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Never before 
has there been a 
receiver like the 387. 
Power and purpose are implicit 
in its every distinctive line ... 
from its bold new high.:.visibility dial face to 
the sweep of its comprehensive control panel. 
And just wait until you experience the 387's effortless 
performance! A new kind of receiver power is yours to command -
instantaneous, undistorted, unmatched for flexibility and responsiveness. 

Inside, the 387 justifies its advanced exterior. Here are tomorrow's electronics ... 
Integrated Circuits, Field Effect Transistors, solderless connections, and electronic safeguard 
systems to keep the 387's 270 Watts of power totally usable under all conditions. 

Decades of manufacturing experience and engineering skill have gone into the 387. But to really 
appreciate how its designers have totally rejected the ordinary, you must see it and hear it. 

SCOTT 387 AM/FM STEREO RECEIVER 

Computer- activated "Perfectune" 
light: Perfectune computer de­
cides when you're tuned for the 
best reception and lowest distor­
tion, then snaps on the Perfectune 
light. 

387 SPECIFICATIONS 

New Modutron Circuit Board Ex­
change Policy: Takes over after your 
warranty expires; insures quick, inex­
pensive replacement of any plug-in 
printed circuit board for as long as 
you own your Scott unit. 

AMPLIFIER SECTION: Total power (±1 dB) 270 Watts@ 
4 Ohms; IHF music power, 220 Watts@ 4 Ohms; 140 Watts 
@ 8 Ohms; Continuous output, with one channel driven, 
100/100 Wafts@ 4 Ohms; 63/63 Watts@ 8 Ohms; Continu­
ous output, with both channels driven, 85/85 Watts@ 4 
Ohms; 55/55 Watts@ 8 Ohms; Harmonic distortion, 0.5% at 
rated output; IHF power bandwidth, 10Hz - 38 kHz; Hum 
and noise, phone, -70 dB. TUNER SECTION: (FM); Usable 
sensitivity (IHF),1.9 uV; Stereo separation, 40 dB; Capture 
ratio, 2.5 dB; Signal/Noise ratio, 65 dB; Cross modulation 
rejection, 80 dB; Selectivity, 42 dB. TUNER SECTION: 
(AM); Sensitivity (IHF), 4 uV@ 600kHz; Selectivity (IHF), 
32dB. 
New low price: $399.95 
Prices and specifications subject to change without notice. 

Ultra-reliable Integrated Cir­
cuits: Seven IC's are included in 
the 387 ... totalling 91 transis­
tors, 28 diodes, and 109 resistors. 

New solderless connection tech­
niques: Tension-wrapped termi­
nal connections plus plug-in cir­
cuit modules result in the kind of 
reliability associated with aero­
space applications. 

CDSCOT'F 
For detailed specifications, write: 
H. H. Scott, Inc., Dept. 01004 
111 Powdermill Road, Maynard, Mass. 01754 
Export: Scott International, Maynard, Mass. 01754 
© 1970, H. H. Scott, Inc. 
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STEAEOPHONES 
t he ultimate in listening 
pleasure .. . now 
guaranteed for life 
Superior craftsmanship and highest 
standards of qual ity control. These 
ingredients, built into every SHARPE 
model 770 Stereophone are now 
backed by a lifetime guarantee . .. for 
a lifetime of listen ing pleasure. 
SCINTREX will repair or replace 
any SHARPE model 770 Stereo­
phone wh ich develops a malfunction 
due to defect ive workmanship or 
mater ials, or from normal wear and 
usage . . . during the life of the 
original owner . 
SHARPE MODEL 770 
STEREDPHDNES 
. .. designed for those who appre­
ciate the finest in sound . 
• outperform the most advanced 
speaker systems in undistorted repro­
duction of the entire sound spectrum . 
• dr ivers are calibrated and matched 
for identical audio character ist ics . . . 
assure uniform reproduction in both 
channels. 
• actual frequency response tracing 
accompanies each unit. 
• ind ividually fused channels with 
independent volume con t rol. 
• attract ive styl ing in con tempora ry 
walnut grain and 24K gold . .. an 
outstanding addition to the most 
sophisticated sound system. 
Hear for yoursel f t he dramati c dif­
ference SHARPE brings to listening 
en joyment. Vis it your authorized 
SHARPE dealer for a demonstration 
and all the facts,o(l th is unique lifet ime 
guarantee. Use the reader service card 
for the name of your nearest dealer and 
a f ree fu ll-color brochure. 
Say SHARPE for the sound of 
satisfaction 

SHARPE 
AUDIO DIVISION 
SCINTREX INC. 
390 Creekside D nve, A m herst Ind ust r ia l Park 
Tonaw anda, N.Y. 141 50 
Expor t Agents · 

ELPA MARKETING INDUS TRIES INC. 

New Hy de Pa r k , N . Y. 1104 0 
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There are 202 parts 
in a Garrard automatic turntable. 

We make all but a 
Today's automatic turntable is a 

beastly sophisticated device. 
The Garrard SL95B, below, has 

202 different parts. 
That is, unless we tally the "parts" 

that go into such final assembly parts 
as the motor and pickup arm. In which 
case the total is more like 700. 

A few of these parts we buy. Mostly 
springs, clips and bits of trim. 

But the parts that make a Garrard 
perform, or not perform, we make our­
selves. 

To buy or not to buy 

At our Swindon works, in England, 
a sign reads "If we can't buy surpass­
ing quality and absolute accuracy, we 
make it ourselves." 

E. W. Mortimer, Director of Engi­
neering Staff and a Garrard employee 
since 1919, says "That sign has been 
there as long as I can remember. 

"But considering the precision of 
today's component turntables, and the 
tolerances we must work to, the atti­
tude it represents is more critical now 
than it was even ten years ago." 

Our Synchro-Lab motor is a perfect 
example. 

To limit friction (and rumble) to 
the irreducible minimum, we super­
finish each rotor shaft to one micro­
inch. 

The bearings are machined to a 

Check No. 3 on Reader Service Card 

piddling few. 
tolerance of plus or minus one ten­
thousandth of an inch. Motor pulleys 
must meet the same standard. 

"When you make them yourself," 
observes Mr. Mortimer "you can be 
that finicky. That, actually, is what sets 
us apart." 

Mass produced, by hand 

Despite its place as the world's 
largest producer of component auto­
matic turntables, Garrard stubbornly 
eschews mass production techniques. 

Every Garrard is still made by hand. 
Each person who assembles a part 

tests that finished assembly. 
And before each turntable is 

packed in its carton, 26 final tests are 
performed. 

Thus, we're assured that the preci­
sion achieved in its parts is not lost 
in its whole. 

Swindon, sweet Swindon 

In fairness to other makers, we 
confess to a special advantage. 

Our home. 

At last census the total population 
of Swindon, England was 97,234. Gar­
rard employs a rather large share of 
them, and has for fifty years. 

"Not everyone has been here from 
the year one as I have," smiles Morti­
mer "but we have 256 employees with 
us over 25 years. Many are second and 
th ird generation. 

"It's hardly your average labor 
force. Everyone feels a part of it." 

The sum of our parts 

Today's SL95B is the most highly 
perfected automatic turntable you can 
buy, regardless of price. 

Its revolutionary two-stage synchro- . 
· nous motor produces unvarying speed 

despite extreme variations in line vol­
tage. 

Its new counterweight adjustment 
screw lets you balance the tone arm 
mass to within a hundredth of a gram. 

Its patented sliding weight anti­
skating control is permanently accu­
rate. 

And its exclusive two-point record 
support provides unerringly gentle rec­
ord handling. 

You can enjoy the SL95B, the sum 
of all our parts, for $129.50. 

Or other Garrard component 
models, the sum of fewer parts, for 
as little as $44.50. 

Your dealer can help you decide. 
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Stereo Receiver Directory 

Varactor Tuning 

by Leonard Feldman 

Equipment Reviews 

lnduding: 

AR-2ax speaker 

Bogen BR-360 receiver 

PLUS 

Record and Tape Reviews 
and 

all the regular features 

About the cover: This shows one of the 
very elaborate and versatile TA·2000 
Sony preamplifiers . Photograph i·s 

word is derived 
from the Gree·k: kalos-beautiful, 
eidos-form, and scope--an instrument 
for looking. Any further remarks are 
unnecessary and could only get me into 
troubfe . ... 

Audioclinic 
A Matter of Tracking Force 

Q. I own a good record changer, but 
I am having trouble with its anti-skating 
adjustment. I use a cartridge fitted with 
an e!yptical stylus, which tracks a 1.5 

. grams. I also have the antis kate control 
at this same 1.5 gram force. The problem 
is that the stylus tends to take long thin 
pieces of vinyl from some records and 
very little from others. Sometimes so much 
vinyl (not dust) collects on the stylus 
that I must stop the table to remove it. 
Shouldn't the anti-skating device prevent 
this? What effect will this "vinyl stripping, 
have on my records? What can I do about 
this? 

I balanced the tonearm correctly and I 
bought a new stylus. The condition still 
continues. The antiskate adjustment is 
stable and will not move when set. Is this 
problem unusual?- Howard Wong, 
Woodside, N.Y. 

A The problem with your record 
changer is unusual. No vinyl should ever 
be removed by the stylus. I can only 
wish that your problem really is dust. 
It must . be that you are tracking at a 
greater force than you realize. Do not 
depend on the gram scale on your 
changer. Obtain an independent force 
guage and try it. The anti-skating 
control does not have much to do with 
this situation. This device is designed 
to correct some distortion and to limit 
long-term record wear. 

If you are unable to repair this 
changer, send it back to the manufac­
turer's service agency. You will ruin 
your records in short order if you 
continue using this equipment in its 
present operating condition. 

Condenser and Dynamic 
Microphones 

Q. What are differences between 
condenser and dynamic niicrophones?­
Arthur Darrow, Albany, N.Y. 

The dynamic microphone is very 
similar to a loudspeaker. In fact, many 
intercoms use loudspeakers to double 
as microphones. 

The dynamic microphone consists of 
a very low-mass diaphragm fitted with 
a coil. This coil is suspended in a 
magnetic circuit. This equipment is so 
constructed that sound pressure striking 
the diaphragm causes it to move in 
accordance with that pressure. This 
motion, in turn, results in the coil's 
moving. The turns of the coil thereby 
cut the flux lines of the field . The voltage 
is then passed along to the appropriate 
amplifying equipment for signal proc­
essing. 

The capacitor, or condenser, micro­
phone is much like an electrostatic 
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speaker. (The dynamic and the electro­
static speaker and headphones were 
discussed in "Audioclinic," January, 
1971.) 

The capacitor mike has a very low­
mass diaphragm, but with no coil 
attached. This is so arranged as to be 
one plate of a capacitor. Because the 
diaphragm can move as sound waves 
strike it, the distance between it and the 
other plate of this capacitor will vary 
in accordance with the sound pressure 
striking the diaphragm. 

There are various schemes by which 
changes in capacitance cart be translated 
into electrical output. One approach is 
to make the capacitance between the 
two plates in the microphone a portion 
of a tuned circuit. This circuit is then 
placed in a configuration such that it 
will oscillate. As sound strikes the dia­
phragm, the frequency of this oscillation 
will vary because of changes in the 
resonant frequency of the tuned circuit. 
The output of this oscillator will 
ultimately feed some kind of FM detec­
tor. 

Another scheme is to place a large 
resistance in series with the capacitor 
and apply a voltage across this combi­
nation. As the diaphragm moves, the 
amount of charge on the capacitor will 
vary, causing a variation in voltage 
across the resistor. The variations of 
voltage across this resistor can be ex­
tracted and amplified. As was true of 
the dynamic microphone, this scheme 
results in a variation of voltage which 
is determined by the sound striking the 
diaphragm. 

Minimum Response 
Requirements 

Q. What does the frequency response 
of a music system need to be in order 
to faithfully reproduce music?- Spl 4 Don 
Niemczuk, APO San Francisco, Calif. 

A. The minimum frequency response 
that is required for adequate sound 
reproduction is a highly debatable 
subject. Certainly we would like a system 
to be flat from 40 to 15,000 Hz. How­
ever, there are experts in this field who 
believe that an amplifier should by 
capable · of reproducing flat to at least 
five times the highest audio frequency 
required. This would require a response 
flat to about 75 KHz. 

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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Trans pet 
Devices 

SPECIAL TO AUDIO MAGAZINE 
Professor ( Lirpa, of the Bucharest 

Institute, has recently demonstrated a 
self-powered receiver, using his revolu­
tionary transpets. Self-powered is not 
really the correct description, because 
the transpet devices get their power 
from cosmic rays. Figure 1 shows a 
schematic of a typical device. A is a 

BCD E 

Fig. 1·-Schematic of transpet. 

polished rhodium disc that picks up 
cosmic radiatiop. which is then con­
verted to an electric potential by the 
ferrite-glass plate B. C is a sandwich 
layer forming the grid controlling the 
current flow to the anode D. Note the 
fins for heat dissipation. The space E, 
within the lead-lined glass bowl, is 
filled with krypton gas. Gains on the 
order of 95 dB are claimed. Larger 
devices are used for the output 
and Professor Lirpa recommends that 
the rhodium collector plates be mounted 
on the roof for best results. So far, 
power outputs of 10 watts at an imped-

. ance of 1 ohm have been obtained, but 
experiments are . proceeding with 
graphite coated roofs which could gen­
erate power up to fifty times that figure. 

Erratum 

Open Reel Tape Recorder Directory 
January, 1971, page 40 
TEAC Corp. of America 

Wow and flutter for models A-7010U 
and A-6010U should have read 0.08%. 
In addition, the company informs us, 
the "Special Features" comments for 
the A-7030U and A-7010U were trans­
posed : Touch buttons, NAB hub 
adaptors, plug-in assembly, extra four­
track play head, cue control, optional 
full remote control . . . apply to the 
A-7030U. The A-70 1 OU is similar but is 
four-track with automatic phase-sensing 
reverse. To be strictly accurate, the 
A-1500 has a dual movement meter, 
rather than two meters as stated. 
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After you remove the 
. rumble, wow and flutter from 

a transcription turntable 
-what do you have? 

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

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

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

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

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

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

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

THOR!!!S®TD-125AB 

L ______________________ _ 
:-.--------, 

ELPA MARKETING INDUSTRIES, INC. A
4 

New Hyde Park, N.Y. 11040 

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

Name. ____________________________________________________ ___ 

City /State. ___________________ ..-LJip. ___ _ 



What's New in Audio 
Erasette Model 200 B 
casette eraser 

This cassette degaussing unit from 
Magnesonics Corp. is said to provide 
from 5 to 20 dB additional noise reduc­
tion depending on recorder and quality 
of cassette used. It is powered by four 
6-volt "AA'' batteries. A detachable 
cassette handle, provided with the unit, 
is used to pass the cassette over the 
eraser while an operating button is 
pressed. Signal removal is specified at 
-65 dB below 0 VU. Price, $15.95 

Check No. 99 on Reader Service Card 

LMF mid-range horn 
This fiberglass horn from 
Light & Sound is said to be the world's 
most efficient mid-range speaker. The 
12-in. driver accepts 150 watts rms input 
and delivers 134 dB over a 45 degree 
angle four feet from the mouth. Mouth 
diameter is 33 in., while total length is 
40 in. A portable model breaks at the 
center and nests in a 23-in. length. Price, 
under $150. 

Check No. 101 on Reader Service Card 

Mikado four-channel adapter 
Mikado Electronics Corp. is not yet 
offering the four-channel adapter for 
conditional sales, as was mentioned in 
the January What's New in Audio sec­
tion. Four prototype units are being 
placed in various locations in the San 
francisco Bay area at no charge for 
testing purposes only, while the experi­
mental transmissions are being carried 
out by radio station KIOI. Adapters will 
not be offered for sale until FCC ap­
proval is obtained for the system. 
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Ampex Dolbyized cassettes 
Three additional Dolbyized cassette 
recordings have been released by 
Ampex Stereo Tapes, bringing to nine 
the total number of selections available 
on that label. The · three are "Robert 
Merrill and The Prima Donnas," "Grieg: 
Peer Gynt Suite and Lyric Suite," and 
"Bizet Spectacular." 

Tapesonic Series 70A recorders 

' These stereo recorders . are all-silicon, 
solid-state designs with five modular 
plug-in units. Three speeds, 15, 7Y2, and 
334 ips, three heads, A-B switch for each 

electric push-button controls, 
three motors, automatic stop, and two 
mixing inputs are a few of the features. 
Frequency response specified at 15 ips is 
35 to 26 kHz ± 2 dB; 71fl ips, 30 to 20 
kHz ± 2 dB, and 334 ips, 30 to 10 kHz 
± 3 dB. Signal-to-noise ratio is 56 dB 
at 15 ips, 53 dB at 71fl ips, and 50 dB at 
334 ips. Available in 114 and 1fl track 
versions. Price, $675. 

Check No. 102 on Reader Service Card 

Microstatic speaker 

This speaker system · from Micro/ 
Acoustics Corp. is designed to improve 
the radiation pattern and high frequency 
response of speakers limited in those 
areas. Four dynamic drivers are used 
to produce a 180 degree dispersion 
pattern. Response of the unit is specified 
at 3.5 to 22 kHz ± 2 dB with harmonic 
distortion less than 0.45% below 15 kHz. 
Price, $77. 

Check No. 103 on Reader Service Card 

JBL L 100 Century 
speaker system 
This home version of the JBL 4310 
studio monitor is said to have an on-axis 
response of 40 to 15 kHz + 3 dB. It is a 
three-way system, incorporating a long-

excursion 12-in. woofer with .a free air 
cone resonance of 27Hz, a four-in. mid­
range unit operating from 2500 to 7500 
Hz, and a direct radiator, crossing over 
at 7 kHz. Price, $264.00 

Check No. 104 on Reader Service Card 

Kenwood KT -5000 tuner, 
KT -5002 amplifier 
Specifications for these stereo units 
are : Tuner, FM sensitivity (IHF), 
1.7 J.LV; FM frequency response, 20 to 
15 kHz +0, -2 dB; FM harmonic dis­
tortion, mono less than 0.6%, stereo, less 
than 0.9%; FM capture ratio (IHF), 2.5 
dB. The amplifier is rated at 30 watts 

nns per channel at 8 ohms from 20 to 
20 kHz; with IM distortion, less than 
0.3%; harmonic distortion, 0.5%, and 
frequency response, 20 to 50 kHz ± 1 
dB. Prices, tuner, $179.95: amplifier, 
$219.95. 

Check No. 105 on Reader Service Card · 

Triadex Muse 
computer synthesizer 
This unit composes and plays music 
through a program established with four 
interval switches and four theme 
switches . Potential note combinations 
are said to be more than 14 trillion! It 
can be operated with a built-in speaker 
or an optional external amplifier­
speaker. The Muse can be employed to 
teach scales, intervals, melodic con­
struction and variation, imitation, etc., 
and can be used as input for a synthe­
sizer, tape deck, amplifier, or head set. 
In a rhythm section it will play bass 
lines in. a diatonic major scale. Price, 
$300. 

Check No. 106 on Reader Service Card 
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JVC proudly introduces the expensive stereo that 
isn:t-model501 0. *Just look what it has going for you. 

Its most outstanding feature is the Advanced Sound 
Effect Amplifier (SEA), JVC's exclusive ±12db, 5 zone 
tone control that opens up new dimensions in sound. 
SEA divides the sound spectrum into 5 frequency 
ranges. Let's you compensate for acoustic deficien­
cies in almost any room. Highlight a voice or musical 
instrument. Tailor sound to your own personal taste. 
The chart at the right shows the difference between 
SEA and conventional tone controls. But SEA is just 
the beginning. 

There's a new FM linear dial scale. Sophisticated 
FET. Wire wrapped contacts. 2-way speaker switch. 
40 watts output at les.s than 1% IM distortion. A beau­
tiful wood cabinet, and much more. 

White you're at your dealer, also check out JVC's 
Model 5020, 75 watts IHF; Model 5030, 140 watts IHF; 
and our top of the line, Model 5040, 200 watts IHF. 

Whichever you choose, you will be choosing the 
finest. See them all at your nearest JVC dealer, or 
write us direct for his name, address and color 
brochure. 

*Suggested list price $229.95 
Check No. 7 on Reader Service Card 

SEA Frequency Controlled Characteristics 
(dB) 60Hz 250Hz I kHz 5kHz 15kHz 
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Left-Channel Dropout 

Q. The problem I have occurs only 
with certain tapes. With some tapes my 
two meters read the same output as they 
do input (switching from tape to source to 
tape, etc.), and they are balanced on 
both input and output. However, with 
other tapes, Channel A drops below 
Channel B, sometimes about 2-3 dB, and 
other times about 4-5 dB. Any suggestions 
you can offer would be very much ap­
preciated-John D. Moss, Hartselle, 
Alabama. 

A. You may be experiencing what is 
sometimes called "left channel drop­
out," owing to imperfect contact be­
tween the tape and the heads. The mid­
dle portion of the tape tends to make 
better contact than does the upper or 
lower edge. Since the left channel is re­
corded on the upper or lower edge, this 
channel tends to produce less output 
owing to poorer contact. Such contact 
depends in part upon the smoothness 
and pliability of the tape. Inasmuch as 
these characteristics may vary with 
brand and kind of tape, this may account 
for the varying results you get. Stay 
with the tape which gives you best re­
sults. 

Direction Changing 

Q. I have a project in mind that re­
quires the use of a tape recorder that plays 
and records in both directions. Can a 
capstan motor and! or magnetic control 
units tolerate reversing at one minute 
intervals, or will they overheat? I know 
that in the case of many industrial type 
motors, starting and reversing under 
load would cause them to get very hot.­
Paul Palmer, Del Mar, California. 

A. My understanding is tbat the re-
. versing tape recorders are made so that 

they can undergo frequent reversing. I 
have seen no warnings to the effect 
that reversing frequently will be harm­
ful. After all, keep in mind that when 
users shuttle between fast forward and 
fast reverse in order to find a spot on 
the tape, and when reversing motors 
are used, these motors undergo consider­
able exercise. In other words, tape re-
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If you have a problem or question on 
tape recording, write to Mr. Herman 
Burstein at AUDIO, 134 North Thir­
teenth Street, Philadelphia, Pa. 19107. 
All letters are answered. Please en­
close a stamped, self-addressed 
envelope. 

corder motors are generally designed to 
take such exercise. And 1 would imagine 
that the capstan motor is similarly de­
signed in the case of a reversible 
machine. 

Demagnetizer Failure 

Q. I have some questions concerning 
head demagnetization. I was in the proc­
ess of demagnetizing the head of my 
tape deck when the demagnetizer failed 
to operate because of a faulty electrical 
socket. Does this mean my head has be­
come permanently magnetized? Has this 
affected my erase head? There is now a 
very noticeable hiss in the recordings 
I have made since the demagnetizer 
failed. 

I recently purchased an Audiotex test 
tape and found during the frequency 
test a considerable difference from the 
test tone in the bass region. At 200, 500, 
1,000, 7,500, and 10,000 Hz, response 
was below the test tone. Does this indi­
cate a worn head? If a head replacement 
is necessary, would you recommend one? 
- Bob Gorskey, Wheaton, Illinois. 

A. It is possible that sudden collapse 
of the magnetic field of the demag­
netizer did magnetize your head. How­
ever, I don't think that such magnetiza­
tion, if it took place, is permanent. Try 
repeated application of the head de­
magnetizer to see if the situation im­
proves. 

The results obtained with your test 
tape do not necessarily indicate a worn 
playback head. If only high frequency 
response were below the test tone, then 
a worn head may be indicated. But you 
also get below the test tone at middle 
and low frequencies. Hence it is pos­
sible that either the frequency response 
of your tape recorder or the frequency 
response of the test tape is at fault. 
The only way to find out is to use a test 
tape recognize.d to conform to NAB 
standards. 

In replacing a head, it is usually ad­
visable to use the same type head as 
originally provided, particularly if the 
machine has a good recommendation. 
This column cannot make specific rec­
ommendations. 

8-Track Erase Head 

Q. I have several 8-track cartridge 
tape players, and I am interested in con­
verting one of them so that I may re­
cord my own cartridges. I have no 
difficulties so far as the introduction 
of recording facilities goes. My problem 

HERMAN BURSTEIN 

lies in the availability of an 8-track erase 
head. To date I have been unable to find 
out if such erase heads are available 
commercially. Do you know {f such heads 
are purchasable? If so, from where?-:­
Peter G. Russell, Hope Valley, S.D. 

A. I suggest that you write to two 
places: (I) to the manufacturer of your 
cartridge player; (2) to The N ortronics 
Co., Inc., 8101 Tenth Avenue N., 
Minneapolis, Minnesota 55427. 
N ortronics makes a large variety of 
replacement heads, and possibly it 
can help you in the matter of an erase 
head. 

Cassette and Cartridge Wear 

Q. I wonder if you care to comment on 
advertising that claims that cartridge and 
cassette tapes are "indestructible," will 
last forever, as opposed to records which 
get scratched and worn out. In view of 
the limited emphasis placed on head care 
in most recorder manuals, I wonder if a 
tape played over several years without 
cleaning the heads and demagnetizing 
them will do almost as much damage as 
a bad needle?-Laird Brown, Dayton, 
Ohio. 

A. I think that your comments about 
casettes, etc. are appropriate. Deteriora­
tion tends to set in unless heads are 
cleaned and demagnetized. On the other 
hand, the performance standards of such 
machines are often appreciably lower 
than those of reel-to-reel machines, so 
that it takes a good deal longer before 
deterioration is noticeable. By that time, 
something else may likely have gone 
wrong, so that the heads will receive due 
attention when the cassette is brought in 
for repair. 

Meter and Speed Problems 

Q. We have a couple of problems with 
a Roberts Mode! 90 purchased in 1960 
and overhauled in 1963. This unit has 
performed well with no complaint until 
recently, when the following problems 
were encountered: (1) The tape speed 
has slowed down; constant, but slower. 
In 1963 the drive motor was replaced; 
however, I would hate to put in another 
motor at a cost of $36, even if this is the 
cause of the trouble. The entire unit, in­
cluding motor, has been thoroughly 
cleaned and lubricated, and the motor 
seems to be running fine. The belt drive 
is working correctly to all appearances, 
and as far as can be determined every-
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thing is free and not bound in any way. 
(2) The VU meter is inoperative, al­
though checking with an ohmmeter in­
dicates there is continuity. Before the 
meter "died," it would operate inter­
mittently; gently tapping the front of the 
meter case would cause it to work again 
for a while.-Milo G. Burston, Alpena, 
Mich. 

A. I am not sufficiently familiar with 
the mechanical aspects of your particular 
tape machine to give you very much 
help. A few thoughts do occur to me 
with respect to your speed problem: Are 
you operating under low line voltage? 
Some motors slow down under such 
conditions. Another possibility is that 
the shaft of the replacement motor, or a 
pulley attached to it, has a different 
diameter than the original equipment. 
This happened to me once when I had a 
motor replaced. Finally, . is it possible 
that the capstan has worn sufficiently 
to reduce tape speed? 

In the case of your VU meter, the 
only thought I have is that the pointer 
is stuck, and with care it might be freed. 
I suggest that you write to the manu­
facturer of the tape machine or of the 
meter for assistance on this problem. 

Volume Control 
Q. I am considering a ·cassette tape 

recorder, Aiwa TR-1009. I plan to in­
stall it in a Zenith stereo model 
SFH2505T, with amplifier chassis 5G29. 
The only problem is: Would I be able 
to control the volume?-Michael J. 
Bitondo, Cliffside Park, N.J. 

A. Every item of audio equipment I 
have ever encountered in the way of 
tape recorders and stereo sets includes 
a volume control. Therefore I do not 
see why you would have a problem. 

Adding VU Meters 
Q. I have two mixers that are used in 

a crude approximation of a console to 
feed two tape recorders. The VU meters 
on the recorders are difficult to observe 
due to the placement of the recorders in 
the room. To satisfactorily monitor each 
channel of each mixer, I would like to add 
VU meters to them. Could you suggest 
how to install these meters? Across the 
high impedance output? Use an additional 
preamp to drive them?-William B. Trigg, 
Smyrna, Tenn. 

A. VU meters are of relatively low 
impedance. Hence they should not be 
used across a high impedance source. I 
suggest that you use an additional pre­
amp, with low impedance output, to 
drive them. More specific information 
can be obtained very easily from the 
makers of VU meters. 
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Wollensak can say it. 
The new Wollensak 4750 stereo cas­
sette deck brings true hi-fidelity to 
cassette listening. 

Here's why: It has one of the lowest 
wow and flutter characteristics of any 
deck available. The precise heavy­
duty tape transport mechanism is 
considered by independent audio 
experts to be the finest in the industry. 
A mechanism that includes the only 
full-size flywheel and capstan avail­
able to assure constant tape speeds 
and eliminate sound distortion. 

Record-playback frequency re­
sponse is truly exceptional: 60-
15,000 Hz ± 3 db. Fast-forward and 
rewind speeds are about twice as fast 
as any other. 

A massive, counter-balanced bi­
peripheral drive means years of 
dependability. Interlocked controls 

SPECIFICATIONS : FREQUENCY RESPONSE: 60-
15,000 Hz ± 3 db @ 1 Vs ips. WOW AND FLUTTER: 

allow you to go from one function to 
another without first going through a 
stop or neutral mode. The W ollensak 
4750 features end-of-tape sensing 
which stops the cassette, disengages 
the mechanism and prevents unneces­
sary wear. The W ollensak "Cassette 
Guardian" automatically rejects a 
stalled cassette in play or record posi­
tion. The 4750 complements your 
present component system by provid­
ing cassette advantages. American 
designed, engineered and built. Styled 
in a hand-rubbed walnut base with 
Plexiglass® smoked dust cover. 

All of these features add up to the 
truest stereo sound with reel-to-reel 
quality from a stereo cassette deck. 
Become a believer. Hear and compare 
the new Wollensak 4750 deck at your 
nearby dealer. 

46 db. FIXED PRE-AMP OUTPUT: 1.0 V. per channel. 0.25%RMS. SIGNAL TO NOISE RATIO: Greater than w oll ens ak 3m 
CONTROLLED PRE-AMP: 0-5 volts per channel. comPANY 

PRE-AMP INPUT: SOmV to 2 volts. MICROPHONE 
INPUT: .1mV to 3mV, low impedance. 3M CENTER, ST. PAUL, M N 55101 

Check No. 9 on Reader Service Card 



Dear Editor, 

Doppler Distortion 

Dear Sir : 
I read with interest Professor Greiner's 

comments on Doppler distortion in the 
December issue. According to his thesis, 
any long throw woofer whose response 
extends to 800 Hz or above should 
exhibit the hollowness in the voice 
range that he h.eard. However, there are 
numerous long throw woofers that cover 
such a range which do not sound hollow 
in the voice range; conversely, there are 
many speakers that theoretically have 
low Doppler distortion that do sound 
hollow-suggesting that the cause of the 
hollowness is something other than 
Doppler distortion. 

Professor Greiner is correct in con­
cluding that the problem occurs in the 
500-1000 Hz area. Had his listening tests 
included a wide sampling of speakers he 
would have found that most of them 
sounrj hollow in the voice range, re­
gardless of design. We have been able 
to ascribe this audible phenomenon to 
too much relative energy in this octave 
caused either by improper matching of 
octave to octave balance or more often 
by cone break-up products of the woofer 
introducing spurious energy in this 
octave. I believe he would find that 
this hollowness would still persist on 
test speakers if he used his electronic 
crossover to chop off the low end of the 
speaker's response, (that is, by using the 
crossover network as a high pass filter 
with a cut-off frequency of 100 or 200 . 
Hz.), thereby proving that the cause of 
the hollowness cannot be ascribed to 
Doppler distortion. 

If Doppler distortion isn't responsible 
for the hollowness, what then are its 
audible effects? The comments of 
Aumo's editor on this question on page 
28 of the August 1970 chronicle some 
of the long standing, wide-spread · skep­
ticism that indeed any exist! How can 
we explain the lack of audibility of the 
measured distortion Professor Greiner 
reported in his letter and others, most 
notably Paul Klipsch, have reported else­
where; is the human ear that insensitive? 

Perhaps the answer lies in the spectral 
content of music. Music is not flat! That 
is, it does not radiate equal power across 
the audio spectrum. It s acoustic power 
is typically 4 to 5 times less at fre­
quencies below 100 Hz than at lower mid 
range frequencies . Therefore, the lab 
situation is strictly academic in nature 
and does not exist in real life . 

10 

One could go further into a discussion 
of the numerous discrepancies between 
the simulated situation in the lab and 
real life (such as the sound pressure 
levels required in the home at various 
frequencies for realistic reproduction of 
sound), but suffice it to say that hollow­
ness is not the result of Doppler dis­
tortion. If there are any audible effects, 
they have not yet been identified by this 
writer nor I suspect by thousands of 
musically sensitive owners oflong throw 
woofer systems. 

Andrew G. Petite 
National Sales Manager 
Advent Corp. 
Cambridge, Mass. 

The Mud Factor Revisited 

Dear Sir : 
With all due respect to Dr. Klipsch 

and his Magnificent Audio Machines­
and accepting the proposition that mod­
ulation distortion is something less than 
a good thing-one wonders if he has not 
inadvertently loaded his argument as 
well as his horns (The Mud Factor, 
October, 1970) . 

While a 100 decibel level at two feet 
might prove truly scintillating to a 'test 
rig, do we really listen at such outputs? 
Particularly at 42 Hz? 

Without getting lost in the wilds of 
the Klipsch-Villchur Factor (KVF), and 
regardless of the intentions of learned 
discussions-as well as salesmen's clumsy 
demonstrations-the message seems to 
come through is that almost any sound 
reproducer will do better if the burden 
on it is kept light. Further, one's own 
listening preferences have to be con­
sidered- i.e., on the one hand, almost 
any sort of speaker will do for rock, or 
for that matter the well recorded but 
very palid background musics, but full 

seem to remain a problem. 
All this leads me to wonder whether a . 

collection of (probably small) individu­
ally boxed speakers, with amplifiers 
tailored to deliver various segments of 
the range to the different outlets, might 
not be better than further harangues 
about the relative merits-and sizes­
of two-way and three-way packaged 
"systems." By extension, this could be 
carried to the point of idiocy, but from 
discussions in your publication, it would 
seem the required idea men, engineer­
ing, and equipment are on hand for a 
whole new shake, in the name of clarity. 

Robert Cummins 
Philadelphia, Pa. 

Stokowski's Baton 
Dear Sir: 

I had to drop you a line after reading 
my January issue of AUDIO. Mr. Wein­
garten states on page 58 that the music 
from Fantasia is played by the "Phila­
delphia Orchestra under the baton of 
Leopold Stokowski." 

I make no claims as a great musical 
· authority, but it is well known that 

Mr. Stokowski does not use a baton. 
. William P. Fink 

Westminster, Md . . 

Dolbyization for FM 

Dear Sir: 
Judging from recent articles in your 

magazine and others, it appears that 
the Dolby noise reduction system in the 
type "B" format ·greatly improves the 
tape medium for home use. 

It should also be noted that Dolbyiza­
tion could improve FM broadcasts to 
the same degree. With this in mind, I 
propose that the Type "B" Dolby unit 
be incorporated into FM recievers of 
the future for use both in FM reception 
and tape playback. Some cost savings 
could be passed on to the consumer by 
elimination of power-supply duplica­
tion, although an automatic FM switch­
ing detector would undoubtedly add to 
the cost to some degree. 

Marshall J. Grimm 
Detroit, Mich. 
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Look What's Behind KEN\NOOD1s 
NEWEST Most Advanced Stereo Amplifier- KA-7002 

The new incorporates such sophisticated circuitry as direct coupling with 
complementary·symmetry driver stage for minimum distortion and cleaner, purer sound. 

It also features provision for 4-channel stereo, Phono 1 impedance selector switch, 
outputs for three sets of stereo speakers, terminals for two tape decks, and inputs for 
two phonos, two auxiliaries, plus tuner. And that's not all. If you really want to know 

what's behind the KA-7002, check these important specs! 
Power Output: (IHF) 196 watts@ 4 ohms, 170 watts@ 8 ohms; 100 watts RMS Continuous Power, 

50 watts per channel with both channels operating simultaneously with 8 ohms load at any frequency 
from 20-20kHz • Harmonic Distortion: less than 0.5%, rated output from 20·20k Hz • IM Distortion : 
less than 0.3%, rated output or any level less • Frequency Response: 20·50k Hz ± 1 dB • Sensitivity: 

Ph-onos 1-2/Mic, 2.5 mV; Aux 1-2/Tape Play A·B, 200 mV • Main Amp Input: 1 V • Signal-to-Noise 
Ratio (below rated output): Phono 1-2 (2.5 mV), 65 dB; Mic, 67 dB; Aux/Tuner/Tape Play, 77 dB • 

Damping Factor: 45@ 8 ohms • Bass Control: ± 10 dB @ 100Hz w/2 dB Step Switch (Tone Control 
Switch @ 300 Hz) • Treble Control: ± 10 dB @ lOk Hz w/2 dB Step Switch (Tone Control Switch @ 

2k Hz) • Low & High Filter: 18 dB per octave • Dimensions: 16-5/ 16"W, 5-5/32"H, 11-1/32"0 • 
Weight: 22 lbs. • Price: $299.95 • 

tke aound 4P"fWOILCh to qualittl 

For complete specifications write:$ K E N W O O D 

Check No. 11 on Reader Service Card 

15711 So. Broadway, Gardena, Calif. 90247 
72-02 Fifty-first Ave., Woodside, N. Y. 11377 



BEHIND THE SCENES BERT WHYTE -

I 
'vE JUST made an exciting dis­
covery that I believe will have a 
profound effect on the immediate 

future of four-channel stereo. You will 
recall that last month I gave you some 
preliminary details of a procedure in 
which two- and three-channel stereo 
tapes can be processed for four-channel 
stereo playback. This was developed 
by Mr. John Eargle, Chief Engineer of 
Mercury Records. I noted that Mr. 
Eargle had given me a sample of one of 
his processed four-channel tapes, and 

' that much to the amazement (and a little 
chagrin) of a purist like me, the four­
channel sound was eminently satis­
factory. Since then, Mr. Eargle has 
made a few changes and refined his 
processing techniques. A few days ago 
he gave me two reels of tape in which 
the program material incorporates 
these refinements. 

I have listened to these tapes over 
and over, because I still can't believe 
what I am hearing. I am literally open­
mouthed in astonishment. My brain 
says no, but my ears tell me I am 
unquestionably and incontestably 
hearing the best four-channel stereo I 
have ever encountered! As an added 
fillip, most of the selections I listened 
to are familiar items from the Mercury 
catalog, which I positively know were 
never recorded in four-channel stereo. 
Thus I have been enjoying such gems 
as Stravinsky's "Scherzo a la Russe" 
and "Fireworks," Prokofiev's "Romeo 
and Juliet," Kodaly's "Hary Janos 
Suite," Gershwin's "Strike Up The 
Band," and shades of the Late, Late , 
Show, Leroy Anderson's "Syncopated 
Clock." All of the music I heard was 
either classical or pop material record­
ed in the classic mode. The goal of 
this four-channel stereo is the en­
hancement of acoustic perspective by 
means -of ambient information, which 
is normally derived from the hall by 
recording two rear channels, but which 
in this case is the result of Mr. Eargle's 
.special signal processing techniques. 
Thus Mr. Eargle's processing is appli­
cable only to classical music or to pop 
music which would ·be recorded in a 
"ballroom" or concert hall configuration 
in which ambient information would be 
an integral part of the recording. The 
Eargle process wouJd have no applica­
tion in pop music of the equal inten­
sity, ping-pong, surround type of four­
channel stereo. Is this a drawback? Not 
at all, since in any four-channel play­
back medium, whether it be tape or 
disc or FM, pop and classical music 
are already mutually exclusive. It is 
important to remember that the pro-
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duct of the Eargle process is a four­
channel stereo in-line tape, with the 
channels every bit as discrete as if the 
music had been originally recorded in 
the four-channel mode. To play back 
one of these tapes, you need a four­
channel stereo tape machine along 
with the four amplifiers and loud­
speakers. Once you have an Eargle 
process tape it can be utilized for any 
four-channel purpose .. .it can be en­
coded onto a disc via a matrix system 

as the Electro-Voice/Len Feldman 
system (which now seems to be the 
matrix system that is gaining new 
adherents every day) and decoded in 
the home. In this case you would be 
restoring the four channels from the 
two channels on the disc through the 
decoder and having done so, the four­
channel information on the original 
Eargle process tape would be presented 
properly through the four amplifiers 
and loudspeakers. 

, Why the Eargle process works and 
· how it is done, I'll cover shortly. What 
I want to emphasize at this point is 
that the four-channel stereo qualities 
of an Eargle process tape are easily 
and demonstrably superior to most 
recordings originally recorded in the 
four-channel mode. I know this seems 
hard to believe. . .but take my word 
that it is true. You have read my 
comments and the comments of others 
about how critical the front and rear 
balance is in setting up four-channel 
stereo in your home. Too much rear 
channels and you hear discrete instru­
ments behind you, which is of course "' 
totally unreal. Too much front channels 
and you lose the ambient information 
in the rear altogether. It is quite 
subtle, and for this reason classical 
four-channel stereo demonstrations at 
hi-fi shmvs and in stores have been 
dismal flops. The noise levels are too 
high; the absorption factor of many 
bodies doesn't help: Most people say 
they can't hear anything in the rear. .. 
then if you . turn up the rear channels 
so they can hear, they huffily state 
that you don't hear violins (or 
trumpets, or tympani, etc.) behind you. 
With an Eargle process tape, front and 
rear balance is a very simple matter, 
a task that requires but a few minutes. 
This is because the delay signals on 
the tape are virtually "custom­
tailored'' to the music and there is 
more of it to work with. Haas, and in 
recent years, Madsen, have demon­
strated the precedence effect in delay 
signals, wherein there is localization of 
direct information at the front pair of 
speakers, while reverberation is sensed 

as originating at all four speakers. 
While it is possible to overbalance in 
favor of the rear channels, it has to be 
almost a deliberate act. There is no 
"vagueness" in this kind of sound, no 
super-critical adjustments. And a big 
plus is that you are free from the 
rigid, small, circumscribed spot where 
you must be to listen to present four­
channel classical recordings. With the 
Eargle process stereo you can move 
around your listening room, sit off to 
the side, and you still are aware of the 
big concert hall perspective. That is 
the immediately distinguishing charac­
teristic of this sound. . .you are trans­
ported to the acoustics of the concert 
hall and the sound you hear is unbe­
lievable for it's absolutely stunning 
presence. This kind of four-channel 
stereo will be easy to demonstrate in 
the hi-fi shops and even at shows. In 
fact, I will be at the IHF Palo Alto, 
Calif. show at the beginning of April 
and I will have these tapes with me, 
so readers there can have a chance to 
hear what I am raving about. 

The important thing about these 
Eargie process four-channel tapes is 
that in one dramatic fell swoop, the 
problem of four-channel software 
shortage has been solved. You have 
read in these pages and elsewhere, that 
we have plenty of four-channel play­
back equipment already on the market, 
but that the sum total of four-channel 
tapes is perhaps 20 or so. Now sud­
denly, we are not wondering· what 
music will next appear in four-channel 
stereo format, but literally. . .what 
would we like to have! The Mercury 
catalog alone has · .countlesS . stereo 
classical recordings, suitable for the 
Eargle process. ·Beyond this are the 

of classical stereo recordings 
in the vaults of all the other record 
companies, · and Mr. Eargle has gra­
ciously said that he wil,l share his 
techniques with interested parties in 
those companies. Mr. Eargle modestly 
claims that no . extraordinary skills are 
required in his process, but I would 
think that in certain matters of equal­
ization and balance, good music taste 
and value judgments would seem to 
require a certain finesse. In any case, 
the easy availability of truly high 
quality four-channel tapes will have 
tremendous impact on the four-channel 
scene. Many projects held in abeyance 
because of lack of playback material 
will be revived, and I will make an 
unqualified prediction that once a 
lover of classical music hears these 
Eargle process tapes, he is just going 

(Continued on page 14 ) 
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If spec sheets are among your favorite reading, we don't you for confused 
at times. Columns of figures aren't always too eloquent on their own, only context 
or comparison with other specs. And statistics can be used to support anything-
especially statisticians. . . 

So it's nice to know how to read between the hnes of a spec sheet. To know, for Instance, 
that not all makers use the same measuring standards. Take overall frequency response: 
ours is measured at a -lOdB level, the accepted broadcast standard. Yet certain other 
brands measure from as low as -24 dB. 

Unfair to us? Yes. But more important, it's unfair to you. 
Of course, there are other ways to play the numbers game. We say go ahead 

specs till your head spins. But do it right: consider your own overall needs and 
Consider specs in relation to other specs on the same component. Compare that unit 
spec for spec, standard for standard, with competing models. Then go give a listen. 

True, you can't be a computer. 
But you shouldn't have to be a speculator, either. 

• 2000 Colorado Avenue • Santa Monica, CaHfornia 90404 Check No. 13 on Reader Service Card 

NUMBERS GAME. 



Behind The Scenes 
to flip and won't be able to resist the 
blandishments of a four-channel stereo 
system. 

Now let us get down to the "nitty­
gritty" of how these four-channel 
stereo tapes are processed. We are 
assuming that we are starting with a 
three-channel stereo tape master, since 
this format probably constitutes the 
main bulk of classical recordings in 
the vaults of most record companies. 

First off, the three-channel tape is 
center split in the normal fashion and 
we now have a two-channel stereo 
submaster. The output of this two­
channel tape is fed into an Ampex 
tape recorder specially set up to 
operate at 80 inches per second. This 
gives a value of time delay on the 
order of 25 milliseconds and the 
output is feeding direct information to 
the rear channels. At the same time a 
polarity reversal is introduced in one 

Offlhe 
record, 
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1800 Feet 
1.0 Mil Polyester 
7" Reel 
TYPE 10M18 

To learn more about RCA's strong, silent tape­
reel-to-reel,cassettes and cartridges-write RCA 
Magnetic Products, 201 E. 50 St., N.Y., N.Y. 10022. 

Check No. 14 on Reader Service Card 

of the rear channels. Mr. Eargle 
explains, "The reason for this is simply 
to keep delayed center information 
(the level of which has been deter­
mined by the musical demands of the 
front channels) from being localized 
as a phantom image between the 
speakers. This would of course depend 
largely on the rear speaker placement. 
The reversed polarity insures that 
correlated information in the rear pair 
will not be clearly localized, while at 
the same time the uncorrelated left 
and right information will not be 
affected." He goes on to state that the 
one value of time delay used to create 
the effect of early reflections, is 
apparently accepted by the ear; where 
the musical interest is held up front, 
apparently one repetition before the 
onset of reverberation suffices to 
create the impression of a multi­
plicity of early reflections. Here again 
the Haas effect is in action as the 
psychoacoustical equivalence of time­
delay and relative levels of otherwise 
identical signals originating at two 
loudspeakers. Localization tends 
towards the earlier speakers even when 
there are substantial level imbalances 
favoring the delayed speakers. Thus, 
if the 35 millisecond limit of so1,1nd 
image fusion is not exceeded, then the 
rear channels can deliver an acoustical 
energy level virtually equal to that of 
the front speakers without interfering 
with the localization of direct infor­
mation at the front speakers. This is 
what makes the balancingof front and 
rear speakers for playback in the home 
relatively easy as compared to most 
present four-channel tapes which have 
too much time-delay and thus impose 
more . critical balancing problems. 

We have reached the point in the 
process where reverberation is to be 
added. For this the well-known EMT-
140 reverberation devices are utilized. 
The latest models of the EMT -140 
have two outputs representing so­
called "stereo reverberation." Two 
EMT-140 units are used. The purpose 
of what would appear to be an 
reverberation device, is to feed reverber­
ation of a slightly different "color" 
into the front speakers, if the original 
recording was on the dry side, or in 
case the reprocessing engineer desired 
more flexibility in simulating a con­
vincing reverberant field over four 
loudspeakers. Signals are combined 
and fed into the reverb devices 
monophonically. The outputs of each 
EMT-140 is essentially randomly 
correlated. Since each EMT -140 has 
two outputs (the stereo reverb), reverb 
can be fed to all four channels. If 
desired, the onset of reverberation can 
be delayed an additional 30 milli-

(Continued on page 44 ) 

If you haven't heard the all new 
Koss PR0-4AA Stereophones 

you haven't heard anything yet 

The Koss PR0-4AA Professional Dynamic Stere­
ophone ... perfect for exacting professional use 
and perfect, too, for the discerning enthusi­
asts of fine music . The PR0-4AA gives you 
smooth, fatigue-free response 2 full oc­
taves beyond the range of ordinary dy­
namics. You'll marvel at the crystal 
clarity of high-pitched piccolos, and 
the deep, distortion-free concussive 
sound of pipe organ tones. And the PR0-
4AA has the comfort to match its spectacu-
lar performance. A soft, wide 
headband cushion. And pat­
ented, liquid-filled, removable 
ear cushions that conform to any 

head shape. These unique cushions also seal· 
out ambient noise and provide extended, lin­

ear bass response below audibility ... with­
out the " boominess" common to con­
ventional headphones. The PR0-4AA is 

designed for use with all high fidelity 
amplifiers from 1 to 500 watts. Its oper­

tional efficiency compliments ampli­
fier gain and renders hum and noise 

inaudible . There is more to hear about 
the Sound of Koss, but until you try a set 
of Koss Stereophones for yourself ... 

you haven't heard anything yet. Send for 
our new, free 16 page full color catalog. Ad­

dress your request to Virginia Lamm , Dept. 42. 

_.,CSS Stereophones 
Koss Electronics. Inc., 4129 N. Port Washington Rd ., Milwaukee, Wis . 53212 • Koss Electron ics S.r.l. , Via Valtorta , 21 20127 , Milan, Italy 

Check No. 15 on Reader Service Card 



Editor's 
HE WASHINGTON Hi Fi Show is over, and like 

T the Westbury and Newton affairs it was 
highly successfu). Attendance figures were 

well over 28,000 which compares more than favor­
ably with the 22,000 for the last show held in the 
Nation's Capital back in 1969. Many of the rooms 
(at the Hotel Washington) were on the small side 
and acoustically left a lot to be desired. Even so, 
some very good sound was heard but those "barbed 
wire strings," and highly colored bass was also in 
evidence. 

As in most shows of this kind, the milling crowds 
plus the high ambient noise level made it almost 
impossible to make a reasonable judgement of arty 
equipment, but there was no question about the 
tremendous interest shown-especially in the 
various 4-channel demonstrations. Headphones 
were another attraction and so Koss, Stanton and 
Superex had three of the busiest (but quietest) 
rooms. 

According to a Press leaflet. .. "Musically the 
Show will move more than it has in the past in the 
direction of progressive rock. Although classical 
records and tapes will also be used as sources, this 
repertory now accounts for only five per cent of the 
market." Very true, but I believe that people will 
be listening to Beethoven, Mozart and Bach long 
after rock is dead and forgqtten. It is often said 
that music reflects the culture, the spirit of the age 
but the popularity of rock is as much a tribute to 
the enterprise of commercial interests with their 
high-powered, gimmick-conscious publicity boys 
as anything else. This does not mean that all rock 
is bad, after all, we must remember that many of 
our greatest symphonies were written for the 
money-although the rich patrons of the day were 
certainly more altruistic than our large corpora­
tions: However, it must be said that a great deal of 
rock music-hard, acid, progressive, or what-have­
you-is moronic, discordant, and totally lacking in 
any inspirational values. Fortunately; the scene is 
changing and there has already been a revulsion 
against drug-glorifying lyrics and the bizarre 
groups who advocate self-de­
struction. Musically, themes from folksongs, jazz, 
and the classics are now heard more often above 
the beat, and there is also an attempt to find some 
semblance of spiritual values. are 
being made with all kinds of electronic music and, 
to quote Jon Landau*, a well-known critic, "There 
is a new audience that is going to require and 
demand a music for the 70'.s. No one yet knows . .. 
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what the musicians will give them. But one thing 
is certain: the audience will have music." 

Another point: Today's youth may be unin­
formed about classical music, they may be ex­
ploited by commercial interests, but they are · 
interested in hi fi. More than that, they are ex­
tremely knowledgeable about the technical as­
pects-as any exhibitor at the recent shows can 
readily confirm. 

* * * 
The next show is the IHF sponsored event at 

Palo Alto. The place selected is the Cabana Hyatt 
House Motel and the dates are March 29 to April 
5. This show is followed by the 40th Convention 
of the AES which will be held at the .Los Angeles 
Hilton Hotel from April 27 to the 30th. No less 
than 15 technical sessions are scheduled with 75 
papers. 

* * * 
The article on amplifiers (page J2) covers a great · 

deal of ground, but even so, many. sections such as 
those dealing with cross-over distortion, noise­
level, and transient response could be amplified 
(ouch!) many times and still leave a lot unsaid. 
And so further articles on various aspects of ampli­
fier design and performance will appear in future 
issues. How about construction projects? Well, we 
are working on those too, and details of a small 
IC amplifier will be printed in the May issue. 

* * * 
The Los Angeles Art Center of Design has 

announced that Joseph Tushinsky has joined the 
Executive Board. The college is widely recog­
nized as one of the foremost schools of design in 
the world. Joseph Tushinsky, who is of course, the 
president of Sony-Superscope has a little-known 
musical background. At one time, he was a trumpet 
player in the NBC Symphony Orchestra under 
Toscanini, later becoming the producer and con­
ductor of the Cargenie Hall Light Opera. After 
serving with the Army, he went to Hollywood and 
wrote the famous screen play "My Wild Irish 
Rose." Music is still his chief interest, and he has 
collected more than 5000 music rolls for the vorsetzer 
mechanical piano player. 

* * * 
Humor in advertising 

From a leaflet describing the Isotone loudspeak..: 
. . this new sound is for you who listen with 

eyes closed but with the inner ear keenly wide open 
in complete relaxation .... .listen-the-sound, it 
glows graciously even as it grumbles:' Grumbles? 
Maybe it needs a baffle. . . . G. W T 
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THE RECORD LOVERHATER 

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

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

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

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

Many record critics do their auditioning with the 
Stanton 681EE. Recording engineers have long used the 

/ Stanton 681A to check recording channel calibration. 
The 681EE provides that logical continuation of the 
Stanton Calibration Concept. It has been designed for 

Edward Canby, Author and Critic 

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

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

For further information, write: Stanton Magnetics, 
Inc., Terminal Drive, Plainview, N.Y. 11803. 
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Construetioit of a 
Madsen -System Delay Tube 

This wide-range, time-delay unit adds ambience to a stereo system 

A BIANCE information already present in ordinary re­
ordings may be extracted and convincingly presented 
via side loudspeakers by Madsen's method [1, 2] using 

a simple delay, as in Fig. 1. The method invokes the effects 
demonstrated by Damaske [3] that 

(1) pairs of sources emitting incoherently-related sounds 
from widely-spaced directions fail to produce localizeable 
images, and that 

(2), if one of these sources S1 be in front, then the second 
source S2 must be as strong as S1 to avoid being masked when 
located in either the front or back, but that the masking capa­
bility of S1 is 23 dB weaker if S2 be placed to the side ,of the 
observer. Here, incoherently related sounds are differing super­
positions of multiply-delayed replicas of the same sounds. In a 
reverberant enclosure, for example, the reverberant components 
observed at two widely-spaced locations would be incoherently­
related replicas of the direct sound exciting the enclosure. 

The simple delay used by Madsen exploits the precedence 
effect demonstrated by Haas [4] that, if S2 be a simply-delayed 
replica of S1, for delays in the range of2 ms to 20 ms measured 
at the observer's location, then only the first sound will be heard 
(unless the second be very much the louder) as localized at 
S1, though augmented in loudness because of S2. Thus, although 
direct sounds are also presented from the side, the frontal 
image is not disturbed. Moreover, the "steering" of the side­
presented direct sound around to the front unmasks the 
ambiance components, which are nonsteerable (Damaske ef­
fects), so that these are heard with the same spatial qualities, 
as near as the ears can tell, as in the original recording site. 

The amount of delay used is the airborne propagation time 
from front to side, so that if the listener is more than two feet 
(about 2 ms) from the side loudspeaker, and the side loud­
speaker is not too loud, then the requirements for the Haas 
effect are met, and the side loudspeakers do not appear to be 
"on," so far as the direct sound is concerned. (In small rooms, 
however, it may be advantageous to let the delay exceed that 
propagation time by as much as 5 ms.) Because the delay is 
so short, and thus not characteristic of the delays in the original 
recording enclosure, and also not a multiple delay characteristic 
of reverberation, it is clear that the perceived ambiance is not 
synthetic, except to the extent that the recorded ambiance had 
been synthetic. Very dry recordings still sound very dry. 

Because the delay is so short (about 14 ms for a typical 
speaker arrangement), it is reasonable to consider using an 
acoustic wave-propagation tube to produce the delay. The 
problems associated with such tubes-frequency dependent 
losses and physical bulk-tend to be the more easily solved if 
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long delays, e.g., 100 ms or more, are not re_quired. A descrip­
tion of a bulky long-tube design has been given [5] in which the 
equalization problem was particularly severe, not only because 
the tube was long, but also because the application was rever­
beration simulation, involving multiple traversals of the tube 
excited by feedback. For single traversals, the equalization 
requirements need not be so stringent. 

The design approach to be followed consists in the selection 
of standard low-cost components for transducers, tubing, and 
fittings, and to accept the design limitations thus imposed. 
The goal is to produce a satisfactory design that may be easily 
fulfilled without severely taxing home-workshop resources. 
This overall design is described in the next section, followed 

. by sections on design considerations, the equalization tech­
niques used, and points to be observed in placing the tube in 
service. 

Overall Design and Construction 

A schematic diagram of the acoustical tube arrangement is 
shown in Fig. 2. The numbers R-50 and R-70 are part numbers 
for microphone replacement cartridges manufactured by Shure 
Brothers, Inc. The driver element is the R-50 cartridge, a robust, 
low-cost unit of 1 Ys inch diameter that can dissipate a few 
hundred milliwatts without damage and can produce clean 
sounds with several tens of milliwatts of excitation. It is required 
to deliver acoustic power in the hundred-microwatt range. Its 
impedance is 200 ohms, almost entirely resistive at 1 kHz. The 
R-70 cartridge is used as a pickup microphone; it is a somewhat 
more costly unit having a diameter of 3/.t inch and an impedance 
of 200 ohms. 

The wave propagation tube is a 16-foot length of soft copper 
tubing in the half·inch size. Its actual OD (outside diameter) 
is Ys inch and its ID is about 9/16 inch. A size standard that is 
in common use quotes the size as a nominal ID (inside diameter) 
such that, in the heaviest weight, (1116-inch wall) that ID would 
be the true value, and the OD would always be larger than the 
nominal size by Ys inch. In fact, even for a wall thickness of 
1132 inch, the standard OD is always larger than the nominal 
size by Ys inch. This tubing is supplied in 50-foot coils from 
which two acoustic delay tubes may be made. 

For cutting the tubing, the smallest-size cutter was purchased, 
so that the cuts could be made with minimum deformation of 
the nearly uniform curvature of the manufactured coils. If 
substantial straightening and rebending of the coil were under­
taken, an unworkmanlike-appearing coil would be the result 
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THE SANSUII}S-1 
QUADPHONIC SYNTHESIZER® 

• 

SANSUI QS-1 

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

hidden in your stereo discs, tapes and broadcasts 

After having discovered that the ambient components of the original total sound 
field are already contained in hidden form, in conventional stereo records, tapes 

· and broadcasts, Sansui engineers developed a method for sensing and 
recovering them. These subtle shifts and modulations, if re-introduced, 
breathtakingly recreate the total of the original sound as it existed in the 
recording or broadcast studio. 

The heart of the Sansui Quad phonic is a combination of a unique 
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel 
information to obtain separate direct and indirect components, then redistributes 
these signals into a sound field consisting of four distinct sources. 

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

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

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

of the true tests of the Quadphonic system. 

listening room 

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

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

*Patents Pending 

SANSUI ELECTRONICS CORP. 
Woodside , New York • Gardena, California 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan • Frankfurt aM., West Germany 
Electronic Distributors (Canada), Brit ish Columbia 
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because of nonuniform work hardening of the copper. A flat 
spiral coil with a close fit between turns is desired to help with 
later procedures needed to damp vibrations in the copper 
material. The as-manufactured coil has a radius of about one 
foot, and this is satisfactory, since tighter coils cannot be made 
anyway within the scope of home-workshop techniques. 

Fig. 1-The Madsen system of ambiance extraction. The side 
speakers are driven through a delay using the Haas effects to 
prevent them from affecting the direct-sound localization. They 
are placed to use the Damaske effects for a maximum presentat­
tion of non-localizeable ambiance. 

Fig. 2.-Acoustical schematic diagram of wave-propagation 
tube. The tube driver is the Shure R-50 magnetic-microphone 
cartridge, while the pickup is th'e Shure R-70 cartridge. Strip pled 
areas show wedges of polyurethane foam for acoustical absorp­
tion. 0-ring gaskets sealing the transducers to equalizing 
cavities are shown. Tubing diameters are OD. 

Plastic Foam 
Collar 

Term1na l Board 0-Ring 

Cloy Funnel 

Fig. 3-Driver mounting. The R-50 driver is shown captive be­
tween an 0-ring gasket in front and a quarter-inch collar made 
of one-inch tubing in back. The collar is retained by the internal 
ridge of the coupling and holds the damping material in a com­
pressed state. A quarter-inch flare-fitting tubing cap is cemented 
to the front of the R-50. The front cavity is made of one-inch 
tubing inserted in the one-to-three-quarter coupling . A clay 
funnel is molded in the three-quarter-to-one-half coupling. 

20 

Steel electrical conduit in the 311 inch size was used to make 
the pickup-microphone housing. Steel was used there, even 
though conduit size standards are incompatible with copper­
tubing size standards, because the microphone housing con­
tained the 10:1 step-up transformer (impedance ration 100: 1), 
Shure part No. 51A34, and the magnetic shielding of the steel 
was desired. For a long run of microphone cable (more than 
three to six feet), a separately cased and shielded microphone 
transformer would be obtained. This is an Electro-Voice 502B, 
Shure A-95 series, or equivalent. 

To adapt the conduit to copper-tubing standards, a Y2 inch 
length of 3/.! inch rigid copper tubing was cemented with epoxy 
to one end, an4 a 311 inch copper coupling (solder-type), sawed 
in half, to the other. Since these are butt joints, it was necessary, 
to obtain sufficient strength, to cure the epoxy cement at an 
elevated temperature, and to make sure that the mating sur­

were clean (using paint solvent or "liquid sandpaper") 
and slightly roughened with sandpaper. Ordinary household 
epoxy may be cured in a cool oven (125°F. to 150°F.) for about 
30 minutes. For extra strength, the joint to the coupling was 
subsequently packed with an outside layer of epoxy putty to a 
depth of Ys inch. So adapted, the microphone housing will 
accept a% inch solder-type cap into which a connector is fitted, 
while the other end will fit over 31! inch copper tubing. 

The driver housing consists' of a l-inch copper cap, a 6-inch 
length of l-inch rigid copper tubing (Pis-inch OD), a l-inch 
coupling, a 1'11 inch length of l-inch rigid copper tubing, a 
l-inch to 311 inch adapter (C x C type), and a 311-inch to Y2-inch 
adapter (F X C type) . All of these fittings are of the solder 
type, although no joints were to be made with solder. (Perma­
nent joints were to be made ultimately with epoxy, for which a 
room-temperature curing is adequate for lap-type joints.) The 
"C" end of a fitting will accept an internal fit of the tubing, 
while the "F" end of a fitting will make an internal fit into the 
"C" end of another fitting. · 

The arrangement for coupling the driver to the tube is shown 
in Fig. 3. The ported back framing of the driver is wrapped 
with a single turn of% X %-inch polyurethane-foam gasketing 
(3Y2 inch long) held in place with a 111-inch collar made of l­
inch tubing. The foam plastic is% X lh-inch gasketing material 
(Macklanburg-Duncan Co.) that had been trimmed to Y's­
inch width; the paper backing was left in place to facilitate 
fitting the collar into place. Inside the l-inch coupling, the 
front side of the driver is sealed to the 1111 inch length of tubing 
by means of an 0-ring gasket of lYs-inch OD and 1/16-inch 
thickness. Actually, a 1 3116-inch OD ring was used, and a 
3116-inch-long section was cut out-just enough to place the 
butt joint in the ring under compression-since a ring of the 
proper size could not be found in the local hardware stores. 
The assembly is shown prior to compressing the 0-ring. 

The driver is captive between the 0-ring and the 111-inch 
collar, and the latter is supported by the internal ridge of the 
coupling. Terminal posts, fitting phonocartridge-type clips, 
have been soldered to the electrical terminal board on the driver. 
The plastic-foam collar and the 1111 inch cavity are part of the 
equalization system. The %-to-lh inch coupling is lined with 
plasticene (modeling clay) or epoxy putty to make a smooth 
transition to Y2-inch tubing; this lining was formed with the 
help of a dowel rod that had been rubbed with wax. 

A flare-fitting tubing cap of lf.!-inch size has been cemented 
to the center of the perforated cover plate of the front side of 
the driver. Epoxy cement was used (room-temperature cure), 
sealing off the interior of the cap. The purpose is to eliminate a 
flexural resonance of the cover plate that causes a sharp response 
anomaly at about 9 kHz. Actually, the resonance is moved to 
about 1 kHz and its sharpness (Q value) increased. Its coupling 
to the acoustic field is reduced, and it becomes of inaudible 
consequence. 
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LEIF ... GUDMUND8 .. JAN •.. ASBJ,0RN 
As High Fidelity sagely remarked : "The 
design problems posed by a high­
quality tape deck for home use are 
exceedingly complex. Convenience, 
performance, cost, versatility, durabil­
ity and appearance all make stringent 
demands ... and few machines seem to 
be designed to a carefully thought-out 
chain of functional priorities. The 
Tandberg 6000X is.'' 

SliOM' 
equipment, to be sure. But its controls 
are so well thought out that their use 

• is more self-evident and easier to mas­
ter than those of many recorders that 
seem simpler at first glance." 1 

So SKOAL! to Leif for designing 
the solid-state electronics, including 
the "built-in limiter and a metering 
system that is unsurpassed 
in consumer tape equipment for 
simplicity and efficiency."' 

SKOAL! to Gudmund for 
thinking of the "hysteresis 
chronous motor . .. servo-controlled 
reel brakes and the solenoid 
stop/start mechanism that oper-

FOR MAKING THE 
TAl""DBERG 6000X 

ates positively and nearly instantly 
with practically no start-up 'wow'." 2 

And a special SKOAL! to Jan for 
the exclusive Tandberg Crossfield bias 
in his beautiful four-head design. 
Thanks to that, "Tandberg has achieved 
performance at 17/a ips that not long 
ago would have required a 15-ips tape 
speed." 2 

Finally, SKOAL! to Asbj.¢rn for all 
the things that show. "The 
6000X is a complex piece of 

TANDBERG BOOOX 
Three-speed (7'h , 33/4 , 1 7/a ips) stereophon ic tape deck . Quarter­
or half-track. Four heads (record, playback, erase and Crossfield 
b ias). Frequency response (±21fz db) 40-22k Hz @ 7'/z ips, 40-18k 
Hz @ 33!. ips. Verti cal or horizontal mount ing. Walnut cabinet. 
TANDBERG OF AMERICA, INC., 8 THIRD AVENUE, PELHAM, NEW YORK 10803 

If you ' re thinking of buying a ste­
reo tape deck, think about this. "The 
most critical recording, live or dubbed, 
can be done at 33/4 ips, with no audible 
loss of quality. And for most FM broad­
casts you can do your taping at 17/a ips. 
It is difficult to imagine how the Tand­
berg 6000X could be improved ... . It 
sets a new standard for others to aim 

at.": 
And how much does it cost? just 

$499. Thanks to four very thought­
ful Norwegians. Leif and Gud­

mund and Jan and Asbj¢'rn . 
SKOAL! 

1. High Fidelity, December 1'970 
2. Stereo Review, June 1970 
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Fig. 4-Pickup mounting. The side branch of a half-inch tee 
has been removed (flush saw cut) and the tee cemented to a 
three-quarter-to-one-half coupling , from which the small end 
has been removed, and the joint reinforced -with epoxy putty. 
With the 0 ring partially compressed, the cavity depth is 0.22 
inch between the front of the R-70 microphone cartridge and 
the wall of the tee. 

33nF 20nF 
Input 82 .n 

Fig. 5-Eiectrical schematic diagram of the wave propagation 
tube. The equalization networks are designed to give break 
points at 4kHz (beginning of treble boost) and 16kHz (end of 
boost) for an input source impedance of 120 ohms and an out­
put load impedance. of 47 k:ohms. The transducer impedances 
are 200 ohms . The grounding of the R-70 is optional, but the 
pickup-amplifier chassis grounding should not be made 
through a signal:-bearing lead. Circuit-card mounting of the 
quarter-watt resistors and fifty-volt capacitors is used . 

The arrangement for coupling the pickup microphone to the 
tube is shown in Fig. 4. A lh X 1/2 X 1/2-inch tee fitting is used 
with the side branch removed by means of a f)ush saw cut Also, 
a 3/.i x 1/2-inch adapter fitting (C X C type) is used with the 
V2-inch end removed by means of a saw cut at the place where 
outside diameter starts to increase. These two parts are then 
joined by epoxy cement (the butt joint is cured at an elevated 
temperature) and subsequently packed on the outside with 
·epoxy putty. The microphone seal is provided by an 0-ring of 
Ys-inch OD and 3/32-inch thickness. Using fittings of the 
NIBCO brand, the result is a cavity between the microphone 
and the long part of the tee that has a depth of 0.22 inch, and 

· that can vary by ;i: 0.02 inch depending upon the deformation 
of the 0 ring. This cavity is also part of the equalization system. 
. The microphone holder consists of a 1 1/.i inch length of %-inch 

rigid copper tubing into which is fitted a 3/s-inch-wide strip 
of phenolic-fiber circuit-board material cut with rounded ends 
to make a snug fit. Ordinarily, it is good practice to remove 
from the tubing the internal burr left by the cutting tool, but 
the burr was allowed to remain at one end of this piece to hold 
this retaining strip. Two holes were drilled in the strip to accept 
the terminal posts of the R-70 cartridge. Phone-cartridge-type · 
clips fit these posts well and recommended\ for making the 
electrical connections. The holder also contains two pads made 
of ¥s x 'h-inch polyurethane foam gc..sketing material. These 
pads fit into cutouts in the R-70 frame, and their paper backing 
facilitates their sliding into the holder. These pads play no 
identifiable role in the equalization system but guard against 
the appearance of response anomalies. 

The termination section of the wave-propagation tube is a 
4.5-foot length of half-inch tubing into which has been pulled 
a tapered plug of polyurethane foam. This plug was cut, in 
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sections, from half-inch-thick upholsterer's pads and bonded to 
string using fil-inch masking tape. Unless the tube is straight, 
this pulling operation is extremely difficult to perform properly. 
It was later found that a satisfactory termination can be made 
by cutting the termination tubing into 12-to-14-inch lengths and 

-pulling a graded section of tapered foam into each. This is a 
much easier operation. Then, the graded sections of termination 
tubing may be joined in the proper sequence using 1h X lh -inch 
couplings bonded with epoxy cement. F or such joints, the in­
ternally fitting member (tubing) has a small bead of epoxy 
applied near the end in a complete circumference. Then the 
insertion is made with a twisting motion so that this very sparing 
application of epoxy suffices to make a complete seal. Epoxy 
should always be very sparingly used, or else it will ooze into 
undesired places. The far end of the termination tubing is 
capped, and the cap is held in place with epoxy. A small hole 
is drilled in the cap to provide a slow air leak for pressure equal-
ization. ' 

Tapered polyurethane-foam pads are similarly fitted into the 
driver and microphone housings. These housings also are pro­
vided with slow leaks arising through the electrical connectors' 
and unsealed joints. Nestled into this padding are equalization 
circuit boards and (for the microphone housing) a transformer. 

The circuit diagram is shown in Fig. 5. The RC networks 
provide equalization, with the low-frequency 
time constant at 40 fLS ( 4 kHz), and the high-frequency time 
constant at 10 fLS (16 kHz). The response is essentially level 
below 1 kHz and above 50 kHz, but rising in between with 
a total boost (both networks) of about 16 dB at 12 kHz. The 
rise beyond that point is largely inconsequential in overall 
effect, because of the steep cutoff of the transducers and the 
effect of the output-cable capacity. The ground return for the 
input circuit is connected to the tube, but the ground return for 
the output circuit is kept separate, except for one lead connected 
at the far end of the output cable, in order to avoid ground-loop . 
hum. In spite of the· epoxy joints, metal-to-metal contact is 
made throughout the tube, so that good electrostatic shielding 
is provided. · 

The input circuit is designed for connection to the headphone 
jack of a power amplifier. It is assumed that the maximum 
voltage output at the jack is about 20 V. rms behind 120 !ohms, 
although it is inadvisable to permit this much voltage to appear 
in steady state at the higher frequencies, where the network 
provides rather little attenuation, · since the long-term heating 
effects in the driver cartridge are not known. A few seconds of 
exposure to such levels appears harmless, however. 

The output circuit is designed for connection to the micro­
phone input jack "on a preamplifier where the impedance would 
be 47 k oP.ms, shunted by 100 pF or less , including cable capac­
ity. Reflected to the transformer primary, this would be 470 
ohms, shunted by 10 nF or less. [The nanofarad unit (nF) is, of 
course, 1000 pF. ] 

Suitable microphone inputs are provided in the preamplifier 
section of many commercially-available amplifiers-offering 
a flat frequency response with sufficient gain to drive the power­
amplifier section to full output from an input of a few dozen 
millivolts. Where such an input is not provided, a low-cost, 
low-noise preamplifier such as the Shure M-64 (with the 330 pF, 
input-shunt capacitors disconnected) may be used to drive a 
high-level input. In some cases, the M-64 provides an improved 
noise performance in comparison to an otherwise-available 
microphone input. 

While the above output arrangements do provide satisfaCtory 
performance, improvements are possible through replacing the 
R-70 network by a treble boost obtained by modifying the feed­
back networks of the preamplifier to be used. When the R-70 
drives the transformer directly, the bass response is improved, 
a better signal-to-noise ratio is obtained, and the top treble is 
less-easily . affected by cable capacity. The modifications con-
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verting a PHONO input to a treble-boost TUBE input are set forth 
in Table l for the Shure M-64, the Dynaco PAT-4, and the 
Dynaco SCA-80. For the latter two, the SPECIAL input may be 
modified instead, upon suitable reinterpretation. 

A low-cost arrangement could use two M-64's. The first would 
serve as the R-70 preamplifier, upon modification as in Table 
1 and being fitted with output, level-set potentiometers (50 
ohms), for which there appears to' be sufficient panel space. The 
second would drive the power amplifier, and also embody the 
modification of Table 1, except that the capacitors would have 
the value 10 nF, and the bridging resistor would be 82 kohms, 
connected from S2 to a 100-kohms potentiometer with the 
wiper connected to the emitter end of R13 (R14 for the second 
channel). Thus, the second amplifier would provide a limited­
range, tone-control action for adjusting the top end of the treble 
boost, while keeping the FLAT option available. 

Design Considerations 

Figure 6 shows a plot of the transmission (dashed curve) for 
such a tube (length of 16 feet and ID of 9/16 inch). The loss is 
calculated from the equation · 
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Fig. 6-Equalization requirements. The dashed curve shows the 
theoretical transm.ission response of the tube, and the solid 
curve shows the transmission with the transducers used, but 
without any of the equalization devices ultimately employed. 
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Fig. 7- Effect of the damping collar. The actual amount of 
high-frequency boost product by this means was adjusted to 
match the peak-supressing effect of the cavity to be placed 
in front of the R-50, for the peak of 2 kHz . More than 5 dB of 
boost was obtained. Here, and in Fig. 6 also, the response above 
6 kHz was not very accurately measured. This test setup used 
straight tubing. 
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in which A is the decibel loss for air at 20o C, n is the length-to­
diameter ratio of the tube, and f is the frequency in units of 
kHz [6]. For the present tube, the value ofn is 341, for which the 
loss at I kHz is calculated to be 8.8 dB, while at 100 Hz and at 
10kHz, the values are 2.8 dB and 27.8 dB, respectively. Relative 
to the loss at 1 kHz, a gradual cut attaining 6 dB at 100 Hz and 
a gradual boost attaining 19 dB at 10 kHz would characterize 
the equalization demand. 

This equalization demand seemed sufficiently severe to rule 
out the choice of a small-diameter tubing, e.g., one of 7/16-
inch ID, for which the losses would be 30% greater. At the same 
time, a larger diameter seemed prohibited because of its bulk. 
A larger diameter would also begin to invoke the risk of 
multiple-mode excitation at wavelengths 'A short enough 
to violate the condition 

0.6 A. > d 1 
(2) 

in which d is the diameter. For the present tubing, the risk is 
slight, since the tubing diameter is 14.3 mm, and the 10 kHz 
wavelength is 34.3 mm at 200 C, so that Eq. (2) is not violated 
until 14 kHz is exceeded, a frequency somewhat beyond the 
driver response capability. Thus, bends may be freely made in 
the tubing, and no anomaly is to be because of coil­
ing the tube. In fact, it probably would be safe to insert 45°_ 
elbows in the tubing, and the possibility of an octagonal spiral 
layout, with such elbows . coupling straight sections of rigid 
tubing, may be considered. Though such a layout could be 
extremely compact, it has not been tried. 

Trials have been made of soft plastic tubing. Such tubing 
shows severe anomalous attenuation in the 1-kHz-to-5-kHz 
range. Although this attenuation may be partly lifted by packing 
the coil in sand, such tubing cannot be recommended, except 
possibly for the termination. 

In lossless tubes, nonlinear propagation, in which the crests 
of the wave propagate faster than the nulls, can be obtained. 
The crests propagate with the velocity 

c + = C0 + ( 1 + 'Y ) V /2 1 (3) 

in which eo is the sound speed, 343 ml s, the propagation speed 
of tJ:le nulls; 'Y is the ratio of specific heats, 1.4, and vis the 
particle velocity at the crests [7]. The percentage distortion in 
propagating the length of the tube is the percentage of a radian 
length by which the crests advance relative to the nulls. (Actually 
a distortion index, useful in estimation. For exact Fourier 
analyses, see Ref. 8.) This percentage is 

D = 1h ( 1 + '}'. ) v T ( 2 1f I A. ) • 1 00 I (4) 

in which Tis the propagation time of the tube, 14.1 ms in the 
present case . At 5 kHz, A./2 rr is 11 mm, so that Yz 
( 1 + 'Y ) vT should be 0.11 mm for 1% distortion. This cor­
responds to peak particle velocities of 6.5 mm/s. The intensity 
level into a specific acoustic resistance R is 

I = 1h v2 R . (5) 

For the plane-wave acoustic radiation impedance (pure re­
sistive) of 415 rayls, the level, in this instance, is 8.8 mW /m2, 
or 99.4 dB referred to 1 pW 1m2• Since the area of the tube is 
160 mm2, the total acoustic power is 1.4 p, W. If the transducer 
had an efficiency of 0.7%, the electrical power input would be 
0.2 m W, represented by 0.2 V rms across 200 ohms. 

The sensitivity of the R-70 microphone cartridge is known 
(within 1 dB depending on mounting) to correspond to an out­
put of 1.8 mV (open circuit) for the above acoustic intensity. 
With tube loss and assumed driver efficiency, the overall in­
sertion loss would be 50 dB. The measured loss of 49 dB con­
firms the figure used for the driver efficiency at 1 kHz. 

For a lossy tube, the distortion is of reduced severity. Even 
without losses, the distortion increases only gradually with level, 
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and not abruptly as in a clipping-type overload. Thus, for peak 
velocities 10-fold greater (65 mm/s) the distortion would be 
only 10% at 5 kHz, and less than that with losses, whereas at 
500 Hz, the nonlossy distortion would rise to 1%, etc. Generally, 
it seems safe to regard the levels calculated above to be suitable 
for ordinary soft-to-moderate passages, and to allow the 20-dB 
increase to correspond to the clipping point of the driving amp­
lifier. At moderate frequencies, the network of Fig. 5 allows 
2.5 V to excite the driver for an amplifier voltage of 20 V. At 
higher frequencies, more would be allowed, but most program 
material is rather weak at the higher frequencies. 

The R-50 driver begins to produce noticeable buzzing sounds 
in the neighborhood of lO ·V of excitation at about 200Hz, so 
that it would appear that the driver power capabilities are 
reasonably well matched to those of the tube. At a peak particle 
velocity of 65 mmls, the peak particle displacement is about 
0.1 mm at 100Hz. A diaphragm displacement of that magnitude 
would appe·ar to be marginally safe, in terms of distortion, 
for a unit of the style of construction of the R-50 cartridge. 

A dynamic-microphone cartridge was chosen as a driver, 
because it suits the power requirement, it is inexpensive, · and 
its design already approximates that of a transducer suited for 
coupling to a frequency-independent radiation resistance. For 
this, it is desired that the response to an input force be an output 
velocity, and that this response be uniform in frequency over 
as wide a band as possible. For the tube driver, the output is 
particle velocity, and the input is the force developed by the 
current in the voice coil. For the microphone, the output is 
the diaphragm velocity (to develop the output voltage) and the 
input is the force developed by the acoustic pressure. It is seen 
that the design problem in the two cases is not quite the same, 
but it will be appreciated that the solution oflhe major elements 
of the problem in existing designs makes for a good starting 
point. 

By contrast, an ordinary dynamic loudspeaker would make a 
poor starting point. Its decreasing velocity response above 
cone resonance does fit well with the increasing radiation 
resistance with increasing frequency, that is presented by free 
space to a baffled piston, but not with a frequency-independent 
radiation resistance. Horn drivers would be better suited to the 
present purpose, but, apart from their cost and enormous power 
capabilities, they would also show a poor bass response in tube 
service. This would result from the stiffness needed to control 
the diaphragm motion below the frequencies (e .g. 300 Hz) at 
which the throat impedance of many horns becomes very small. 

These basic considerations tend to show that a delay tube of 
moderate bulk can provide 14 ms of delay over a band extend­
ing up to 14kHz with manageable equalization and a freedom 
from anomalous response. Moreover, high sound levels, making 
for a good signal-to-noise ratio, should be obtainable with 
acceptable distortion, using low-cost transducers whose design 
happens to be particularly apt. 

(To be continued) 
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to withstand heat from sustained notes at a high power 
level and the vibrations and stresses which are continually 

placed upon them. Cadence is guaranteed one full year 
at the power level specified. This proven speaker 

family has been selected by the manufacturers of most 
of the world's fine amplified music instruments. 
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A working musician 
talks aboUt the 
VM pvfesSionals. 
Bonnie Herman is back up talent on Ramsey Lewis' 
new album, just finished the new album "Green Light 
Sunday" for RCA and the music track for a new Holly­
wood film. She's featured on radio and TV commer­
cials for a dozen major advertisers. 

"Is it running? I can't hear it." 
The click!whir!clatter! of changer mechanism 

and falling records is now a thing of the past. Our new 
automatic turntable is triggered by a silent photo _ 
electric cell. Also, a muting switch silences the signal 
during changes. But most remarkable of all, ours 
doesn't drop records when it changes them. It lowers 
them, slowly and gently, onto a motionless turntable. 

"Master tape quality. That's okay!" 
Granted, she was listening through the receiver 

and speakers in our Professional Series. Still, turn­
table distortion would have been all the more evident. 
And there is none, none you can hear. 

That's because our tone arm has counterbalanc­
ing, anti-skate system and accommodates all the ultra­
sensitive new cartridges and tracks with the lightest 
of them. But it also has something more. A critical · 
extra length which makes tracking error indiscernible. 

The VM Professional 1555: '1\vo synchronous motors-24-pole 
for turntable, one for changer mechanism. Belt driven, completely 
isolated, low mass, dynamically balanced turntable. Gentle lowering 
spindle. Automatic record size sensor system. Pqoto cell cycle-change 
sensor eliminates side pressure and trip noise. Piston-damped 2-way 
cue control. 91j2" tone arm (from pivot to stylus); the longest on any 
automatic turntable. Piano-key control center isolated from turntable 
and pick-up arm. Quick-change, plug-in housing accepts any 
standard magnetic cartridge. Rumble: -52 db (CBS weighting). 
Comes complete with Shure magnetic cartridge and attractive 
walnut base with dust cover. 

"That note would have given you away." 
It was a long sustained tone that lets every im­

perfection in the turntable come through. But there 
was no Wow, no Flutter, no Rumble. Pitch was perfect. 

One reason is the precision 24 pole synchronous 
motor we chose especially to power the turntable. 
Another is the second synchronous motor only for the 
changer. Each is completely isolated, the only link with 
the shock mounted turntable is the soft, flexible drive 
belt. How else can you get near-silent specs like ours? 

If the Professionals can please musicians, record­
ing studio engineers, and sound technicians, people 
who make a living making great sound, we're confident 
it can make you very happy, too. If you would like all 
the facts and figures, write: Professional Series, Dept. 
74, P.O. Box 1247, Benton Harbor, Michigan 49022. 
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