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Use itanywayyou wish; 
the Scott 433 performs better 

than any other tuner 
you can own. 

The Scott 433 Digital Frequency 
Synthesizer FM Stereo Tuner gets 
you about as close to the actual 
broadcast as today' s technology 
will permit and with greater con­
venience than ever before. 
Using such space age electronic 
circuitry as a phase locked loop, 
a varactor tuned RF section and a 
quartz crystal reference standard, 

Scott engi­
neers have 

produced the 
first dramatically 

superior tuner 
since they pioneered 

the silver plated FET tuner in 1965. 

You no longer turn knobs or read 
tuning dials. You insert a program 

card into a slot and the exclusive 
Scott Digital Frequency Synthe­
sizer automatically tunes to the 
center of the channel you select. 
The tuning error is so small it is 
actually less than one-third that 
allowed broadcast stations by the 
FCC The 433 tuner comes with 
program cards for every one of the 
lOOFM 
channels 
available 
in the U.S. 

In addition to auto­
matic card programming, 
you can scan the entire FM band 
for either mono or stereo stations, 
or manually tune to any station 
of interest by pushing a button. 
The large digital display tells you 

accurately what 
frequency is 
being received, 
andyoucan 
read it from 
across the room. 

In short, the Scott 433 Digital 
Frequency Synthesizer FM Stereo 
Tuner looks and performs better 
than any tuner you have ever seen 
regardless of price. Matched set 
includes the 490 Integrated Stereo 
Control Amplifier with 75 watts 
per channel continuous power 
RMS into 8 ohms. Model490 
amplifier: $349.90. Or you can 
play the 433 tuner through any 
high quality stereo amplifier. 
Model433 Digital Frequency Syn­
thesizer FM Stereo Tuner: $549.90. 
See your Scott dealer or write 
for full information. 

Check No. 100 on Reader Service Card 

HH Scott, Inc., 111 PowdermillRoad 
Maynard, Massachusetts 01754 

830* DYNACD QUADAPTDR 

NIIDS NO Nil AMPllfiiR 
FOR 4·DIMINSIONAl SOUND 
Connect the inexpensive Dynaco Quadaptor™ 
to your existing stereo amplifier (or receiver) . 
Keep your present two speakers in front. Then 
add just two matched, eight ohm speakers in 
back. That's it. Now you can enjoy four-dimen­
sional stereo-a significant increase in realism. 

The Quadaptor™ provides four directions of 
sound from new material specifically recorded 
for the purpose. Equally important you can 
presently enjoy all the depth and concert-hall 
sound already on your existing stereo recordings 
but wh ich have not been audible until now due 
to the limitations of conventional two-speaker 
playback. The manner in which the Quadaptor™ 
sorts out the four different stereo signals un­
mask this hitherto hidden information to utilize 
everything that has been present on your stereo 
recordings all along. The Quadaptor™ adds 
nothing to the recording. It is not a synthesizer. 
It brings out directional information which has 
previously been hidden in the recording. 

The Quadaptor™ provides four-dimensional 
stereo from today' s FM stereo broadcasts and 
tapes as well as dis'cs . No modifications are· re­
quired on any of your exist ing stereo equipment. 

Most satisfying resu lts are derived when high 
quality, full-range speakers are used in back, 
since it is faithful reproduction of all the audio 
frequencies that provides the greatest sense of 
spatiality. Fortunately, you do not have to spend 
a lot of money to buy good speakers. At $79.95, 
the compact Dynaco A-25 provides .highly accu­
rate reproduction, so much so that the Stereo­
phile Magazine ca lls them "probably the best 
buy in high fidelity today." 

Write now for the name of the nearest dealer 
where you can now hear the Quadaptor™ and 
four-dimensional stereo. 

THE SIMPLE HOOKUP FOR 
4-DIMENSIONAL STEREO 
All four loudspeakers are con­
nected to the Quadaptor™, 
which in turn is connected to 
the amplifier's (or receiver's) 
speaker outputs. No AC line 
voltage is required because the 
circuitry of the Quadaptor™ 
is passive. 

----­• '"" 1tJ: '.!' 
...... 

• ·": lf; 'il' • • 

',,.. "!!> . .. 

-
* $19.95 kit, 

$29.95 factory­
assembled. 
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the pros 
depend on 
SHARPE 
headphones 
for the 1 t camp e e 
sound-

why 
don't you? 
SHARPE Stereophones MKII with 
the smoothest frequency response 
from 15-30,000 Hz (30-15,000±3 5 
dB) are the cho1ce of the professionals . 
After all, the pros know That's why 
they're too rated. 
Audiometric laboratories have 
proven SHARPE Headphones to be 
superior in sound reproduction, utterly 
free of distortion (less than 1 %) and 
ambient noise, no matter what your 
application ... professional or 
home stereo . 
Only SHARPE offers the maximum 
in comfort in the patented l1qu id fi lled 
ear cush ions, and true reproduction, 
whether you choose the new Model 7 
at $19.95 or the 770 at $100.00 ... the 
quality standard of the professionals. 
Sound them out today at your 
franchised SHARPE dealer. Use the 
reader service card for the one nearest 
you. Ask him to demonstrate 
SHARPE Stereo Central, a new 
concept in remote listening control 
and headphone storage . 

SHARPE 
AUDIO DIVISION 
SCINTREX INC. 
390 Creeks1de Dnve. Amherst Industrial Park 
Tonawanda. N. Y. 14150 
Export Agents: 
Elpa Marketing Industr ies Inc. 
New Hyde Park, N.Y. 11044 
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This is the Zero 100-the newest, most advanced automatic turntable. The name 
stands for Zero Tracking Error-up to 160 times less tha_n any conventional 

tone arm ... new freedom from distortion ... new life for your records. The diagram 
shows how the tone arm articulates, keeping the stylus perpendicularly tangent 

to the grooves throughout the record. It also points to some of the other major features. 
0 There's an interesting presentation booklet on the Zero 100 ... with 12 pages of 

illustrations and diagrams, giving a full, clear explanation. Let us send you a copy. 
Write Dept. H11, British Industries Co., Westbury, New :York 11590. 

Two-Speed (331/a and 45 rpm) Automatic Turntable $18950 
Check No. 3 on Reader Service Card Mfg. by Pleaaey Ltd. Diet. by British Industries Co. 



Coming in 
September 

AUDIO's Annual1972 Direc­
tory of Stereo H i-Fi Com­
ponent Equipment. 

Here, in one issue, is a 
comprehensive directory of 
what's available in the latest 
hi-fi component models: 
• Amplifiers • Pr.eamplifiers 
• Tuners • Receivers • Record 
Changers • Turntables and 
Arms • Phono Cartridges • 
Loudspeaker Systems • Open­
Reel Tape Recorders • Cassette 
and 8-Track Recorders • Head­
phones. 

Testing Loudspeakers-Part 
II of H. D. Harwood's article 

AS WE GO TO PRESS 

Saul Marantz has joined Rudy 
Bozak, and we look forward to ex­
citing developments from these two 
audio pioneers and wish them every 
success. 

*ltleHowa. 
Whern, Glld ol k aling High Qually 

About the cover: Shown are 11 of 
the 1 3 cassette reviewed 
in this issue. What happened to the 
other two? Well, the Pilot 100 ar­
rived to late for the cover photo...-. 
through ho fault of the makers-and 
we had two Harmon-Kardon "lodk­
alikes," one with Dolby, one without . 
Cover design by John Kwasizur. 
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Audioclinic 

Electronic Organ Volume 
Q. I notice (hat if I adjust the volume 

of my electronic organ, using the ex­
pression pedal, that there is a very slight 
delay between the time I make the volume 
change and the time I actually hear it take 
place. What is the cause of this? I have 
had this trouble ever since I purchased 
theorgan.-Arthut Darrow, Albany, N.Y. 

A. Some firms employ potentiom­
eters linked to the expression pedal 
as a method of controlling the volume of 
sound produced by electronic organs. 
During musical renditions, the expres­
sion pedal is used quite often, which 
means that even the best potentiometers 
will wear out after a time. Organ manu­
facturers have overcome this problem 
in varioqs ways. One approach is to use 
a photocell connected across the output 
terminals of the instrument. The more 
light which falls on the cell, the less 
resistance the cell has, which, in turn, 
shorts out some of the signal, thereby 
reducing its volume. The expression 
pedal might move the light source or 
it might actuate a movable mask be­
tween the light source the cell. In 
some photo cells, there is a delay be­
tween the time there is · a change of 
light intensity and the change of resis­
tance of the cell. Under these circum­
stances you would notice the delay. 

Some organs place the cell in series 
with some element in the circuit. In that 
case, the more light striking the cell, 
the louder the instrument becomes. 

In either case, perhaps you can locate 
a photocell which has less deLay. Of 
course, it must have characteristics 
similar to the one now in use, i.e., 
resistance vs. light level. 

Perhaps your organ controls a voltage 
which, in turn, changes the bias on an 
audio amplifier. If a delay occurs in 
such a circuit, check for overly long 
time constants. A bypass capacitor's 
value might have to be decreased. 

Many ingenious methods have been 
devised to bring about volume control 
in eLectronic organs. All that was pos­
sible here, therefore, was to give you 
a broad outline of some of the ap­
proaches as they apply to time lags. If 
your circuit . is different from these, 
study it with a view to locating the 
source of a lag. 

JOSEPH GIOVANELLI 

Chassis Leakage to Ground 

Q. My Scott Lk60 B produces a very 
strong spark when connected to ground. 
How can I measure this leakage? I 
suspect a faulty capacitor .somewhere 
because the amplifier makes loud «dis­

noises periodically.-Joseph P. 
Laronda, Cheshire, Conn. 

A. The spa.rk you get when grounding 
your amplifier may be a normal con­
dition. If you know, however, that this 
!)tate of did not exist when you 
first used the amplifier, you should 
suspect that, the line bypass capacitor 
has become leaky. This capacitor usually 
connects one side of the line to ground. 
In some circuit, both sides of the line 
are bypassed.. Disconnect these capacitors 
and see if the condition still occurs. 
It should not if all input sources are 
disconnected from the amplifier. 

Before definitely suspecting the 
amplifier, however, disconnect the 
various input sources as I have already 
said. Then make your ground checks. If 
the sparking is not present, perhaps 
you wiil find that the real culprit is 
one of your otlier pieces of equipment. 

. Whether the amplifier, tape recorder, 
or tuner is to blame, and ifline bypasses 
are not at fault, you probably have a 
bad power · transformer, with leakage 
between the primary winding and the 
core. The cure is a new power trans­
former. 

The so-called discharges . you hear 
emanating from your system may not 
have anything to do with this prob­
lem. They may be line transients which 
find their way into the amplifier's in­
put. It also may be that there is some 
other defect in · the amplifier or other 
program sources which is producing 
the "discharge." Of course, an inter­
mittent line bypass capacitor could 
give rise to the transients. 

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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An entirely new world of sound has 
been created by AKAI's electronics engi­
neers who have developed a new and 
sophisticated line of 4-channel surround 
stereo equipment. Included in this line are 
the exciting 1730-SS 4-Channel/2-Chan­
nel Stereo Tape Recorder and the 1730D­
SS 4-Channel/2-Channel Stereo Tape 
Deck. With either system, you're com­
pletely surrounded in sound with four 
speakers ... left and right in front, and left 
and right in the rear. This system gives 
you a real "sense of presence", the feeling 
of being exactly in the middle of a live 
performance. Both models are designed 
to be used for not only 4-channel stereo 
but also 2-channel stereo as well. 

1730 D·SS/AA-8100 

The 1730-SS, equipped with four built­
in pre-amplifiers, two built-in main am­
plifiers, and two monitor speakers, is 
designed for amazing versatility. It can 
be used not only as a complete 2-channel 
stereo tape recorder, but also as an excit­
ing 4-channel stereo tape recorder by 
simply adding an extra pair of AKAI 
speakers to your existing 2-channel stereo 
amplifier/speaker system. 

The 1730D-SS is perfectly matched with 
AKAI's exclusive AA-6100 Solid State 
4-Channel System Pre-Main Amplifier. 
This amplifier has SOW music power for 
dynamic 4-channel stereo sound and 
accommodates both 4-channel and 2-
channel stereo operation. 

Cross over to 4-channel stereo and 
enjoy the multidimensional sounds no 
2-channel system can ever achieve. 

Audio & Video 

AKAI 
AKAI AMERICA. LTD. 
2139 East Del Amo Boulevard/Compton, 
Cal ifornia 90220 (213) 537-3880 
Manufacturer 
AKAI ELECTRIC CO .• LTD. 
P.O. Box 21. Tokyo International Airport , Japan 

Check No. 5 on Reader Service Card 



Tape Guide 
Oscillator Coil Adjustment 

Q. All of the instructions for main­
tenance and adjustment · of my tape re­
corder are very complete. The steps are 
detailed and easy to follow, using an 
audio oscillator and audio VTVM, except 
for the following: "Adjust the core of 
the oscillator coil to afrequency of 78-80 
KHz." Can you tell me what equipment 
is needed to make this adjustment? How 
does one know when the slug of the coil 
is correctly adjusted?-Lee Stair, Coral 
Gables, Fla. 

A. To check the oscillator frequency, 
you would need an oscilloscope and a 
signal generator capable of generating 
the oscillator frequency. Connect the 
generator to the 'scope until you get, 
say, 3 cycles showing on the 'scope, with 
sync set at minimum. Connect the out­
put of the oscillator (taken, say, at the 
record or erase head) to the 'scope, and 
adjust the oscillator coil until again 3 
cycles are displayed on the 'scope. 
Alternatively, you can connect the gen­
erator to the horizontal input of the 
'scope and the oscillator to the vertical 

. input, and adjust the oscillator coil until 
you get a straight line on the 'scope. 

Conversion to Stereo 
Q. I have a mono Ferrograph tape 

recorder about 13 years old which was 
very little used. Is it feasible to convert 
it to stereo? I asked at one shop, and they 
were cool to the idea, but I had the im­
pression that they preferred several small 
jobs to one big one for their own economic 
reasons.-Lawrence Lynton, Bronx, N.Y. 

A. I don't think you can attach much 
blame to a service shop for not under­
taking a task really outside its scope and 
quite possibly involving a substantial 
number of headaches before all works 
well . The task in question is really that 
of an experimenter, not of a service 
shop. 

Yes, it is probably possible to convert 
your Ferrograph to stereo, although I 
cannot give you specifics. What is neces­
sary is to substitute stereo heads for the 
present mono ones, and to add two 
amplifiers for the second channel: a 
record amplifier and a playback ampli­
fier. You can follow the circuitry of the 
original amplifiers. I don't know if there 
is room inside the· mechanism for these 
additional amplifiers; if not, they would 
have to be "outboard" ones. On the 
other hand, if you use new transistor 
circuits, rather than tube circuits, the 
problem of finding room for the addi­
tional amplifiers will be substantially 
reduced. After the new heads and ampli­
fiers are installed, it will be necessary 

6 

to make proper adjustments with respect 
to bias current, audio drive current, VU 
meter (for electronic eye) calibration, 
azimuth, vertical positioning of the 
heads. Also. there may be a question 
whether the original oscillator can 
supply enough current for two record 
channels and two erase channels. For 
information on replacement heads and 
transistor circuits, I suggest that you 
write to The Nortronics Co., 8101 Tenth 
Avenue N., Minneapolis, Minnesota 
55427. 

Equalization, Etc. 
Q. I would like to make some queries 

regarding my Revere Model T-70163 
tape recorder: (I) The output of my 
machine is bassy. I use a Shure Unidyne 
III 545 microphone, which according to 
the manufacturer is remarkable for faith­
fully reproducing the human voice, yet 
even the voices of women sound "big" with 
the tone control set a maximum treble. 
Nothing seems to be wrong with the re­
cording circuit, because when the re­
corder is used as a P A system, the output 
is also bassy. What could be wrong? 

(2) I have been trying to record with 
my machine at 70 ips with the aid of a 
capstan sleeve, although my machine is 
really made for 33;4 ips. The resulting 
recordings sound very sharp. Since the 
output at 33;4 ips is bassy and at 70 ips 
too sharp, I wish to obtain a compromise 
tone at 33;4 ips which will be sharper than 
the 33;4 ips tone and less sharp than the 
70 ips output. What components should 
be adjusted or changed to achieve this? 

(3) In calculating the power output in 
watts of my recorder, should the voltage 
be measured at the terminals of the voice 
coil of the speaker or at the leads at the 
end of a phone plug connected to the ex­
tension speaker jack with the 
speaker disabled? 

( 4) The "normal" neon lamp indicator 
of my recorder no longer lights up fully 
even when the "distort" neon lamp indi­
cator is fully lighted. I tried interchang­
ing the lamps, but obtained the same re­
sult. What could be the trouble? 
· ( 5) I intend to connect a standard VU 
meter to my recorder but I am unable to 
use the output from the extension speaker 
jack for the purpose inasmuch as the out­
put at normal recording level is less than 
40 volts. According to the meter's manu­
facturer, however, it may be used with 
-my recorder by connecting the meter to 
the plate of one of the amplifier tubes. 
How is the connection made (or with one 
lead from the meter connected to the plate, 
where is the other lead connected)? What 
tube in my tape recorder would you 

HERMAN BURSTEIN 

recommend as a source of power for the 
VU meter? 

(6) Aside from the ability to use a 
longer cable and the suppression of hum, 
what other advantages, if any, are offered 
by the use of matching transformer be­
tween a low impedance microphone and 
a high impedance amplifier? Does the 
connection improve fidelity? 

(7) Has there been discovered a way to 
make tape recordings permanent or un­
erasable?- Domingo Riego, Jr., Manila, 
Philippines. 

A. (1) The fault appears to be in part 
due to excessive bass in playback 
equalization. And in part to the low 
tape speed, which in some machines, 
particularly older ones such as yours, 
have sharp treble drop above 5,000 Hz 
or so. The difficulty is perhaps exag­
gerated by a playback head with too 
wide a gap because . of initial design or 
wear. 

(2) The playback equalization for 7¥2 
ips requires what amounts to more 
treble cut and more bass boost than at 
3% ips. Therefore using 33.4 ips equaliza­
tion when operating at 7Vz ips will result 
in sharp sound. I am sorry, but this 
column cannot help you to redesign 
your tape recorder. I suggest that you 
try the component values suggested in 
your service manual for conversion to 
7V2 ips. 

(3) To calculate power output, dis­
connect the speaker and substitute a 
high-wattage resistor having the same 
ohmic rating as the output impedance 
of the audio amplifier (e.g. 8 ohms). 
Measure voltage across this resistor 
and calculate power by Ohm's Law. 

(4) I guess that a capacitor or resistor 
leading to the normal lamp has changed 
value. 

(5) A true VU meter should be fed 
from a low-impedance source, such as a 
cathode follower or anode follower. To 
answer the rest of your question: Con­
nect the other lead of the meter to 
ground. 

(6) A low-impedance microphone 
allows a long cable run without signifi­
cant treble loss. 

(7) Not to my knowledge. 

If you have a problem or question on 
tape recording, w rite to . Mr . Herman 
Burstein at AUDIO, 134 North Thir­
teenth Street, Philadelphia, Pa . 
19107 . All letters are answered . 
Please enclose a stamped, self­
addressed envelope. 
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ThiS SPlice 
took 12 seconds. 

11 is now 
stronaer than · 
the-oriainal 
tapa. 
Tape splicing used to be a 
painstaking nuisance. Now 
it can be accomplished in a matter of sec-. 
onds with EDITall, the only true splicing 
method for reel, cartridge, cassette and video 
tape. Perfect for professional and amateur 
alike, It's virtually the only method used by 
broadcast, recording studios and manufac­
turers of 4 and 8 track tape cartridges and 
cassettes.The reason: it's precise ... rapid 
••. simple to use - every time you use it. 
EDitab'"' precisely trimmed tape splices, 
make splicing even easier. I They are avail­
able in W' and 150 mil siz!es. Tape spliced 
in an EDITall block may be erased and used 
over and over again for top quality record­
ings. EDITall splices are. guaranteed to be 
stronger than the original tape. Perfectly 
smooth, they retain the original quality of 
sound reproduction. And they never damage 
tape heads or tape. 

Regardless of the size tape you're using, 
there's an EDITall kit to meet your require­
ments. VIsit your EDITall dealer today or 
write: ELPA MARKETING INDUSTRIES, INC., 
De pt. A-B New Hyde Park, N.Y. 11040 

EDIT a//® 
Tapa SPiicina Method 

What's New in Audio 
Sony TA-2241 SQ decoder 

This decoder is designed to be used with 
the recently announced Columbia SQ 
quadraphonic system, which permits 
four channels to be reproduced from 
a two-track source. Also announced 
is the SQ-444 from Columbia Master­
w.prk, which includes decoder-receiver, 
automatic turntable, and four speakers. 

Check No. 4 on Reader Service Card 

E-V RE85 lavalier microphone 

This dynamic mic,rophone uses double­
wall construction with two separate 
cases, one nested inside the other and 
insulated with highly compliant rubber. 
The unit weighs 8 oz., is 2o/s in. long, and 
has a diameter of less then one in. This 
omnidirectional microphone has a 
specified frequency response of 90 to 
10kHz and is matched for low imped­
ance inputs. Price, $133. 

Check No. 6 on Reader Service Card 

Ampex RR-200 tape reproducer 

This new master reproducer is designed 
for rapid duplication of cassette, car­
tridge, and reel-to-reel audio tape re­
cordings. It is intended for use by master 
recording studios . and in educational 
and industrial applications where large 
numbers of tape copies are required. 
Prices be gin at $11 ,000. 

Check No. 7 on Reader Service Card 

8 

Hegeman speaker system 

The Omni speaker system is a two-way 
coaxially mounted system in a small 
floor-standing, closed box enclosure. 
Power required for an average room is 
15 watts, while maximum power 
handling capacity is specified at 25 watts. 
Impedance is 8 ohms, and the dimen­
sions are lOVs X 81,4 X 25 in. Price: 
$180, pair. 

Check No. 8 on Reader Service Card 

Lafayette Criterion 4X speaker 

The Criterion 4X speaker system features 
a four-speaker design, with a 12-in. 
bass speaker, a 5-in. mid-range, a 3-
in. for the 5000-to-10,000 Hz range, 
and a ! 1/2 -in. super tweeter for fre ­
quencies up to 20,000 Hz. Impedance: 
8 ohms. 22 x 14'12 X 11% in. 
Price: $69.95. 

Check No. 9 on Reader Service Card 

Booklets and . Catalogs 

E- VI Game, Inc. has released their new 
1971 needle catalog, 71N, a 120-page 
booklet which contains a quick reference 
pictorial guide, an updated set-to-needle 
guide, and a section covering accessories 
including stereo headphones, headphone 
accessories, cassette microphones, and 
45 spindle adaptors. 

Check No. 10 on Reader Service Card 
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From Rock to Bach in0.25 Seconds 
Sony can't stop those little family arguments. But we can make 
them more worth winning. And a flip of Sony's unique, knob­
and-lever dual selector switch gets the winner ihto the music of 
his choice just a little quicker than an ordinary, single-knob 
selector. Because until your fingertips unleash the STR-6065 
receiver's performance, it might as well not be there . 

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

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

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

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

Which brings up another way we made the 6065 's perfor­
mance more accessible to you: the price. And if $399.50* 
isn't accessible enough, we also make the 6055 for $299.50*. 
Its power is a little less ( 145 watts rather than 255 watts) as 
is its rated sensitivity (2.6 uV instead of 2 2). But it 's other-

, wise almost identical. 
So perhaps we can solve those family squabbles after all : a 

6065 for yourself, and a 6055 for your son . 
Sony Corp. of America. 47-47 Van Dam St.,Long Island City, NY 

*Suggested retail price, subject to Fair Trade where applicable. 

SONY®6065 I 6055 
Check No. 16 on Reader Service Card 
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A 
s I WRITE this, the opening of the 
1971 Consumer Electronics Show 

_ mammoth McCormick Place 
in Chicago is but a few days away. In 
spite of the name this is a trade show 
and is not open to the public. The CES 
is always an extravaganza, encompass­
ing just about every aspect of electronic 
home entertainment. This includes 
audio products of course, and the new 
equipment you will see at your local 
hi-fi salon in the fall most likely made 
its debut at the CES. 

Most manufacturers put their best 
foot forward at the ,CES. It is a buyers' 
show, and it is meant to generate sales. 
The CES is always exciting, but this 
1971 show is goin,g to be remembered as 
one of the most significant in recent 
years. The reason for this is the heavy 
concentration on four-channel sound 
and the Dolby hbise reduction system. 
Because of the economy, sales 
in the home entertainment electronics 
has been "sbft;'' aiid the manufacturers 
are embracing these new technologies in 
the hope that they will stimulate their 
market. It may well be that sales will 
improve for sbrrie, but there is going to 
be an intense out" process 
among competing four-channel systems, 
for example, that is bound to leave some 
people disappointed. 

The advocates of four-channel stereo 
seem to be dividing into several camps. 
The largest group by far are those favor­
ing some sort of matrix system. As art 
"industry insider" friend of mine said, 
"every time you turn a corner at the 
CES, you'll meet an ingenious Japanese 
engineer trying to convince you his 
matrix system is the best." Well, the 
permutations and mathematics of matrix 
systems are not infinite, and as noted 
in last month's column, all of them have 
many similarities. The Electro-Voice 
"Stereo Four" system is on the market 
and in use irt quite a number of FM 
stations, which is of course a big ad­
vantage. This evidently is not going to 
deter the eager moguls of the Japanese 
hi-fi industry, nor for that matter those 
of the companies in this country. It has 
long been known that Columbia Records 
was working on some type of matrix 
system. As I go to press, Columbia has 
announced their intention to market 
their system with a first year release 
of 50 recordings. To say this has caused 
consternation in certain quarters is to 
put it mildly! The Columbia four­
channel disc system is a 4-2-4, encoding/ 
decoding matrix system incorporating 
some phase manipulation. Strong claims 
of superior stereo separation and other 

BERT WHYTE 

advantages have beeh made. Jnforma­
tion on the system is scarce, and I have 
not heard it as yet, thus I cart hardly 
venture an opinion. It is obvious how­
ever · that another entry in the matrix 
sweepstakes is going to create problems. 
I wanted the reaction of 
Voice to this development anci cori- . 
tacted E-V president Larry Le!<ashman. 
Mr. LeKashman felt that the Coluqlbia 
system added a "new factor of confusion" 
and pointed out that at an EIA 
last May, specifically convened to dis­
cuss four-channel stereo disc standards, 
for the Columbia system allegedly 'was 
"incompatible." The meeting was held 
at Columbia studios, with the Columbia 
engineers in attendance. The incom­
patibility reportedly is that normal two 
channel stereo discs won't play in the 
usual fashion through the Columbia 
decoder. It is said that some sort of 
special switching would have to be used 
in going from stereo to 
two-channel and vice versa. Mr. LeKash­
man noted that recordings made with 
the Columbia matrix would not play­
back properly on E-V and Dyna de­
coders presently on the market. For 
example, the two rear channels of the 
Columbia system would be heard 
through all four channels of the other 
systems. Mr. LeKashman said that he 
didn't see any reason why the Columbia 
system should be any more compatible 
at this time than it was last May. He 
stated that more than ever, there was 
a pressing need for four-channel stereo 
disc standardization. He also declared 
that Electro-Voice was prepared to adopt 
and convert to whatever matrix system 
is ultimately chosen as the industry 
standard. . 

Well now!!:No doubt we will be hear­
ing Columbia's side of the story before 
long. Columbia has one great advantage, 
and that is that it controls the aviiil­
ability and output of its own software. 
Lack of program material has been one 
of the major stumbling blocks of 

. channel stereo. With Columbia, they 
have the resources and depth of catalog 
to issue 500 recordings just as well as 
50, if the situation warranted such a 
release. 

At the CES there will be plenty of 
hardware for the backers of four-channel 
open reel stereo. Not even the most 
avid supporters of matrix systems, dis­
pute the fact that in the four-channel 
scheme of things, the open reel discrete 
sound is still the best. However, it is 
sad to relate that the open reel software 
situation is not good. Oh, there has been 
some marginal improvement .. · . a few 
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remember PANDORA'S BOXP 
Remember the lady whom Zeus sent down to earth with a little Only with a TDK Super Dynamic cassette can you be sure, 

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

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

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

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

capture and keep are spoiled or 
irretrievably lost. 

• 
T D K ®World's leader in tape technology. 

TDK EL-ECTRONICS CORP. 

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

proposition. 

Check No. 11 on Reader Service Card 
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NOW­
THE ADC 
lOE MK IV 

The latest version of the famous 
ADC lOE is better than ever, for 
it incorporates many of the 
refinements found in the acclaimed 
ADC 25 and 26. It takes full 
advantage of ADC's unique induced 
magnet system, where the heavy 
moving magnet found in most other 
high fidelity cartridges is replaced ­
by a hollow tube weighing at least 
60% less. 

This arrangement also allows the 
generating system to be placed 
close to the stylus tip, thus virtually 
eliminating losses and resonances 
introduced by a long cantilever. 

Coupled with the economies 
inherent in Audio Dynamics' latest 
manufacturing techniques, these 
features make the new lOE MK IV 
probably the finest value in high 
performance cartridges available 
today. 

1 OE MK IV SPECIFICATIONS 

Type ... Induced Magnet 
Sensitivity . . . 4 mv at 5.5 ems/sec. 

recorded velocity 
Tracking Force .. . 0.7 grams 
Frequency 

Response . . . 10 Hz to 20kHz ± 2 db 
Channel 
Separation . . 30 db from 50 Hz to 12kHz 
Compliance ... 35 x 10·6 ems/dyne 
Vertical Tracking 

Angle ... 15 degrees 
Recommended load 

Impedance . .. 47,000 ohms (nominal) 

Suggested Retail Price . .. $50.00 

AUDIO FOR 
AUDIOPHILES 
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new titles from Enoch Light, a couple of 
new items from Vanguard. But by and 
large the format which started the whole 
four-channel bandwagon rolling is not 
faring well . All I can say to devotees 
of this format is "hang in there." Help 
will be forthcoming because of the way 
certain things are shaping up . . . but 
you will have to be patient for a while. 
Take comfort in the thought that by 
utilization of the Eargle process there 
are potentially thousands of four-chan­
nel stereo recordings sitting in the vaults 
of the record companies. 

There is one other format for discrete 
four-channel stereo and that is of course, 
the four-channel/ eight track cartridge 
espoused by RCA. Of late, this has been 
gaining momentum. For example, 
Fisher Radio and RCA recently held a 
joint press conference announcing 
Fishers' entry into the four-channel 
cartridge hardware market. Presumably 
made in Japan, Fisher is offering the 
Model CP- 100 2/4 channel cartridge 
player (in essence a cartridge deck for 
use with your own amplifiers etc.) at 
$169.95, and the Model TX-420 Con­
verter, which is the same player with 
two 15-watt rms amplifiers for the rear 
channels at $299.95. This equipment 
will be at the CES, as will the Motorola/ 
RCA cartridge players. Another new­
comer to the eight track and four­
channel stereo cartridge market is 
Ampex. Recently introduced at their 
Colorado Springs sales meeting and to 
be shown at the CES is the Model 8400 
which combines a 2/4 channel stereo 
cartridge player with an AM/FM stereo 
receiver. No doubt we will see other 
four-channel stereo cartridge units 
from various Japanese manufacturers 
at the CES. The big thing this format 
has going for it is the availability of 
software. RCA has already released 
over 70 titles, and a number of other 
record companies are issuing products 
in this format. The catalog is pre­
dominantly pop, as can be expected with 
a market ratio of 95% pop to 5% classi­
cal. As you might expect, the pop 
material, although discrete, is of the 
"total surround" variety. At present 
there are no four-channel cartridge tapes 
recorded with ambient information. 
While the signal-to-noise ratio of a 
cartridge is somewhat better than a 
cassette due to tape speed, it is still 
a pretty hissy proposition. As I have 
pointed out before, tape hiss per se is 
bad enough . .. when you hear it from 
both front and rear, it is nigh impossible 
to live with. The four-channel cartridge 
needs to be Dolbyized just as much as 
the cassette. Until they are, there is 
little point in trying to record ambient 
information on the rear channels. I 
would also think it prudent not to issue 
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any ersatz classical cartridges with weird 
channel configurations, as it can only 
alienate those who purchase them. 

Other four-channel stereo items we 
expect to see at the CES are the JVC 
discrete disc, and the Astrocom four­
channel "in-line" cassette. With the 
·latter unit, the head configuration per­
mits automatic reverse play of two­
channel prerecorded stereo cassettes. 
Also in the reverse play category in 
cassette decks is the new Ampex Micro 
155, which features an incredibly com­
plex six-element (two erase, record and 
play) head. The same system is featured 
in the Ampex Micro 335, which is an 
automatic reversing, 12-cassette changer. 

You won't be able to turn around at 
the CES without encountering Dolby 
equipment. There will be a plethora of 
cassette units with built-in Dolby B 
Type circuitry. From Revox and Ferro­
graph there will be open reel recorders 
with built-in Dolby B Type. From quite 
a number of Japanese (and possibly 
several American) companies there will 
be receivers with built-in Dolby B Type 
noise .reduction. There will be a number 
of new "black box" Dolby units, in­
cluding a playback only unit that will 
sell for $49.95. It is also entirely possible 
that by the time of the CES, we may be 
able to hear Dolbyized FM broadcasts 
from the always venturesome WFMT 
in Chicago. 

However, the big news from Dolby 
this month is that the main essentials 
of the Dolby B Type noise reduction 
circuit- FET, transistors, resistors, etc. 
-have been reduced to a monolithic 
integrated circuit chip! Add power 
supply and capacitors and you are in 
business. Dolby Labs and Signetics 
Corp. of Sunnyvale, Calif. are col­
laborating on the development of 
the IC, and it is expected to appear in 
consumer audio products early in 
1972. Signetics will enjoy a short period 
of exclusivity with the IC and then it 
will be available to the entire IC 
industry. With what amounts to an 
industry standard version of the Dolby 
B Type circuit, costs will be very 
significantly lower than present discrete 
versions of the circuit. The great ad­
vantage in addition to lower costs is 
that reduced to a tiny IC chip, Dolby 
B Type noise reduction can be built 
into virtually any type of tape machine 
or tuner/receivers, no matter how small 
they might be. With the Dolby B Type 
circuit so reduced in size and cost, you 
can _expect a great proliferation of pre­
recorded tapes in all formats, including 
our much-desired open reel. It doesn't 
take much of a pundit to predict that by 
this time next year tape hiss in all 
formats will be well on the way to being 
only an unpleasant memory! 
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THE SAN SUI fiS-1 
IJUADPHONIC SYNTHESIZER® 

SANSUI QS-1 

4·CHANNEL SOUND FROM ANY 2·CHANNEL SOURCE 
Senses and recovers the ambient inform at ion 

hidden in your stereo discs, tapes and broadcasts 

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

· The heart of the Sansui Quadphonic is a combination o.f a unique 
reproducing matrix and a phase modulator. The matrix analyzes the 2-channel 
information to obtain separate direct and indirect components, then redistributes Phase -modulated signals 

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

speakers, adds another important element. It sets up a complex phase interference fringe in the 
listening room that duplicates the mult iple 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 Quad phonic system. 

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

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

*Patents Pending 

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

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

Check No. 13 on Reader Service Card 



Editor's Review 
T HE CONSUMER Electronics Group of the EIA has 

now issued a supplemental statement to the Federal 
Trade Commission concerning the proposed trade 
regulation rule on amplifier power output. Many 

of the recommendations are beyond criticism; for 
instance, it is pointed out that all factors that could 
influence power measurements should be clearly de­
fined. These include power line voltage, operating 
temperatures, load resistance, positions of covers and 
bottom plates, ·specifications of output meters, and so 
on. But I imagine few audio engineers will agree with 
the following: 

"As indicated by one witness (at the previous Hear­
ings) during the two days of testimony there was almost 
no reference to the psycho-acoustical aspects of what the 
human ear can hear. Nevertheless, several witnesses 
suggested there is substantial improvement in sound 
quality if the total harmonic distortion is greatly less 
than 5 percent. They provided no scientific support for · 
this contention. Before the Commission adopts a rule 
based on a total harmonic distortion below 5 percent, 
we believe they should evaluate all studies and scientific 
data which is (sic) available on the subject. We believe 
it would be a mistake for the Commission to base such 
a value judgment solely on the hearsay evidence which 
has been placed in the record. It is our belief that all 
available scientific information will indicate that for 
most consumers there is little or no perceptible difference 
in the sound quality between an amplifier rated at 5 per­
cent and one rated at a lesser distortion." 

Cassette Tests: Lucky 13 
Thirteen cassette recorders are compared in our test 

reports which appear on page 26. In case you are 
wondering whether these are the only models worth con­
sidering, the answer is a definite "No." Some manu­
facturers were in the midst of production difficulties 
and did not want a review at the present time; others 
were busy with new models which were not ready. A 
more complete list of available recorders will be pub­
lished in our Annual Directory next month. Meanwhile, 
the tests on the Lucky Thirteen show just how far 
cassette recorders have advanced during the past year 
and also what the Dolby system can really offer. 

sa and Q/8 
CBS has finally announced the release of their 

quadraphonic discs which are designated "SQ." An 
agreement has been reached with Sony for the produc­
tion of playing equipment and decoders as well as 
marketing in Japan. It is stated that 50 records will be 
available by the end of the year, and the tentative price 
is expected to be one dollar more than conventional 
records. In essence, the SQ system gets the two addi-
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tional channels on the disc by using two circular modu­
lations, as shown in Fig. 1. As the record rotates, a clock­
wise helix is produced for the right back channel and 
a counter-clockwise helix for the right rear. Figure 2 
shows the grooves of a SQ record under a powerful 
microscope displaying the four modes of modulation. 
We hope to publish more technical details in the near 
future, but meanwhile some aspects of the disc are 
discussed by E. T. Canby on page 44. As stated in our 
last issue, Fisher is cooperating with RCA in launching 
the Q/8 format, previously known as "Quad-8." The 
name was changed due to legal action by the Acoustical 
Manufacturing Co., Ltd. of England, who have used the 
name "Quad" for many years. At a recent Fisher-RCA 
demonstration, it was announced that 67 Q/8 tapes are 
now available. 

Humor in Advertising 
"The Mike Matthews Freedom Amp-Free yourself 

from bureaucratically dominated sources of electricity 
.. . blast out in the solace of the woods." Striking a blow 
against the Establishment is all very well and will cer­
tainly help impoverished battery makers such as Union 
Carbide-but how about Noise Pollution in those woods 
fellas? G. WT 

Left Back Modulation Right Back Modulation 

Fig. 1-The two circular modulations of the SQ system. 

Fig. 2-Magnified view of an SQ record. 
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Choosing the wrong. 
cartridge for a record player 

is like putting 
low octane gas in a high­

performance car. 
Here's how to choose the right cartridge. 

Matching stereo cartridges to 

turntables and record changers is a·s 
important as putting the right kind 
of gas in your car. Low octane gas 
just won't work in a high perform­
ance car. And high octane gas in an 
economy car is a waste of money. 
It's the same with cartridges. In 
fact, a cartridge that's great for one 
system could be disastrous for 
another. 

So, we've developed a simple 
way for you to precisely match one 
of our XV -15 cartridges to what­
ever kind of record player you have 

or plan to buy. It's called the 
Dynamic Coupling Factor-DCF 
for short. 

DCF is a numerical index, 
like an octane rating, that our 
engineers have assigned to the 
XV-15 cartridges by pre-analyzing 
all the electrical and mechanical 
specifications of all major record 
changers and turntables. The more 
sophisticated the record player, the 
higher the DCF number. 

But how we devised the DCF 
rating system isn't as important to 

you as knowing what it does. Using 

our DCF chart to choose your 
XV-15 makes sure that you get 
optimum performance when you 
play your records. And that you can 
walk into your high fidelity dealer and 
know just which XV-15 to ask for. 

After all, you don't just drive 
into a gas station and ask the man 
to "fill 'er up", do you? 

-:,>)'· . 
101 Sunnyside Bl vd ., 
Plainview, N.Y. 11803 · ""«:r4 4< . 

• 
l 

Cut out this handy DC F Guide. Use a Pickering XV-15 cartridge 
with this PCF Number 

IF YOU OWN MODEL NUMBER ELLIPTICAL SPHERICAL 

Acoustic Research XA 750,400 350 

Benjamin Miracord 50H, 7 50, 770H 750 350 
40H, 40A, 40,630, 620, 610, ISH, 10, lOF, lOH 400 

Dual (United Audio) 1219, 1209, 1019, 1215, 1015, 1015F 750 350 
1009SK, 1009F,1009 400 
1212, 1010A, 1010 200 150 

Garrard (British Industries) SL95B,SL95,SL75B 750,400 350 
SL75, LAB80MK11, LAB80 400 350 
SL72B, 70MK11, A70, 60MK11, SL65B, SL65, SL55B, 200 150 
SL55, SP20B, SP20, A, AT60, AT6 
40, 40B, 50MK11, 50, 40MK11, 40Autoslim, 140 100 
Autoslim/P, Tl1, RC98, 210, 4HF, 301, RC80, RC88 

Len co L-75 750,400 350 

McDonald (BSR) 600, 610, 500A 200 150 
510,500,400,310 140 100 

Pioneer PL-30 750 350 
PL-25, PLA-25, PL-41C, PL40F, PL-41A 400 

Perpetuum-Ebner PE-2018, PE-2038, PE-2020, PE-2040 750,400 .350 

Sony TTS 3000, PS i 800A 750,400 350 

Thor ens TD 125 750 350 
TD 150AB, TD 124 400 

Elliptical styli, because of the way they rest in the record groove, track with less radius distortion, and therefore are capable of playing records in 
good condition with less overall . distortion. 

Spherical styli are more rugged and can be used with higher tracking forces . Check No. 15 on Reader Service Card 
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The Hovvs, 
Wheres, 

&whys of Testing 

High Quality 
Loudspeakers 

T 
HE OBJECTIVE TESTING of loudspeakers in a free-field 
environment has often been attacked on the grounds 
that they are not listened to under these conditions 

and that in any case there are subtle effects which are not 
amenable to measurement. 

Whilst these arguments contain a certain amount of truth, 
there is no reason why we should go to the other extreme and 
ignore the extremely valuable information which can be 
gathered from such measurements. At the BBC, loudspeakers 
are, in the end, judged subjectively on their ability to reproduce 
program material accurately, not just as a pleasant sound, 
and are judged by comparing the reproduced quality with that 
in the studio itself. When, however, questions of the basic 
design or modifications are involved, it is found that these 
can usually be dftermined simply by objective measurements 
in a free-field r:oom. This paper describes the hows, wheres, 
and whys of the tests made during the development of BBC 
monitoring loudspeakers. The order in which the items are 
given is not to be taken as an indication of their importance. 

Frequency Response 
The steady state axial frequency response characteristic 

test is carried out by measuring the axial sound output as a 
continuous function of frequency, at a specified distance from 
the loudspeaker, in free-field surroundings when a constant 
a.c. voltage is applied to the loudspeaker terminals. It is the 
measurement which is most often made and contains a great 
deal of information. ·· 

There have been suggestions that since a listening room 
clearly departs widely from free-field conditions that the 
loudspeaker output should be measured in a live room. It is 
assumed that because a listener usually sits sufficiently far 
from the loudspeaker to be largely in the reverberant sound 
field that this is the factor which should be measured. In fact, 
the ear does not take account of the reverberation as a first 
order quantity but only as a second otherwise a person 
speaking in one room would sound quite different when in 
another room having differing characteristics, and we know 
from experience that this is not the case. In practical condi­
tions the ear fastens on the direct sound and although the 
reverberation cannot be neglected, relegates it to a secondary 
place. Measurements taken under specified free-field condi­
tions therefore contain much more relevant and easily 
interpreted information than those taken under live conditions 
which apply to that room only. 

Another suggestion [ 1] that has been made is that an 
intermediate condition should be used and measurements 

*BBC, London, England. 
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should be made with the loudspeaker radiating into an infinite 
plane, i.e. into 180 degrees instead of 360 degrees. Compared 
with free-field measurements this would give a bass lift to 
the response up to a frequency which would depend on the 
size of the cabinet. This bass lift would therefore be a variable 
quantity not easily allowed for; furthermore it is admitted 
in the same article [ 1] that we do not in practice hear such a 
bass lift and the free-field measurement seems to agree best 
with what is heard in a practical situation. 

The test conditions for the steady state axial frequency 
response characteristic need therefore to be specified quite 
closely. 

In the first place true free-field conditions assumed for 
most cases, that is unless a loudspeaker is designed to be 
mounted in a corner or so that the sound is deliberately re­
flected from a wall or ceiling. True free-field conditions can 
only be obtained in the open air at least 30 feet from any 
obstacle or in a large enough free-field room. In the latter 
case, the author has shown elsewhere [2] that it is necessary 
for the tips of the wedges on opposite sides of a free-field room 
to be at least one wavelength apart at the lowest frequency of 
interest for free-field conditions to apply, even with perfect 
absorption at the wedges. The trouble is that excess absorp­
tion takes place, as in an acoustically lined duct, when the 
spacing is appreciably closer than this; with too small a room 
this will have the effect of giving an apparent bass cut. In 
the larger free-field room at the BBC's Research Department 
a special type of polyurethane wedge is used and the dimen­
sions are such that free-field conditions exist to below 40 Hz 
within ± 1 dB out to 10 feet from the loudspeaker under 
test [3]. 

In addition to providing free-field conditions it is essential 
for the measurement of the axial frequency response to be 
made at an adequate distance from the loudspeaker, particularly 
for multiple unit designs. A minimum distance of five feet is 
adopted for this sort of work, for it can easily be calculated 
that at closer distances the relative contributions of l.f., m.f. 
or h.f. units is changed significantly and a wrong appreciation 
will be obtained of what the listener will hear, in practice, 
at a distance of 6lh. feet or over. 

The next question is that of the bandwidth to strive for. 
We can adopt the rather naive approach that as the ear can 
hear frequencies over a range of 16 Hz to 20 kHz, or to over 
30 kHz for children, we should aim for this range with all 
its attendant difficulties. At the BBC, however, we have 
adopted the rather more mature engineering approach of trying 
to determine the narrowest bandwidth which can be used 
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without the listener notlcmg any degradation in quality. In 
a series of experiments [4], known under the delightful name 
of Operation Clothear, the upper cut-off frequency of program 
material was altered and the number of persons who could 
detect the change on an ABA test was found. The program 
material was carefully selected to be the most sensitive for 
this sort of test and observers whose ears had been checked 
were used. Even under these very critical conditions, surpris­
ingly few observers were able to detect a cut-off frequency of 
12 kHz. As a result it has been decided that monitoring loud­
speakers should have a response extending to at least this 
frequency and that if this can be achieved on the axis, greater 
weight should be attached to obtaining, (a) a good spatial 
distribution, (b) a smooth curve and, above all, (c) a high 
degree of repeatability, than to extending the frequency of 
cut-off. 

At the bass end the decision is more difficult and as an 
engineering compromise between size, cost, and response, 
the latter is maintained to about 45 Hz and allowed to fall 
below this figure. 

It should be made clear that whilst the axial frequency 
response characteristic is a necessary measurement, it is by no 
means sufficient to obtain a smooth or even flat response curve. 
Very little work has been done to determine either the smallest 
irregularity which is audible, how wide-range trends in re­
sponse affect the reproduction, or even, given a perfectly 
smooth axial frequency response curve, whether it should be 
flat to give the most faithful reproduction. Although it is 
often assumed to be true, it is doubtful whether a flat axial 
response curve gives the most realistic performance, but in 
this connection it is necessary to state our own assumptions. 
At the BBC we assume that the microphone and the amplifiers 
should have a uniform response; for tests on new types of 
loudspeakers the microphones used are equalized to be uni­
form ± lh dB over the frequency range of 40 Hz to 15 kHz, 
or beyond if it is possible to do so without degrading the 
signal-to-noise ratio too much. It then follows that for the 
most realistic performance the axial frequency response 
characteristic of the loudspeaker must be allowed to take 
any form dictated by the ear, and it is found in practice that 
a slight slope over the frequency range from 200 Hz to 5 kHz 
is desirable, the response at the latter frequency being about 
3 dB lower than the former. It should not be surprising that a 
uniform curve is not ideal, for the sound field in the listening 
room is very different from that in the studio and if, psycholog­
ically, a trend in the axial frequency characteristic 
gives a better illusion of realism, this is regarded as entirely 
justified. There is also the factor that the aural effect of small 
degrees of coloration can be reduced by "cooking the curve." 
This . procedure must be used with care, however, as it is not 
rigorous and it can easily be overdone. 

It should be noted that the ear is riot uniformly sensitive 
to broad-band changes throughout the frequency range. Thus 
a change in level in the 500 Hz to 2 kHz band of 1 dB is 
audible and one -of 2 dB is quite marked. On the other hand, 
at the extremes of the range a change of 2 dB is barely audible 
at all. 

Some figures from our experience are worth recording here. 
From the point of view of local irregularities we have an 
octave-band variable equalizer which in the "flat" condition 

a ripple on the frequency response curve of ± llh. dB. 
That equalizer can be switched in or out and it can be stated 
definitely that this degree of ripple in a flat average response 
is absolutely inaudible. On the other hand we have had a case 
where a microphone had a smooth downward slope of 3 dB 
over the range of 100 Hz to 3 kHz. This was detected and 
equalized by ear by the program operators to within + 1 Y2 dB 
without reference to any kind of objective measurement! 
The obvious moral is that small local irregularities ate 
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permissible and that there is little point in a1mmg at too 
smooth a curve, but that broad trends are detectable to quite a 
fine degree. 

Off-Axis Response Characteristics 
The off-axis response is measured in .a similar manner to 

the axial characteristic and is important for two reasons. 
Firstly, we do not always listen to a loudspeaker whilst seated 
on its and secondly, it is largely the off-axis curves which 
determine the reverberent sound. 

Taking the first point, it is important with monitoring loud­
speakers, and to a lesser extent with the domestic types, that 
there should be a wide angle over which a listener can hear 
accurate reproduction, preferably indistinguishable from that 
on the axis. With multi-unit loudspeakers, apart from the 
coaxial types, this implies that care must be taken in mounting 
the units to get the best distribution in the desired plane. Thus 
for normal monitoring and domestic listening a two-unit 
loudspeaker would have the units mounted one above the 
other so that the system is symmetrical in the more important 
horizontal plane. In some cases in broadcasting, e.g. in a 
mobile control room, the opposite may be the case and it may 
be in the vertical plane that uniform characteristics are re­
quired. A further limitation with multi-unit loudspeakers 
is that there is a miminum distance at which they should be 
listened to if equal contributions from the units are expected. 

The sort of trouble that is experienced off axis with a two­
unit loudspeaker is illustrated in Fig. 1. The two units might, 
for example, be 12 in. woofer and a two in. tweeter. If the 
overall response is made flat on the that at 60 
might well follow the second curve, for at the upper end of 
its band the woofer could be quite directional whilst the 
tweeter, where it takes over, should be omnidirectional. This 
variation can be reduced by partially covering the woofer 
with plates leaving only a narrow slit to radiate the sound. 
The process must not be carried too far however, as the 
inertance of the slit resonates with the compliance of the air 
inside the cone giving a peak in the response followed by a 
sharply falling response. The degree of improvement effected 
by the slit never reaches the full theoretical amount; this is 
discussed in greater length in Ref. 5. · 

Greater uniformity in response with angle caQ. of course 
be achieved, at a cost, by employing three units each covering 

-a narrower frequency range. By judicious use of these methods 
the off-axis curves can be smooth and follow that on the axis 
within ± 3 dB for angles up to 60 degrees over most of the 
frequency range. 

C1l 
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Fig. 1-Two-unit loudspeaker . Nominal frequency response 
characteristics on axis and at 60 degrees in the plane at right 
angles to that containing the two units. 
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The response in a plane containing the units is also irregular 
as at some angle in the crossover frequency range the two 
units are half a wavelength apart and a cancellation occurs 
at smaller angles than in the orthogonal plane, as shown in 
Fig. 2. Fortunately the crevice is narrow and the frequency 
varies at a discrete frequency; it does however mean that 
appreciable off-axis angles in this plane are to be avoided 
if possible. This means that contrary to many advertisements; 
multi-unit loudspeakers have definitely a "right way up" for 
serious listening. 

The influence of the off-axis response on the reverberation 
is of course very large. If the loudspeaker is regarded as the 
_center of a sphere which is divided into concentric bands 
occupying equal angles at the center, then the area covered by 
± 5 degrees say will only occupy a small fraction of the area 
covered by 85 degrees ± 5 degrees, and the contribution 
to the total 'energy radiated into the room will be correspond­
ingly small. The reverberation will thus be largely determined 
by the off-axis curves and it is at once apparent that any large 
discrepancy between direct and reverberant sound will be 
detected. 

Polar Response 
For this measurement the loudspeaker is mounted in the 

free-field room, and the measuring microphone rotated about 
it by a boom controlled by selsyn motors from outside the 
room and which also control the rotation of the polar record­
ing paper. As with the axial frequency response characteristic, 
it is essential to provide true free-field conditions and the 
microphone must be at a distance from the loudspeaker great 
enough to give representative results, say five to six feet. 
Measurements are taken either at discrete frequencies or, 
more usually, employ bands of noise when general trends are 
required. 

The polar response is of course another way of regarding 
the off-axis curves discussed above. It is not used extensively 
however because it is not the polar response as such which is 
listened to but the frequency response characteristic at a 
specific angle. The polar response measurements are therefore 
largely used to supplement the response at angles when a 
specific feature is to be examined at one particular frequency 
or band of frequencies during the design of the loudspeakers. 

It is also useful in estimating the service area which will be 
well covered by one loudspeaker or in calculating the direc­
tivity or total power radiated by the loudspeaker. 

Directivity and Power Response 
The directivity of a loudspeaker is a measure of the degree 

to which a loudspeaker fails to be omnidirectional and is 
defined as the total acoustic power radiated at a frequency, 
or band of frequencies, compared with the power which would 
be radiated by an omnidirectional source having the same axial 
output. When measured in bands over the whole frequency 
range, it gives an indication of the way the reverberant sound 
-will differ from the direct sound heard on the axis for a nomin-

ally flat axial frequency response characteristic and the two 
are therefore best dealt with together. 

Since the parameter we want determines the reverberation 
level, this at once gives a clue as to one method of measure­
ment. The loudspeaker is stimulated with bands of noise and 
the reverberant field measured as a function of frequency. 
By knowing the absorption characteristics of the room, the 
total radiated power can then be calculated from the formula: 

( Q 4 ) SPL = PWL + 10 log 1 0 4,r2 + R + 0.5 dB 

Where SPL is the sound pressure level re 2 x 1 o-s N + m 2 

PWL is the power level, Q is the directivity factor, r is the 
distance in feet from the loudspeaker to the microphone and 
R is Sa+ 1 - a where a is the average sound ab­
sorption coefficient for the room and S is the area of the 
bounding surfaces of the room in square feet. In practice a 
reverberation room is used as this gives a more uniform field 
and has . known absorption characteristics·. However, similar 
limitations as to size apply to this room as to the free-field 
room and unless the room is large enough, true integration 
will ilot take place at the bass and in addition there is always 
some danger of the vent resonance in a vented cabinet being 
affected. It is however the most widely used method and 
properly instrumented, taking measurements at a number of 
points in the reverberant field, can give fairly accurate re­
sults. 

The directivity can also be obtained in a free-field room by 
recording the polar radiation pattern at a large number of 
angles around the loudspeaker and calculating thence the 
directivity. As these measurements must be carried out at a 
number of frequencies, the labor involved is quite large and 
this method is rarely used. 

The method employed at the BBC is similar but more con­
venient and quicker, the details being described in Ref. 6. 
In practice it consists of integrating the total power output " P" 

of a microphone as it is rotated around the loudspeaker · in 

axial curve 

\ 

frequency 

Fig. 2-Two-unit loudspeaker. Nominal frequency response on 
axis and at 30 degrees in the plane containing the two units. 

20r---------------------------------------------------------------------------------------------
12 1n uni t ---- - ----

-------------dB -------- two unit loudspeake r 

50 100 200 500 1,000 2,000 5,000 10,000 
frequency, Hz 

Fig. 3-Directivity of a single 1 2 in. unit and of a two-unit monitoring loudspeaker having a 7 in . slot in front of the 
12 in . bass unit . 
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the free-field room in sectors, rather like the segments of an 
orange, for which the integral to be determined is 

Sine x de 

0 

The microphone is fed to a sine law potentiometer and to an 
integrator so that the directivity can be measured for any fre­
quency. Since the free-field room is usable down to 40 Hz, 
the directivity can be measured over the whole spectrum with­
out difficulty. 

An illustration of the sort of result obtained is given in 
Fig. 3, both for a simple 12 in. radiator and for a two-unit 
monitoring loudspeaker. 

It will be noted that the curve of the directivity of the 
latter, although much more uniform than that for a single 12 
in. unit is still notflat. In the nature of things a 3 dB slope is 
to be expected as the bass unit is fundamentally omnidirec­
tional whilst the tweeter can at best only radiate into a hemi-

10dB 

-
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frequency, Hz 

(b) 
-- .... ,, ;1,,- -,\ 
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Fig. 4_:_Curve a, measured frequency response characteristic 
of loudspeaker in a corner using warble tone . Curve b, fre­
quency response characteristic of loudspeaker in a corner 
calculated from three images in walls and ceilings . (Curves 
arbitrarily ,displaced.) 

1,000 2000 5,000 10,000 

Fig. 5-Measured frequency response characteristic of a loudspeaker when touching the three surfaces in a corner. 

sphere. It is clear therefore that even if found to be desirable, 
a loudspeaker having a flat total power response cannot be 
achieved using a conventional cabinet. It is of interest to note 
here that a monitoring loudspeaker with a close approach to 
an omnidirectional middle and high frequency unit was de­
signed by one broadcasting authority [7] but la,ter designs from 
the same authority have retreated con:;iderably from this 
concept. Our tests on this loudspeaker with speech and solo 
instruments certainly indicated that the directivity was too 
small for this type of program material and the later changes 
by the designers indicate an acceptance of this verdict. For 
example, with speech, too great a degree of diffusion will give 
the impression of a voice spread over a large area. On the 
other hand, at the BBC with more conventional types of 
monitoring loudspeaker, any increase in angle of radiation so 
far has been welcomed. There is therefore some sort of 
optimum which , however, has never been satisfactorily de­
termined, and measurements such as the total power response 
for differing types of loudspeakers will help to settle this 
feature in the future. 

Corner M ount ing 
It is sometimes most convenient to mount a of 

the conventional cabinet type in a corner. This may be to try 
to narrow the angle of the area to be covered or simply to 
hang the loudspeaker out of .the way of the general impedi­
menta in the room. At the BBC this has been carried out 
particularly in television control rooms where the monitoring 
loudspeaker has been hung over the television monitors which 
are placed in a corner. 

However, as the quality of speakers has improved there has 
been increasing dissatisfaction with the quality of reproduction 
from a corner placement and complaints of coloration have 
been made which do not apply when the same loudspeaker 
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stands free of the corner. Measurements of the output of a 
speaker, fed with warble tone to remove standing waves in 
the room, have been carried out in situ with the results 
shown in Fig. 4, curve a. On the assumption that the irregular 
response was due to interference between the various images 
formed in the adjacent walls and ceiling, curve b shows the 
expected response. It will be seen that the two curves are very 
similar and it is not surprising that coloration was noticed at 
a frequency just below 300 Hz. The effects of a corner posi­
tion can be mitigated by asymmetrical mounting and also by 
the use of absorbing materials in the corner, but these are 
palliatives and the use of corners for normal speakers is to 
be avoided whenever possible. The effect on the frequency 
response characteristic of placing the loudspeaker right in the 
corner is shown in Fig. 5 as an awful warning! For further 
details of these tests see Ref. 8. 

(To be continued) 
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TAPE RECORDER PART 8: 
MAIN ENANCE Regulators 

AT THE END of my last contribu­
tion (Jan., 1971) I gave a hint 
of things to come, while re­

ferring to methods of motor control. 
This applied primarily to portable cas­
sette tape recorders, and one small 
circuit was given, that used by Philips 
in their EL3302A and similar models. 
Researching the subject for this con­
tinuation, and also for a lecture project 
I had to do at the request of my old 
friend Donald Aldous, (see London 
Letter, Page 10, AuDio, Sept., 1970) 

I became convinced that the subject 
was worthy of a much deeper treatment 
than was possible as one article in this 
series. Our Editor (whom St. Cecilia 
preserve) is in apparent agreement, so 
I propose to go back to the beginnings 
and discuss the principles of regulation 
before leading on to some of the 
practices. 

Reasons for this digression? They are 
twofold. In the first place, at the afore­
said lecture, when I took along a whole 
bunch of portable machines to describe 
and discuss with the lively South Devon 
Tape Recording Club, of which Aldous 
is the very active president, I was 
inundated with questions about the 
more sophisticated methods of servo 
control and voltage regulation that 
some of these tape recorders employ. 
In the second place, it was evident 
from some of the questions there and in 
my correspondence with readers of a 
number of audio magazines in this 
country (Great Britain) that under­
standing of the circuitry is incomplete. 
Power supplies are too often taken for 
granted. Either it goes or it doesn't. 

Trouble is when it doesn't go, find­
ing the reason is not always easy. It 
helps to have a knowledge of what a 
circuit should do before we can ferret 
out the causes for the stoppage. 

Regulation-what do we mean? I 
would define this as "keeping the supply 
voltage constant even though the cur­
rent drawn by the load varies." You 
may wish to apply a more elegant defini­
tion, or tie me down scientifically, but 
basically, this is what regulator cir-
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cuits of tape recorders are designed to 
do. The bite comes with that last word 
"varies." The ordinary tape recorder 
has three functions: RECORD, PLAY, and 
FAST WIND. The first two may require 
much the same current, but usually the 
fast winding process demands more 
power, and the strain on the supply is 
more evident. Some machines need 
varying amounts of current for forward 

H. W. Hellyer 

radios as well as the more sophisticated 
gear we are talking about, and it does 
precisely the same job. In more technical 
terms, it reduces the apparent source 
impedance. 

The source impedance of an ordinary 
layer-type battery could be a couple of 
ohms, and this will get bigger as the 
battery ages. At 100 Hz, a 1,000 J.I..F 
capacitor will have an impedance only 

A l B (l 
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Fig. 1-Zener diode regulation, showing A the actual and B the effective circuit 
of the zener-cormolled power supply . 

and reverse, even for differences be­
tween the amount of tape spooled. 
Simple regulation is not going to help 
them much when demands vary widely. 

Alternative methods have motors 
which regulate themselves, and the 
supply line to the main machine can be 
separately and simply regulated. There 
are some interesting circuits in this 
group and we shall take a look at them 
later. Others employ what is now known 
as "servo control," where a sensing 
circuit picks up a mechanically gener­
ated pulse as the motor rotates, com­
pares this with an electronically 
generated reference, and from the error 
reading feeds back to the motor a con­
trolling change in supply voltage. Again, 
we have some intriguing variations. 

The simplest form of regulation is 
the large capacitor across the battery 
supply. The function of this fellow is 
simply to bypass audio signals. It is a 
device to be found quite often in cheap 
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Fig. 2-Characteristic curve of a typical 
zener diode. Values are not marked 
on the axes of the graph, as these are 
different for various grades and specific 
values would be misleading . Note that 
reverse current is in microamps. 
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slightly greater than 1.5 ohms. This is 
· in shunt with the battery impedance to 
alternating currents, so less voltage 
drop across the battery results. But if 
current variations are going to be 
greater; or, as with the portable tape 
recorders we are discussing, currents are 
direct, as used to drive the motor, then 
the regulating capacitor is only a,.n 
added refinement. 

Next simplest method of applying reg­
ulation will be found in devices where 
the original supply is from the a.c. elec­
tricity line. The idea is to "bleed" the 
power pack with a resistor across it draw­
ing a fairly high current. Then, the 
current demands of the equipment, 
though still varying, present a propor­
tiona-tely less demand than when the 
bleeder and the power supply voltage 
remains more constant. But this is a 
brute force method. Neither of the 
foregoing.methods more than our 
passing · consideration and certainly 
should not require an explanatory dia­
gram. 

t B f 
YouT v,N 

l l 

The zener diode across the supply 
line may seem little more tha:q. an elab­
oration on the bleeder idea. And, in 
fact, if we use it straightforwardly, as 
in Fig. la, it will have the same draw­
back-the power pack has to supply 
maximum current all the time. When 
our aim is conservancy-who wants to 
carry a mulepack of batteries?- we 
cannot use this. But if the machine is 

· operating from an a.c. supply, and we 
are not too bothered about our bills, 
it could be used this way to act as a 
voltage clamp. It is more useful as 
linear regulator, and we shall see it used 
in several of the circuits that follow, 
so let's take a look at the z.ener diode 
and see what it does and why. 

If you forward bias a semiconductor 
diode, it behaves as a short-circuit­
well, almost-and current flows. Re­
verse the applied voltage and only a 
tiny leakage current remains. This 
leakage current can be independent of 
the applied reverse voltage over quite 
a wide range, but as this voltage in-

Fig. 3-Where voltage limits are beyond the range of a single zener diode, two or 
more can be combined, A in series and 8 in cascade. 

Rs +ve 

+ve 

A l 1 
B l 1 

v,N VOUT v,N VouT 

1 1 1 1 
+ve tve 

c 1 l D 1 
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1 1 1 
Fig. 4-Control via a bipolar transistor : A PNP in shunt; 8, NPN in shunt; C, NPN 

in series, and 0, PNP in series. 
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creases there comes a point when, zing! 
the current jumps from a few micro­
amps to many milliamps- enough, 
indeed, to murder the diode. 

This critical voltage is the breakdown 
voltage, VBR. When C. Zener discovered 
it in 1934, it was just a curiosity. The 
"zener effect" had a few novelty 
descriptions, but had to wait until 1953 

-before K. G. McKay and K. B. McAffee 
published "Electron multiplication 
in silicon and germanium" in the 
Physics Review. An alternative theory 
for avalanche breakdown was proposed, 
and even if I understood it well enough, 
I would not bore you with the still 
arguable matter of broken covalent 
bonds and carrier velocities. 

The important thing to cling to is 
that every diode will exhibit the zener 
effect, but not every diode will behave 
as we want our "zener diode" to be­
have, i.e., under control. Whereas, 
the zener diode acts as a perfectly 
normal diode · within its "non-zener" 
area. They are generally designed to 
handle quite a hefty current for their 
size and, when not at breakdown, have 
a small leakage. When choosing zener 
diodes ·we have to look for voltage 
and current characteristics and to re­
member that the wattage rating is not 
voltage times current but a value slightly 
lower. This is because temperature 
comes into the calculations also. Heat 
sinks will be found associated with many 
zener diodes. Quoted specifications 'are 
for 25 degrees C. (77 degrees F.) unless­
otherwise stated. Voltage ranges are 
from around 3 volts to 150 volts or so 
artd the power ratings cover a very wide 
range, up to 75 watts and more for 
special applications. Each diode has 
a correct zener voltage rating and 
tolerances may be 5, 10, or 15 percent. 
So the preferred range of values will · 
be used, and a nominal 9 volt zener is 
actually 9.1 volts ± 5%, or whatever the 
tolerance of that particular one happens 
to be. Maximum zener current is equal 
to the quoted wattage divided by the 
zener voltage. _ 

One phenomenon of the zener device 
is a negative temperature coefficient 
exhibited by those with a low break­
down voltage as against a positive 
temperature coefficient for those with 
a higher breakdown voltage. This can be 
used to good effect by the inclusion of 
two zeners in a circuit where their 
characteristics can balance out to give 
a zero temperature at some · 
specific current. A further speciality 
is the reduction of capacitance of the 
zener diode as the reverse voltage in­
creases-a factor which comes handy 
in some television circuits. 

A drawback that affects us in audio 
work is the rather high noise character-
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istic. This is the reason for that 0.01 p,F 
or so capacitor shunting the diode in 
many circuits. 

So much for what it is. How does 
it work? Well, a look at Fig. 2. shows 
the relationship of voltage and current 
for a particular zener diode, and here 
we see the characteristic hell-dive when 
the reverse voltage reaches the break­
down or zeher point. In F1g. 1 b there 
is a simple example of the circuit where 
these tendencies can be used. YIN is an 
unregulated iriput voltage. For the 
purpose of calculation we take the 
minimum YIN and say that Rs = (YrN­
YouT) + lmax. YouT is the breakdown 
voltage of the zener and lmax the highest 
load current that will be demanded. So 
long as this load current is not exceeded 
(see Fig. 2.) YouT will remain constant. 
The series resistor in a circuit like this 
will be chosen to give five to ten per­
cent more than the specified load cur­
rent, as a safety margin. As a further 
precaution, the relationship of YIN to 
YouT will not be less than 1.5 to 1. By 
having a reasonable size of series 
resistor through which both load and 
diode currents will flow, the circuit 
is kept more stable. The equivalent 
circuit of this arrangement is shown in 
Fig. 1 b. The dissipation rating of the 
diode is calculated from [YOUT (YINmax­
YouT)]+Rs. 

Although the zener can be used 
primitively, like this, or stacked in 
series (Fig. 3a) or cascaded, as in Fig. 
3b, a more realistic use is as a control 
device. Where the load current would 

be too great for a normal zener-or 
when the cost of a higher rated one 
forbids-the solution is to use a power 
transistor as the regulator and a zener 
diode to set its switching voltage. This 
can be connected as a shunt or a series 
regulator, and single-transistor circuits 
along these lines are shown .in Fig. 4. 

A shunt regulator (Fig. 4a) has a 'load 
current nearly as much as the product 
of the maximum rating of the zener and 
the gain of the. transistor. If the load 
decreases and YouT tends to rise, the 
base voltage of the transistor rises, 
relative to the emitter, and the zener 
in the circuit tends to keep the collector­
to-base voltage constant. So the emitter 
current rises, the voltage across the 
series resistor goes up and YouT re­
mains reasonably constant. Only 
reasonably, for this circuit is still 
pretty Rube Goldberg, and . its_ main 
virtue is that it is · proof against short 
circuits. The output resistance is 
relatively high. But as with the previous 
circuit, full current is drawn from the 
power supply all the time, and a further 
drawback is that special precautions 
against temperature change have to be 
taken to prevent this affecting the out­
put voltage. All the foregoing remarks 
apply as much to the PNP circuit as to 
the NPN circuit, Fig. 4b. 

A more usual device is the series 
regulator, seen in its PNP and NPN 

versions in Figs. 4c and 4d. Here, the 
zener diode clamps the base relative 
to its appropriate . line. Once more, a 
change in voltage because of demand is 

Fig. 5 -A simple bench power supply circuit, with rLJdimentary control, effective 
over a limited range of values. 

+7.5 v -------------- - ...... ----------, 

68 

680 

470 
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MOTOR. FEED 

Fig. 6-A variant, (by B. R. C. Ltd .) on the supply and motor regulation circuit of 
the Philips cassette portable shown in the Jan ., 1971 issue of AUDIO, p. 28. 
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corrected by the transistor current 
varying, but now the current drain is 
proportional to the load current-or 
very nearly. So the efficiency of the 
circuit is greater. The . disadvantage 
is that it is not proof against some Tom 
Fool short circuitirig it, and even a fuse 
is not an adequate protection. The 
answer is a more sophisticated version 
of the same idea. Numerous circuits 
have been developed and we shall look 
at a few. These are mainly dev,elop­
ments of common-collector high-gain 
Darlington pairs. The driver transistor 
provides most of the current gain and 
the main transistor takes care of the 
power demands. 

Ari introduction to practical tape 
recorder circuits is best made via the 
simple style of configuration used, not 
in a tape recorder, but in a bench sup­
ply unit. This little box of tricks was 
designed around a Mullard circuit 
and should give an output adjustable 
from zero to 15 volts at a ioad current 
of a half-amp. This is enough for some 
pre-:-amps, small radios and the like, 
and is chosen only to illustrate my 
points. The main supply is omitted 
to save space, and consists of a full­
wave rectifier fed from a center-tapped 
transformer, with quite comprehensive 
filtering. The 16 volts to the zener 
diodes is thus negative to the main 
(zero) line. Part of the zener voltage 
is tapped off by the control potenti­
ometer Rv and applied to the base of 
the driver transistor .. The OC29 is in 
cascade so that the pair form a com­
pound . emitter follower. The output 
voltage at the emitter of the second 
transistor closely follows the ·base of 
the first, which is in turn controlled 
from the variable resistor, across which 
the zener diodes .are connected to give 
a stable reference voltage. 

Protection against short-circuits is 
limited, up to about 2 amps, by the 
value of Rs, shown dotted in Fig. 5. 
This has to be a high-wattage component 
(or combination of components), and 
an ohmic value of 7 ohms at 40 watts 
was used in the original design. As 
a protection against reverse voltages 
applied to the output terminals-easily 
done when testing sub-circuits in the 
electronic jungle-a reversed diode is 
fitted across the output. To keep the 
circuit stable, the series transistor has 
to be heat-sinked, allowing a thermal · 
resistance of less than 2.5 degrees C/W 
up to 10 watts at low output voltages. 
The circuit is quite practical and has 
proved useful, l)uf-no claim for origi­
nality is made. 

It is not always necessary to use zener 
diodes to set the base voltage of the 

(Continued on page 53 ) 
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a cynic ... 
1f you want the. facts 
aliout speaker 
quality I 
Scratch below the surface of 
an audio dealer and you'll find 
a cynical, opinionated, 
always skeptical expert. 
He's got to be ... his continued 
existence depends on his 
ability to pick and choose. 
When he coordinates a receiver, 
a record player and a 
couple of speaker systems, 
he is practicing the art and 
science of his craft in an 
attempt to produce great sound 
at competitive prices in 
a trouble-free music system. 

'The Creative Dealer conjures up 
systems with a mix of brands­
often marrying a top receiver 
and record player with a 
speaker bearing his own name. 
This is partly pride, but also 
a striving for the best sound 
value and so he works with 
top designers and manufact1..1rers 
in creating his signature system. 

Maximus is the acknowledged 
master in this field and has 
come up with all the great 
"Private Label" .signature systems. 

The signature designs carry the 
dealers name, but all the great 
ones show the Maximus Hallmark 
-either printed label or 
evident by the sound alone. 

MAXIMUS SOUND CORP. 
809 Stewart Avenue, 
Garden City, N . Y.11530 

MAXIMUS WEST 
1900 West 135th 
Gardena, Calif. 90249 

MAXIM US 

All MaximusrM and Maximus-made systems are 
warr'anted by M aximus and may be reco[Jnized by 

their superior sound qualities and (if pride 
permits on si[Jnature models) our Hallmark. 

You probably think it's impossible to get the .· 
big sound of a 12-inch woofer and a mid-range tweeter from an enclosure 
measuring only 71/4 x 10 1fz x 5% inches ... that is, .until you hear the mini-MAXIMUS! 

Check No. 25 on Service Card 



Cassette Deek Survey 

T HE GREAT surge of interest in 
cassette machines during the 
last year has made this one of 

the more interesting projects of the 
same period. Both tapes and machines 
have improved very much in the past 
twelve months, and the convenience of 
the cassette system, coupled with ex­
cellent performance in the better 
models, has made it a worthy competitor 
to the older reel-to-reel machines. The 
ability to edit still gives the reel-to­
reel machine an advantage for the 
serious recording enthusiast-as well as 
the professional. 

In this roundup, we have taken 
measurements on 13 machines, played 
them, subjected them to various types 
of recording applications, and then 
described the results. The important 
figures are combined in a chart which 
portrays the information most wanted 
by the prospective purchaser. We then 
devoted space to individual features 
of the various machines, those items 
which could not be tabulated effectively. 
We have also included performance 
curves showing frequency response from 
a "standard" tape, as well as that re­
sulting from feeding a swept signal 
from 40 to 20,000 Hz at a constant 
level to the input of each 
then playing back and recording the 
output on a graphic recorder. When the 
machine was equipped for 
on chromium-dioxide tape, "Crolyn," 
or its equivalent, we have made similar 
measurements on both ferric oxide 
and the newer tapes. When the Dolby 
system was built into the recorder, 
measurements were made with "Dolby 
in" and "Dolby out" conditions, and 
the results are shown on the individual 
curve plots. 

The M easurements 
The methods of making the charted 

measurements are fairly standard. 
the first two columns were obtained 
by inspection of the machines-if a 
"Cr02" switch and/ or a "Dolby" switch 
were present, it is indicated by a yes 
or no in the respective column. Bias 
frequency was measured using a UTC 
"Dot" transformer, DI-T250, with one 
of the 600-ohm windings connected 
to the input of a Heathkit IB-101 Fre­
quency Counter. The tiny transformer 
was put in close proximity to the erase 
head with the machine -l.il the record 
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mode, and the bias frequency read off 
the counter-a much simpler and more 
accurate method than beating the out­
:e_ut of the bias oscillator against an­
other oscillator, or showing the Lissajous 

-pattern on a 'scope, which results in 
a circle when the frequency of the bias 
oscillator is the same as that of the 
test source. (S/N) 
measurements were obtained hi record­
ing a 1000-Hz tone for a half minute, 
then continuing with the machine in 
the record mode with no input signal. 
Upon playing back, the difference be­
tween the two outputs represents the 
SIN, provided one adds the"+" figure 
obtained from later measurements of 
"Level of 3% THO." 

The figure for "THO at '0' " was 
obtained by recording a 1000-Hz tone 
fed into the line input with the level 
adjusted to an indicated "0" on the VU 
meter. The signal was then played back 
into a distortion analyzer and the figure 
observed. (The signal was also recorded 

-at levels of +2, +4, +6, and +8 to 
determine the point at which 3% THD 
appeared, and this value was listed in 
a later column.) 

For wow and flutter measurements, 
a 3000-Hz signal was recorded at zero 
level and played back into a wow-and­
flutter meter, with the figure for wow 
taken from the measurement from 0.5 
to 6Hz, and that for flutter taken from 
that from 6 to 250 Hz. Input levels were 
obtained by feeding signals into line 
and mic inputs with the record-level 
controls at maximum and measuring 
the voltage required at each for a "0" 
indication. Where two figures are given 
under "Line Input," it is because there 
were both high and low line inputs on 
the machine. The values for "Line Out­
put" were obtained by measuring the 
output when a signal recorded at "0" 

1 level was played back, again with the 
output level controls at maximum if 
they were present. 

Times for fast-forward and rewind 
were simply measured with a stop­
watch for a C-60 cassette, and the listed 
figure is the average of both directions. 
All machines are equipped with three-
digit counters. . 

Not charted, but listed under the 
individual descriptions are the speed 
deviations under conditions of low and 
high a.c. voltages and of frequency 
variations from 40 to 80 Hz. 

Tapes 
Figure 1 shows the results of a num­

ber of different tapes on the same 
machine- TEAC A-24. It will be noted 
that the differences are sufficient to 
influence the ·curves shown for the 
different machines. Consequently the 
same tape was used for all curves run. 
Because its response could be tailored 
nearly flat up to 15,000 Hz, the ferric­
oxide tape selected was Memorex. From 
the comparative curves shown, it will be 
seen that some have a "bump" in the 
5000-Hz range which would not lend it­
self to simple equalization with con­
ventional tone controls. Others show 
a noticeable droop in the range from 
200 to 600Hz, also difficult to equalize. 
For those machines with the chromium­
oxide facility, Memorex Cr02 was used. 
We have found it difficult to purchase 
chromium-oxide or Crolyn tapes, al­
though · Advent markets their own 
brand, Advocate, and one cassette ·of 
Advocate tape was supplied with their 
machine. The Norelco tape used in the 
comparative curves was from a stock' 
of earlier tapes and should not be 
considered representative of their 
latest formulations. 

Dolby System Responses 
Three of the machines listed were 

equipped with the Dolby system of 
noise reduction. While the system has 
been described in this and other publi­
cations, a brief review should not be 
amiss. The basic principle of the Dolby 
system is that at low levels the response 
is shaped like the upper curve in Fig. 
2, which is an actual curve from a sweep 
signal recorded with the Dolby switch 
on and played back with the Dolby 
switch off. The recorded ·level for the 
input signal was 30 dB below the 
indicated "0" level on the meter. The 
bottom curve in Fig. 2 is the result 
of recording the signal with the Dolby 
switch off- thus in the normal or "flat" 
condition-and playing back with the 
Dolby switch on, which shows the noise­
reducing effect of the system. The center 
curves are the result of combining the 
bottom curve with the inverse ·of the 
upper curve to show how the two re­
sponses match. Assuredly, we could 
have subtracted the bottom curve from 
the top one, but this would have given 
us a line that is practically straight or 
the result of actually recording and 
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playing back with the Dolby switch on. 
In order to make a complete survey of 
the Dolby system it is necessary to make 
these curves at a wide range of levels, 
which we have done in preparing this 
roundup, but space does not permit 
showing the results of measurements 
and curves at levels of 5, 10, 15, 20 and 
25 dB below indicated "0" but it can be 
taken as fact that the effect is essentially 
the same at all levels. The resulting 
noise reduction caused by the system 
is about 6 dB, although this increases 
at higher frequencies, rising to near 
10 dB at 10kHz. The S/N figures shown 
with an asterisk on the chart were 
measured with 1000 Hz as the reference 
and refer to the SIN with the Dolby 
system in use. 

Chromium-Oxide (" Crolyn " ) Tape 
Six of the machines listed were 

equipped to use Cr02 ta.pes, as well 
as with the more conventional FeO 
(ferric-oxide) tapes. The Cr02 tapes 
require about 50 per cent more bias 
than F eO tapes for the same frequency 
response. When equipped with a switch 
to increase the bias for the required 
amount, CrOz tape is capable of 6 to 
9 dB better response at 10 kHz. The 
dashed-line curve on the tape-response 
graph shows the effect of recording on 

<1J 

MANUFACTURER Bias 
S/ N 

AND Freq. 
:5 dB 

MODEL NO , g kHz 

AD VENT yes yes 100 54 
201 * 60* 

CONCORD yes yes 103.8 52 
MK IX 58* 

CRAIG n!l no 64.6 42 
2708 

HARMAN·KARDON no no 103 40 
CAD-4A 

HARMAN·KAR DON yes yes 101.4 53 
CAD-5 59* 

JVC·NIVICO no no 55.4 45 
1660-2 

KENWOOD no yes 56.5 43 
KX-70 10A 

LAFAYETTE no yes 101.8 50 
RK-760A 

NORELCO no no 88.3 53 
2401 

PANASONIC no no 98.8 50 
RS-275US 

PILOT no no 96.1 46 
PTD-100 

SONY no yes 88.1 50 
TC-165 

TEAC no no 86.4 50 
A-24 
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Cr02 tape with the bias determined as 
normal for FeO tapes, and the curve 
shows a rise of about 10 dB at 10 kHz. 
This is probably with some increase in 
distortion, but we just didn't make any 
measurements of distortion using Cr02 
tapes with lower-than-normal bias. It 
seems likely that- the bias current could 
be adjusted in most machines to ac­
commodate Cr02 tapes, but then you 
would have to use that kind of tape 
exclusively, unless you could engineer 
a switching system to change bias as 
you changed tape. From the individual 
response curves for the various 
machines, it will be noted that response 
is extended somewhat when Cr02 tape 

used the proper bias. _ _ 
If you are using a cassette recorder 

with noticeably poor high-frequency 
response, it seems likely that you could 
improve it by simply changing to Cr02 

• "' 
• 

,..."''"\ Cr02 TAPE 
1

NORM. BIA5 

,----------

ROBINS+ 2.5 

: --=- ""\ SCOTCH +O.S 
\ PRECISION + ).5 "\ NORELCO + 1.5 

40 100 400 TK 4K 10K 20K 

Fig. 1 -Response of various tapes. 

THO Level Mic Line Line 
Wow Flutter 

at "0" 3% Input Input Output 
% % 

% dB mV mV v 

.08 .08 0.14 + 2 none 30 0.5 

2.5 0.15 0.25 . + 3 1.0 80 1.5 
380 

2.0 0.2 0.3 100 5.0 30 1.5 
mV 

2.5 .06 0.17 •. 2 0.5 72 1.0 
650 

2.5 .07 0.19 t 4 0.5 60 1.3 
640 

2.2 .08 0.16 13 6.0 70 0.55 

1.5 .06 0.16 t8 2.7 95 2.2 

1.5 0.25 0.45 ,8 1.0 90 0.8 

2.0 .07 0. 15 l 5 0.25 160 1.6 
(phono) 

1.5 0.2 0.28 t 8 0.5 25 1.0 

2.5 0.12 0.22 +8 0.15 30 0.5 

1.2 0.12 0.15 t7 0.25 420 0.9 

2.0 0.15 0.22 , 2 0.25 800 0.5 

tape without any change in bias. You 
might conceivably hear more distortion. 

" Standard-Tape" Response 
Each of the individual performance 

curves shows both the playback response 
from a readily-available "Standard 
Frequency" tape, along with the record/ 
play responses under the available 
conditions. Since it appears that the 
latter curves are most often better than 
the "standard," the "standards" should 
be compared with each other, rather 
than considering them "absolute." 
The only thing these curves tell us 
is that the "standard tape" is not really 
"flat." However, it does provide a 
comparison between machines, so long. 
as you bear in mind that a correction 
curve plotted on, say, the machine with 
the "flattest" record/play curve could 
be applied to the "standard." 

RECDOLBY 

" .. ;;_ \PBNOR 

40 100 400 1K 4K 10K 20K 

Fig. 2-Dolby action. 

C·60 Weight 
FF/ Rew W x D x H in. lbs. 

Price 
sees 

44 13% X 8'/z X 14 280.00 

101 X 10% X 4% 15 249.79 

99 9 x 7'1;x 3'/z 5.3 94.95 

95 12\'l X 9'/z X 3\i 10 159.95 

90 X 9'/z X 3\i 10 229.95 

95 11 X X 3% 3.1 139.95 

63 10\i X 8% X 4 7 149.95 

115 9 X 13\1 X 5\4 6 99.95 

100 15'1, X 9% X 4% 11 229,95 · 

70 16'/z X 11'; X 4\i 18% 249.95 

80 12'1, X 9 X 3'1, 9% 169.95 

66 15\i X 10'1, X 5 15'/z 259.95 

64 13';. x 9';, x 4\-4 11 199.50 
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