15 10 8 3% 3% 5% 13 814 12 129.95 As above. 

Spg. s1034 

502 A 111 0.1 -43 1.8 8 Bal.& 3-15 10 8 3/ 3% 41 14% 8'G 15/ 159.95 As above plus vert. tracking angle adjust. 
Spg. x12 
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Garrard Lab 95B 

ò 
D, e Dim 

e , .. 
i 

D ,ems a" °, v 4, ,, e . tea, aì rc 
o`er e 'c 3` . as 3 

`4 . e e c ' ' ti 4. e 4% e 3 1ee Q ! 3' R 4em 
4rß 4 4 , .:e .t e SPECIAL FEATURES 

GARRARD Zero 100 B 11/ 0.06/ 7% Bal. 0-15 8 6 10 3 436 151 6% 12 199.95 Tangent zero tracking tone arm; built-in ill 

0.025 x141/2 strobe & var. speed; mag. anti -skate; 

viscous damped arm. 

SL -95B A 111 0.07/ 0.75 81 Bal. 0-15 8 6 10 3 4% 16 756 11 149.95 Viscous damped arm; 2 -pt. disc support; 

0.025 14% oversize platter; anti skating; 

slide -in cart. clip. 

SL -720 A 101 0.08/ 0.75 71 Bal. 0-15 8 6 10 3 4% 15/ 7% 101 109.95 Viscous damped arm; anti skating; 

0.025 x14% cartridge clip. 

SL -65B D 101 0.09/ 0.85 71 Bal. 0-18 10 8 12 2'/ii 4 151 6% 9 84.95 As above. 

0.025 x131 

SL -55B D 10% 0.12/ 0.85 71 Bal.& 0-12 12 8 12 20, 4 15% 6% 9 64.95 As above. 

0.025 Spg. x131 

40B D 101 0.14/ 0.85 7% Bal.& 0-12 12 8 12 2'/e 4 15% 6V. 9 49.95 Viscous damped cue lever; cart. clip; tubular 

0.03 Spg. x131 tone arm; super -sensi. trip. 

WC VC -5203 D 11 0.1 -45 8 Bal.& 6 10 16% 7% 9 89.95 Includes mag. cart., wal. base 

Spg. x141 & dust cover. 

RADIO SHACK Realistic/ D 11'% 0.1 -50 0.6 71 Bal.& 3-4 12 6 12 16% 41 20 159.95 Includes base & cartridge. 

Miracord 45 Spg. 0141 

Realistic/ D 1144 0.1 -50 0.6 7% Bal.& 5-7 12 6 12 16% 4% 20 119.95 Includes base & cartridge. 

Miracord Spg. x141 

40A 

Realistic D 11 Bal.& 6 15/ 6% 10% 79.50 Includes base & cartridge. 

Lab -36' Spg. x13/ 

Realistic D 11 Bal.& 6 151 61 8 64.50 With base & cartridge. 

Lab -24A Spg. x13% 

Realistic D 11 Bal.& 6 15/ 61 8 49.95 With base & cartridge. 

Lab -12A Spg. x13% 

UNITED AUDIO 1219 A 12 0.05 -45 0.3 8% Bal.& 1-12 8-14 6 13 3 5 14% 8 15% 185.00 Gimball cusp.; adjust. vert. track. angle; 

(Dual) Spg. s12 6% pitch con.; sync. mtr.; cueing. 

1218 A 10% 0.08 -45 0.5 8% Bal.& 1-12 8-14 6 11 2% 5 13 7% 10 155.00 As above. 

Spg. x10% 

1215 A 10% 0.08 -45 0.5 8% Bal.& 1-8 8-14 6 11 2% 5 13 7% 91 105.00 Sync. tracking & anti -skating; pitch 

Spg. x1031 cont.; damped cueing. C16, 

similar, with base, cover, cartridge, $125.00. 

V -M CORP. 1555 B 11% 0.3 11 9% Bal.& 3-9 11 6 15 5% 17x13 5% 18 200.00 Belt -drive sync. mtr.; cart., wal. base 

Spg. & dust cover included. 

1542 D 11 0.3 5 71 Spg. 6 9 6 14% 6 1012 100.00 4 -pole sync. mtr.; cart., wal. base 

013% & dust cover included. 

AUDIO OUR 25th YEAR JUNE 1972 



A-33,45,78 
B-33,45 
C-33only 

SPEEDS 

D-16,33,45,78 

E - 16, 33, 45 

F - Cont. variable 

Benjamin Lenco L-75 

AR-XA 
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È 4 SPECIAL FEATURES 

ACOUSTIC XA B 01 -35 24-p 11% 4 Belt Integ. 16%x12% 13.5 12 9 Cone Ball Counter- 0.35/ - 10- 0-8 87.00 Includes dust cover, base, stylus force 
RESEARCH Sync. x54 point balance in 15 gauge, oil. overhang gauge. 

TA C 0.1 -35 24-p 11% 4 Belt Integ. 16%x12% 13.5 - 12 9 Cone Ball Counter- 0.35/ - 10- 0-8 84.00 
Sync. x5% point balance ìn 15 

XA B Same as AA. exc pt usable on 100-120 or 220-240 V., 50-60 Hz. 87.00 

Univ. 

EMPIRE 598 A 0.01 -55 Hys. 12 7 Belt Integ. 17%x154 30 990' 12 9 Ball Ball Bal.& 07 5-15 6 0-6 20 234.98 *990 arm alone n $74.95. 
Sync. x8 Spg. 

HITACHI PS -77 B 0.05 Hys. 12 5.6 Belt/ Integ. 227x17% 33 141 11 Jewel Ball 1.5 About 

Sync. Idler x8% 450.00 

1VC VI -8 B 0.05 -60 Servo 12 3 Belt Integ. 19%x164 22 - 12 9 Ball Ball Bal. 5-20 7 0-4 - 249.95 

x7% 

LENCO LENCO F, 0.12 -37 4 -pole 11.8 3.6 Idler Integ. 17%x 24 85.00 
(BENIAMIN) 8-55 D Ind. 13% x5% 

LENCO F, 006 -38 4 -pole 112 8.8 Idler Integ. 174x 32 99.50 

L-75 D Ind. 13%x64 

NORELCO GA202 A 006 -38 Servo 12 Belt Integ. 15%13 %a 10% - Bal. 7 4-4 139.50 

x5% 

GA308 B 02 -38 Sync. 10 Belt Integ. 144x12 11% - Bal. 7 2-4 94.50 

x5% 

PANASONIC SP -10 B 0.03 -65 t 12 7 # Sep. 14x14 20 329.95 -DIN A standard; l' brushless d.c. servo mot - 

x4 !direct drive. 'less base and dust cover. 

PIONEER PLAIDC B 0.07 -50 8 -pole 12% 4 Belt Integ. 194x164 28 - 12 9% Ball Ball Static ''t 229.95 

Sync. x14 
Hys. 

PL -0350 8 0.10 -47 Sync. 12 2.9 Belt Integ. 187x164 16 - 12 8% Ball Ball Static 1%-5 139.95 

x74 

PL -124C B 0.12 -46 Sync. 12 2.9 Belt Integ. 17x134 13.5 - 12 8% Ball Ball Static 14-5 99.95 

x6 

ORTOFON RMG-212 12 9 Ball Ball Bal.& 

Spg. 

1.19 7-19 8 0-4', 90.00 

RMG-309 16 12 Ball Ball Bal.& 

sog. 
0.83 7-19 8 0-7 75.00 
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Pioneer PL-41DC 

Sony 5520 

Sansui SR -2050E 
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o '4 '&` SPECIAL FEATURES .- 3` c` 

RACCO ST -4 B 0.08 -32 Syn. 11% 5 Belt Integ. 15x18x5 15 
159.00 

SLAE t . Cone Cone Wght. 0.16 4-18 10 0-4 48 169.50 

REI60.KUT B-1271 A 0.09 -39 Hys. 12 16 Idler Sep. 1514x1514x6 
194.50 

CAS -12 F 0.091 -35 Sep. 15x16x5 15 
169.50 

S-320 12 Ball Ball Bal. 12 54.95 

102 13 91/2 Ball Ball Bal. 1.25 10 lo -2a 69.50 

SANSUI SR2050E B 0.07 -40 Sync. 12 2.9 Bett lnteg. 1754x1344 26 - 83/4 Angular Bal. 1.5 149.95 Auto shut-off; damped cueing; includes 

x71 Contact base, dust cover. 

SR1050E B 0.07 -40 Sync. 12 29 Bett Integ. 1754x1354 711 - 834 Angular Bal. i s 119.95 As above without auto shut-off. 

x734 Contact 

SHURE SME 3009 9 Knife 

Edge 

Ball Rear 

wgt. 

3-20 4-5 117.50 Adj. anti -skating; viscous damping; cueing. 

3009HE 9 Knife 

edge 

Ball Rear 

wgt. 

3-20 1/4-5 123.75 As above; horizontal cable entry. 

3012 12 Knife 

Edge 

Ball Rear 

wgt. 

3-20 1/4-5 128.08 Same as 3009. 

SONY PS5520 B 0.1 -43 Sync. 12 254 Bett Integ. 1754x1544 1854 - 1154 81 Ball Bal. 3 4-14 0-3 139.50 

Hys. x6% 

SOUND SYSTEMS MM -3000 B 0.06 -37 Sync. 12 3 Belt Integ. 193413 24 - - Bal. 0 4.5-11 0-2.1 Under 

INTERNATIONAL. INC. x6 
300.00 

THORENS TD -150 B 0.09 -37 Sync. 12 7 Bett Integ. 15%x12/. 20 
140.00 

MK II x5 

TD -125 E 0.08 -48 Sync. 12 81/2 Bett Indep. 18x14x5 32 215.00 

TD -125 E 0.08 -48 Sync. 12 81 Bett Integ. lBxl415 32 310.00 

A8 

YAMAHA YP500 B 0.08 4 -pole 12 3 Belt Integ. 1744x1544 19 - 12 9 Bal. 5-12 0-5 189.00 

sync. x61 

YP700 B 0.08 4 -pole 12 Bett Integ. 1734x151/4 19 - 12 9 Bal. 5-12 0-5 

sync. x6% 
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Harman-Kardon Model 930 
AM/FM Stereo Receiver 

MANUFACTURER'S SPECIFICATIONS 
AMPLIFIER SECTION Power Output: 45 Watts per channel, 
RMS, at any frequency from 20 Hz to 20 kHz. THD: Less than 
0.5%. Power Bandwidth: Below 10 Hz to above 40 kHz. 
IM Distortion: Less than 0.15% at rated output. All above 
referenced to 8 ohm loads, both channels driven. Damping 
Factor: 30 or better to below 20 Hz. Input Sensitivity: 1.5V. 
Hum and Noise: Better than 85 dB below rated output (un - 
weighted). Frequency Response: From below 4 Hz to above 
70 kHz ±0.5 dB. 
PREAMPLIFIER SECTION Frequency Response: From below 
3 Hz to above 100 kHz +0.5 dB. THD: Less than 0.05% at 
2 V. output, 20 Hz to 20 kHz. Hum and Noise: Low level, 
65 dB below 2 V out at 10 mV input reference; high level, 
80 dB below 2 V, volume control fully clockwise; residual, 90 
dB below 2 V. Phono Overload: 90 mV. Tone Control 
Range: ±12 dB boost and cut (frequencies not stated). 
FM TUNER SECTION IHF Sensitivity: 1.8 µV. Ultimate S/N: 
70 dB. THD: Mono, 0.5%; Stereo, 0.6%. Selectivity: Better 
than 50 dB. Image Rejection: 90 dB. I.F. Rejection: 90 dB. 
Spurious Response Rejection: 90 dB. AM Rejection: Better 
than 60 dB. Stereo FM Separation: 38 dB @ 1 kHz; 33 dB 
@ 100 Hz; 30 dB @ 10 kHz. 38 kHz supression: Greater than 

dB. 
.ER SECTION AM Loop Sensitivity: Better than 200 

µV/ meter. Selectivity: 35 dB. Image Rejection: Better than 
60 dB. I.F. Rejection: Better than 60 dB. 
GENERAL SPECIFICATIONS Dimensions: 1 71n. W by 133/4in. D 
by 43/4in. H. Weight: 29 lbs. Price: S399.95 

It's been a couple of years since the engineering department 
of Harman-Kardon reintroduced its magnificent Citation line 
of separates in their solid-state versions, but the Citation 11 
preamplifier and the Citation 12 power amplifier are today 
regarded by many experts as among the finest separate com- 
ponents available at any price. It's been a long while, too, 
since we had an opportunity to evaluate a receiver from this 
"old-line" high fidelity manufacturer (they've been in the 
business almost since it began). When the Citation components 
were in their final design phases we had the rare opportunity 
to see some of the first engineering prototypes and we have 
never quite gotten over the dedication and enthusiasm exhib- 
ited by the highly qualified engineering team that "gave birth" 
to those winners. Small wonder, then, that we were elated to 
find that the Model 930 receiver is the brain -child of that very 
team. It abounds in Citation features, many of which one would 
have thought impossible to incorporate in a receiver at this 
attractive price. Of course, the Citation 12 boasts more power 
(60 watts rms per channel), but then again, the 11 and 12 
combination retails for a cool $600.00 or so, as opposed to 
just under $400.00 for this receiver. The rest of the circuit 
refinements are there, though, including the twin power sup- 
plies (not negative and positive voltages supplied by one 
power transformer, but actually two complete power supplies 
including two separate power transformers), super -wide 
frequency response and power bandwidth, fantastic square 
wave response and rise time, and conservative and meaning- 
ful power ratings that can serve as a model to the rest of the 
industry. All this plus a superior tuner section make the 930 
a receiver that even the died -in -the -wool "separatists" should 
take a good look at. 

Taking a look at the front panel layout, as shown in the 
accompanying photo, we recognize the traditional Harman- 
Kardon "blacked -out" plus rich gold -anodized front panel. 
With power applied, the black-out portion becomes fully 
illuminated when power is applied and FM or AM operation 
is selected. For other program sources, the dial is still in- 
visible and only a function indicator light below the dial scale 
tells you what program source you have selected. Two illumi- 
nated meters (signal strength and zero -center tuning) are 
mounted to the left of the dial scale while the tuning knob 
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(with its flywheel action) is positioned at the right of the 
dial scale. At the extreme right of the upper section of the 
panel are three push -push buttons for FM MUTING, MPX FILTER 

and STEREO AUTOMATIC. Since the STEREO-AUTOMATIC switch 
must be in the depressed position to receive stereo FM while 
all other push -push buttons are normally operated in their 
undepressed position, some other notation for the function of 
this switch might be preferred, such as stereo-mono-either 
that or reverse the action of the switch so that in its normal, 
or undepressed, position, automatic stereo switching takes place 
when a stereo signal is received. Of course, a few moments 
with the receiver clears this up, and it seems to be the only 
human engineering flaw in this entire receiver, and a very 
minor one at that. 

Along the bottom half of the panel we find an illuminated 
power switch, headphone jack, speaker selector buttons (two 
pairs of speakers may be selected singly, together or-not at 
all if headphone use is desired), a pair of tape monitor switches, 
high and low cut filter switches, loudness contour and tone - 
defeat switches. All of the above -named switches are in the 
form of tiny gold push -buttons which, though very positive 
in their action, require just the barest push of a forefinger to 
actuate. Dual concentric BASS and TREBLE controls (each chan- 
nel can be separately regulated), BALANCE control, master VOL- 

UME, MODE and FUNCTION selector switches complete the panel 
layout. The MODE switch offers positions for STEREO, REVERSE, 

L+R (mono mix), LEFT signal to both speakers and RIGHT 

signal to both speakers. That's a lot of front panel controls 
when you list them but somehow their placement on the panel 
does not tend to confuse or clutter-everything is placed just 
about where you'd want it to be. 

The rear panel layout is pictured in Fig. 1 and in addition 
to the usual input and output jacks, speaker terminals and 
antenna terminals (for both 300 and 75 ohm lines as well as 
an external AM antenna), there are speaker and line fuses, 
a switched and unswitched convenience a.c. receptacles, the 
usual AM loopstick antenna (which, by the way is fully pivot - 
able for best AM reception) and a pair of jumper bars which 
interconnect the preamp stages from the main power amplifier 
section. This last feature has become extremely worthwhile in 
the light of the increasing popularity of electronic -crossover 
amplifying systems as well as four -channel decoders which are 
easily "inserted" into the circuit at this convenient "break" 
point. 

In the top -of -chassis view of Fig. 2 you can clearly see the 
two power transformers mentioned earlier, as well as the dual 
pairs of electrolytic filter capacitors (would you believe 6800 
µF each?). Separate p.c. modules are used for the AM section, 
the FM-i.f. strip, the phono -preamplifier, the multiplex cir- 
cuits, meter and muting circuits, audio control section, and 
the main amplifier circuits. All voltages supplied to the AM 
and FM modules are regulated by means of a transistorized, 
zener-diode regulation circuit. Each power amplifier section 
is direct coupled from input to loudspeaker connections and 
internal, factory -adjusted bias controls insure that no d.c. 
components will reach the speaker voice coils. Ceramic filters 
are used in the FM i.f. strip, while the four -gang FM front- 
end employs an FET for the first of its two r.f. amplifiers. The 
heart of the multiplex circuit is a single, multi -purpose IC 
with discrete transistors used only for impedance isolation 
and stereo -light current amplification. In all, the receiver 
employs 53 NPN transistors, 3 integrated circuits, 1 FET, 22 

diodes (including zèner regulators), and 8 power rectifier 
elements. 
Performance Measurements 

As shown in Fig. 3, IHF FM sensitivity measured exactly 
1.8 µV as claimed. Ultimate S/N was 70 dB, and at 5 micro- 

volts of input signal, quieting reached 57 dB. Impressed with 
the steepness of this quieting curve we checked to see where 
the muting threshold was set and found it to be at 10 micro- 
volts. That's all right for a lesser performing set but we prefer 
to be able to have interstation silence and all the stations we 
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Fig. 1-Rear panel. 

Fig. 2-View of the Chassis from above. 
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can get with reasonable listenability. Happily, a small hole 
in the bottom cover is labeled "muting adjustment" and this 
enabled us to reset the muting at about 5 microvolts, where we 
felt it ought to be. Any customer can do the same, except 
that no mention is made of this feature in the otherwise 
complete instruction manual. THD in mono was a bit better 
than stated, measuring 0.3% while stereo THD for 100% 

modulation turned out to be 0.45%, considerably better than 
claimed. Figure 4 details the separation characteristics of the 
stereo FM circuits and in the case of our sample, it turned 
out to be one of those rare units that actually meets or exceeds 
transmitter separation requirements of the FCC-that is, we 
were able to obtain better than 30 dB of separation from 50 
Hz right up to 15 kHz. At mid -band, separation was just over 
40 dB, somewhat better than claimed. It takes a really superior 
piece of test equipment to verify this kind of separation per- 
formance and, fortunately, we now have just such a stereo 
generator. 

To summarize, then, the tuner is as good as we expected it 
to be and should have no difficulty providing the kind of FM 
reception we all want to get, but it's the amplifier and pre- 
amplifier section that leaves this reviewer wide-eyed and some- 
what awed. This is the kind of amplifier performance we tend 
to find (and then only rarely) in the very best separate pre- 
amplifiers and power amplifiers. For starters, consider the 
photos of Fig. 5 (however out of context it might be). Yes, they 
are reproduced square waves at-you'll never guess the frequen- 
cies 20Hz and-20,000Hz! Need we say more about the rise 
time and transient response of this amplifier? Incidentally, the 
photos were taken while feeding the signal through the entire 
system-preamp and amp sections-not the power amplifier 
section alone. The THD and IM characteristics of the 930 
are plotted in Fig. 6. Note that at mid -band, rated THD was 
reached at a power output of 49 watts-more than the 45 watts 
claimed-and that, of course, was with both channels driven 
into 8 ohms loads. 

Checking into the power claims made for the entire audio 
spectrum, we plotted THD versus frequency for rated and 
half power levels. At the very worst (20 Hz), THD measured 
twice as good as claimed at full power output-a mere 0.25%. 
At half power, THD readings were limited by our generator 
(which specs out at 0.05%) over most of the audio spectrum, 
reaching 0.1% at 20 Hz. Lower power levels are not plotted, 
since, in such cases, all readings would have been limited 
by our equipment. Power bandwidth extended from below 
5 Hz (the limit, once again, of our audio generator) to 55 kHz, 
using the half power point and a 45 watt reference as our 
criteria as shown in Fig. 8. All hum and noise readings just 
about corresponded (within a dB or so) with published claims, 
both in low level and high level input settings. Tone control, 
filter, and loudness characteristics are plotted in Fig. 9 and 
are more or less typical of these types of circuits. Within the 
audio spectrum there was less than 0.5 dB of variation in 
frequency response with or without the tone control circuits 
defeated, but high frequency roll -off began a bit earlier (some- 
where around 60 kHz) when the tone controls were actively 
in the circuit and set at their mechanical "flat" position. 
Without the tone controls in the circuit, we "ran out of gener- 
ator frequencies" at about 100 kHz and still were within 1 dB 
of our zero reference. 

Listening Tests 
We're the first to admit that it's very easy to become "brain- 

washed" by highly promoted engineering design features in 
this business and while "two independent power supplies" 
sounds like a sensible idea, intuitively, we wondered whether 
or not we would be able to hear any audible advantage in 
this arrangement. Frankly, at moderate listening levels we 
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could not, but when we really began to pump power and used 
truly dynamic source material (such as the exciting two -disc 
Columbia album of the score from the film "Shaft") we knew, 
instantly, that there was something better about the sound we 
heard. In our listening experience, stereo separation often 
tends to become a bit "blurry" when we listen to stereo 
material at really ear -pounding levels. In the case of the 930 
that just did not happen. Now, of course, this apparent im- 
provement might be due to the excellent rise -time and square 
wave response, it might be due to the wide -band frequency 
response (which Harman-Kardon has espoused for years and 
years), or it might even be due to other design features which 
still elude us, but whatever the reason(s), this was our kind 
of sound-and our kind of sound, dear reader, is the kind that 
makes us feel like we are there-at the performance! 

P.S. Quite apart from any performance considerations, we 
came across a little pamphlet which H -K places conspicuously 
on top of their receivers, so that you can't miss seeing it and, 
hopefully, reading it, even before you unpack the set. The 
pamphlet is entitled, "The Outdoor Antenna, The Key To 
Better FM Reception," and it contains information about FM 
reception that is so valuable and so concisely and succinctly 
put that Harman-Kardon ought to make it available at a 
nominal cost to every FM listener or potential FM listener in 
the world! Leonard Feldman 
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the brilliant true color images sharply defined throughout the 
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Glasses are offered below factory list price in Europe! Order 
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Check these Custom Features: 
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color brilliance, balanced and aligned to super critical stand- 
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* "Squint-Pruf" front lenses block reflected glare from water, 
snow, sand and haze. 
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Fig. 9-Tone control, filter, and loudness characteristics. 
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BSR McDonald Model 810 Automatic Turntable 

MANUFACTURER'S SPECIFICATIONS 
Speeds: 33'/3 and 45 rpm. Wow and Flutter: Wow, 0.1% 

rms; flutter, 0.05% rms. Motor: Synchronous/Induction. 
Platter: Die-cast, non-ferrous, 12" diameter; weight, 71/2 lbs. 
Push button operation. Adjustable anti -skating control. 
Stylus Force: Adjustable from 1 to 4 grams. Cueing control, 
automatic arm lock. Square aluminum tone arm, gimbal 
mounted. Knob -adjusted counterbalance. Rotating single - 
record spindle. Pitch Control: ±3%. Dimensions: 171/8 in. 
W. by 151/8 in. D. by 91/2 in. H. (over furnished dust cover). 
Weight: 19 lbs. Price: $ 149.50, with base, dust cover, and 
Shure M 91E cartridge, $239.95. 

This is the top -of -the -line model from BSR, the newest of 
a group of "total turntables" which are almost ready to go as 
soon as you take them out of the box. The 810 is complete with 
base (which is enclosed on the bottom), dust cover, and a Shure 
M91E cartridge already installed in the removable cartridge 
slide. This eliminates the need for shopping for a separate 
cartridge, base, and dust cover. 

As the top -of -the -line model, its performance ranks along 
with every other top -line turntable we have profiled to date. 

Fig. 1-Top view of the turntable with the platter removed and 
without the arm counterbalance. Note the compartment cover 
at the rear which protects the 45 adapter and whichever 
spindle is not in use. The inset shows the speed change 

' ntrol-a rocking lever-and the vernier speed adjustment 

The 810 is similar in appearance to other top turntables-the 
platter off center in the chassis, speed control, and arm in 
all the usual places. But the speed control is different-a rocker - 
type lever is centered in the vernier speed control, and the 
user simply pushes one end or the other of the rocker to change 
speeds. Integral with the turntable mat is a stroboscope disc, 
with two being furnished to be used with either 60 or 50 Hz 
viewing light, and an additional motor pulley is supplied so 
the user can change from 60 to 50 without having to wait for 
a new motor pulley from the manufacturer in case he moves 
from the U.S.A. to any other country where 50 -Hz line fre- 
quency is common. Similarly, the user can change from 120 - 
volt operation to 240 if his new supply is at the higher voltage. 
Power connections and ground are made with the usual 4 -pin 
connector on the chassis, with the leads connected to a female 
receptacle-interchangeable with most turntables sold for high- 
fidelity use. 

Mechanically, this turntable differs considerably from 
practically all others. There is no large cam rotated during 
the cycle by gear teeth on the turntable engaging those on the 
rim of the cam, with all the mechanical motions thereby 
actuated by the convolutions of the cam surfaces. Instead, the 
810 employs what is called a "sequential cam system" which 
consists of eight pre-programmed cams located on a shaft which 
runs parallel with the chassis. The action is quieter and 
apparently completely reliable. 

To actuate the turntable, there is a panel at the right front 
of the chassis which accomodates five pushbuttons and a knob. 
The latter switches the action from single to automatic oper- 
ation, while the buttons activate START for manual operation, 
STOP, and START at diameters of 12, 10, and 7 in. respectively. 
Further back in the panel is the cue lever, which is pulled 
forward to lower the stylus to the record or pushed back to 
lift the arm. To the left of the cue lever is a knob which adjusts 
the set -down position of the arm from a minimum of 51/2 from 
the center of the record to a maximum of 61/8 inches when set 
for a 12 -inch record. Two triangular marks indicate the nomi- 
nal limits for average records. 

Behind the satin finished panel is another knob with two 
scales for setting the anti -skating control for either conical 
or elliptical styli. After balancing the arm with the flexibly - 

Fig. 2-The arm -mounting gimbal has the anti -skating con- 
trol at its right and the set -down control directly in front. 
Stylus force is set by the large ring on the gimbal. The cue 
lever is shown at the right front. 
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