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st of each is up to us. 
professional 101/2 -inch tape reels. Its 
unique combination of bias and 
equalization switching controls give 12 
different settings to optimize the 
performance of any tape on the market. 

The RT -1050's 3 -motor transport 
system is activated electronically by full 
logic, solid state circuitry, triggered by 
feather touch pushbutton controls. Its 
transport is completely jam- and spill - 
proof, permitting you to switch from Fast 
Forward to Fast Rewind, bypassing the 
Stop button. 

The RT -1050 was specifically 

designed for easy operation with a wide 
combination of professional features like 
extended linearity VU meters with 
adjustable sensitivity, mic/line mixing, 
pushbutton speed selection and reel 
tension adjustment buttons. There's also 
an exclusively designed pause control and 
independent control of left and right 
recording tracks. 

The same 2 -track recording system 
studios use for better signal-to-noise 
ratios and higher dynamic range is 
incorporated into the RT -1050. Yet it can 
be easily converted to 4 -track use with an 

optional plug-in head assembly. Everything 
considered it's the most versatile open - 
reel deck you can buy. Professionals 
prefer it for its studio -quality performance. 
Everyone appreciates its completely 
simple operation. 

Pioneer open -reel and cassette decks 
are built with the same outstanding 
quality, precision and performance of all 
Pioneer stereo components. That's why, 
whichever you choose, you know it's 
completely professional and indisputably 
the finest value ever in a studio -quality 
tape deck. 

PIONEER 
1 \ 

when you want something better 

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



Giving you the be: 
High fidelity is important to us at Pioneer. 
It's all we do and it's all we care about. 
We are excited that cassette tape decks 
have reached a level of performance that 
meet the highest standards. We are 
excited because we know that it means 
more enjoyment for you from your high 
fidelity system. We also know that you can 
now get more versatility and more value 
out of your high fidelity system than ever 
before. 

The great advances in cassette 
technology have had impact on the 
reel-to-reel tape deck concept as well. We 
believe that the era of the small, in- 
expensive 7 -inch reel tape deck is past. 
Neither its convenience nor its performance 
make it a good value compared to the 
new cassette technology. And it is now 
possible for Pioneer to offer you a 

professional studio -quality 101/2 -inch reel 
deck at prices that compare favorably 
with what you might expect from old 
fashioned 7 -inch reel units. In our 
judgment the old ideas must move aside 
for the new ideas. And Pioneer has some 
very intelligent new ideas in tape for you. 

The convenience of cassette. 
The performance of open -reel. 

The stereo cassette deck has become 
a "must" in complete high fidelity systems. 
Because of its convenience, price and 
performance, it has virtually replaced 
the once popular 7 -inch open -reel deck. 
As Julian D. Hirsch, prominent audio 
reviewer put it, "The best cassette 
machines compare favorably with a good 
open -reel recorder in listening quality." 
Pioneer proves it with four top -performing 
models. 
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Stacks compatibly with other components. 

Our new CT -7171, with built-in Dolby, 
is a deck with a difference. It's designed 
with all controls up front so you can stack 
other components on or under it. Even 
the illuminated cassette compartment is 
front loading, for easy access and 
visibility. 

Performance features stack up, too. 
Bias and equalization switches provide 
optimum recording and playback for every 
type of cassette tape made. You'll 
produce distortion -free recordings 
consistently with two oversized, 
illuminated VU meters plus an instant - 
acting peak level indicator light. And 
for those unpredictable program source 
peaks, there's a selectable Level Limiter 
circuit. It's similar to the type used in 
professional recording studios to prevent 
"clipping" distortion. 

Finding a desired program point in a 
recorded cassette is simple with our new 
CT -7171. A memory rewind switch, 

working together with the 3 -digit tape 
counter, plus an exclusive Skip button, 
lets you monitor audibly at accelerated 
speed to make precision cueing a breeze. 

Automatic tape -end stop, dual 
concentric level controls, separate 
mic/line inputs, pause control, In addition 
to many other features, make the CT -7171 
the recording studio that fits on a shelf. 

Whether you choose the sophistication 
of tl-e CT -7171 or Pioneer's CT -5151, 
CT -4141A or CT -3131A, which share many 
of its features, you're assured optimum 
performance and maximum value. One 
trad,tion that never changes at Pioneer. 

Open -reel. A professional 
recording studio in your home. 

Professionalism comes with all 
three studio -quality open -reel models. 
The RT -1020L (71/2, 33/4 ips) is unequalled 
in 4 -track units. With three motors and 
three heads, it has virtually every 
professional feature you'd want. Yet it's 
extremely simple to use. In addition to 
stereo record/playback, it also highlights 
4 -channel playback. The complete extent 
of its capabilities becomes apparent only 
after you've worked with it. Then you'll 
recognize the magnitude of Pioneer's 
accomplishment. 

Our RT -1050 is a 2 -track, 2 -speed 
(15, 71/2 ips) 3 -head deck which, like all 
our open -reel models, can handle 
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12 Bias & Equalization settings 
optimize performance. 



Whether you use 
a cassette or 
open reel deck 
is up to you. 
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Pick The Open -Reel Deck Features You Need 
Model RT -1050 RT -1020H RT -1020L 

Pick the Cassette Features You Need 
Model CT -7171 CT -5151 CT -4141A CT -31314* 

no 
Maximum Reel Size 101/2" 101/2" 101/2" Dolby Noise 

Reduction yes yes yes Steeds 15 & 71/2 ips 15 & 71/2 ips 71/2 & 33/4 ips 

Number of Tracks 2 (4 optional) 4 4 

0.10% 
40Hz-20kHz 

3 position 
55dB 

2 -Position 
yes 

no 

Tape Selection Bias & Equal. Bias & Equal. Bias & Equal. qualization 

Wow & Flutter (at high speed) 0.06% 0.06% Auto. Tape Stop yes yes yes yes 

Frequency Response (±3dB) 30Hz-22kHz 30Hz-22kHz Memory Rewind yes yes no no 

Tape Bias Selection 3 position 3 position Pause Control yes yes yes yes 

S/N Ratio 57dB 55dB Freq. Response* 30-16,000 Hz 30-16,000 Hz 30-15,000 Hz 
Hz 

(*Chrome Chrome Tape) 
Equalizer Selection 
Mic/Line Mixing 
LED Peak Indicator 
Memory Recording 
VJ Meter Scale Selection 

4 -Position ,2 -Position Peak Indicator yes yes no no 
yes yes 

Level limiter yes yes no_ no 
yes no 

Skip cueing yes yes yes no 
yes yes yes 

Signal/Noise 
(Dolby) 58 dB 58 dB 58 dB - yes no no 

4 -Channel Playback no yes yes S/N (Less Dolby) 48 dB 48 dB 48 dB 47 dB 
Motors 3 3 e Tape Heads Ferrite Ferrite Permalloy Permalloy 
Price $699.95 $649.95 $649.95 Motor Type DC Servo DC Servo DC Servo DC Servo 

Wow & Flutter 
(WRNS) 

0.10% 0.12% 0.13% 0.13% 

Price $369.95 $269.95 $239.95 $179.95 

*not shown 

PloNcr-..ri 
a -MOTOR 3 -HEAL STEREO TAPE OECK 

Check No. 18 on Reader Service Card 
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Actual, 
unretouchee 
photo of an 
oscillograph 
test. 

The oscillograph you 
see is an actual photo 
of a high -quality audio 
system "playing" a 
fingerprint. 
You're hearing finger- 
prints now through 
your speaker system, 
Instead of the sound 
your precious discs 
are capable of. And 
no vacuum record 
cleaner, brush -arm 
or treated cloth will 
remove them. None. 

The sound 
of your 

fingerprint 
But DiscwasherrM-with new 
do fluid-removes fingerprints 
completely. Along with dust. And 
manufacturing lubricants (added 
to make pressing faster) that can 
act like grove -blocking finger- 
prints. All this cleaning without 
pulling polymer stabilizers from 
your vinyl discs. 
DiscwasherrM. The only safe, 
effective way to silence the 
printed finger. At Audio 
specialists world wide. 

Discwasher, Inc. 
909 University, 
Columbia, Mo, 65201 
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BELT DRIVE ISN'T NEW. 
MULTIPLE PLAY ISN'T NEW. 

A TURNTABLE THAT COMBINES BOTH IS NEW. 
READ ALL ABOUT IT. 

Back in monophonic times, turntable motors drove 
platters through a series of wheels called "idlers". 

Many automatics and changers still use this system. 
In those days, records and playback systems were still 

relatively unsophisticated, so the distortions an idler drive 
system created didn't matter much. 

Today, however, distortion is a critical problem. With 
recordings of increased dynamic range, wow, flutter and 
rumble must be reduced to inconsequential levels. 

A belt -drive system is light years ahead of idler drive 
in that department. 

And here the belt is driven by a unique motor found 
only in BIC turntables. It is a 300 RPM, 24 -pole motor 
and it is inherently freer from noise and vibration than the 
1800 RPM units with from 2 to 16 poles, which are stand- 
ard in even the best of the conventional automatics. 

The advantage of Programmed Multiple Play 
The 980 and 960 are not record changers. 
They are belt -drive Programmed Turntables which 

are engineered to play as many as 6 records at a time. 
They have a 2 -point record support system which is 

far less complicated and far more reliable than any um- 
brella spindle we've ever seen. 

But an even more important advantage is this. 
An automatic record handling system like the one on a 

BIC turntable can handle a single record, or 6 at a time, 
perfectly. No false drops. No bouncing and skating a dia- 
mond stylus across the grooves. It eliminates human error, 
and human error is what damages the sidewalls of your 
record grooves forever. 

The simplicity factor 
The 980 and 960 have the visibly lower profile of 

single -play manual instruments. They've been engineered 
to be simple machines, so they have fewer parts and fewer 
potential problems. 

They abound in innovations. In the tone arm, the 
cartridge shell, the program panel, the entire system. 

We can send you more detailed information if you 
write to Dept. 5A, British Industries Co., Westbury, L.I. 
11590; or better yet, see them at your local audio specialist. 

Copyright 1974 BIC is a trademark of British Industries Co. Westbury, New York 11590. A division of Avnet Inc. 

This is the 980 with 
solid state speed control and strobe. 

About $200' The 960 is identical 
except for these two features. About $1507 

Less base and cartridge. 

Check No. 3 on Reader Service Card 



O 
professional 
performance. 

All too often, the use of the word 
professional is a self-serving device 
for conferring "excellence' on a 
mediocre product. And in the case 
of headphones, a half dozen 
examples come to mind. 

But there is one headphone 
which, in the opinion of experts, 
is professional in every respect, 
the Beyer DT -48. 

By whatever criteria head- 
phones are measured...linearity, 
wide frequency response, low 
distortion, sensitivity, dynamic 
range...the DT -48 is clearly 
superior to all the rest. 

As a matter of fact, the DT -48 
has been designated by the 
German Bureau of Standards 
(PTB) as the preferred audio- 
metric standard. 

Oddly enough, we've never 
described the DT -48 as profes- 
sional; we leave that to the experts. 

Beyer DT -48 $130 
Beyer DT -48K with plug-in 
coiled cable $140 

Another innovation 
from Beyer Dynamic, 
the microphone 
people 

Revox Corporation 
155 Michael Drive 
Syosset, N.Y. 11791 

Check No. 48 on Reader Service Card 
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More About Lightning 
As a former distribution engineer 

for a power company in New Eng- 
land, I thought you've like to hear 
about our experiences with the 
grounding of electric pole lightning 
arrestors. 

If a ground rod is not driven into a 

really good ground, it is of little value. 
In fact, it can represent a real hazard. 1 

have seen the results of a lightning 
stroke where the lightning hit the 
high -voltage line, followed the line to 
a lightning arrestor and then to the 
arrestor ground. This arrestor ground 
was a six-foot copper rod, about one 
and a quarter inches in diameter, 
driven into the ground at the foot of 
the utility pole, with a No. 4 weather 
wire connected from the arrestor to 
the ground rod with a ground clamp. 
When the ground rod was driven into 
a good ground, no trouble resulted 
from the stroke. When the ground 
was not a good ground, anything 
could happen. The pole could be 
damaged, the transformer could be 
burned out, or it could be blown right 
off the pole. Because of a poor 
ground, I have seen where lightning 
struck a pole, splintered it, and 
opened up the earth for as much as 

100 feet, trying to find a good ground 
in which to dissipate. 

Every spring we sent a team to 
check the lightning arrestors for leak- 
age and to see how effective our dri- 
ven ground rods were, especially in 
areas most susceptible to lightning 
strokes, such as high elevation, hilly, 
rocky, or open areas. We used a 

megohmeter with a long wire to 
ground the meter to a known good 
ground and a quantity of rock salt. 

We would disconnect the arrestor 
from the high -voltage line and check 
the resistance of the arrestor with the 
megohmeter. It was supposed to test 
infinity. If not, we replaced it. The re- 
sistance of the arrestor ground would 
then be measured-from it to a good 
ground; either a water faucet tap of 
the lead sheath of a telephone cable. 

Too many times we found the 
ground resistance also read infinity! 
When this occurred we dug a hole 
around the ground rod to a depth of 

4 

about three feet. Half a bucket of rock 
salt and a bucket of water was poured 
into the hole. Then we filled up the 
hole with dirt. After waiting a few 
minutes, a second resistance reading 
was taken, which in most cases turned 
out to be between 100 and 1,500 
ohms. 

Most of these grounds required this 
kind of treatment every Spring, and in 
southern states which are subjected to 
lightning storms most of the year, 
more frequent checks were re- 
quired. Rock salt doesn't dissolve 
away quickly because it needs a fairly 
constant flow of water to eliminate it, 
and if plenty of water were present al- 
ready, then we'd also have a good 
ground anyways. 

Once we were testing an arrestor on 
a pole in an abandoned rock quarry. 
We found that the arrestor resistance 
had broken down. It should have read 
2,300 volts relative to ground, and we 
read 550 volts between the two metal 
conduits driven into the ground at the 
foot of the pole (poor ground, and 
how!). A man who was watching us 
told us that after it had rained, any cat 
or dog walking up to the pole would 
pick its feet up very gingerly until it 
got too close to the pole, and then 
would leave the scene, immediately. 
Obviously it was feeling the voltage 
differential between its front and back 
feet increasingly as it neared the pole, 
first a tiny tingling, and later, a nice 
big voltage difference! 

This man told us about one dog 
who had been visiting the pole pretty 
often for many months, but had never 
previously been there just after a rain- 
storm. He went quickly up to the 
pole, cocked up his leg, and then sud- 
denly dashed off frantically, "ki- 
kying," over the hill into the dis- 
tance. That dog was never seen 
anywhere around there, ever again! 

We replaced the faulty lightning 
arrestor.-Guy Crooker, Portland, 
Maine. 

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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The impossible dream. 

Since 1871 electrostatic speakers 
have been but a promise; today 
the Koss Model One has made 
them a reality. 

Unlike most ads, this ad wasn't 
written for everybody. In truth, it was 
meant for a very small number of dis- 
cerning audio enthusiasts who have 
dreamed an impossible dream about 
electrostatic speakers. And who have 
continually been disappointed. 

For those who have dreamed the impossible, Koss has 
developed a full -range electrostatic speaker that reproduces 
the lowest to the highest octaves of music with an authority 
never achieved in previous electrostatic speakers. Once 
you've heard it, we think you'll agree. Until you do, let 
us tell you why. 

First, the Koss Model One isn't another hybrid. The 
bandpass of 30 Hz to 250 Hz is reproduced by an electro- 
static woofer that features over 19 sq. ft. of diaphragm 
surface area. No other speaker, electrostatic or dynamic, 
has ever reproduced the clarity and power of the lowest 
audible octaves like the Koss Model One. Impossible? Just 
listen to it. 

Second, the Model One represents, to our knowledge, 
the first 4 -way design ever offered in electrostatic speakers. 
This design approach has allowed Koss to offer the world's 
first electrostatic woofer capable of playing at concert hall 

levels. In addition, a unique midrange 
panel was designed specifically to avoid 
the bigger -than -life spacial distortion 
plaguing other large -panel speakers. In 
other words, a violin sounds like it is 
normal -size rather than as big as a 

cello. The treble and tweeter panel de- 
signs were also critically matched to the 
wavelength requirements of their respec- 
tive bandpasses. The resulting smooth- 
ness of response and uniform dispersion 
of energy from top to bottom establishes 
a new precedent in naturalness and 
clarity of reproduced sound. 

Third, a major design breakthrough 
has been achieved in the Model One 
crossover system. And we think it's a 
uniquely patentable system. Instead of 
the expected plurality of additional coils, 
capacitors and resistors normally needed 
to achieve a 4 -way crossover, the Model 

One uses no other components than those needed to drive 
the separate acoustic panels. In other words, step-up trans- 
formers which provide the drive voltage to each of the four 
bandpasses also function as the crossovers. This unique 
transformer design eliminates the need for additional bulky, 
expensive, distortion -producing components that, until now, 
made a reasonably -priced but high performance full -range 
electrostatic system impossible. 

Fourth, another innovative design feature of the Model 
One is the use of a frequency -sensitive attenuator that 
protects the speaker from unwanted sub -sonic signals below 
the 30 Hz level as well as potentially dangerous DC voltages 
from the amplifier. 

And fifth, there's a patented Auto -Charge Bias Supply 
that eliminates the need for an AC cord. Imagine an electro- 
static speaker system without the old "AC umbilical cord"! 
Or for that matter, without the obvious electrical dangers. 
If that isn't worth hearing, what is? 

Your Audio Specialist will be happy 
to show you the fulfillment of the elec- 
trostatic promise. We don't think you'll 
be disappointed in what you hear. Nor in 
what you buy. But then, the Koss 
Model One isn't for everybody. 

eKoss Corporatior 

the fulfillment of the electrostatic promise 

IDBBModel One electrostatic speaker 
KOSS CORPORATION, 4124 N. Pcrt Washington Ave., Milwaukee, Wisconsin 53212 Koss International/London, Milan, Dublin, Pori., Frankfurt Koss-Limited/Ontario 

Check No. 8 on Reader Service Card 



Tape Guide 

PLEASE GIMME MORE 
Open Letter To a Tape Deck 
Manufacturer 

Dear Sir: 
I have been a happy user of one of 

your top-flight tape decks (open -reel) 
for nearly a year. While it has most of 
the features I could wish for, some im- 
portant ones are lacking. Since the 
price of your deck is in the high hund- 
reds of dollars, it doesn't seem un- 
reasonable to ask you to please fill the 
lack. Besides, I'm sure we are both in- 
terested in progress. 

First, I must thank you for what you 
have already given me. Your deck is a 

triumph of mechanical, electronic, 
electro -magnetic, and human engi- 
neering. Frequency response at 71/2 

and 33/4 ips provides a virtually per- 
fect replica of the original sound, and 
frequency response is very service- 
able for many needs at 17/8 ips. With a 

signal-to-noise ratio in the vicinity of 
70 dB, the silence is indeed golden. 
Wow and flutter are imperceptible at 
any speed, and so is distortion at nor- 
mal recording level. Tape handling is 
fast, accurate, and gentle. The deck is 
replete with features such as sound - 
on -sound, echo, mono, pause con- 
trol, solenoid operation, record warn- 
ing light, optional tape lifters, self- 
locking reel hubs, etc. At the same 
time the deck is simple to operate and 
foolproof. 

What more, then, could I ask? 
I ask that you enable me to cope 

with various brands and types of 
tapes, some old, some new, and some 
yet to appear. The variations in tape 
oxide formulations call for changes in 
bias, in treble boost during record- 
ing, and in the amount of audio cur- 
rent fed to the record head. There- 
fore, I ask you to include front panel 
controls which allow me to adjust 

(Although this letter is addres- 
sed by one user to one manu- 
facturer, it should be taken in a 

general spirit, speaking for 
many users and intended for all 
who make high -quality tape 
decks for home use.) 

Herman Burstein 

bias, treble boost in recording, and 
audio drive current. 

You may legitimately object that 
these are not properly user controls; 
that there is too much danger the user 
will upset the delicately balanced 
operation of a high quality deck, 
which skillfully achieves an optimum 
compromise between the conflicting 
requirements for extended treble res- 
ponse, low distortion, and low noise; 
that a deck can give best perform- 
ance with controls precisely set for a 

specific tape and accessible only to 
the competent person having the 
necessary knowledge, experience, 
and instruments. 

Anticipating these objections, I 

would like to make the following spe- 
cific requests. 
1. Please give me a front -panel bias 
control, coupled with a switch that 
enables bias level to be read on the 
VU meter. Please designate a specific 
point on the VU meter, such as 50 on 
the lower scale, that corresponds to 
your recommended setting for the 
tape you recommend. This will let me 
vary the bias, yet return it accurately 
to its original level. 
2. Please give me a front -panel con- 
trol that lets me vary treble boost in 
recording, yet accurately return the 
boost to its original setting. I can think 
of at least two possibilities. The sim- 
pler would be a step control, which 
varies high frequency boost at, say, 15 
kHz in steps of about 2 dB over an 
appropriate range. A more sophisti- 
cated approach would be as follows: 
provide a control that affords con- 
tinuously variable treble boost; in- 
corporate a high -frequency oscillator 
(say 10 to 15 kHz) and couple it with a 

switch so that the level of this test 
tone after treble boost can be read on 
the lower scale of the VU meter. De- 
signate a specific point on the meter, 
such as 50 on the lower scale, which 
corresponds to your recommended 
setting for treble boost in recording. 
3. Please give me a front -panel con- 
trol that enables me to vary the 
amount of audio -drive current to the 
record head, yet accurately return it 
to the original setting. Again there are 

at least two possibilities. One is a step 
control that, for a given VU meter 
reading, varies the audio -drive cur- 
rent in steps of about 2 dB over an 
appropriate range. A more sophisti- 
cated approach, similar to that sug- 
gested for the treble -boost control, 
would be as follows: provide a con- 
trol that varies the drive signal con- 
tinuously without affecting the VU - 
meter indication during normal oper- 
ation; incorporate a mid -frequency 
oscillator (say 500 or 1,000 Hz) and 
couple this with a switch so that the 
level of the test tone can be read on 
the lower scale of the VU meter. De- 
signate a specific point, such as 50 on 
the lower scale, which corresponds to 
your recommended setting of drive 
current. To illustrate, assume that the 
original setting of the audio -drive 
control causes the test tone to pro- 
duce a reading of 50 on the lower 
scale of the VU meter. Now assume 
that I adjust the control to produce a 

reading of 60, which is about 2 dB 
higher. Thereafter, when recording, 
there would be 2 dB more drive sig- 
nal supplied to the record head for a 

given reading of the VU meter. 
To avert accidental disturbance of 

these three new controls and to dis- 
courage the consumer from fooling 
around with them, you might want to 
conceal them behind a hinged panel 
or recess them or make them oper- 
able only by screwdriver. 

My earnest hope is that in the 
near future you will satisfy my re- 
quests for these front panel controls, 
though not necessarily in the exact 
manner I have suggested. Compared 
with the electro -mechanical marvels 
you have already accomplished, they 
should present no great technical 
problems. And, considering high 
quality tape decks as they already are, 
they would add little in the way of 
circuit complexity. When the day 
comes that my requests are met, not 
only will I be very thankful but, as 
should be no surprise to you, I will 
have a new list of requests. Such is 
progress. 

Sincerely, 

Herman Burstein 
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Introducing the 601. 
Dual's First medium-priced single -play 
turntable (Fully automatic, of course.) 

With the 601, Dual introduces its second 
fully automatic single -play turntable. Like the 
first, the electronic direct -drive 701, it shares 
several features with Dual's familiar multiple - 
play turntables, and offers a number of 
innovations as well. 

The 601 drive system consists of an 8 -pole 
synchronous motor, developed especially for 
this new model, and a precision -ground belt 
running directly from the drive shaft to a 

flywheel beneath the 12 -inch dynamically - 
balanced platter. The motor's absolute speed 
constancy, its exceptional smoothness, and 
the isolation of the platter from the motor 
combine to reduce wow, flutter and rumble 
to an insignificant level. 

The 601 s 8%" tonearm is suspended in 

the same low -friction double gimbal as th -e 

more costly 701. Operction of the tonearm is 

optionally fully-automctic, manual, or 
continuous repeat. 

Variable pitch -control is prov ded for bath 
speeds, and an illuminated strobe is built 
into the chassis. The anti -skating system 
has separate calibrations for conical, elliptical 
and CD -4 styli. 

The high level of performance and quality 
for which Dual turntables have been known for 
years is incorporated in the 601.Thus, music 
lovers who desire a single -play turntable in 

the medium -price range, with Dual precision 
and performance, now have it. 

Dual 

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

Check No. 30 on Reader Service Card 



Get inside digital 
electronics! 
Bell & Howell Schools now offers you two fascinating 
learn -at-home programs that can equip you with professional 
know-how in the expanding field of digital technology! 

The world of electronics is an 
astounding place-a world that, in the 
short span of 70 years, has taken us from 
a simple mechanical age into an age 
where electronic sophistication has 
actually helped man set foot on the lunar 
surface. 

One area of this space-age technol- 
ogy that has been successfully harnassed 
for consumer and industrial use is digital 
electronics. It is this breakthrough that has 
given us such remarkable new products as 
tiny pocket calculators and digital -display 
wristwatches. And now, you can learn about 
some of the many extraordinary applications of 
digital electronics in two special learn -at-home 
programs from Bell & Howell Schools. 

Start your exploration of 
electronics at home! 

With these exciting home learning adven- 
tures from Bell & Howell Schools you'll experience 
the true thrill of discovery as did such electronic 
pioneers as Thomas Edison and Dr. Lee DeForest. 
And think about this ... they didn't discover elec- 
tronics in a classroom, and you don't have to either! 

Whichever program you choose, test 
new electronic theories as you build and 
experiment with the exclusive Electro -Lab® 
electronics training system! 

With your very first lesson you'll receive a special 
Lab Starter Kit, so you'll be able to see how basic electron- 
ic principles actually work in practice. Then, step by step, 
as your understanding of electronics increases, you II 

actually be able to perform your own experiments and 
work on fascinating projects from "scratch' -like building 
the exclusive Electro -Lab® electronics training system. 
This important project helps you learn electronic skills 
through "hands on" experience with professional testing 
equipment. The Electro-Labe system consists of a design 
console to help you learn how to hookup circuits-a dig- 
ital multimeter for measuring electrical voltage, current 
and resistance. And a solid-state "triggered sweep" oscil- 
loscope that, among other things, you'll use to analyze 
the operation of tiny integrated circuits. The "triggered 
sweep" feature locks in signals for easier reading. 

I. HOME ENTERTAINMENT ELECTRONICS 
Learn how digital technology is being applied 
to home entertainment products-build and 
experiment with the new generation 25" 
diagonal color TV with digital features! 

To learn the most advanced electronics technology 
you must work with up-to-date training tools. That's why 

you'll build Bell & 
Howell Schools' 25" 
diagonal color TV with 
digital features as part of 
your training. Step by step 
you'll learn about the many 
exciting applications of the 
most up-to-the-minute electron- 
ics technology. And you'll have the 
confidence in knowing that the ad- 
vanced skills you're learning will be valuable for years 
to come. 

"Hands on" training will help you 
understand advanced applications of 
digital technology! 

Your "hands on" training will give you a profes- 
sional's understanding of how this advanced technology 
works. How features such as on -screen, digital display 
channel numbers and a digital time readout in hours, min- 
utes and seconds are possible. You'll learn to program an 
automatic channel selector so that it skips over dead 
channels and "homes -in" on the channels of your choice. 



And, how "state-of-the-art" integrated circuitry and the 
100% solid-state chassis add immensely to your under- 
standing of circuit theory and TV servicing techniques. 
You'll also become thoroughly familiar with the technol- 
ogy behind features such as digitally -automated tuning, 
and the outstanding color clarity of the Black Matrix pic- 
ture tube. 

By actually building and experimenting with this 
exceptional equipment, you'll gain the occupational 
skills, specialized knowledge-and 
the self-confidence that could open 
up exciting new directions for you! 

II. DIGITAL INDUSTRIAL 
ELECTRONICS 
Our exclusive digital trainer 
will help you discover today's 
exciting applications of digital 
electronics in industry. 

Industry is constantly finding 
new applications for digital technology. 
Today, this technology is helping to set 
new standards of accuracy and provid- 
ing a more precise method of control in refining, food pro- 
cessing, transportation and in manufacturing plants. 

Now Bell & Howell Schools has a learn -at-home 
program that could get you involved in the industrial uses 
of this challenging technology. The program provides a 

solid background in basic electronic principles and the 
opportunity for you to ex- 
periment and learn with the 
Bell & Howell digital trainer. 
This remarkable piece of 
equipment lets you set up 
and examine a range of com- 
plex digital circuits like those 
in use in industry today. You 
will work with circuitry which 
has many of the numerical 

and process control applications used in a number of to- 
day's most sophisticated manufacturing operations. 

Bell & Howell Schools is with you every 
step of the way! 

You'll be pleased to know that, throughout all of 
these dynamic Bell & Howell Schools' programs, you're 

just a toll -free phone call away from expert assist- 
ance should you need it. 

For even more personal attention...Bell & 
Howell Schools has a truly unique idea- 
You can attend in -person help sessions sched- 

uled in over 50 major cities at various 
times throughout the year, where you 
can meet and talk with fellow students 
and receive additional assistance 
from an instructor. 

Once you've completed this pro- 
gram, your skills in electronic trouble- 
shooting could lead you in exciting 
new directions. While we cannot offer 
assurance of income opportunities you 
can use your training: to seek out a job 
in the electronics industry, to upgrade 

your current job, or as a foundation for advanced pro- 
grams in electronics. 

Now... audio/quadraphonics ... first 
home program of its kind! 

It's another first from a leader in home learning. Bell 
G. Howell Schools proudly introduces America's first 
learn -at-home program in audio electronics featuring the 
exploration of quadraphonics. It's the 4 -channel "wrap- 
around" sound system that has opened a new era in audio 
technology! You'll actually build Bell G. Howell's 4 -channel 
audio center including amplifier and FM -FM Stereo re- 
ceiver as a part of the development of professional know- 
how in this exciting and promising new field. Get more 
details now... check the appropriate box on card and mail 
today!t 

Why not aim yourself in an exciting new direction 
today-just check the Bell G Howell Schools' program 
you're interested in and... 

Mail the postage -free card right away! 
We'll see that you get more details! Taken for voca- 
tional purposes, these programs are approved by 

the state approval agency for 
Veterans' Benefits. 

*Cabinet and speakers available at extra cost. 

Simulated TV picture/test pattern. 

"Electro -Lab's is a registered trademark 

of the Bell & Howell Company. 

If card has been removed, write: 
An Electronics Home Study School 
DEVRY InSTITUTE OF TECHfOLOGY 
ONE OF THE 

Pi BELL E HOWELL SCHOOLS 

746R1 

4141 ße,nrrrt C,x 60641 



Behind The Scenes 

A S ANYONE who reads this 
magazine is well aware, audio- 
philia is an insidious disease. 

Everything starts off quite innocently 
. a fellow loves good music and is 

blissfully happy with his appliance 
store, Queen Anne radio/phono con- 
sole. He happens to visit a friend who 
has acquired a thing called a hi-fi 
component system. The friend plays 
his favorite symphony, and our music 
lover is literally stunned by the high 
quality of the reproduction. Of. 
course, he must forthwith obtain one 
of these miraculous hi-fi rigs; he thus 
condemns himself to a lifetime quest 
for sonic perfection. As the disease 
progresses and his audio equipment 
becomes increasingly sophisticated, 
his critical faculties are honed to razor 
sharpness. Finally, this hapless crea- 
ture comes to realize that his hi-fi sys- 
tem has reached such a degree of per- 
fection, that now he has become the 
slave of the software. Thus, like so 
many others before him, with fanatic 
zeal he embarks on the never-ending 
search for good program material. 

Well, we are all in the same boat, 
and from the stories I have been hear- 
ing about poor record quality, and a 
worsening trend in this direction, 
we're in heavy seas, mate, and maybe 
shipping a little water! In the past sev- 
eral years the hi-fi press has been 
flooded with letters from irate music 
lovers condemning the poor quality 
of phonograph records they have 
purchased. Their protests cover the 
whole catalog of miseries which can 
afflict phono discs. They are incensed 
by the pops, clicks, swishes, frying and 
crackling, buzzes, hums, and intru- 
sive low frequency noises which are 
not part of the program. They are 
frustrated by records unplayable be- 
cause of saddle, pinch, or dish warp- 
age. They are bugged by eccentric 
spindle holes, such records being 
known in the trade as "swingers." In 
addition to these gross and obvious 
defects, there are the more subtle 
problems of tracking and attendant 
electronic distortions, which we will 

Bert Whyte 

go into a little later on. 
Needless to say, the letters from the 

victims of these discs are full of har- 
rowing details of the travail they've 
been through trying to get playable 
copies of a particular recording, or to 
get some satisfaction from dealer or 
manufacturer. On a rough statistical 
basis, it would appear that these im- 
perfect records are about evenly divi- 
ded between pop and classical, and 
there is no particular bias between 
stereo records and the various quad- 
raphonic formats. Nonetheless, be- 
cause of the dynamics of classical re- 
cording, wherein pianissimo passa- 
ges are common, thus more readily 
exposing noise problems, I would 
think the classical music fan is more 
frequently outraged, and more vocal 
about his record problems. 

Almost invariably these letters of 
complaint castigate the products of 
practically every record company in 
the business. A growing trend seems 
to be that those who want the prod- 
ucts of such companies as Deutsche 
Grammophon, Angel, and Lon- 
don/Decca are willing to pay up to 
several dollars premium per disc to 
get those which have been pressed in 
the country of origin. Some East and 
West coast dealers are specializing in 
this type of import. The rationale be- 
hind all this is the belief that the im- 
ported discs are heavier and thicker, 
therefore less prone to warpage, and 
that their surfaces are superior to re- 
cords of these companies pressed in 
the United States. Whether these ad- 
vantages of the imported discs really 
do exist is a moot point. London Re- 
cords insists that their British and 
American pressings are identical. It is 
interesting to note that if you look in 
the pages of the British journals, The 
Gramophone and Hi-Fi News and Re- 
cord Review, you will find the same 
irate letters from people condemn- 
ing recordings purchased in London, 
manufactured by the very same DGG, 
EMI (Angel), Decca (London), HMV, 
etc.! 

I have listened to domestic and for- 

eign pressings of the same recording, 
and I have found them quite vari- 
able. Sometimes the foreign product 
was quieter, other times the US prod- 
uct was equally good. Still other times, 
both pressings were abominable. I 

must say, however, that on a statisti- 
cal basis, the foreign pressings were 
consistently quieter and significantly 
better in the matter of warpage. I 

should mention that the records 
pressed by Philips of Holland were 
singled out for praise in the US and in 
England, and I certainly concur in this 
respect. I should also note that the AR 
speaker people recently issued a 
demonstration record which was 
pressed for AR, Inc. by the obscure 
Spanish company "Discos Ensayo." 
This has to be one of the most beauti- 
fully processed records I've ever en- 
countered. I listened to an entire side 
without hearing a single pop or tick! 
Absolutely quiet, flawless surfaces. 
There was some very low level noise 
in several of the cuts, but it was ob- 
vious the noise was in the tape master, 
not the result of processing. This 
pressing along with those from 
Phillips, show that superb record 
quality can be achieved. 

I must say a word in defense of our 
American companies, who under the 
stress of an entirely different econ- 
omic situation, nevertheless produce 
some very quiet pressings. The prem- 
ier product from Columbia, the discs 
from the WEA group, and the new 
CD -4 compound of RCA are gener- 
ally quite good. Warpage is one of the 
major problems of American discs, 
with the new thinner discs really be- 
coming contorted! 

Okay, you say, we've heard all the 
horror stories. What is the problem? 
What is responsible for all these poor 
pressings? Don't the record compan- 
ies care? 

In a large sense, it's the story of the 
old American hustle and bustle, our 
huge mass market for recordings, and 
our mania for mass -production effi- 
ciency. I hardly need dwell on the 
many other products in America 
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We're not afraid 
to turn our back 

on you. 

Introducing 
the RS4744 

We can afford to be very 
forward about our back. 

Because the back of our RS 
4744 stereo receiver is one of 
the most versatile you'll ever see. We've got 
phono inputs for two different turntables. And 
two sets of tape monitor input and output 
jacks. And terminals for main speakers, re- 
mote speakers, and PQ4 speakers. And three 
AC power outlets, one switched and two un - 
switched. The rest you can see for yourself 
in the picture above. 

But what's behind our back is just as im- 
pressive as the back itself. 

As Popular Electronics* put it, the RS 4744 
"met or surpassed all the published speci- 
fications we were able to test" and was 

...well above average 
in the important per- 
formance aspects." 

Take power, for ex- 
ample. Popular Electron- 

ics found the RS 4744 "con- 
servatively rated" at 60 watts per 

channel, min. RMS at 4 to 8 ohms from 20Hz 
to 20kHz with no more than .25% Total Har- 
monic Distortion. Which made it "outstand- 
ing for a receiver in the RS 4744's price 
range." FM 50 dB quieting sensitivity was 
equally impressive-"a very good 3µv in mono 
and 35µv in stereo." 

But don't take our word for it. Or their 
word for it. Go see the RS 4744 for yourself. 

Back or front, any way you look at it, the 
RS 4744 is one fine stereo receiver. 

*Popular Electronics. December 1974 Issue. 

SYLVANIA 
Check No.27 on Reader Service Card 



The Qucidiophile's 
Features and specs, like 

money, aren't everything, but they can 
help a lot. Take6a look at the compari- 
son chart on the opposite page. You 
will find there many reasons why Sansui 
4 -channel technology is superior and 
why every Sansui 4 -channel receiver is 

the best buy in its category. Of course, 
on 'y a demonstration can really show 
you Sansui's ingenuity and what the 
famous Sansui sense of sound can do 
for you and your musical enjoyment. 
Only a Sansui 4 -channel receiver with 
vario -matrix' can give you outstanding 
4 -channel separation, a clear sense of 
location and full musicality. 

A Sansui 4 -channel receiver 
ca'i synthesize any of your favorite 
stereo records or tapes into fascinating 
quadraphonic sound. And they also 
contain the Sansui universal decoding 
system which permits decoding from 
any 4 -channel source, including SQ 
and CD -4. Of course, the best way is to 
listen to 4 -channel from 4 -channel rec- 
ords or QS broadcasts. 

Look carefully at the chart on 
the opposite page and then go to your 
nearest Sansui franchised dealer and 
listen to a demonstration. Prove to your- 
self what Sansui can do for you. Or write 
today for the brochure "What you 
should know about 4 -Channel Sound." 

vario -matrix is the only 4 -channel technology 
which offers highest interchannel separation, full 
frequency response, wide dynamic range, low 
distortion. 

SANSUI ELECTRONICS CORP. 
Woodside, New York 11377 
Gardena, California 90247 
SANSUI ELECTRIC CO. LTD. Tokyo, Japan 
SANSUI AUDIO EUROPE S.A. Antwerp, Belgium 
ELECTRONIC DISTRIBUTORS (Canada) B.C. 

( !wit, No 2 í on R,,irlrr tirrl,ir i ( , rd 

The Sansui QRX-3000 

the Sansui QRX-3500 
_.,-m-ABBRUNINN . 

The Sansui QRX-6001 
.ff. ?'+rrtftfritt tt4 "11+ti?iíc4e, 

the Bonsai QRX-7001 
o 



Compañson Chad 

Y 

Power Rance: 9-15 Watts 

MANUFACTURER 
MODEL 

SANSUI 
QRX-3000 

Fisher 
334 

Kenwood 
KR -6340 

Pioneer 
QX-646 

Sony 
SQR-4790 

Technics 
SA -8000X 

QS 
DECODING 

Built-in 
VARIO -MATRIX 

Simple 
RM 

Simple 
RM 

Adjust - 
able RM 

SQ 
DECODING 

Built-in 
VARIO -MATRIX 

Simple 
SQ 

Simple 
SQ 

Simple 
SQ 

Full logic 
SQ 

SYNTHESIZING 
SURROUND 

Built -i 
VARIO -MATRIX 

SYNTHESIZING 
HALL -AMBIENCE 

Built-in 
VARIO -MATRIX 

Simple 
Mahbt 

CD -4 
DEMODULATING 

Adaptor Bu It -In Adaptor Built-in Adaptor Built-in 

Power Ranae: 16-24 Watts 

MANUFACTURER 
MODEL 

SANSUI 
QRX-3500 

Fisher 
534 

Harman Kordon 
800+ 

Marantz 
4240 

Pioneer 
QX-747 

Sony 
SQR-6750 

QS 
DECODING 

SQ 
DECODING 

Built-in 
VARIO -MATRIX 

Simple 
RM 

Adjustable 
RM 

Simple 
RM 

Built-in 
VARIO -MATRIX 

FUI Logic 
SQ 

Simple 
SQ 

Simple 
SQ 

Full Logic 
SQ 

SYNTHESIZING 
SURROUND 

Built -In 
VARIO -MATRIX 

- 
SYNTHESIZING 
HALL -AMBIENCE 

Built-in 
VARIO -MATRIX 

Mattix imple e Sinpi SMate 

Built-in CD-4 
DEMODULATING 

Adaptor Built-in Adaptor Built-in Adaptor 

Power Ranae: 25-34 Watts 
MANUFACTURER 
MODEL 

SANSUI 
QRX-6001 

Harmon Kardon 
900 + 

Kenwood 
KR -8340 

Marantz 
4270 

Adjussttiable 

Sony 
SQR-8; 50 

Technics 
8500 

Impie 
RM QS 

DECODING 
Built-in 
VARIO -MATRIX 

Sinple 
RM 

Simple 
RM 

SQ 
DECODING 

Built -In 
VARIO -MATRIX 

Simple 
SQ 

Simple 
SQ 

Fullul Logic 

SYNTHESIZING 
SURROUND 

Built-in 
VARIO -MATRIX - 

SYNTHESIZING 
HALL -AMBIENCE 

Built-in 
VARIO -MATRIX 

Simple 
Matrix 

Simple 
Ma te 

CD -4 
DEMODULATING 

Built-in Bui t -in Adaptor Adaptor Adaptor Built-in 

Power Range: 35-45 Watts 

MANUFACTURER 
MODEL 

QS 
DECODING 

SQ 
DECODING 

SYNTHESIZING 
SURROUND 

SYNTHESIZING 
HALL -AMBIENCE 

CD -4 
DEMODULATING 

SANSUI 
QRX-7001 

Built-in 
VARIO -MATRIX 

Built-in Full Logic 
VARIO -MATRIX EQ 

Built -ín 
VARIO -MATRIX 

Built-in 
VARIO -MATRIX 

Built-in 

Asher 
E34 

Kenwood 
KR -8840 4300 QX949 

Simple Adjustable Simple 
RM kM RM 

Full Logic 
SQ 

Marantz Pioneer :ylvania 
2Q-3747 

Simple 
SQ 

Simple 
SQ 

Simple 
Matrbc 

Built -In Built-in Adaptor Built-in Adaptor 

tm 
SQ - CBS Inc. 

tm 
CD-4 -JVC Inc. 

tm 
QS-Sansui Electric Co., Ltd. 



which have undergone a gradual de- 
terioration in quality, a sacrifice to 
higher output and more profits. The 
plain fact is that on the whole we pro- 
cess our pressings too rapidly. In our 
transfers from tape to the lacquer 
master, we have the precision lathes 
and the know-how, and we don't 
have to take our hats off to anybody. 
In this respect we are as well off or 
better than those in similar situations 
in other countries. However, the pre- 
cious master lacquer is electroplated 

too quickly at elevated voltages and 
temperatures, and the intervening 
steps and the subsequent metal are 
molded in the same fashion, too 
rapidly. This causes an excessive and 
quite rough build-up of metal cry- 
stals on the un modulated back of the 
record, and by the time we get to the 
nickel stamper, it is necessary to grind 
off these deposits so the stamper can 
fit intimately with the die in the press. 
This causes tiny protuberences on the 
modulated surface, giving a sort of 

THE SECRET OF 
is 

SOUND SUCCESS FOR 

THOSE WHO ARE ABLE 

TO UNDERSTAND IT 

STR uses three distinctly different ap- 
proaches to produce the accurate 
sourd of the Omega II. We take full ad- 
vantage of our pioneering efforts with 
piezoelectric tweeters to make our 
totally accurate and phenomenally 
transparent high end. We do this by 
using a piezoelectric tweeter in con- 
junction with a one inch dome tweeter, 
the Dmega II produces widely dis- 
persed, high frequency response ex- 
tending to well beyond 20 Khz. Our 
midrange is sealed in an acoustic 
suspension enclosure for vibrant forth- 
right response. Our 8" midrange is 
both efficient and accurate and can 
hand'e as much power as one would 
care to put in. Two 12" woofers are 
mourted in the Omega Il's dual slot 
radiator bass enclosure to provide bass 
respcnse to below 30 Hz accurately for 
those heart stopping passages you 
only thought you couldn't hear. So 
when you want to spend $1,000.00 on 
a pair of speakers why not get three 
speaker systems of incomparable 
quality for the price of one speaker of 
conventional sound. 

STR sound quality is available from 
only the most discriminating audio 
dealers. 

For further information please contact: 
S.T.R. INC. 
3000 Orange Grove Avenue 
North Highlands, CA 95660 
(916) 488-6801 

In Canada contact: 
UNIVERSAL RESEARCH CORP. 
13336 134th Street 
Edmonton Alberta, Canada 
(403) 454-1003 

IS THE OMEGA II REALLY 3 
DIFFERENT SPEAKER SYSTEMS? 

0,113 

1048 

FREQUENCY RESPONSL 

a is ,,, 

DRIVERS: Two 12 inch woofers with control 
One 8 inch midrange with control 
One 3/4 inch dome tweeter with control 
One Piezoelectric tweeter with control 

SIZE: Height 31 3/4 inches 
Depth 15 3/4 inches 

Width 31 3/4 inches 

FINISH: Hand finished satin walnut with black grille cloth. 

WEIGHT: 150 pounds 

EFFICIENCY: Output level is 93 dB at 1 meter on axis with 1 

watt RMS driving power at 100 Hz. 

CROSSOVER FREQUENCYS: 

100 Hz and 3,000 Hz. 

RECOMMENDED AMPLIFIER POWER LIMITS: 

Minimum 20 Watts RMS/ch 
Maximum 250 Watts RMS/ch 

PROTECTION: 

2 fast blow fuse, 5 amp woofer, 1.5 amp 
midrange. 

BASIC DESIGN: 

Two side by side but separate infinite baffle 
enclosures with bottom facing woofers firing 
simultaneously into a common cavity. 

CONNECTORS: 

5 -way binding posts for Bi -Amp or Tri -Amp in- 
puts. Quick connect push terminal for normal 
input. 

WARRANTY: Lifetime to original owner to specification. 

Check No. 26 on Reader Service Card 

"orange peel" appearance. This is 
known as mold grain, and if your 
speaker has good enough low fre- 
quency response, it will be heard as 
an annoying rumble -like sound. In 
the heating/cooling cycle of the pres- 
sing, here again the culprit that gives 
rise to many of the noises is the "hurry 
up" syndrome. In general, if a press- 
ing is cycled in, for example, 40 
seconds, rather than 50 or 60 seconds, 
the disc is usually noisier. Quite ob- 
viously the reasoning here is that with 
the slower cycle there is less produc- 
tion per day. Pinch or "edge" warp is 
the most common warpage defect in 
records, and it is caused by the opera- 
tors of non -automated presses re- 
moving the disc from the press while 
it is still too warm, and placing it on 
the stacking spindle with their fingers. 

Finally we come to the matter of 
the compound used for the pressing. 
Basically, of course, it is vinyl with the 
addition of plasticizers, lubricants like 
lead sterate, and anti -static chemi- 
cals such as Catenac. The formulas 
vary but slightly from company to 
company. The use of a somewhat 
gritty filler was once fairly common, 
especially among the smaller com- 
panies, but this is rare now. There 
occurred until recently a shortage of 
vinyl because of the oil crisis, and this 
resulted in the use of some recycled 
vinyl. It is said that as much as 30 or 40 
percent was used in some pressings. 
Since recycled vinyl is chopped up old 
records, paper labels and all, even 
with careful filtration some par- 
ticulate matter was bound to pass 
through and, needless to say, caused 
noise. 

What can be done about poor 
pressing quality? Isn't the consumer 
entitled to a high quality record at to- 
day's high prices. Sure enough, but 
with the attitudes prevailing in this 
country, and our entrenched indus- 
tries, change for the better is prob- 
ably wishful thinking. Which is not to 
say that under certain circumstances, 
the record industry wouldn't be res- 
ponsive to pleas for upgrading of 
pressing quality. The circumstances? 
Simple, friend. As with the imported 
discs, offer to pay the record com- 
panies a premium for a special high 
quality pressing. There is even a pre- 
cedent for this, when many years ago 
Westminster Records issued their spe- 
cial "Lab Series" recordings for a dol- 
lar more than the standard product. 
Call me a fink, and cast aspersions 
upon my head, but I honestly don't 
see any improvements happening in 
any other way. You've spent a lot of 
money on super -sensitive, high qual- 
ity audio equipment. If you don't feed 
in the best source, it won't give you 
back in kind! to, 
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LOW MASS 
CARTRIDGES 
With the patented feather - light 
stylus that traces record grooves 
with a higher degree of accuracy. 

ADC-Super XLM 
CD -4 Cartridge 
Sensitivity: 

2.0 mv./5.5 cms./sec. 
Tracking Force: 

3/4 to 11/2 grams 
Frequency Response: 

10 Hz to 50 KHz ±5dB 
10 Hz to 20 KHz ±2dB 

Channel Separation: 
28 dB 

Stylus Tip: 
Shibata Type 
.0002" x .002" 

ADC-XLM 
Stereo Cartridge 
Sensitivity: 

3.5 mv./5.5 cms./sec. 
Tracking Force: 

3/4 to 11/2 grams 
Frequency Response: 

10 Hz to 24 KHz ± 2 dB 
Channel Separation: 

28 dB 
Stylus Tip: 

.0003" x .0007" Elliptical 

ADC-VLM 
Stereo Cartridge 
Sensitivity: 

3.5 mv./5.5 cms./sec. 
Tracking Force: 

3/4 to 11/2 grams 
Frequency Response: 

101íz to 20 KHz ± 2 dB 
Channel Separation: 

24 dB 
Stylus Tip: 

.0003" x .0007" Elliptical 

AUDIO DYNAMICS CORPORATION 
A BSR Company New Milford, Conn. 06776 

The patented low -mass design 
assures lower distortion and 
greater tracing accuracy. 
The cartridge is the least expensive but one 
of the most critical components in a hi-fi 
system. Its stylus is the only contact with 
the complicated modulation of the record 
groove. To extract every note without 
distortion, especially at the high frequencies 
of the audible spectrum, is the problem. 

Lower mass = higher accuracy. 
Since the magnet itself in a moving magnet 
cartridge contributes significantly to its 

mass, ADC created and patented an 

"induced magnet" cartridge that reduces 
the mass in the moving system. This allows 
the stylus to track with a lower force 
resulting in superior tracing accuracy and 
low distortion. 

You can actually hear the difference. 
Ask your hi-fi dealer to demonstrate the 
comparison between an ADC cartridge and 
any other brand. There is an audible 
difference that can easily be distinguished. 

A modestly priced ADC cartridge may be all 

you need to upgrade the sound of your 
entire hi-fi system-and there's a model 
compatible with every brand of manual 
turntable or record changer. 

Send for a free detailed brochure of the 
complete line of ADC cartridges. 



In a 
class 

itse' 
The Phase Linear 400 Power 
Amplifier has only one serious 
competitor when it comes to 
advanced design, superior perfor- 
mance, made -one -at -a -time 
craftsmanship, proven reliability, 
elegant appearance ... and 
incomparable value. And that's 
the Phase Linear 700B. Hear 
them both at your dealer soon. 

e 

00 
THL POWERFUL DIFFERENCE 

201 watts her channel. min. RVIS ;rt 8 ohms 
Inuit 20 Hz -20 kHz with no more than -25' 
total harmonic distortion. 

PHASE LINEAR CORPORATION 
20121 - 48th Avenue S.W. 
Lynnwood, Washington 98036 
Check No. 15 on Reader Service Card 

Dear Editor: 
J 

ABOUT THAT V-FET AD... 
To the Sony Corp.: 

Congratulations to Sony on the 
development of your new V-FET out- 
put devices. This is the first time since 
the introduction of the bipolar tran- 
sistor that a large company with your 
degree of influence has advocated a 

return to purist design philosophies. 
We feel that the whole industry will 
benefit from your new position. 

Ever since the introduction of the 
bipolar transistor, we have been ad- 
vocating purist design concepts, such 
as push -pulling, cross coupling and 
fully complementary stages, the use of 
amplification devices within their 
linear range, moderate amounts of 
negative feedback, etc. 

While it can be claimed that FETs 

perform like vacuum tubes (every- 
thing else being equal), our research 
(dating back to 1955) indicates that al- 
though FETs are similiar to vacuum 
tubes, each has certain desirable 
characteristics not duplicated by the 
other. 

In fairness to the consumer, we 
should try to prevent gross over- 
simplifications such as "tube amps 
sound better" or "FET amps sound 
better." Just as with any complex sys- 
tem, an amplifier is more than the 
type of devices which are used. Even 
the bipolar transistor will approach 
linear operation under certain condi- 
tions. (However, designing a truly 
musical amplifier with bipolars is 

another matter.) 
Perhaps now, with your influence, 

the concept that an amplifier can 
measure well under static conditions 
and yet sound unmusical can be suc- 
cessfully conveyed to the industry. 

William Johnson 
Audio Research Corp. 

Minneapolis, Minn. 

SONY REPLIES 
Dear Sir: 

With regard to William Johnson's 
letter to Sony, we say again, "Thanks 
Audio Research! We couldn't agree 
with you more." And, as the headline 
in our March ad in Audio stated, we 
expected someone of Mr. Johnson's 
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stature to be most interested and ap- 
preciative of our new V-FET technol- 
ogy. Audio Research's congratula- 
tions are most welcome and appre- 
ciated. 

We do take small issue with Mr. 
Johnson where he seems to be cau- 
tioning Sony not to oversimplify the 
issue of V-Fets. Although he does not 
directly refer to our March ad in 
Audio, it is the only one he could 
question as it served to first introduce 
Sony's new series on V-FET amplifiers. 
Within the space limitations of the ad, 
we feel that we have properly describ- 
ed the performance characteristics of 
three different output devices: triode 
vacuum tube, bipolar transistor and 
vertical field effect transistor. And we 
have also presented what are, in 
Sony's opinion, the advantages and 
disadvantages of each. We encourage 
you to review our ad and decide for 
yourself whether we have over- 
simplified our message. 

The great, better, best approach to 
advertising has always been unac- 
ceptable to Sony. We do, however, 
feel that our V-FET sound will be- 
come a new standard in sound repro- 
duction. In fact, the following ex- 
cerpt from our ad challenges you to 
go and hear what we've been hearing. 

"At Sony, we've always main- 
tained that, in the end, the best 
way to buy equipment is to hear 
it for yourself. So we're making 
what's probably the best offer 
you've ever heard. Have your 
dealer hook up our new V-FET 
equipment against anything 
made by anybody. If we sound 
sure of ourselves, we are. 

And we're sure your own ears 
will tell you we've got the best 
sound you've ever heard." 

Our conviction at Sony is that, in 
the final analysis, listening is the most 
valuable form of analysis. Your own 
ears will tell you what sound is musical 
or unmusical. If we sound confident 
in our new V-FET sound, we are. We 
believe in our products and we know 
to what standards they're made. We 

(Continued on page 65) 
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We're one of two major 
companies seriously and 
exclusively into the manufacture 
of high performance tape 
recorders. The smaller one. 

When you work with a tape 
recorder the only thing that 
counts is how well it works with 
you, not the size of the 
company that made it. 

For sure they sell more tape 
recorders than we do. But you're 
only interested in the one you buy. 
They spend more on advertising, 

too. But you're buying a tape 
recorder, not an ad. 

They have a sophisticated 
assembly line and so do we. 
Theirs is just longer. They have a 

big quality control department 
and ours is smaller. But only one 
man can check one machine at a 

time and it's the commitment to 
quality that matters. 

They're continually working on 
new products...we are, too. And 
good ideas have nothing to do 
with size. 

TEAC 2340 DOKORDER 7140 

Motors 3 Motors 3 

Heads 3 Heads 3 

4 -Channel Record 
and Playback 

Yes 4 -Channel Record 
and Playback 

Yes 

Built-in S-O-S/Echo No Built-in S-O-S/Echo Yes 

Overdub Yes Overdub Yes 

Frequency Response 
at 71/4 ips 

3 dB, 
40-18,000 Hz 

Frequency Response 
at 7'/4 ips 

-±-3 dB, 
30-23,000 Hz 

S/N 55 dB S/N 58 dB 

Wow and Flutter 
at7'/:ips 

0.08% Wow and Flutter 
at7yZips 

0.08% 

Manufacturer's 
suggested retail price 

$739.50 Manufacturer's 
suggested retail price 

$629.95 

Features and specifications as published by respective manufacturers in currently available literature. 

DOKORDER 7140 
5430 Rosecrans Avenue, Lawndale, California 90260 

So if you compare specs, features 
and functions you'll find yourself 
comparing two excellent tape 
recorders. One of them, however, 
takes significantly fewer dollars to 
buy. Ours. And that's the difference. 

You won't a 'ways find TEAC and 
DOKORDER at the same store; 
we're too much alike. Naturally 
they have more dealers, so you 
may have to look around a little. 

But that's the only price you'll have 
to pay for paying a lower price. 

Check No. 6 on Reader Service Card 



Editor's Review 

WHO ARE the top ten high fidelity manufac- 
turers in the United States? Take a minute 
and guess-before reading the rest of this 

editorial. 
In a feature story in the January 29th edition of 

Home Furnishings Daily, H.W. Hutchinson says that 
half of the hi-fi industry's estimated $750 million in 
sales during 1974 was accounted for by the ten lead- 
ing organizations. And this is a down economy, with 
figures like those? Pretty startling, aren't they? 

Okay, so who's on top? Most likely U.S. Pioneer, 
according to Hutchinson, since they had a reported 
volume of about $80 million last year, a figure which 
the firm says is accurate. (All these figures are fac- 
tory values.) 

Marantz, says Hutchinson, is second with $50 mil- 
lion, a total which doesn't include the firm's sub- 
stantial export business or contributions from Sony 
tape equipment or Superscope brand products. 

Fisher Radio is listed as third, with an estimated 
$30 million in U.S. sales. Fisher, of course, does a 

large amount of OEM and private -label business in 
speakers; these figures are included in their total, 
though sales from the firm's modular stereo busi- 
ness are not. 

TEAC was fourth, with an estimated $29 million, a 

total which again did not include the firm's export 
business, the TASCAM pro line, or the recently in- 
troduced Kensonic Accuphase electronics. Signifi- 
cantly, as Hutchinson points out, TEAC's position was 
achieved without the wide product lines of the other 
leaders, as the firm concentrated almost exclusively 
on tape recorders until the introduction of the Ken - 
sonic line. 

Kenwood was placed fifth, with $26 million, while 
Sansui, at $22 million, was sixth. These two are full - 
line firms. 

At seventh, JBL was the second specialist firm 
(speakers) on the list, with estimated sales of $21 mil- 
lion in the U.S. Hutchinson notes that JBL exports 
about 40 percent of its total production each year. 

United Audio, specializing in Dual turntables 
(though it introduced a high -end cassette deck last 
year), was next with an estimated $20 million. This 
figure was also the reported achievement of Shure 
Bros., which makes phono cartridges (principally). 
Some $18 million was the reported total for JVC in 
the U.S., which excluded their TV, modular hi-fi, and 
portable radio business. 

Well, there they are, the top ten of audio. I think 
those figures are pretty impressive, both indivi- 
dually and collectively. Congratulations, industry, on 
staying so strong in these tough times. 

FTC Regulation... Next? 
If you read what Brian Wachner and Bob Tucker 

had to say about the FTC power -output regulation 
(February) you probably were interested in what else 
they had to say on the subject last month (Dear 
Editor, April). 

Perhaps too you'll be interested in a few of my 
thoughts on FTC regulation, such as they are. First of 
all, there are some practical aspects of the rule with 
which we editors and publishers have to deal. These 
are partially covered in my comment in the letters 
column, but it may be surprising to learn that this 
editor doesn't see most of the ads for a particular 
issue until it is in its final proof stage. Our publisher 
ordinarily will not see an ad until the magazine has 
been published. 

While the basic intent of the power -output rule is 
laudable, it seems from this vantage point that the 
whole business opens the door for further action by 
government agencies. And if you thought there 
were strong discussions of the power -output rule in 
this and other magazines devoted to the "sport" of 
audio, think for a moment about what would hap- 
pen if the FTC got into speakers. (Frankly, I almost 
hesitate to suggest such a thing in print for fear that 
the FTC will open that Pandora's box, but, no, I know 
of no plans by the FTC to do so.) I therefore suggest 
that the IHF, EIA, IEEE, AES, or somebody form a 

committee-of engineering folks, I hope-to draw 
up some reasonable standards for speaker measure- 
ment. While such standards ought, most properly, 
come from an industry organization, I am willing to 
act as a clearing house for suggestions and com- 
ments until an appropriate committee is set up. But 
we ought to get off the dime, to get active, instead of 
being put into a defensive, reactive position at some 
time in the future. We just might learn something 
about speakers in the process. 

Ultima One 
Okay, you win! I'll admit it; we pulled your leg 

four months early this year. The Ultima One, from 
Ultima Electronics, which graced the cover of our 
January issue, is not a real receiver. The "engineer," 
Karl Kofoed, really isn't an engineer at all but an art- 
ist -friend of Audio, and obviously his work is good 
since a lot of you thought that the Ultima One was a 

real receiver. So, yes, it was a hoax, but we had fun 
with it and something fun isn't bad in these all -too - 
serious times. We hope that you aren't mad at us for 
peering into the future to come up with the Ultima, 
and to those who are still mad at us, we apologize, 
quite sincerely. E.P. 
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Discover 
The Fourth 
Component: 
You have a receiver. You have a turntable. 
You have your speakers. You think you have it made. 

Well, think again. Think about the cartridge, because 
your pick-up can make or break the performance of 
your audio system. It's the part too many stereo be- 
ginners forget. That important fourth part where the 
music begins. 

You may not realize it, but your cartridge and its 
stylus has first contact with the music in the grooves of 
your records. But it doesn't just plod along round and 
round producing all that sound. It's actually vibrating 
along the sides of the grooves in an incredibly complex 
dance that represents all the music on the record. And 
all too quickly for your eye to see, but not for your ear 
to hear. Because if your cartridge is faulty, no amount 
of expensive equipment ... speakers, turntable or re- 
ceiver ... will make up for the distortion it can produce. 

That's why you need a cartridge you can depend on. 
One that's the best your money can buy. Specifically, 
a Pickering: 
Because a Pickering cartridge has the superior ability 
to "move in the groove" ... from side to side and up 
and down without shattering the sound of your music 
... on your records. 

Because a Pickering cartridge possesses low frequen- 
cy tracking ability and high frequency tracing ability 
(which Pickering calls 1R7aCQ{Ía/%1' "),It picks up the 
highest highs and the lowest lows of musical tones to 
reveal the distinctive quality of each instrument. 

Because only a Pickering cartridge can be individually 
and easily suited to your music system. Each is rated 
with a Dynamic Coupling Factor which tells the dealer 
immediately what kind of turntable or separate arm the 
pick-up needs whether your system is stereo or discrete 
quad. 

Your stereo cartridge. It's the fourth part of your 
music system that's too important to forget. And so is 
a Pickering. 

For further information see reader service card 
or write to Pickering & Co. Inc. Dept. A 
101 Sunnyside Blvd., Plainview, N.Y. 11803 

m IPIcKERiNG 
'for those who can 'hear the difference' 

Check No. 17 on Reader Service Card 



DUAL IMPEDANCE 
trilEADPIIII 
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MOST HEADSETS for use with 
modern music systems have a 

nominal impedance of 8 
ohms, and most modern stereophon- 
ic amplifiers include circuitry to drive 
such headsets. But many high -quality 
headsets, such as those intended for 
professional use, have much higher 
nominal impedance, typically 600 
ohms. The same is true of many rep- 
resentative high quality headsets, in- 
cluding the AKG (Philips) K-180 and 
Beyer (Revox) DT302 at 600 ohms, 
Telefunken TH -28 at 400 ohms, Koss 
Pro/4AA at 250 ohms, Lafayette F-600 

OUTPUT 
AMPLIFIERS 

v1u 
, 

HEADPHONES 

RD 

TO 

LWDSPEAKERS 

Fig. 1A-Typical circuit for driving 
stereo headphones. 

(HEADPHONE) 
z, 

Fig. 1B-Equivalent circuit (one side 
only). 

(HEADPHONE) 
ZL OR ZH 

STEP DOWN 
TRANSFORMER 

Fig. 2-Basic dual -impedance head- 
phone circuit. 

D.A. Kerr 

and Ercona D-42 at 200 ohms, and 
Sennheiser HD414 at 2000 ohms. 

The audiophile who has two or 
more headsets of different rated im- 
pedances may be at a loss to know 
how to accommodate them to his 
amplifier. Fortunately, a simple cir- 
cuit modification may be easily made 
to most amplifiers to allow headsets of 
different impedances to be used in- 
terchangeably with comparable per- 
formance. No impedance selector 
switch is required, and the circuit 
delivers equal audio power to either 
headset assuming of course, that they 
are of comparable efficiencies. 

Such an arrangement may at first 
seem paradoxical: if the circuit 
matches the impedance of one type 
of headset, it certainly cannot match 
the other. But impedance matching, 
in the conventional sense, is not used 
in the normal headset -driving circuit. 
The tiny amount of power required to 
drive a headset, typically less than one 
milliwatt, is many thousand times less 
than a power amplifier would deliver 
into a truly matched load. 

This is because in modern audio 
power amplifiers the load (loud- 
speaker) is not matched to the inter- 
nal impedance of the output stage. 
Typically the source impedance of the 
output stage is many times less than 
the rated load impedance. This pro- 
duces presently accepted values of 
damping factor and, for modern amp- 
lifier circuits, is consistent with low - 
distortion operation. 

Figure 1A shows a typical head- 
phone circuit, and Fig. 1B shows its es- 
sential technical features. Resistor Ro 
in series with each headphone chan- 
nel is chosen to provide an appropri- 
ately small amount of power to the 
headphone. It can even be thought of 
as providing an intentional mismatch 

between amplifier and headphone. 
The impedance of the source feeding 
the headphone is essentially equal to 
Ro, typically much greater than the 
impedance of the headphone load, 
Z. 

Now consider our objective of deli- 
vering comparable amounts of power 
into two significantly different impe- 
dances. We will call the lower of these 
ZL (perhaps 8 ohms) and the higher 
one ZF, (let us say 600 ohms). Imag- 
ine that the internal, or source, impe- 
dance (Rs) of the new headphone - 
driving circuit were a value between 
ZL and ZH . When the load is ZL, there 
is a mismatch between the source and 
the load due to the fact that Rs is 

higher than ZL. When the load is ZH, 
there is a mismatch due to the fact 
that Rs is lower than Z H. By properly 
choosing the value of R s, these two 
mismatches may be made equal in 
magnitude, and thus the same power 
will be delivered to each headset. 

This value of Rs is ZLZH, and is 

given in Table 1 for the most com- 
mon combinations of ZL and ZH. 

However, in most cases we cannot 
simply replace the R o resistors in the 
present headphone circuit with resis- 
tors of value Rs. This is because Rs is 

usually significantly smaller than the 
source impedance, R O. Hence the re- 
sulting power to either headset would 
be much greater than with the orig- 
inal circuit, requiring the amplifier to 
be operated at an unnaturally low vol- 
ume level when headphones were in 
use. 

In Fig. 2 we see a hypothetical cir- 
cuit which solves this problem. The 
source impedance has indeed been 
made R s, but step-down transformer 
T1 has been added to reduce the vol- 
tage supplied to the circuit to a value 
producing the same power into the 
headsets that would have been deli - 
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vered by the original (R o) circuit into 
the headset impedance for which it 
was intended. 

Fortunately, in most cases the trans- 
former can be eliminated by the cir- 
cuit of Fig. 3A. So far as the behavior 
of this circuit at the output terminals is 

concerned, it can be considered iden- 
tical to the circuit of Fig. 3B. The equi- 
valent source voltage of this second 
circuit, Et, is the true driving voltage, 
El, reduced by the voltage dividing 
action of R and R2. The equivalent 
source impedance, RE, is the value 
which would be obtained by con- 
necting R, and R, in parallel. 

Thus, by properly choosing the val- 
ues of R, and R2, we can create a cir- 
cuit which acts like the circuit of Fig. 
2, the voltage -divider action exactly 
replacing the voltage step-down pro- 
vided by the transformer, T1, and the 
equivalent source impedance (RE) 
having the value desired, Rs. If Rs 
were larger than R o transformer T1 
would have been a step-up trans- 
former, and no choice of R, and R 

could be made which would allow the 
circuit of Fig. 3A to replace the circuit 
of Fig. 2. This situation rarely arises 
with conventional audio power amp- 
lifiers. 

The equations for determining the 
values of R , and R are given in the 
box. 

Fortunately, for the impedance val- 
ues, and values of R o encountered in 
most applications of this circuit, we 
can use a compromise circuit which 
avoids replacing the original series re- 
sistor, R o , with a new resistor, R , . We 
merely leave the present R o resis- 
tor(s) in the circuit and add, in para- 
llel with each, a resistance which we 
shall call RP. By proper choice of RP, 
the source impedance becomes Zs, as 
originally desired, and equal power 
will be delivered to headsets of either 
impedance. Although this power level 
may be slightly different from that 
delivered by the original (unmodi- 
fied) circuit, in most situations the dif- 
ference will be far less than the dif- 
ferences in headset power level pro- 
vided by different amplifiers, for ex- 
ample. And this circuit is easy to in- 
stall, involving only addition of the 
two resistors RP in parallel with the 
headphone connections. 

Table 2 gives appropriate value of 
RP for combinations of an 8 ohm 
headphone impedance and various 
higher impedances, as well as for vari- 
ous values of R o originally present in 
the amplifier. For all combinations, 
the difference between the power 
level supplied by the new circuit and 
that supplied by the original circuit is 
less than 3 dB. 

The values in Table 2 have been 

rounded to the nearest Radio TV 
Manufacturers' Association value for 
20% resistors. If the value of R o de- 
sired is not in the table, use the near- 
est listed value. The power dissipated 
in the Rp resistors is very small, and 1/4 

watt carbon resistors may be used. If 
space permits and since they are more 
easily available, 1/2 watt or larger re- 
sistors may be used. 

In most modern amplifiers, the 
most convenient location for the 
added resistors is right at the jack. The 
common (ground) end of each resis- 
tor can be connected to the common 
(sleeve) terminal of the jack, with the 
other end of the two resistors going to 
the tip and ring terminals. Figure 4 
shows the final circuit. 

For those interested in applying 

TABLE I 

R s values for equal power into various 
values of ZE and Z H (ohms) 

1H 

LE 50 600 2000 10,000 

8 20 69 126 283 
50 - 173 316 707 

600 - - 1100 2,450 
Rs 

2000 - - 4,470 

TABLE 2-Load impedance, 8 and: 
To determine values of RP,which in 
parallel with present resistor R o will 
produce equal power into various 
load combinations. (All values ohms) 

Ro 50 600 2,000 10,000 
150 22 120 820 * 

180 22 120 390 * 

220 22 100 330 
270 22 100 220 ** 

330 22 82 220 1,800 
390 22 82 180 1,000 
470 22 82 180 680 
560 22 82 150 560 
680 22 82 150 470 
820 22 68 150 470 

*Indicates unworkable combination. 
**No added resistance required; use 
circuit as is. 

E 

OUTPUT 
AMPLIFIERS 

E1 

RE RI+R2 

(SAME AS R1 AND R2 IN PARALLEL) 

these circuits to situations not cov- 
ered by the tables, the box gives the 
equations needed to calculate the 
various values. 

It would often be desirable to pro- 
vide dual -impedance headset oper- 
ation for the monitor circuit of a tape 
recorder. However, if the present 
monitor circuit feeds directly from the 
line output of the recorder, or from a 

low -power headphone amplifier, 
then the circuit described by this arti- 
cle probably cannot be used. This is 

because such lower -power sources 
usually have low values Ro, and as 
previously mentioned the dual impe- 
dance circuit cannot handle the case 
where R s is to be greater than R o . 

Another way to characterize this limi- 
tation is that a low -power source can - 

OUTPUT 

Fig. 3A-Voltage divider circuit. 

R2 
EE = E1 

RI+R2 
RI R2 

i 

OUTPUT 

Fig. 3B-Equivalent voltage divider 
circuit. 

Rp S' 
TO M v HEADPHONE 

= Rp Ro 

JACK LOUDSPEAKERS 

i 
HEAVY LINES SHOW 
ADDED PARTS 

Fig. 4-Final dual -impedance headphone circuit. 
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THE PRO/AM 

TAPE 

Introducing MaxellUltra Dynamic 
backcoated/open reel tape. 

A professional studio engineer 
doesn't have time for dropouts, wow, flut- 
ter, tape noise, static, poor winding, 
edge damage or erratic tape traction. 
Maxell Ultra Dynamic tape has the 
backcoating that eliminates these record- 
ing obstacles. 

That's why the professionals use it. 

And why you should too. 

While your Maxell UD tape is run- 
ning (and the backcoating is protecting 
your music) you can concentrate on mike 
placement, sound levels and the more 
creative side of audio...like shushing the 
kids in the next room. 

Maxel I Corporation of America, 
Moonachie, New Jersey 07074. Also avai (- 

able in Canada. maxell 
For professional recordings 

at home. 
Check No. lion Reader Service Card /! 

not deliver adequate power to a 

headphone through the impedance 
mismatch upon which operation of 
the "dual impedance" circuit de- 
pends. If the headphone monitor cir- 
cuit is driven from an internal loud- 
speaker amplifier, with series resis- 
tors, as in Fig. 1, then this dual -impe- 
dance circuit can be applied. tee> 

Equations 
To determine impedance, Rs 

needed to provide equal power into 
loads Z, and Z1-1 (Ref. Fig. 2): 
(1) Rs = VZL ZH. 

Series resistance, R,, and shunt re- 
sistance, R2, to give source impe- 
dance Rs and to deliver the same 
power to loads ZL or Z H as the orig- 
inal circuit (Fig. 1) would have deli- 
vered to load of impedance Z1: (Ref. 
Fig. 3A) 

(2A) Let C = Rs + Zi Z,, 
Ro +Z, ZL 

(2B) Then R, = Rs 
C 

(2C) And R2 = 
Cs 

(3) R R o Rs, 
Ro -Rs, 

Shunt resistance, RP, to produce the 
desired source impedance Rs while 
keeping the series resistance at its ini- 
tial value, R o (Ref. Fig. 4). 

The use of this approach produces 
equal power in loads ZL and ZH, but 
this power level is most generally 
different from that which would have 
been delivered by the original circuit 
to a load of Z. The shift in level from 
that of the original circuit is given by 
the equation: 
(4) Level shift (in dB) = 

20Iog10 Rs Ro+Zi ZL 
Ro Rs + ZL 77 

Negative values (i.e., quantity in 
parentheses less than 1) represent less 
power delivered by the new circuit 
than by the original. For ease in inter- 
pretation, the following table gives 
the values of the quantity in paren- 
theses for various level shifts: 

Quantity in 
Level shift (dB) parentheses 

+3.0 1.41 
+ 2.0 1.26 
+1.0 1.12 

0 1.00 
-1.0 0.89 
-2.0 0.79 
-3.0 0.71 
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Bert. bert. bert buyr. 

Fact: the lowest cost way to improve your whole high fidelity system is 
simply to upgrade the source of sound-the cartridge! If you're on a tem- 
porary austerity program, the Shure M44E can make a significant difference 
in sound over the cartridges supplied with many budget component systems. 
If your budget is a trifle more flexible, an M91 ED can bring you into the area 
of high trackability (with performance second only to the V-15 Type Ill). And 
for those who can be satisfied with nothing less than state-of-the-art play- 
back perfection, Shure offers the widely acclaimed V-15 Type III, the recog- 
nized number one cartridge in the industry, which, in truth, costs less than 
a single middle-of-the-road loudspeaker. To read about what a Shure car- 
tridge could do for your system, write: 

Shure Brothers Inc. 
222 Hartrey Ave., Evanston, IL 60204 
In Canada A. C. Simmonds & Sons Limited A SI --IURE 

Manufacturers of high fidelity components, microphones, sound systems and related circuitry. 
Check No. 25 on Reader Service Card 



PIIZ o ftCirIIC 
NAM 
Martin Clifford 

ATRANSDUCER is a device for changing one form of 
energy to another; a headphone is a transducer, and 

so is a loudspeaker, since both change electrical energy to 
sound energy. A motor is also a transducer and so is an elec- 
tric light bulb. Crystalline substances, such as quartz, are 
transducers and quartz crystals have been used for decades 
in radio transmitting stations to produce the fundamental 
frequency of the carrier wave. 

Because of the way the crystal behaves, quartz is piezo- 
electric. Piezo (pressure) is from the Greek piezein, mean- 
ing "to squeeze." When quartz is subjected to pressure by 
compression, stretching, or twisting, an electric charge ap- 
pears between surfaces, generally the two largest ones. The 
reverse effect, a change in the crystal's shape, can be ob- 
tained by putting the crystal between a pair of flat metal 
plates and applying a voltage to them. This crystal is com- 
parable in size and shape to a postage stamp. Thus, when 
voltage is applied to a quartz crystal, a mechanical force is 

produced via the crystal deformation, and a voltage is pro- 
duced when the crystal resumes its normal shape. This volt- 
age is a.c. of constant frequency and far above the audible 
range. 

In addition to quartz, various other crystalline substances 
are used as piezoelectric transducers, including Rochelle 
salts, tourmaline (a semiprecious mineral), and barium titan - 
ate. The Rochelle salts crystal has been used as a piezoelec- 
tric transducer in speakers, microphones, and phono cart- 
ridges. Barium titanate is a crystalline ceramic with both 
ferroelectric and piezoelectric properties and is used in the 
manufacture of compact capacitors and transducers, in- 
cluding the ceramic photocell. 

These substances, quartz, Rochelle salts, and the others, 

Voltage -application Direction 

2 AXIS (3) 

Y AXIS (2) 

Amplitude Direction 
(Polymerzational 

X AXIS (I) Direction) 

i -Metal Electrode 
'n 

Ñ.P. (High -Polymer) element 

Fig. 1-When voltage is applied across the plates (Z axis), the 
piezoelectric element moves along the direction of the X ax- 
is. 

NES 

are inorganic, that is, they were never part of any living 
tissue. However, some organic substances, such as wood, 
bone, and silk, have been found to have piezoelectric prop- 
erties. These are interesting but thus far impractical, for 
audio applications. 

Recently other electroacoustic transducers have been 
made for applications in headphones, speakers, micro- 
phones, and also in phono cartridges. Unlike the slab -like 
quartz crystals, these use extremely thin piezoelectric poly- 
mer films. The polymer can be either a natural or synthetic 
compound and has high molecular weight, which is pro- 
duced through the repeated linkage of millions of mono- 
mers. A monomer is any molecule which can be chemically 
bound as a unit of a polymer. 

One of the earliest of the synthetic piezoelectric high 
polymers was gamma methyl L -glutamate. Its piezoelectric 
properties, however, were too small to make this substance 
of practical value and thus, it was said to have a small strain 
constant. Strain is the deformation resulting from a physical 
stress and can be compared to the excursion of a voice coil 
resulting from the current flowing through it. If the voice 
coil moves only slightly or not at all, the sound reproduced 
by the attached cone is either negligible or nonexistent. 

A New Material 
Quite recently however, a new piezoelectric substance, 

vinyldene flouride, was developed by Pioneer in Japan. This 
has properties allowing it to produce frequencies in the 
audible range with relatively low distortion. These proper- 
ties include a strain constant about 10 times higher than 
quartz, which remains stable at temperatures up to 212° F 

(100° C), and its elastic stiffness is about five percent that of 

Sound Wave 

Fig. 2-When an a.c. voltage is applied to the aluminized 
surfaces, the piezoelectric material expands and contracts. 
Since the edges are clamped, the element is forced to move 
as shown. 
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quartz. This lightweight substance can also be formed into 
an extremely thin film, which, together with its relatively 
low mechanical stiffness, makes it suitable as an audio trans- 
ducer. The use we will consider here is in headphones, the 
first product in which this polymer has been used. 

The production of piezoelectric vinyldene flouride as a 

high polymer essentially follows the techniques used in 
making piezoelectric ceramics. The material is stretched 
along a single axis to about four times its original length. 
Then aluminum is deposited on both sides by evaporation 
to form the electrodes. Finally a high d.c. voltage is applied 
to the electrodes to polarize the dielectric material. 

The effect of the polarization is analagous to charging a 

capacitor, with the potential voltage difference remaining 
across the capacitor after the charging voltage is removed. 
In the case of this aluminum -coated polymer, we get resi- 
dual piezoelectric effect after the polarization voltage is re- 
moved. This acquired property is stable and is not affected 
by moisture or dust. 

The magnitude of the displacement of a piezoelectric 
body depend on its applied charge. A greater bending 
effect can be had by joining a pair of piezoelectric units so 
that the application of voltage to one of them will expand 
while the other contracts. This arrangement is called a bi - 
morph element, or more casually, a bimorph. The tech- 
nique is similar to that used in a bimetallic thermostat. The 
effect of this arrangement is to reduce the mechanical im- 
pedance. 

A Practical Assembly 
Figure 1 shows a high polymer piezoelectric assembly. 

When an a.c. voltage is applied along the Z axis (3), the unit 
compresses and expands at right angles to the applied 
potential. In the example shown in Fig. 1, the physical mo- 
tion would be in the horizontal plane (or X axis) as shown by 
the arroyvs. The compression and rarefaction of the sur- 
rounding air molecules is produced by the ends of the 
assembly. But since these ends have a relatively small sur- 
face area, the sound resulting from this limited motion 
would be equally limited. 

If the voltage applied along the Z axis is a.c., the high 
polymer element will expand and contract along the hori- 
zontal plane in step with the alternating pulses of the a.c. 

Suspension Board 

Ring 

Base 

Earpad 

Diaphragm 

Urethane Foam 

Framework 

Fig. 3-Inner construction of a piezoelectric headphone. 

voltage. Conversely, when an external mechanical forte is 
applied from the amplitude direction (the X axis, also called 
the polymerization direction), voltage is generated toward 
the Z axis (voltage application direction). 

However, if the piezoelectric assembly is curved, as 

shown in Fig. 2, and if the edges are clamped in position, 
both the upper and lower surface areas become involved. 
With the edges fastened, the assembly is forced to move in 
the direction shown by the arrow in Fig. 2. Because of the 
greater area in motion, there is now more movement of the 
nearby air molecules, and thus we now hear sound. (If you 
move a fan so its motion is parallel to its surface, there is lit- 
tle air motion. But move the fan perpendicularly to its sur- 
face and the volume of air moved is considerably greater.) It 
is in its curved and edge -clamped form that the high poly- 
mer piezoelectric is used as a direct radiator in head- 
phones, microphones, and loudspeakers. 

The a.c. voltage indicated in Fig. 2 could be that supplied 
at the headphone output terminals of a receiver. Note that 
the action of the diaphragm is completely unlike the piston 
motion of the conventional cone -shaped diaphragm of a 

dynamic unit. Instead, the high polymer film works as a dri- 
ver by expansion and extraction. 

What's Inside 
Figure 3 illustrates the inner construction of a produc- 

tion piezoelectric headphone. The vinyldene fluoride dia- 
phragm is curved and is backed with urethane foam pad- 
ding, which is in turn backed by a perforated suspension 
board. The edges of the circular diaphragm fit into a sup- 
porting ring which is part of the framework of the head- 
piece. The open -back construction helps avoid a feeling of 
isolation. Headphones of this construction weigh from 10 to 
13 ounces. 

The construction of a piezoelectric headphone also in- 
vites comparison with a capacitor, as it is built like the basic 
flat two -plate capacitor with its separating dielectric. But 
while the aluminum electrodes are quite close to each 
other, a condition necessary for capacitance, the static 
capacitance is low, actually only about 0.1µF-small enough 
to have substantial capacitive reactance even at the higher 
audio frequencies. The result is that the high -frequency. 
audio loss is negligible, though a steep rolloff occurs just 
above 20 kHz. 

Practical Advantages 
While the tonal characteristics of the piezoelectric head- 

phone are comparable to those of good electrostatics, the 
piezoelectric film can be driven by a relatively small input 
voltage as compared with the high input voltages required 
for electrostatics. A signal drive of only 3 volts can produce a 

sound pressure level of 100 dB with piezoelectric head- 
phones. Also, these units do not require the biasing power 
supply which electrostatics need. Piezoelectric headphones 
can be plugged directly in place of conventional dynamic 
types in standard receivers or amplifiers. They can also be 
connected to a tape deck or tuner, though generally these 
components will not have enough signal output to drive 
piezoelectric headphones satisfactorily. 

Frequency response of the first model produced, Pion- 
eer's SE -700, was measured at 20 to 20,000 Hz, using a B & K 
model 4153 ear. Harmonic distortion was less than 1% at 
output sound pressure levels of up to 110 dB. They operate 
at any output impedance from 4 to 16 ohms. 

It is apparent that Pioneer has made interesting applica- 
tion of this new polymer in the design, engineering, and 
production of these stereo headphones. Pioneer has also 
shown prototypes of speakers, using this new material to 
produce both tweeters and mid -range units. 
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Speaker Tests - 
Polar Response 
Richard C. Heyser 

THE DIRECTIONAL characteris- 
tics of a speaker are important 
in determning not only the 

modifications in timbre and quality 
that occur as one moves around in 
front of the speaker, but also the gross 
effects of sound reflection due to 
room and boundries. Since angular 
dependence is important to the 
sound one hears, Audio provides 
measurement of this property. 

Because it is almost impossible to 
find any simple combination of fre- 
quencies that will properly represent 
the way one subjectively perceives 
the changes of timbre that occur with 
change of angle, Audio abandoned 
the conventional practice of plotting 
amplitude response versus angle for 
single frequencies. The parameter 
chosen for angular measurement 
comes from the fact that most pro- 
gram material is dynamic and 
aperiodic in nature. No single sine 
wave measurement could be ex- 
pected to properly represent such 
program material. Audio uses the 
total energy in the 20 Hz to 20 kHz 
band which a loudspeaker generates 
for a perfect impulse and plots this as 

a function of angle. We call this the 
polar energy. 

The basis for this measurement is 

the one -meter frequency response. 
The square of the amplitude of the 
frequency response is a measure- 
ment of the total energy density for a 

single frequency, while the total 

energy for all components from 20 Hz 
to 20 kHz is the sum of this density 
throughout the frequency range. This 
amounts to the area under the curve 
formed by plotting the square of the 
amplitude response on a linear ver- 
tical axis versus a linear horizontal, 
frequency axis. To make this mea- 
surement, we integrate the square of 
the frequency response between the 
20 Hz to 20 kHz limits. 

Angular Energy Measurement 

This energy measurement is a single 
number and represents how much 
work could be done against a micro- 
phone (or an ear) for a given input 
power, distance, and angle. This 
energy value is converted to a 

logarithmic basis in dB to relate this 
relative measure of this energy to a 

familiar form identifiable with psy- 
choacoustic properties. 

In making this measurement, the 
speaker under test is mounted on a 

rotatable platform on an adjustable 
tripod assembly. The platform is 

driven by a motor and rotates in a 

fashion similar to a record turntable, 
but much slower. A precision poten- 
tiometer picks off the angle of the 
platform, and the pot's output is used 
to position a pen on a recorder. 

Each computation of energy takes 
one second. The plotter is pro- 
grammed to draw straight lines be- 

tween each energy value and its cor- 
responding angle as the speaker is 

rotating on the platform, and a 

measurement is made every 1.5 
degrees. The reference angle for all 
measurements was arbitrarily chosen 
as the front axis of the speaker, so that 
if one is directly in front of the 
speaker, one is also at the defined 
zero degree point. 

Incidently, this tripod configura- 
tion is also used for the anechoic fre- 
quency response and the energy -time 
measurements. As a matter of good 
practice, the frequency response is 

observed for every reasonable angle 
one might assume in listening. Thus, 
while we normally only present only 
the zero -degree, anechoic frequency 
response, we have an excellent idea 
of the behavior off axis and present 
any special plots and observations 
which might be of value. 

Polar Response Plot 

The term "polar" refers to the use 
of a polar coordinate system using 
magnitude and angle. The magni- 
tude is shown as distance from the 
center of the plot and is the relative 
measure of energy in dB. Since this 
measure is logarithmic, the center of 
the plot is not zero energy, but some 
value below peak response, such as 

-25 dB, since we have arbitrarily 
chosen zero dB as the value of energy 

30 AUDIO MAY, 1975 



at the outer -most circle of the plot. In 
making up the curve, the value in dB 
corresponding to the center of the 
chart is automatically taken into ac- 
count. Thus, a curve which passes 
through or remains at the center of 
the chart through a substantial 
angular range doesn't necessarily 
mean no sound will occur at that 
angle, but simply that the level of the 
sound will be at least 25 dB below 
peak (to use the above example). This 
is the result of choosing a scale factor 
which shows the major effects of 
listening angle change on a chart of 
reasonable size. 

Most stereo or quadraphonic pro- 
gram material is oriented either left or 
right, rather than up or down. For that 
reason, we plot the energy response 
in the horizontal plane (or azimuth) in 
preference to the vertical plane (or 
elevation) when a single plot is 

shown. The major sonic effects in ver- 
tical angle can be seen in the three - 
meter room response since the floor 
and ceiling boundries influence the 
early sound to a great extent. 

The polar plot is presented as a view 
looking down on the speaker so that 
"leftness" and "rightness" are in pro- 
per perspective. Thus, one good way 
to use this data is to imagine the chart 
placed on top of the speaker with the 
indicated front axis aligned with the 
front of the speaker. Looking down 
on the chart will show the location of 
the relative energy levels for wide - 
band material. An excellent test sig- 
nal to check this is off -channel FM 
noise, which is quite close to white 
noise in uniform spectral density after 
compensation for demodulator de - 
emphasis. 

One very important characteristic 
to look for in the polar response is 

left/right symmetry, and a surprising 
number of speaker systems are not 
symmetrical. If no precautions are 
taken with such systems, they will 
never be truly balanced in their stereo 
reproduction when listened to in 
their normal symmetric left/right 
placement. The general subjective ef- 
fect of this will be a badly wandering 
center -stage stereo image when one 
moves left or right of center in the 
listening area. In most cases, this can 
be cured by rotating one or both 
speakers to give a balanced sound. 

A highly directional response is an 
allied problem that is occasionally ob- 
served. Such speakers are generally 
excellent for corner locations since 
most listening is then done in an on - 
axis configuration, but they will sel- 
dom give satisfactory stereo imagery if 
flush mounted against a wall and with 
a wide stereo base. 

Conversely, a speaker with a 

"flower petal" polar pattern should 
not be placed in a corner. The side 
lobes of radiated energy will scatter 
off the corner walls and cause severe 
interference with the direct sound. 

Strange peaks and dips in polar 
energy, particularly if they are not 
symmetric about the front axis, indi- 
cate diffraction or scattering. The 
fronts of all too many speaker en- 
closures are designed more for cos- 
metically pleasing lines than through 
proper acoustic theory, perhaps be- 
cause one looks at a speaker for long- 
er periods of time than one listens to 
it. These acoustic blemishes fre- 
quently show up in the polar re- 
sponse, and if exceptionally bad, they 

may result in listener fatigue and gen- 
eral dissatisfaction with the stereo or 
four -channel image. 

Acoustically hard reflecting sur- 
faces should be positioned in line 
with polar energy peaks only if sub- 
stantial sound scattering is to your 
liking. There are many who prefer the 
broad -base stereo effect due to such 
reflections, and some speaker sys- 
tems are designed with this type of re- 
production as a goal. Many other 
listeners prefer a less -diffused sound 
image. Regardless of one's taste in the 
matter, the polar energy plot is an in- 
dicator one can use to decide if a 

speaker is compatible with the room 
in which it will be used. o. 

Phase II 

IN KEEPING WITH the finest 
editorial traditions of Murphy's 
First Law, it seems that my 

December Audio article describing 
loudspeaker phase measurements was 
printed out of phase. The paragraphs 
defiining the term "minimum phase" 
were split apart and redistributed so 
that the intended conclusion of the 
article was tucked neatly into the cen- 
tral portion of the text. The type 
gremlins also scrambled a point I was 
trying to make about the fact that it is 

not necessary to have a peak in 
speaker response in order to have the 
sound we call a resonance, but that 
we can also have this sound due sole- 
ly to certain types of phase changes 
even if the system measures "flat." 
apologise for any confusion which 
these errors may have caused. (And I 

apologize both to our readers and to 
Mr. Heyser for these errors. Those 
who would like a sheet showing the 
correct order of the article's para- 
graphs should write me.-Editor.) 

Importance of Phase 

After many decades of being ig- 
nored, phase response is now be- 
coming acknowledged as a very im- 
portant consideration in high qual- 
ity sound reproduction. Audio has 
received several letters requesting 
some description of the physical as- 
pects of non -minimum and mini- 
mum phase response networks. In 
partial repayment for the inadvertent 
confusion the disordering of my 
phase response article may have 
caused, I would like to summarize two 

very important physical reasons why it 
is important to know if an audio sys- 
tem is of minimum -phase type in its 
reproduction. 

First is the consideration of ac- 
curacy in the reproduction of tran- 
sients. If a system is minimum phase, 
then the best transient response al- 
ways occurs when the frequency re- 
sponse is adjusted to be the flattest 
possible. Most amplifiers are mini- 
mum phase; most loudspeakers and 
magnetic tape recorders are non - 
minimum phase. 

Second is the consideration of 
naturalness. The sounds we hear in 
our everyday experience contain sub- 
tle cues which we use to identify 
naturalness. All of us from birth be- 
come very adept at processing this 
"software" without ever realizing we 
are doing this. If an audio system 
alters these cues in such a way that 
they are contrary to what is expected 
from natural sound, then we may find 
the reproduced sound to be un- 
natural. Such alterations can occur 
with non -minimum -phase trans- 
mission systems. If, for example, in 
reproduced sound the overtone 
structure from every instrument in an 
orchestra is heard slightly before the 
musical fundamentals which give rise 
to these overtones, then we may 
sense that something is wrong with 
the reproduced sound without really 
being able to say exactly what bothers 
us. It just doesn't sound natural. 

There are other physical consider- 
ations of minimum -phase behavior 
but any discussion of them or even an 
elaboration on the details just out- 
lined would fill a good-sized book. 

R.C.H. 
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Equipment Profiles 

Scott R77S AM/FM Stereo Receiver 

MANUFACTURER'S SPECIFICATIONS 
FM Section 
IHF Sensitivity: 1.8 µV. S/N Ratio: 70 dB. Selectivity: 75 dB. 
Capture Ratio: 1.2 dB. Harmonic Distortion: Mono, 0.3%; 
Stereo, 0.4%. Stereo FM Separation: 1kHz, 40 dB. 
AM Section 
Sensitivity: 100 µV/meter (internal antenna). Selectivity: 32 

dB. Harmonic Distortion: 50% Modulation,1.5%. 

Amplifier Section 
Power Output: 70 watts continuous per channel, 8 ohms, 20 

Hz to 20 kHz with no more than 0.3 total harmonic distor- 
tion. THD at Rated Output: 0.3%. IM Distortion: 0.3%. Fre- 
quency Response: 8 Hz to 40 kHz ± 1 dB. 

General Specifications 
Dimensions: 18 in. W. x 53/4 in. H. x 15 in. D. Weight: 40 lbs. 

Power Consumption: 450 watts maximum (100, 117, 220, or 
240 V, 50/60 Hz). Price: $499.95. 

This somewhat abbreviated list of specifications above is 

no indication of abbreviated performance capability for this 
top -of -the -line receiver from H.H. Scott, Inc. As many 
Audio readers are aware, Scott is one of the oldest and most 
venerated names in high fidelity. Several years ago, when 
other U.S.-based companies sought to fight rising costs by 
producing their products abroad, Scott insisted on main- 
taining a total "made in the U.S.A." stance and found itself 
unable to compete in the high fidelity marketplace. Since 
then, the balance has shifted somewhat, and, buoyed by 
outside financing, the company is very much alive and back 
in business at its plant in New England. Initial output consis- 
ted of many models which were carried over from earlier 
designs, but the Model R77S represents Scott's first totally 
redesigned receiver under its new management and engi- 
neering team. The new approach seems to be to give the 
consumer lots of good performance on the inside without 
cluttering the front panel with superfluous controls and 
switches (and, apparently, without cluttering the spec sheets 
with too many technical terms and specifications). The re- 
sult is one of the neatest and cleanest looking front panels 
we have seen in some time. Silver in color, it has five 
machined, rotary, control knobs at the lower left which 
handle Input source, Bass, Treble, Balance and Volume ad- 
justments. Both tone controls and the balance control have 

easy -to -feel detent positions at their mid -rotation points 
(for flat response and equal gain to both channels). At the 
lower right of the panel is a push-button Power on/off 
switch and a stereo phones jack. Immediately to the left are 
two neat rows of five pushbuttons each. The lower row is 

devoted entirely to speaker selection and, since it is pos- 
sible to connect three sets of speakers, offers selection of in- 
dividual sets plus a pair of buttons for 1 & 2 or 1 & 3. There is 

no provision for operating all three pairs of speakers simul- 
taneously since this could present dangerously low output 
impedance to the amplifier section. 

The blacked -out tuning area lights up in soft green when 
power is applied, disclosing a long AM and FM dial scale, an 

illuminated dial pointer (red), and illuminated signal - 
strength and tuning meters. Program source selection is also 
indicated by means of lit -up words below the dial scale. A 
rotary tuning knob, equal in size to the other control knobs, 
is located at the extreme right of the dial area. Flywheel 
action is moderately effective. 

The rear panel, pictured in Fig. 1, shows the three sets of 
speaker terminals, which are the spring -loaded, push -to - 
insert -cable type, as is the chassis ground terminal. Screw 

Fig. 1-Rear view of receiver. 

Fig. 2-Internal view of the receiver. 
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terminals are provided for 300 -ohm FM and external AM an- 
tenna connection while a coaxial connector is supplied for 
75 -ohm FM antenna installation. There are individual speak- 
er line fuses as well as a power line fuse, a switched a.c. re- 
ceptacle, twin pairs of phono inputs (one pair of which is 
equipped with a slide switch for varying input sensitivity 
from 3 mV to 6 mV), Tape In and Out jacks (for the tape 
monitor facility), extra tape input jacks, and a detector out- 
put jack for use with future 4 -channel FM adaptors. A pair of 
jumpers interconnect sets of Accessory jacks. These really 
constitute a second Tape Monitor circuit interruption point, 
rather than the more familiar preamp-amp separation facil- 
ity. There is a slide switch for changing FM de -emphasis 
from 75 microseconds to 50 microseconds (used in Europe). 
Scott could have easily (and may yet) provided a 25 micro- 
second position for Dolby FM instead, since there is no 
reason for the 50 microsecond position in the U.S. A DIN 
connector can be used instead of the Tape In and Out jacks 
if your tape deck is so equipped. Pivotable AM ferrite an- 
tenna and power line cord are unpluggable for packing and 
shipment. 

Circuit Description 
An internal view of the receiver is shown in Fig. 2, and a 

complete block diagram of the unit is in Fig. 3. The silver- 
plated FM front-end features a MOS-FET used for r.f. ampli- 
fication. The i.f. section includes a pair of 6 -pole lumped fil- 
ters and two high -gain integrated circuits. Limiting is provi- 
ded by the second i.f. amplifier and the ratio detector. AGC 
is provided from the i.f. strip in a d.c. feedback loop to the 
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FET r.f. amplifier on the front-end. All multiplex decoding 
functions are performed by an IC chip which uses a phase - 
lock loop (there are no coils to adjust) and contains the 
equivalent of 58 transistors and four diodes. 

The AM tuner section uses an FET r.f. amplifier and mixer 
and an IC circuit for the i.f. section. AM detection is by a 
voltage doubler circuit. 

Negative feedback is used both for RIAA equalization in 
the preamplifier and for FM de -emphasis as noted previ- 
ously. The power amplifiers have differential input with full 
complerrl ntary power -output configuration for direct 
coupling to the speakers. A dual voltage feedback regula- 
tor circuit powers all circuitry except the power amplifiers. 
In addition to the speaker fuses, the receiver has a fast - 
acting electronic protection circuit which protects output 
devices even in the event of a short-circuit across the speak- 
er terminals. 

FM Measurements 
In reading the instruction manual supplied with the re- 

ceiver, we noted that some of the specifications listed are at 
variance with those supplied in the published advertising 
brochure. For example, the booklet claims 1.9 µV IHF FM 
sensitivity (which is exactly what we measured) whereas the 
brochure claims 1.8 µV. Fig. 4 is a plot of signal-to-noise 
(quieting) and distortion characteristics in mono and stereo 
for a 1 kHz audio signal. 50 dB quieting in mono was ob- 
tained for a signal strength of just under 5µV, while ulti- 
mate 5/N measured 71 dB, a bit better than claimed. Maxi- 
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mum S/N in stereo measured 64 dB. THD for strong signals 
was 0.26% in mono, 0.45% in stereo. Selectivity was consi- 
derably better than claimed, measuring 87 dB, while Cap- 
ture Ratio measured 1.4 dB. Image Rejection and Spurious 
Response Rejection (not supplied in the specs) were 58 dB 
and 90 dB respectively. 

As shown in Fig. 5, stereo FM separation reached a maxi- 
mum of 40 dB at mid frequencies, tapering off to 32 dB at 50 

Hz and just under 30 dB at 10 kHz. THD was well under 0.5% 
for all audio frequencies in mono and below 1.0% for all sig- 
nificant audio frequencies in the stereo mode. 

Amplifier Measurements 
Both the specification sheet and the instruction manual of 

the R77S were printed prior to the effective date for the new 
FTC power rule and in addition, the brochure lists rated 
THD and IM for the power amplifier section at 0.3% while 
the owner's manual lists 0.5% In order to have a point of re- 
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ference, our measurements were based on 0.3%. As shown 
in Fig. 6, the amplifier delivered 75 watts per channel at mid - 
frequencies for 0.3% THD. At all power levels below this 
point, THD was well under 0.1% and IM distortion was 
below 0.05%, a figure we would normally expect to find in 
separate amplifiers of highest quality, rather than in all -in - 
one receivers. Based upon the 0.3% THD rating, the re- 
ceiver falls short of maintaining full power output capabil- 
ity (70 watts per channel) down to 20 Hz, as can be seen in 
the graph of Fig. 7. Under those conditions, the power band 
(as the FTC calls it) extends from 33 Hz to above 20 kHz. If 
the 0.5% THD rating is to govern, power band (full power at 
rated distortion) would be stated as extending down to 25 
Hz or so. At half power output (35 watts per channel), THD 
remains consistently well under 0.1% for all audio frequen- 
cies. 

Phono input sensitivity was measured at 2.8 mV and 7.5 
mV, depending upon the setting of the sensitivity switch on 
the rear panel. Phono input overload was 45 mV for the high 
sensitivity position and 140 mV for the lower sensitivity set- 
ting. Tone control range, as well as loudness compensation 
and high -cut filter characteristics are plotted in Fig. 8. The 
filter and loudness circuits are activated by two of the upper 
row of five buttons on the front panel, other buttons in that 
cluster taking care of such functions as Tape Monitor, FM 
Muting and Mono/Stereo switching. The loudness circuit 
adds boost at both low and high frequencies with major 
compensation occurring at the low end. Curve shown is for 
a setting of -30 dB with respect to maximum volume con- 
trol position. The high frequency cut-off filter has a turn- 
over frequency of about 4 kHz, making it more effective in 
reducing scratch and hiss than might be with the treble con- 
trol. 

Damping factor was measured at 35, referred to an 8 -ohm 
load. The high level inputs ("Tape 2") have an input sensiti- 
vity of 410 millivolts. Hum and noise in the high sensitivity 
phono position measured 65 dB, while in the low sensitivity 
setting, a reading of 75 dB was observed for residual hum 

L0 

0.8 

0.6 

0.4 

0.2 

0 
10 

BOTH CHANNELS DRIVEN 
70W/CH, 8 OHMS 
35W/CH, 8 OHMS 

100 IK 

FREQUENCY- Hz 

Fig. 7 -Amplifier distortion vs. frequency. 

+15 

+10 

+5 

0 

5 

10 

15 

IOK 

- LOUDNESS 

HI FILTER 

10 100 IK 

FREQUENCY- Hz 

10K 

Fig. 6 -Harmonic and intermodulation distortion of ampli- Fig. 8 -Tone control range, filter and loudness compensa - 
fier. tion. 

34 AUDIO MAY, 1975 



"I ),Iln , a I rademark of Dolby Laboratories Inc 

The facer. Always has been. 
TFAC._.y.ration of America7733 Telegraph Road, KnntJ,dlo. aliormis 91)618. 

We have two basic rec uirements for 
every product we n-fke - it must work 
well, and it must do so k r a long time. 
The inevitable resui of this philosophy i cassette recorder ales:gn is the 450. 

It works well indeei: it has wow and 
flutter of less than 0.07% WRMS which i better than most reel zo reel recorders. 
It, has Dolby* with FM/Copy control, 
which lets you record Dolby broadcasts 
hr any othe- Dolby source) directly, or 
decode their for listening if your tuner 
doesn't have Dolby guilt in. 

It has a host of other features and 
impressive .4)ecificafiong. We'd like you 
t) know what they are, End we'd like you 
t) hear the audible inprovetnent 
triey make. 

If you'd like that tee, check out your 
local TEAC dealer. Yxt can find him by 
calling this t311 free nimaer 
(800) 447-47(10, in Illiroiscall 
(800) 322-4400. 

The 450, from TEAC. Inevitably. 



and noise. All of these readings are excellent, since no 
weighting curve was applied and all readings were referred 
to full power output. Hum level in Tape 2 (which is really an 
AUX position) was 81 dB referred to full output, while with 
volume control set to its minimum position, residual hum 
and noise measured 85 dB below full output. 

Listening and Use Tests 
Scott has chosen just the right threshold points for stereo 

switching and interstation muting. With a stereo switching 
threshold set at 7µV, stations received in stereo during our 
listening tests were sufficiently free of noise (even the 
weaker ones) to justify that switching level. While station 
counting has become meaningless in our area (we en- 
counter virtually no interstation regions on the dial, with the 
exception of a couple of MHz at the low end of the band, 
where educational FM comes and goes), we can say that 
reception was clean and low in distortion, and tuning was 
precise and not nearly as critical as on some competitive 
units we have measured. Center -of -channel indication on 
the meter corresponded exactly with minimum distortion 
points and dial calibration was just about perfect. Intersta- 
tion muting is set at about 7 microvolts, so that when this 

feature is used, one is assured that any stations which over- 
come the threshold are received with well over 50 dB of 
quieting. FM DX -ers have the option of defeating the mute 
circuit, but we found this unnecessary and were able to pick 
up normally weak signals with ease and without having to 
listen to interstation noise for that privilege. 

The Scott R775 is definitely in the "high" power class, and 
so we used it to drive low efficiency book -shelf speakers in 
our listening tests. We were able to achieve more than ade- 
quate listening levels in a large listening room, and there 
was no audible evidence of amplifier clipping or distortion, 
even when records with wide dynamic levels were played. 

The receiver is simple to operate and we urge prospec- 
tive users not to be deterred by the seeming lack of com- 
plexity on the front panel. (Some hi-fi buffs still judge a 

product by the number of gadgets, switches, knobs and lev- 
ers on the front panel.) Despits its "simple" outward look, 
the R775 is a sophisticated, up-to-date stereo receiver that 
ranks with the best of them. It is conservatively designed, 
meets most all of its specifications, and does very well in 
those secondary aspects which the company chose not to 
specify, too. In terms of its price/performance ratio, this 
Scott receiver is well worth its price. Leonard Feldman 

Check No. 71 on Reader Service Card 

Polk Audio Model Nine Speaker System 

MANUFACTURER'S SPECIFICATIONS 
System Type: Two-way, plus passive bass radiator. Drivers: 
Woofers, four 41/2 -in. extended -range cone radiators, one 8 - 

in. passive radiator; tweeter, ceramic element. Impedance: 
8 ohms. Dimensions: 331/2 in. H. x 101/2 in. W. x 9 in. D. 
Weight: 36 lbs. Price: $165. 

The Model Nine speaker system manufactured by Polk 
Audio is one of the new speakers which use a ceramic cry- 
stal element tweeter in place of the more conventional 
moving -coil or electrostatic tweeters. This is stated to give 
improved transient performance and wider frequency char- 
acteristics with natural low -frequency discrimination which 
eliminates the conventional crossover network. 

A little less than a meter tall, this floor -standing design 
contains four extended -range cone drivers, an 8 -in. passive 
radiator, and the piezoelectric tweeter. The Model Nine is a 

bipolar loudspeaker with what Polk calls a "controlled dis- 

persion" radiation pattern. The tweeter and one of the four 
cone speakers face forward toward the listener to provide 
primary direct radiation, mostly of the upper frequencies. 
The remaining three cone speakers and the 8 -in. passive 
radiator are mounted on the back of the enclosure. The pur- 
pose of this, according to Polk, is to provide primarily indi- 
rect radiation of the bass and lower mid -frequencies. This 
effect can be enhanced by placing the Model Nine a short 
distance in front of a wall to augment the front radiation. 
The system is capable of realizing the full potential of a 100 

watt -per -channel amplifier without damage. (Editor's Note: 
Polk informs us that a new 1 -in. soft -dome tweeter has re- 
placed the piezo tweeter in the most recent production 
models. It is intended to give smoother, more extended fre- 
quency response and wider dispersion.) 

The enclosure is finished on the sides and top with wal- 
nut vinyl. The front and back are covered by a nonremov- 
able, heavy, black grille cloth. Speaker connection is made 
to a well -marked, heavy-duty barrier strip on the bottom of 
the enclosure. There are no controls which the user can ad- 
just. 

The Model Nine's enclosure has a relatively small top 
surface and its 33 -in. height makes the placement of lamps 
and other objects quite convenient, and care should be ex- 
ercised if small children are around since they could easily 
pull such an object off the top and hurt themselves. The 
system itself, however, is not unstable, and it would be 
difficult for most children to tip over. 
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There are no quality compro- 
mises in the Philips SC 102A. It's a 

stereo control center/pre-amplifier 
that matches the very best high fidel- 
ity systems. 

Take the Opto -Mute l for exam- 
ple. It's an optical/electronic muting 
innovation found only on the 102A. 

(Only the best pre -amps and receiv- 
ers have muting devices at all. And 
ours is superior to any of them.) 

Basically, the Opto -Mute works 
when you turn on the 102A. It gives 
you a 15 second safety margin while 
the power stabilizes. (A pilot light tells 
you the 102A is working.) With to- 
day's high performance amplifiers 

The SC 102A's surprising 
specifications. 

Maximum Output: 10 V rms into 
IHF Load Frequency Response: 

2 Hz -80 kHz ±0.5 dB at rated output. 
Total Harmonic Distortion: 0.05%, 

20-20 kHz at rated output. 
IM Distortion: 4 0.02% 
at.rated output (SMPTE) 

Total Hum and Noise: High Level: 
100dB below rated output, IHF "A' 
weighted. Phono: 80 dB below 

10mV input. 
Tone Control Range: 

Bass: ± 18 dB at 20 Hz. 
Treble ± 15 dB at 20 kHz. 
AC Convenience Outlets: 

two switched, one non -switched. 
Dimensions: 121/2 x 4 x 9" 

Optional cabinet and rack mount. 

PHILIPS AUDIO VIDEO SYSTEMS CORP 
AUDIO DOVISION 
91 McKee Drive, Mahwah, N.J. 07430 

and wide range dynamic music, this 
guards against start-up power surges 
"blowing" your system. 

Since the Opto -Mute is all elec- 
tronic, there are no mechanical parts 
to get dirty and cause intermittent me- 
chanical noise. 

The entire 102A is solid-state with 
modular printed circuit boards. (In 
the laboratory we found distortion 
levels so low they were practically 
non -measurable.) 

Input selections: Phono, tuner, 
tape and auxiliary. Mode, tape mon- 
itor and balance control, bass and 
treble equalization, volume and 
phono gain controls are provided. 
Plus subsonic filter and bass and 
treble flat switches. 

You could pay over $600 for a 

pry -amp that has the 102A's specifi- 
cations. Or you could pay less than 
half for the 102A. At better audio 

rä 

Super specs. Super price. 
You could pay twice as much and not get much more. 

TM-N V Ph,l,ps. Holland 

Check No. 16 on Reader Service Card 



Each Model Nine is warranted to be free from defects in 
materials and workmanship for a period of five years from 
date of purchase. 

Technical Measurements 
The measured impedance is plotted in Fig. 1 and shows 

the slightest hint of an extra peak at 95 Hz which results from 
the use of the passive radiator for low bass augmentation. 
The lower peak is near 32 Hz. The lowest value of impe- 
dance occurs around 400 Hz and is just under 10 ohms. This 
means that the Model Nine may be treated as an 8 -ohm sys- 
tem from the standpoint of amplifier loading and intercon- 
necting wire size. 

The one -meter anechoic frequency response is shown in 
Fig. 2 for the sound pressure level measured directly on axis. 
The 8 -in. passive radiator and three of the four active dri- 
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Fig. 2-One-meter anechoic sound pressure level. 
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vers covering the low frequencies are located on the back of 
the enclosure where they can radiate away from the listen- 
ing position and disperse sound from the wall(s) behind the 
unit. One cone and the piezoelectric tweeter radiate from 
the front of the enclosure in the direction of the measuring 
microphone. As a result, this echo -free measurement is 

dominated by the high frequency frontal sound, but the 
Model Nine is stronger in the lower frequencies than this 
standard measurement might seem to imply. The absorp- 
tion dips at 1.4 kHz, 5 kHz, 9 kHz, and 14 kHz are due to the 
interaction of the 41/z -in. driver with the tweeter. The meas- 
uring microphone is placed exactly in front of the geo- 
metric center of the enclosure. Consequently, the path 
length between the two drivers is not equal, and absorp- 
tion dips result. 

This may be more readily discerned in the one -meter 
phase measurement shown in Fig. 3. The phase measure- 
ment is corrected for the average acoustic position of the 
extended range driver. From below 300 Hz to 1.4 kHz, the 
4'/2 -in. driver carries the load and is precisely in phase. 
Above that frequency, the piezoelectric driver begins to 
take over. The discrete 180 -degree jumps and eventual lag- 
ging phase are due to the fact that the tweeter has a slightly 
longer path length than the 41/2 -in. driver for this micro- 
phone position. 

Overall balance is rather good from the midbass up 
through about 12 kHz, though Figs. 2 and 3 indicate that 
some tonal coloration will be experienced with change of 
the vertical location of the listener relative to the front of 
the speaker. There is a dominant peak at around 8 kHz for 
direct sound which might tend to exaggerate the back- 
ground "scratch" of already noisy program material. This 
can be corrected by program equalizers of the octave or 
one -third -octave variety, but will be difficult to remove by 
conventional tone control circuits without losing too much 
top end. 

Figure 4 is the three -meter room response of the Polk 
Model Nine, with the speaker placed 14 in. away from a flat 
wall, in accordance with Polk's instructions. The micro - 

FRONT AXIS 

Fig. 5-Horizontal polar energy response. 
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pre ci sion (pri sizh'en ),n. 
[ Fr.; L. praecisio],the quality 
of being precise; exactness; 
accuracy; definiteness. 

A turntable is a mechanical 
device. It spins a disc under an 
arm, cartridge and stylus. 

Simple. 
Not so simple. 
For it must spin the disc at 

precise speed, without rumble, 
wow and flutter. It must protect 
the delicate disc. And it must 
function at maximum standard 
for a long, long time. 

Now here's a problem. While 
devices and ideas are patentable, 
advertising rhetoric is in the 
public domain. We see words 
like "precision;' "high quality 
engineering" and "state-of-the- 
art;' applied to equipment 
considerably below the promise 
inherent in those descriptions. 

How then, can you tell the 
differences among turntables? 
Of course you can buy one 
because it's "best selling" or 

"on sale" and discover its 
attributes and flaws afterwards. 

We offer this suggestion. 
Meticulous engineering has a 
look and a feel. Literally. We're 
counting on your recognition 
of it. Look carefully at the 
Tannoy/Micro Turntables. 
Operate them. Use the cueing 
control. Change the speed. 
Move the tonearm. Do all of 
the things you would do at 
home. Then look at the 
specifications. 

We know what you'll find. 
For Tannoy/Micro Turntables 
are an accurate expression of 

"precision;' "high quality 
engineering" and "state-of- 
the-art:' 

TANNOY/MICRO 
For an illustrated color brochure write: 
Tannoy/Micro Department F 

1756 Ocean Avenue, Bohemia, N.Y. 11716 
Check No. 28 on Reader Service Card 

Tannoy Limitesi of England enjoys 
a worldwide repu`at,on for the supremacy 
of its high quality transducers. Micro Seiki 
Co., Ltd. of Japan is equally noted for the 
engineering, design and manufacture of 
superb tonearms and turntables. Their 
talents and commitment to the ultimate in 

high fidelity have now been combined 
in a way which gives new dimensions to the 
interaction between technology and art. 



phone was placed one meter above a carpeted floor and 
three meters away from the front of the enclosure to simu- 
late a conventional listening position. The frequency res- 
ponse of the first ten milliseconds of "early" sound is shown 
in Fig. 4 for both a direct on -axis measurement and a 30 - 
degree stereo left -channel location. The measurements are 
displaced 10 dB for clarity of presentation. The "shadow- 
ing" effect of the enclosure on the on -axis mike position 
prevents the back radiating, lower frequency energy from 
being included in the 10 mS "window" of the early sound. 

Both positions show a substantial frequency dip at around 
400 Hz, approximately the frequency that might be expec- 
ted for a radiation from the rear -mounted speaker to re- 
flect off the wall and arrive out of phase with the front - 
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Fig. 6-Vertical polar energy response. 
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Fig. 7-Harmonic distortion for the tones E1 (41 Hz), A2 (110 
Hz), and A4 (440 Hz). 

mounted speaker. The measurements indicate the 30 - 
degree stereo position has a more uniform tonal balance 
than the position directly in front of the speaker. The dip in 
response at 400 Hz can be reduced by angling the speaker 
toward the listening position, but the top end-around 7 

kHz-might become too strong for some tastes if this is 

done. Angling the speakers farther away from the listening 
position than normal stereo placement will begin to lose too 
much top end. The measurements of Figs. 2 and 4 indicate 
that the speakers could either be pulled farther away from 
the back wall than Polk suggests or placed in front of sound - 
absorbing material, such as heavy drapes, if the middle oc- 
taves of music are not to become adversely affected 

The horizontal polar energy is shown in Fig. 5, which 
charts the left -right change of total energy from 20 Hz to 20 
kHz. As expected, the Model Nine is approximately a doub- 
let radiator, with about as much total energy coming from the 
rear as the front, and a significant drop in energy at the 
sides. The highest frequencies are radiated from the front 
with substantial lower frequency energy coming out the 
rear. This is shown by the more directional response from 
the front. There is no significant "leftness" or "rightness" of 
the radiation so that normal stereo imagery can be ex- 
pected for wide range program material. If the violins are 
supposed to be heard on the left, they will come from the 
left and not be spread from left to right with changes in 
musical pitch as sometimes occurs for those speakers whose 
polar pattern varies with frequency. 

Figure 6 is the vertical polar energy measured in front of 
the speaker. The response is again roughly that of a doub- 
let, but energy from the front is definitely launched in an 
upward direction. This means that a brighter sound will 
occur for a high listening position, as compared to a seated 
listening position. The more nearly horizontal spread of rear 
radiation, together with the lower frequency dominance 
shown in Fig. 5, explain why the room measurement of Fig. 4 

only has a single lower frequency interference at 400 Hz 
rather than similar problems at 800 Hz, 1200 Hz, etc. Figure 6 

indicates that the speaker may be placed on either a rug sur- 
face or a hard floor with little change in timbre of "early" 
sound since floor reflection is efficiently suppressed. Both of 
these measurements show that the Model Nine must not be 
mounted in a corner of the room. 

Harmonic distortion is shown in Fig. 7 for the musical 
tones E1 (41 Hz), A2 (110 Hz), and A4 (440 Hz). The use of 
multiple drivers for the frequency range above 100 Hz clear- 
ly reduces the harmonic distortion at high power levels. 
However, the drop in distortion with decreasing power is 

not as much as this reviewer would like to see. 

The intermodulation of A4 (440 Hz) by El (41 Hz) when 
both have the same voltage drive is given in Fig. 8. At low 
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Fig. 8-Intermodulation of A4 (440 Hz) by E1 (41 Hz), mixed 
1:1. 
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The Nakamichi 
Revolution. 
It's Freedom. 

Freedom to 
record anything. 
Anywhere. Anytime. 

That's the promise implicit in the latest 
engineering triumph from Nakamichi, the 
550 Dual Tracer. 

For with the 550, Nakamichi engineers 
have extended their revolution in cassette 
technology to in -the -field recording. 

The Nakamichi 550 is basically a battery 
powered version of the highly regarded 
Model 500 Dual Tracer, which Stereo Review 
(April 1975) described as, "..an exceptional 
recorder...We would say that in the key 
specifications of frequency response, S/N, 
and distortion, it is at least the equal of any 
under -S500 cassette recorder we have 
tested, and better than most" 

Like the 500, the 550 features Naka- 
michi's Focused -Gap head for superb high 
frequency response and extremely low 
distortion. Extended range, 45dB peak level 
meters for a precise, unambiguous indica- 
tion of program level. A pulse controlled, 
DC servomotor for unconditional speed 
stability. And, of course, Dolby' Noise 
Reduction circuitry. 

In addition, the 550 boasts three separate 
microphone inputs, each with its own level 

control to facilitate mixing. And professional 
quality, low distortion mic preamps with a 

130dB dynamic range. 
On batteries, the Nakamichi 550 will 

operate continuously for 15 hours without a 

trace of speed fluctuation. 
Add a special headphone amplifier, a 

bias/equalization switch, an end -of -tape 
alarm, built-in battery and footage indicators, 
adaptors for both AC and 
car/boat battery operation 
(at no extra cost) and you 
have an unusually versatile 
cassette system. The only 
high performance cassette 
recorder that can truthfully 
be called universal. 

At home, on location, any- 
where, the Nakamichi 550 
is your passport to freedom. 

To achieve your full 
measure of freedom now, 
enlist in the Nakamichi 
Revolution. 

For complete information and the name 
of your nearest dealer write: Nakamichi 
Research (U.S.A.), Inc., 220 Westbury 
Ave., Carle Place, N.Y. 11514. In California, 
1 101 Colorado Avenue, Santa Monica 90404. 

rillRFECTION THROUGH PRECISION. 

NAKAMICHI® 
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levels the distortion is primarily due to phase modulation. At 
an average power of one watt, the 440 -Hz tone has peak -to - 
peak angular modulation of 3 percent. At ten watts, this in- 
creases to 12 degrees angular modulation and 10 percent 
amplitude modulation. Both the angular and amplitude 
modulation are primarily 41 Hz with no substantial har- 
monics, which means that the combined vibrato and trem- 
olo may not be subjectively obvious as the high numerical 
intermodulation reading of Fig. 8 indicates. At this ten -watt 
level, however, the 440 Hz is dropped in acoustic level by 1 

dB over what it would be without the 41 Hz tone. This is be- 
cause (for this particular test unit) the speaker cone mig- 
rates outward from the magnet assembly under the com- 
bined drive. The subjective impression will be that some 
musical instruments appear to move a bit in space when 
high energy, low frequency components are present. 

The crescendo -handling property of the Model Nine for 
wide -band signals is moderately good. Instantaneous peaks, 
such as hand claps and cymbal crashes, can be handled up 
to about 250 watts before the inner musical voices are 
noticeably affected. 

The ability of the Polk to pass pure impulsive signals is 

shown in the energy -time curve in Fig. 9. The microphone 
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Fig. 9-Energy-time response. 

position is the same as that for the anechoic response meas- 
urement. The first sound occurs at 3.05 milliseconds and is 
due to the front -mounted cone. This is substantially over 
when the first sound from the piezoelectric tweeter arrives 
at 3.3 milliseconds. Both speakers are phased so that a posi- 
tive voltage impulse applied to the positive speaker termin- 
al produces a pressure increase for the first sound arrival. 
Some enclosure diffraction occurs from 3.5 to about 4 milli- 
seconds, as may be seen from the uneven character of this 
lower level signal. The energy peak at around 4.8 milli- 
seconds is sound diffracting from the top of the enclosure. 
The time spread for signals within 10 dB of the peak energy 
is only about 0.5 millisecond. 

Listening Test 
A variety of listening positions were tried, and no single 

position seemed to be best suited for all musical material. A 
certain amount of experimentation with room position may 
be required when the units are first set up by a purchaser. 

The overall sonic impression prior to tone control equal- 
ization was that the midrange was down in level, the top end 
was a bit peaky, and the midbass was good but extreme low 
bass was lacking. A bothersome peak at around 200 Hz, just 
below middle C, was evident in all positions tried. On an 
overall basis, the best compromise of tonal balance was ob- 
tained with the speakers about 12 inches out from the wall 
and with slight bass and treble cut. 

The stereo imagery is somewhat "up front," which means 
that instrumental voices are pulled slightly toward a posi- 
tion closer to the plane passing through the two speakers. 
Basic stereo imagery is quite good in lateral placement. The 
apparent design intent of using direct- and rear -projected 
sound to produce a wider stereo image is fulfilled. 

Vocals are very clean in reproduction with only a small 
bite in high frequencies. Choral groups do not come off 
quite as well and in this reviewer's opinion appear pushed 
together in space and suffer from a degree of sibilant 
emphasis. Articulation is excellent, however. Most musical 
instruments are well reproduced with the slightest ten- 
dency to sound bigger than life. 

45 50 The Polk Model Nine is well suited for those rooms where 
space is at a premium and the need is for the sonic illusion 
of a wide stereo stage. Richard C. Heyser 
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Technics RS -676 Cassette Deck 

MANUFACTURER'S SPECIFICATIONS 
Wow and Flutter: 0.08% or better. Overall Frequency Res- 
ponse: 40 Hz to 12 kHz, +2 dB, -3 dB with LN tape. 40 Hz to 
13 kHz +2 dB, -3dB with Cro, tape. Signal/Noise Ratio: 50 
dB; 58 dB or better with Dolby. Distortion: 2.0% at 0 VU, 1 

kHz. Input Sensitivity: Mike, 0.3 mV; Line, 60 mV; Tuner, 100 
mV. Output: 0.42 V. Heads: 2. Motors: 2. Dimensions: 16% 
in. W. x 14% in. D. x 51/2 in. H. Price: $459.95. 

Cassette recorders are getting more and more profes- 
sional in styling, and there is a definite trend towards front 
loading with the more expensive machines. A good exam- 
ple of both trends is the Technics RS -676, and very impres- 
sive it looks with its instrument -type controls and satin 
aluminum and black finish. The cassette compartment is on 
the left and a touch of the eject button will release the door 
catch so it can be opened by hand. The cassette is loaded by 
placing it inside the "oven" and pressing it downwards. The 
compartment is illuminated and a large glass window in the 
door allows one to see whether the tape is rotating. But, you 
may say, this is all very nice, but how about cleaning the 
heads? Audio has always emphasized the importance of this 
exercise, and for good reason. However, in this case, we can 
report that head cleaning is really not difficult. The heads 
are placed right up front and there is a detachable cover 
which helps a lot, as does a mirror mounted at the rear. 
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NOW... anAUDIO exclusive: 

This timely SOUND ADVICE 
suggestion: A Comprehensive 
Guide to the Music/Record 
Business . . . 
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If you're music business "career minded" .. . 

Hear the facts for,ourseIfin taped 
interviews st ra jbt from the "pros" 

Compiled from Recording Institute of America's interviews with key executives and "hit - 
makers", plus Reference Directory and Dialogue Viewpoints of industry "stars". 

Listen to the industry "pros" describe the 
workings of the Music Business. Hear the 
most respected attorneys of the entertain- 
ment field define and discuss the legal 
terminology of Recording Contracts, Song- 
writer Contracts, Professional Management 
Contracts. Over 31/2 hours of professional 
reference ... could be the most important 
200 minutes of your life! 

Plus ... RIA Reference Directory, including 
sample songwriter affiliation forms, sample 
artist contracts, writer contracts, etc., in 
addition to a Directory of Record Manufac- 
turers, Music Publishers, Personal Managers, 
Producers and Booking Agents. Also Record 
World's "Dialogues" with over 50 candid 
interviews from Record World magazine, and 
a cross-section of "star" personality interviews. 

You get all the above (regularly $49.95) for only $39.95 for Audio readers. 

'Interviews include: 
Pete Bennett Promotion, Apple Records 

Sid Bernstein Personal Manager and Promoter 

Rick Blackburn Dir. of Sakes, Columbia Records 

Terry Cashman Pres., Canhwest Productions, Inc. 

Bob Cato V.P., Creative Services, United Artists 
Kip Cohen V.P., A&R. A&M Records 

Al Coury V.P., Production, Capitol Records 

Al DeMarino V.P., Mun,ic Department, CMA 

Tom Draper Dir., R&B, RCA Records 

Kenny Gamble Pres. & Producer, Phila. Int. Rec. Co. 

David Clew V.P., Marketing. Atlantic Records 

Barbara Harris Dir., Artist Relations. Atlantic Records 

Emil LaViola Prot. Mgt., Chappell Publishers 

Michael Martineau Booking Agent, Premier Talent 

Mark Meyerson A&R, Atlantic Records 

Barry Oslander West Coat Prot, Dir.. Jobete Music Co. 

Richard H. Roemer Law Firm of Roemer & Nadler 

Alvin Teller V.P. Merchandising Marketing, 

Columbia Records 

Peter Thall Law Firm of Casper & Thall, P.C. 

Ron Weisner V.P., Artist Relations, Buddah Records 

... and many others 

10 DAYS FREE APPROVAL-MAIL TODAY 
Book and Learning Systems Division 
NORTH AMERICAN PUBLISHING COMPANY 
134 North 13th Street, Philadelphia, Pa. 19107 

Send me the complete "MUSIC INDUSTRY CASSETTE LIBRARY." If I 

decide to keep this after 10 days examination I will remit the purchase 
price plus postage and handling, or return it for cancellation of all 
charges. 

Name(please print) 

Signature 

Firm or Inst 

Home Address 

City, State, Zip 
SAVE MONEY. My payment is enclosed. Publisher pays all postage and handling. Same money -back 
return privilege. 
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Technics has recently started "guaranteeing" its five most 
pertinent specifications, meaning that the unit will either 
meet or beat this level of performance. As we shall see, this 
means Technics is now being even more conservative in its 

ratings than previously. The firm is also actively encourag- 
ing owners to bring in their equipment for test and adjust- 
ment if they feel the unit isn't up to snuff, and the company 
is also distributing a booklet giving detailed descriptions of 
their test procedures and standards. 

Now for a look at the controls. First, to the right of the 
"oven" is a set of six bar switches, two large ones for Play 

and Stop, and the others for Fast Forward, Fast Reverse, Re- 
cord and Pause. Both the last-named show a visible indica- 
tion and the Record button is unusual as it is not inter- 
locked. In other words, the machine is ready for recording 
as soon as this button is depressed. You can, of course, set 

the recording level first as the VU meters are connected at 

this point. Above these controls are a digital counter and a 

memory switch, and to the right are two Dolby lever 
switches (I'll explain later) and a dual -concentric micro- 
phone input level control. Underneath is a large (very large) 
control knob that adjusts the recording levels for both chan- 
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Fig. 1-Rear view of Technics RS -676. 

Fig. 2-Internal view of cassette deck. 
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Fig. 3-Playback response using standard test tape. 

44 

nels and it is used with a balance control next to it. Further 
to the right is a three -position selector switch marked Mic, 
Line-In/Mic, and Tuner-mic. At the bottom is a Tape Selector 
switch for Normal and Cr02 tapes, two pre-set Dolby cali- 
bration controls, headphone and microphone sockets, plus 
the On/Off switch. The two VU meters are at the top and 
between them is a small push-button switch which changes 
the meter constants from average to peak values. There are 
two scales, one going up to + 6 VU and the other calibrated 
in percentages with 100% corresponding to 0 VU. 

At the rear are the usual Line In and Line Out sockets, two 
Output controls, a switch to change the Dolby de -emphasis 
constant from 75 µS to 25 µS and a socket for a Remote Con- 
trol unit. 

And now for some explanations. Normal on the Tape 
Selector switch refers to low -noise tapes such as TDK SD, 
TDK ED, or BASF SK. The Cro2 equalization is 70 µS, instead 
of the older 120 µS standard. Technics claims this provides 
worthwhile improvement in signal-to-noise ratio, which is 

indeed the case. If one has recordings made with the 120µS 
equalization, using the Normal position of the switch will 
give the proper equalization. The 676 is also equipped with 
an auto -switching feel tab which engages with the latest 
chrome cassettes to switch over to the correct equalization 
automatically. The reason there are two Dolby switches is 

because one is intended for FM recordings and it has a fil- 
ter position attenuating the response above 18 kHz so the 19 

kHz carrier will not upset the Dolby operation. Decoded 
signals can be taken from the cassette unit and fed to the 
amplifier if desired and the switch at the rear is for use when 
recording programs from FM stations using the new 25 µS 
time constant (which will soon become standard). The 
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Fig. 4-Record/play response at O VU and -20 VU, with 
Maxell UD, and with Scotch Classic tapes. 
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Fig. 5-Record/play response with TDK KRO tape. 
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Fig. 6-Distortion at 1 kHz 
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Memory -Play switch is a little unusual, as it sends the tape 
back to a pre -determined point and then the tape doesn't 
just stop; it immediately goes into playback mode. Instant 
replay? Well, almost. The Selector switch-the one labelled 
Mike, Line and Tuner allows a microphone signal to be 
mixed with the inputs from a tuner or other source. 

Tape functions are controlled by solenoids and special 
muting circuitry is employed to prevent switching clicks 
from being recorded. Two motors are used, an electroni- 
cally regulated d.c. type for the capstan drive and another 
d.c. motor for the cassette drive. A photo -electronic auto- 
matic stop disengages the transport mechanism at the end 
of a cassette, regardless of whether the tape is in the fast -for- 
ward, rewind, or playback mode. It operates even if the a.c. 
power goes off. 

Measurements 
Figure 3 shows the playback response from a standard test 

tape, and Fig. 4 shows the Record/Play response with Max - 
ell UD and Scotch Classic tapes. The latter is a hybrid ferric - 
chrome formulation and it really needs different equaliza- 
tion. As it is, its rather hotter top end response can be tamed 
by turning down the amplifier's treble control slightly dur- 
ing playback. 

Figure 5 shows the response with Cr02 tape. It will be 
seen that the upper response extends to 16 kHz. The speci- 
fications quote the 3 dB point for normal tape at 12 kHz and 
13 kHz for CrO2. Both were exceeded by a comfortable mar- 
gin. The Cr02 tape was TDK KROM, but similar results will 
be obtained with other makes as most use DuPont chrom- 
ium dioxide. Distortion at 1 kHz measured 1.0% at O VU 
(see Fig. 6) increasing to 2.5°/o at +6 VU. 

Distortion versus frequency is shown in Fig. 7, and here I 

also illustrate a problem I encountered. The VU meters are 
not linear with frequency. While it is not uncommon to tail- 
or VU meter response to read higher at frequencies above 5 

kHz or so, since this provides some safeguard against tape 
saturation, these meters read low below 100 Hz! Thus, an in- 
put signal level that produced a zero VU reading at 1 kHz 
would only cause the meters to read -10 dB at 50 Hz and if 
the signal were increased to make the meters read zero VU 
overloading of the tape would result. The upper graph (Fig. 
7) shows the meter response and the lower curve indicates 
the distortion measured with a constant input level based on 
O VU at 1 kHz. 

Input signal for O VU was 55 mV line, 80 mV tuner, and 
0.26 mV microphone. Output under these conditions was 
410 mV. Signal-to-noise ratio measured 52 dB, increasing to 
62 dB with Dolby (DIN weighted, ref. O VU). The Dolby sys- 
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Fig. 7-VU meter characteristics (top) and distortion (bot- 
tom) versus frequency. 

tem worked according to specifications with a_tracking error 
of just over 1 dB. Wow and flutter was exceptionally low at 
0.05% (DIN Record/Play) and speed clocked in at 0.4% 
slow. Finally, cassette rewind speed was 65 seconds for a C- 
60. 

Listening and Use Tests 
On test, the 676 was connected to a Soundcraftsmen PE 

2217 preamp with a Phase -Linear 400, and discs were taped 
via a Thorens TD 125 Mk II with a Audio-technica AT20 
phono cartridge. Unfortunately, we do not have a local FM 
station using a Dolby encoder (any time now!) but record- 
ings were made from "normal" FM stations, records, and 
transfers from an open -reel machine. I found the single 
control recording arrangement very easy to use and I don't 
think there is any real danger of accidental erasure once you 
have got used to it. The VU meters were left in the peak 
indication mode for most of the time as this gave more accu- 
rate transient readings. Because of the well -designed trans- 
port system with its two motors, wow and flutter is as low as I 

have found with any cassette recorder. Indeed, it is com- 
parable in this respect to an expensive open -reel machine. 
The signal-to-noise ratio is excellent, too. All -in -all the 
Technics RS -676 is a well -designed machine which will 
appeal to the most discriminating. It's not cheap at $459.95, 
but you do get a lot for your money. George W. Tillett 
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MIKE EDDINGER 

"Just think, my Fred is going to uphold the new Federal 
power -output ruling!" 
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Dynaco Stereo 400 Power Amplifier 

MANUFACTURER'S SPECIFICATIONS 
Power Output: 200 watts per channel, both channels driven 
into 8 -ohm loads at any frequency from 20 to 20,000 Hz with 
less than 0.25% total harmonic distortion; 300 watts per 
channel at 4 ohms; 100 watts per channel at 16 ohms, 600 
watts at 8 ohms, monophonically. Intermodulation Distor- 
tion: Less than 0.1% at rated output for any combination of 
frequencies between 20 and 20,000 Hz. Frequency Res- 
ponse: 20 to 20,000 Hz ±0.5 dB at rated output. Input Impe- 
dance: 50 K ohms. Input Sensitivity: 1.6 volts. Hum and 
Noise: 100 dB below full output, 20 to 20,000 Hz. Damping 
Factor: More than 80 up to 1 kHz, 8 ohms; more than 30 up 

Fig. 1-Rear panel of amplifier. 

Fig. 2-Interior view. 

to 10 kHz. Dimensions: 17 in. W. x 14 in D. x 7 in H. Weight: 
52 lbs. net. Power Consumption: 11 amps maximum. Price: 
Factory wired, $669.00; with meters, $769.00; as kit, $499.00; 
meter kit $85.00. 

The Dynaco stereo 400 is a rugged, solidly -built 200 -watts - 
per -channel power amplifier. The units reviewed were one 
wired by the factory with MC -4 optional meter and a kit, 
built but not measured. Most of the circuitry is on printed 
boards with considerable hard wiring interconnecting the 
various boards, front -panel controls, and output transistors. 
The heat sink on this amplifier is very large and quite effec- 
tive; it is made of eight 1/8 -in. thick, black -anodized, extru- 
ded aluminum fins. 

Front -panel controls consist of two input -gain controls, 
high- and low-cut filter switches, a four -position meter -sen- 
sitivity switch, a five -position Dynaguard control switch, and 
a three -position (On/Off/On) phase -reversing power 
switch. Also on the front panel are the two output meters, 
two speaker fuses, and Dynaguard indicator, overtempera- 
ture and pilot lamps. The back panel has RCA input jacks 
and a pair of dual binding posts for the speaker connec- 
tions. 

While usefully large, the output meters on this amplifier 
might have been more attractive if they were flush moun- 
ted and a bit further apart as on some other amps. I have to 
admit this is a matter of taste. The zero dB power markings 
for this meter system are 156, 78, 20, and 5 watts into 8 ohms. 
The ranging and marking system this reviewer would have 
preferred to see is a watts scale, with rated power into 8 

ohms marked zero dB, and a range switch which changes 
meter deflection in 10 dB steps, i.e. full power, 10% of full 
power, 1% of full power, etc. With this scheme, no conver- 
sion of relative dB to power is required. 

Circuit Description 
Figure 3 shows a block diagram of the main power ampli- 

fier section of the Dynaco 400. The differential input ampli- 
fier shown in the diagram is preceded by a gain -of -one iso- 
lation amplifier, whose purpose is to lightly load the 100 K 

input level control and provide a low output impedance to 
drive the high- and low-cut filters and the Dynaguard out- 
put -power limiter. The filters are two -section passive RC 

types and provide ultimate attenuation of 12 dB per octave 
with normal cutoff frequencies of 50 Hz and 15 kHz. Q1 and 
Q2 form a differential input pair fed by constant -current 
source Q3. The push-pull (differential) output of Q1 and Q2 
is fed into the input of the second differential amplifier, Q4 
and Q5. The output of Q5 has the proper phase to drive the 
output stage, which is effectively a complementary emitter - 
follower. 

The usual practice at the predriver point in a power amp 
would be to have a bootstrapped resistive collector load for 
the predriver, or a transistor current source. Neither of 
these options uses the opposite -phased signal which is avail- 
able at the collector of Q4 which would be tied to signal 
ground. The 400 uses this signal phase, coupling it through a 

common -base voltage -translator stage, Q6, up to the base of 
Q7, a common -emitter inverting stage. The collector of Q7 
is connected down through the bias regulator to the collec- 
tor of the predriver, Q5. This accomplishes two desirable 
objectives. The first is that both push-pull signal phases have 
been combined in a differential input to the single -ended 
output predriver circuit. Even harmonics generated in the 
first and second differential stages tend to cancel in the 
combined output. The second feature of the circuit is that 
the output of the predriver can drive the output stage 
equally hard in both directions. The disadvantage of this 
scheme is that the signal from the collector of Q4 has to pass 

through two more potentially distorting devices before it 
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combines with the output of Q5. 
The bias regulator circuit, consisting of Q8 and Q9, pro- 

vides a temperature -compensated voltage difference be- 
tween the two input drive lines to the output stage. It is a 

two -stage -shunt voltage regulator instead of the more usual 
single transistor or diode circuit. 

The output stage is effectively a complementary emitter - 
follower with complementary emitter -follower drive. The 
composite NPN and PNP output and driver devices are 
made up of two series -connected transistors to increase the 
safe operating area. The upper driver bases of Q12 and Q15 
are driven off voltage dividers from the amplifier output 
buss up to the respective supplies, plus and minus, for Q12 
and Q15 respectively. The action of these dividers causes the 
instantaneous voltage across the series pairs to be divided 
about equally between the series devices. Overall negative 
feedback is applied from the output to the inverting input of 
the input stage, the base of Q2. 

Dynamic voltage/current limiting is accomplished by 
shunting the output stage drive lines to the output buss 
through limiting transistors Q10 and Q11. Both voltage and 
current of the output stage are sensed and applied to the 
bases of these limiter transistors. 

This amplifier has, in addition to dynamic El protection of 
the output stage, a number of other protective circuits that 
protect both the load and the amplifier. These include fuses 
in the amplifier output lines, fuses in the B+ supply lines in 
both channels, the input high- and low-cut filters which 
keep excessive subsonic and supersonic energy from enter- 
ing the amplifier (when switched in), a time -delay and out- 
put d.c.-detection circuit, and the Dynaguard power -out- 
put limiter circuit. 
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The time -delay and d.c. detector circuit provides a turn - 
on time delay which keeps the speaker relay open long 
enough to prevent turn -on thumps. If the output line of 
either channel exceeds a nominal plus or minus 11/2 volt 
d.c., a comparator circuit that senses the output line d.c. 
level will open the speaker relay and thus protect the speak- 
er from potentially destructive d.c. voltages. 

The Dynaguard power limiter circuit operates by reduc- 
ing the instantaneous peak value of the input signal to the 
power amplifier. Limiting action commences after a time 
delay that depends on how much greater the output signal 
is than the power limit selected. The greater the 
output power compared to the selected power limit, the 
shorter the time delay before limiting commences. This 
delay allows short signal transients to pass unaltered up to 
the clipping power of the amp while holding the average 
continuous power to the preselected value or less. The 
front -panel control switch has five positions: Off, 120,80,40 
and 20 watts. When limiting takes place, front -panel indica- 
tors (located between the speaker fuses) light up. 

The power supply consists of a large power transformer, 
bridge rectifier, and two 10,000 µF, 80 V capacitors. The ±75 
V d.c. developed for the power amp is reduced by Zener 
regulators to +13 volts for the Dynaguard circuit and the in- 
put buffer amp. 

Kit Builder's Note 
Since I'd previously put together a number of kits, I was 

not surprised to see how thoroughly the manual detailed 
assembly and wiring, theory of operation, tests prior to 
plug-in, and tests and checks for qualified technicians. The 
40 -page manual even included a quick course on soldering, 
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Fig. 3-Block diagram of main power amplifier section. 
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though I wouldn't recommend anyone put this kit together 
until he'd assembled at least one somewhat simpler proj- 
ect. I'd also recommend that anyone who's not good at sol- 
dering, practice soldering several wires compactly to a lug 
before attempting that job in this kit. The company supplies 
a 2 -x -3 -ft. pictorial diagram printed in five colors, showing 
exactly where every wire and part goes. 
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Fig. 4-Harmonic and intermodulation distortion vs. power 
output, 1 kHz, 8 ohms. 
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Fig. 5-Frequency response (top) at one watt, with filters in 
and out (note that spectrum from 100 Hz to 10 kHz is omit- 
ted). Lower curves show distortion vs. power and frequency. 
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Fig. 6 -10 -volt (p -p), 50 -Hz square wave output, 8 -ohm load. 
Top shown at 20 V/cm; bottom, 5 V/cm. 

About 99% of the small components (resistors, capaci- 
tors, transistors, and integrated circuits) were already 
mounted on the four printed circuit boards. The only major 
parts not so mounted were the very heavy power transfor- 
mer, two 10,000 µF power supply capacitors, the protective 
relay, big circuit breaker, a.c. power switch, input gain con- 
trols, and attenuator switches, plus the rear terminal panel, 
the gold -finished front panel, black perforated metal 
cover, and the massive heat sink (the biggest in the busi- 
ness, Dynaco says) for the power output transistors. 

Altogether there were 14 pages of instructions, and the 
total number of wiring and assembly steps were 212. Con- 
veniently broken down into some five sections, each took 
three to four hours. Total time, not counting the hour or so 
of familiarization nor troubleshooting time at the end, was 
19 hours. Someone less at home with a soldering iron would 
take longer. 

The actual assembly and wiring went rather smoothly, in 
great part because the pictorial diagram is so clear that one 
could almost put the kit together just using that. Working 
from the step-by-step instructions, and referring each time 
to the pictorial diagram, made it quite straightforward. 

The only tools needed were a pair of diagonal cutters for 
cutting and stripping the wires, a pair of long -nose pliers for 
reaching into close quarters, a medium-sized screwdriver, 
and a soldering iron. Dynaco supplied solder and six hanks 
of different colored wire. 

When I'd completed the assembly and wiring I went 
through the preliminary tests Dynaco includes. I found that I 

had a dead short in one channel. Quickly consulting the in- 
structions In Case of Difficulty-(what to do for) Failure In 
Preliminary Tests, I found I had one diode wired in back- 
wards (not the cause of the short) and a splash of solder 
which was shorting part of one PC board to one ground ter- 
minal. Correcting these errors enabled the amplifier to pass 
the preliminary test steps, and connecting up the other 
components, I had sound! How does it sound-awe- 
some... 

Summing up, this is a project most people could success- 
fully accomplish, much like other Dynaco or Heath kits. I 

would recommend it only to those who have put together at 
least one other kit previously and who can be extremely 
careful :n following the instructions to the letter (this applies 
to all electronic kits). There is nothing esoteric about the 
assembly or the wiring, even though the circuit is quite 

Fig. 7 -10 -volt, 20 -kHz square wave output, 1µF load (top). 
10 -kHz output, 8 -ohm load (bottom). 
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sophisticated and the unit physically big, and heavy (52 lbs, 
net).-C.G. 

Listening Tests 
The Dynaco 400 was compared aurally to a number of 

other fine solid-state amplifiers. Cartridges used for record 
listening were a Supex SG -900 and a Fidelity Research FR -1 
Mk Il going through a tube -type phono preamp, specially 
made by the reviewer, which has the extra gain needed for 
use with low -output moving -coil pickups. 

Overall, the sound of the 400 is as good or better than 
most of the 150- to 300-watts/channel amps available, 
though at times some of the other amps were able to score 
points in handling certain sorts of difficult material. Bass was 
tight and defined and generally was at least as good that 
produced by these other amps. The midrange and high end 
were quite good, though the amp was judged at times to 
have a bit of graininess and edginess and thus not as sweet 
and clean as might be desired. 

Editor's Note: Dynaco informs us that a very recent change 
in the value of the resistor R305 to 1.8 ohms reducing the Q 
of the output inductor -resistor combination effects an im- 
provement in high -end sound quality. This is easily made on 
existing Stereo 400s by adding a 2.2 ohm resistor (2 W. min.) 
in parallel with each output inductor (choke coil assembly) 
on top of the relay mounting plate. This will also noticably 
improve the square wave trace into a capacitive load, es- 
pecially at low drive levels. 

Measurements 
The first test run on the Dynaco 400 was the FTC power 

test, running at 1/3 rated power with a 1 kHz test signal for 
one hour. This test was passed with tlying colors and is a tri- 
bute to the excellent heat -sink design of the 400. 

Voltage gain into a 8 -ohm load was measured and found 
to be 26X, or 28.3 dB, with the input controls set at maxi- 
mum. 

IM distortion and THD at 1 kHz versus power output are 
shown in Fig. 4. Both THD and IM are satisfactorily low. THD 
versus frequency and power is shown in Fig. 5. The ripples in 
the curves near 120 Hz are due to a small amount of beating 
between the signal frequency and 120 Hz harmonic of the 
power supply. Also shown in Fig. 5 is the one -watt fre- 
quency response. This was not measured below 5 Hz as the 
speaker relay started to chatter at about 5 Hz because these 

Table I-Output Noise (microvolts) 

Filters Out Left Right 
20 to 20,000 Hz 238 210 
400 to 20,000 Hz 140 90 

Filters In 
20 to 20,000 rIz 230 150 
400 to 20,000 Hz 130 75 

Table II-Dynaguard Limiting (watts) 

Switch 
Setting 
20 
40 
80 
120 

Power Needed to 
Maintain Limiting 

14.6 
24.5 
56.2 
98.0 

Power Needed to 
Light Indicators 

15.7 
30.0 
63.3 

105.1 

low frequencies begin to appear as d.c. to the comparator 
circuit which controls the output relay. 

'Scope photos of the amplifier response with different 
frequencies and loads are shown in Figs 6 through 9. 50 Hz 
and 10 kHz square waves with 8 -ohm loads at 10 V p -p are 
good, generally about the same as other top -rated ampli- 
fiers we've tested. The 10 -kHz, 10-V square wave with a 2µF 
capacitive load is typical of most solid-state power amps 
with LR output buffer networks. 

The large signal 50 -Hz and 20 -kHz square waves into 8 - 
ohm loads are excellent. In particular, the symmetry of the 
20 -kHz response is an excellent commentary on the use of 
the differential input to single -ended converter predriver 
stage. The large signal response with capacitive loads isn't as 

good, as evidenced by the somewhat slower slew rate on the 
10- and 20 -kHz square waves with 2 and 1µF loads. The 400 
was not able to deliver a full 200 VA and 20 kHz and at slight- 
ly over 100 VA exhibited about 1 percent THD. 

Output noise as a function of measurement bandwidth is 

shown in Table I, with both high and low filters in and out. 
Damping factor was slightly greater than 80 from 20 Hz to 1 

Fig. 8 -10 -volt, 10 -kHz output, 2µF load. 
V/cm.; bottom, 5 V/cm. 

Top shown at 20 

Fig. 9 -10 -volt, 20 -kHz output, 8 -ohm load (top). 3C -volt, 20 - 
kHz output, 1µF load; 1% THD (bottom). 
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Fig. 10-Input (top) and output (bottom) 90 Hz signal, 100 - 
watt output level, showing Dynaguard action at 20 position. 
Total time, 1 second. 

kHz, decreasing smoothly to 33 at 10 kHz and 19 at 20 kHz. 
Power output at on -set of clipping into 4-, 8-, and 16 -ohm 

loads was 324, 221, and 132 watts, respectively. 
The performance of the Dynaguard limiter was checked 

by noting the steady-state power that just sustained limiting 
and the steady-state power that caused the front -panel in- 
dicators to light, both as a function of power levels indica- 
ted on the front panel. In general, the power for mainten- 
ance of limiting was lower than that which caused the indi- 
cators to light and both were somewhat lower than the 
levels indicated on the front panel. Since the right chan- 
nel's adjustments were off a bit, so that its limited power was 
somewhat lower than the left channel's, measurements for 
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Fig. 11-Input (top) 150 Hz signal. Bottom traces show prog- 
ressively smaller output as Dynaguard at 20 setting reduces 
output from full 200 watts to one -fifth that level. 

the left channel only for 8 -ohm loads are shown in Table II. 
'Scope photos from the Dynaco manual, indicating some of 
the dynamics of the Dynaguard limiting action, are shown in 
Figs. 10 and 11. 

To sum up, the Dynaco 400 is another good performer in 
the 200 -watts -per -channel class. Its overall sound is good, 
and its protective features make it difficult, if not impos- 
sible, for someone to blow this amp or a speaker connected 
to it. Considering the 400's price and performance, particu- 
larly when purchased as a kit, this unit represents good 
value. If one desires an amp in this power class, the Dynaco 
400's performance and features should be considered. 

Bascom H. King 

BASIC 
BLACK THE DAYTON WRIGHT MODEL SPS Mk.3 

A sophisticated state of the art ultra high 
definition preamplifier designed for the audiophile 
who can accept no compromise in his sound 
system. Write to us for specifications and the 
names of exclusive dealers who can show you this 
and other Dayton Wright quality components. 

DAYTON 
WRIGHT 
ASSOCIATES LIMITED 

P.O. BOX 419, THORNHILL, ONTARIO, CANADA. L3T 4A2 

Designers and Manufacturers of Electrostatic Loudspeakers, Graphic Equalizers and Professional Studio Equipment. 
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Canby's Capsules 

Clazzics? 

Gershwin Plays Rhapsody in Blue, 
other works. Klavier KS 124, stereo, 
$6.98. 

George Feyer plays the Essential Ger- 
shwin -40 beloved melodies. With 
rhythm accpt. Vanguard Twofer VSD 
61/62, stereo, $6.98. 

Gershwin: An American in Paris; 
Rhapsody in Blue. Vivian Rifkin, pf., 
Vienna Symphony, Dean Dixon. 
Olympic 8121, stereo -QS, $6.98. 

Edward Tatnall Canby 

(Note: Musical categories are breaking up fast-I get all sorts of clazzic oddi- 
ties for review, and try them too-you never can tell. And not all that's new is 

Third Stream. Gershwin and Joplin now rate as Red -Seal -type classic-that's 
why they send 'em to me. E. T. C.) 

Gershwin's own piano version, from 1925 Duo -Art piano rolls-and only one 
nagging question: are tempi correct, speeds right? He plays remarkably fast and 
lightly. In 1925, they should have had good regulation, yes? An important point. 
Backside has typical G. Gershwin short arrangements, mostly of others' music in 
his stylings. 

Feyer is an old-time cocktail -lounge entertainer (born in Hungary, studied 
classical) and his Gershwin is very much that way, expertly fingered but casual 
and not too obtrusive, hi -level background music. The tunes are in continuous 
"suites,"run together; string bass and drums add a good touch. Probably best 
for your own partying, but listenable too. 

This Everest -offshoot disc is marked stereo and QS-is this to be regular pol- 
icy? My dating puts it maybe pre -stereo, out of the first heady tape -LP days, 
Americans in Vienna, LPs right & left. Dixon (Black, American) puts good life 
into the alien orchestra but Rifkin's piano is tensely classical, not good Gersh- 
win-also too distant. Labels are reversed. 

FROM THE AUDIO Rift 
rGCRETS 

Wanna dirty recording? 
ADVICE FROM: Hugh B. Davies, recording engineer, Capitol Records, Inc. 

PROBLEM: No one wants dirty recordings. They sound flat, dull, lifeless. The 

problem could be all in your heads. Dirty. Dirty. Dirty. Oxide shedding of 20 

millionths of an inch-an invisible film no thicker than a fingerprint-can 
affect cassette performance by as much as 6 db at 10 Khz. If you record dirty 
and play back dirty, you could lose as much as 12 db. 

RECORDING TIP: Keep a clean machine. Inspect and gently clean 
recording heads, capstan and pinch roller before recording. Every time. 

Clean them every 4 to 10 hours of playback time. The safest cleaner is 

isopropyl alcohol on a cotton swab. It's cheap. Sold at drugstores. And, 

because it dissolves away deposits instead of scraping, you can't clean too 

often. To move the cassette heads forward for easy cleaning, fool the 
machine into thinking it's playing. Press the "play" button (and interlock, 
if machine has one). 

TAPE TIP: Those problem deposits are oxide debris from your recording 
tape. Switch to The Music Tape by Capitol. Its heavy duty binder prevents 

oxide shedding. So there's less gunk. (No bunk.) 

- When you record ordinary things, use an ordinary 
tape. But when you record music, record on 

"'e.\ the music tape. CAPITOL MAGNETIC PRODUCTS Lam; if 

CepOd, A DIVISION OF CAPITA RECORDS. INC. cassette cartridge open reel 
- BY CAPITOL -11 REc TM or CRI LOS ANGELES, CALIFORNIA 90028 A MEMBER OF THE EMI GROUP TIa or Ems iMITEo 
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Classical 
Reviews J 

Edward Tatnall Canby 

Symphony No. 2: Charles Ives. Phila- 
delphia Orch., Ormandy. RCA ARDL 
0663, CD -4, $6.98. 

Good! This is early Ives, written 
around 1900 or so, though its first per- 
formance seems to have been Bern - 
stein's broadcast of a half century 
later, which old Ives heard at home on 
a kitchen portable radio. There is 
mostly a lot of very pleasing writing 
like Brahms and his ilk, but in- 
timations of the later Ives' individual- 
ity abound-they surely rated as 
clumsy faults in his day. The first two 
movements, fill up side 1, they are the 
parts that will get your musical ear. 

A lovely, gentle, sweet quality of 
melody, the best of the Ives inner 
radiance, which manages to get 
through even his most raucous later 
works if you play enough of them. He 
was human! In the rest of the sym- 
phony you will find the usual collec- 
tion of dis -a and data, old familiar 
tunes worked carefully into the some- 
what academic fabric, this being a 

piece written while he was still trying 
to impress the powers that be. Ives 
soon gave that up. Ormandy fits it 
perfectly and so does his Philadel- 
phia Orchestra. 

Violin Concerto in D. Saint-Saëns; In- 
troduction and Rondo Capriccioso: 
Tchaikovsky. Eugene Fodor; New 
Philharmonia Orch., Leinsdorf. 
RCA ARD1 0781. CD -4 quadra- 
phonic, $6.98. 

Chez RCA these days, CD -4 seems 
to mean Tchaikovsky. Eugene Fodor, 
who plays this one, is 24, looks like 
Jagger and won one of those Con- 
tests in Russia. He plays just as you 
might expect. A fabulously easy tech- 
nique, accurate, agile, the music al- 
ways in tune and the rhythm cor- 
rect-he's the contest -winning type 
all right. But his music is as bland as his 
wrinkle -free face; his styling (as it 
should be) is according to the best 
models, but without personality. He 
sounds, in short, exactly the way he 
looks. A handsome, wide face with- 
out a wrinkle on it. If you enjoy this 
kind of youthful expertise, then this is 
for you. But there are much stronger, 
more personal performances else- 

where. When Fodor gets to the more 
informal (but no less difficult) Saint- 
Saens, he warms up and comes 
through much more positively. But 
that is less than half of side 2. 

Like the other Philadelphia CD -4s, 
this one makes a fine quadraphonic 
effect, with vast, easy ambience and 
the solo violin never too loud or too 
big for the quadraphonic projection. 
(Stereo-and mono-solos can sound 
like monsters when mixed for the 
quadraphonic space.) There's another 
RCA Fodor album (stereo), a batch of 
standard fiddle solo pieces, with 
piano,. 

Lemmens Vierne Dupré Widor. Mich- 
ael Murray, organ at Grace Cathe- 
dral, San Francisco. Advent 5009, 
stereo, $6.98. Bach. Michael Murray, 
von Beckerath organ, Columbus. Ad- 
vent 5010, stereo, $6.98. (Advent Pro- 
ductions, Box 635, Manhattan Beach, 
CA, 90266) 

This young Michael Murray is an 
absolutely remarkable organist. May- 
be he doesn't have the fastest feet and 
fingers in the Guild, but what he does 
have is an altogether unusual sense of 
organ style and appropriateness, over 
a range of organ music that is rarely all 
played well by one man. He is defin- 
itely for us, we who listen to music 
first and organ fingerwork second. So 
is the recording-very fine sound 
from Advent Productions in these 
two, though utterly different in im- 
pact. 

Murray goes out and chooses his 
organs to fit the music. I first heard 
him in his excellent César Franck re- 
cord (Advent 5007). Then comes the 
above French -school item, played on 
one of those monster big old -fash- 
ioned -style organs, the roaring sort. 
Amazing sound! Advent curiously has 
had to cut the disc at what seems a 

low listening level; but the VU meter 
tells you why: vast bottom -bass rumb- 
lings which make for very wide ex- 
cursions, at not much volume, the 
ears being set up that way in all of us 
listeners. On the other hand, the Bach 
organ, which is a modern tracker (me- 
chanical action) job out of the old 

the great 
Escape 

Cue up your favorite record, sit 
back, relax ... suddenly you're 
surrounded by total sound. A 
spectacular and utterly different 
musical experience - 
The Lee Music Chair. 
The Lee Music Chair is a new 
version of the famous Lee Sound 
Chambers. Designed on the 
principle of the sound engineer's 
anechoic (echoless) chambe-, it's 
the idea relationship between 
listener and sound source. 
Inside the chair, you enjoy full 
volume sound in an acoustically 
perfect environment. No speaker 
system in the world gives you such 
a sense cf involvement. The world 
stays outside. Your sound stays 
inside. Family and neighbors 
remain undisturbed. 
Best of all, the new Lee Sound 
Chair with ottoman is available 
factory d rect to save you money. 
Total cost, chair and ottoman is 
only $399 including shipping. Ask 
about ow money back guarantee 
and 10 day free trial. Plan your 
escape, send now for an 
illustrated brochure on the 
Lee Music Chair. 

LEE WEST, INC. 
2824 Metropolitan Place 
Pomona, California 91767 
714/593-3531 
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Innovation! 

The Mark VIII FM Digital Tuner perpetuates SAE's leadership in FM digital tuners 
established by the SAE Mark VIB. Features include: A quartz -crystal -referenced 
digital readout using an L -E -D display; P -L -L (phase -locked -loop) multiplex; a five 
gang, MOS-FET front end, linear -phase monolithic IF filters; no -thump F -E -T muting 
and switchable de -emphasis for use with special noise reduction systems. We 

invite you to audition the Mark VIII from SAE-where innovation is a tradition. 

SAE, Inc., Dept. A575 
P.O. Box 60271, Terminal Annex 
Los Angeles, California 90060 

Gentlemen 

Please rush free information on the Mark VIII 
by return mail. 

Name 

Address 

City State Zip 
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The PreAmp is Coming! 

PreAmp is Coming! 

THE GREAT AMERICAN SOUND COMPANY, INC. 

8780 Shoreham Drive, W. Hollywood, CA 90069 - (213) 659-2486 

German Baroque, has the opposite ef- 
fect-its sound is brilliant and 
crammed with overtones so that the 
audible level appears to be very loud. 
Interesting. 

The First Congregational Church in 
Columbus has one of the finest big 
Baroque -type organs I've ever heard. 
Takes me back to a priceless record- 
ing among the earliest Capitol mono 
LPs, Bach via an older 78 recording, 
played on an organ at Potsdam, near 
Berlin, which was subsequently des- 
troyed in the war. That organ had this 
same shiny, copper -brass sound. Try 
side 2 first. It takes some getting used 
to, but the impact is terrific and Mur- 
ray is too good to be believed in his 
Bach-after all that French stuff! 

Paganini: Violin & Guitar. György 
Terebesi, Sonja Prunnbauer. Telefun- 
ken SAT 22548, stereo, $6.98. 

Here's a lengthy documentation of 
this story we keep hearing-that Pag- 
anini's "second instrument" was the 
guitar, even if he was the greatest 
fiddle genius of all time and, suppos- 
edly, in league with the devil himself 
and his tricks, on that instrument. His 
published works, oddly, contain 
much more guitar music than violin. 
Here's a lot of it. 

Well-I can't figure it out. It's hap- 
pened on other recordings too. You 
never heard such bland nothing - 
music as this guitar stuff! Not a devil's 
trick in a carload. Mostly, the guitar 
just plays modest little chords, long, 
long rows of them, like a beginner's 
exercise. Once in a blue moon, a bit 
of melody line comes out. Hardly 
ever! The violin does all the work. The 
guitar barely accompanies. I think 
somebody just dreamed up all this 
talk about the "favorite second in- 
strument" and everybody else is just 
copying it off, the way writers too 
often do. 

Not that Paganini's music is ever 
very profound-just brilliant. But 
when you remove most of the bril- 
liance, what you have is sort of skim- 
med milk. Very pure and lovely and 
it'll reduce you mostly to boredom. 

I should also note, and speculate, 
that perhaps in the early 19th century 
the guitar's technique was actually 
this much undeveloped-they 
couldn't realize, back then, what we, 
in the great guitar age (including 
acoustic) have learned to do with 
what is essentially a very modest and 
basically simple stringed instrument. I 

think maybe here is the truth of the 
matter. All guitarists, then, should 
take a listen to this record, just to give 
themselves perspective on their own 
art. Makes you feel pretty good-bet- 
ter than a Paganini! 
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