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Build two Scott solid-state kits 
in tour afternoons 

Scott's done it again, and designed 
two new solid-state kits that are easier to 
build, packed with more professional fea-
tures and performance than you ever 
dreamed possible! The new LT-112B FET 
stereo tuner kit takes only one afternoon 
to build . . . the LK-60 120-Watt stereo 
amplifier takes just a little longer. Scott's 
full-color,  life-size illustrated construc-
tion manual speeds you to a goof-proof, 
performance-packed finish. 
LT-112B FET FM Broadcast Monitor 

Tuner. A cinch . . . the critical silver-
plated FET front end*, the all-silicon IF 
strip, the patented Scott time-switching 
multiplex circuitry all have been assem-
bled, wired, and tested at the factory. 
"Scott's LT-112 . . . is one of the finest 
FM stereo tuners we have tested and is 
easily the best kit-built tuner we have 
checked . . . Because of its simple con-

struction and apparently trouble-free na-
ture, it is a logical cnoice for anyone who 
wants the finest in FM reception at a most 
remarkable price." — HiFilStereo Review 
". . . a kit-builcer's dream: it goes to-

gether smoothly, it permits a quick and 
flawless final toucn-up alignment without 
the need of professional instruments, and 
it performs on a level equal to higher-
priced and/or factory-built tuners." — 
High Fidelity 
LT-1128 specifications: Usable sensitivity, 1.8 
µV; Cross modulation rejection, 90 dB; Stereo 
separation. 40 dB; Cept.ire ratio, 2.5 dB; Price, 
$189.95. 
LK-60 120-Watt Stereo Complete Am-

plifier. Here's the kit-brother to the superb 
factory-wired Scott 260 solid-state ampli-
fier, of which HiFi/ Stereo Review stated 
that it has ". . . no sound of its owr. The 
listener hears the music . . . not the am-
plifier. It will reproduce anything that is 

fed into it with perfect exactness without 
adding any sound coloration of its own 
. . ." The LK-60 has heavy-duty direct 
coupled silicon output stages fcr instan-
taneous, distortion-free power, massive 
military-type heat sinks for cool operation, 
and unconditional stability . . . Even with 
speakers disconnected! Exclusive fail-safe 
test circuit warns you if you've made a 
wiring mistake. 
LK-60 specifications:  Music power (at 0.8 % 
harmonic distortion),  120 Watts @  4 Ohms 
load; Frequency response, 15-30,000 Hz ±-1 dB; 
Power bandwidth, 20-20,000 Hz; Hum & noise, 
-55 dB. Price. $199.95. 

Scott ... where innovation is a tradition 

S C O TT® 
H. H. Scott, Inc., Dept. 35-10, Ill Powde-mill Road, 
Maynard, Mass. 01754 
Export: Scott International, Maynard, Mass 
• Patents pending 

Prices slightly higher west of Rockies. Subject to change without notice. We reserve the right to make changes anil improvements without notice. 

For your free copy of Scott's 16-page full-color illustrated 
1967 Guide to Custom Stereo, Circle Reader Service Number 100 
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Number 38 in a series of discussions 
by Electro-Voice engineers 

CARL l;OY 
;̀enlar Enirrpr 

A few years ago, styling of high fidelity 
electronics was simple: design an attrac-
tive front panel for the amplifier, tuner, 
or receiver, then put a walnut box 
around it. 

But with the advent of transistor tech-
nology, this approach became inadequate. 
It ignored the small size of solid-state 
components, their mounting flexibility, 
and their low operating temperatures. 
This advance in electronic technology 
permits the engineer to work more crea-
tively with industrial designers to achieve 
styling that goes far beyond mere "face 
lifting"  to  provide  substantial  user 
benefits. 

Examples of this design freedom can be 
noted in the new electronic products de-
veloped by Electro-Voice. All of the 
units are distinguished by their compact 
layout, to better fit bookshelf and table 
locations common for this type of equip-
ment. 

For instance, height of the Model 1177 
FM receiver is just 31/2" including cab-
inet. This was accomplished by orienting 
the tuning capacitors with a vertical axis. 
This unorthodox position does not affect 
performance, but greatly contributes to 
overall size reduction. 

Every aspect of external appearance was 
specified by an industrial design team 
headed by Lute Wassman of Chicago. 
Such details as knob size, location and 
function were carefully studied, and re-
lated to actual consumer needs and de-
sires. Since there was no investment in 
older concepts, each suggestion of the 
designers could be considered on its 
merits. Thus little conflict arose between 
engineering and styling. Controls could 
be laid out for maximum utility rather 
than conform with a non-functional tra-
dition. 

The designers refused to accept the neces-
sity of the functional clutter common to 
the rear panels of most high fidelity 
equipment. It proved a simple matter to 
hide it, by bringing the integral cover 
down from the top, leaving space only 
to bring out the cables. Appearance was 
vastly improved, even in the most ex-
posed locations. 

With freedom to act, the teamwork of 
designer and engineer results in a more 
effective electronic design. Product utility 
can be enhanced along with product 
beauty, resulting in a more useful design. 

For technical data on any E-V product, write: 
ELECTRO-VOICE, INC., Dept. 1063A 
602 Cecil St., Buchanan, Michigan 49107 
Circle 53 on Reader Service Card 



Coming 
Next Month 

Articles 
A High Quality  Phono Pre 

amp with FET's. by William A. 
Rheinfelder. The first construc-
tion article  have been able 
to unearth on this subject- - 
which is one of the hottest of 
the year. 

Simulated "Live vs. Record-
ed .' Speaker Testing. by Edgar 
Villchur.  This  story  should 
clear up some otherwise unclear 
information we have all heard 
about some types of "consumer 
testing." 

Amplifier for the Armchair 
Listener. by R. E. Baird. A star-
tlingly simple amplifier for the 
beginning home constructor. 

Profiles 
Sherwood S-7800 Receiver 
Stanton  581  EL Stereo Car-
tridge 

BSR McDonald Automatic 
Changer 

In the November Issue on the 
newsstands, at your favorite au-
dio dealer's or in your own mail-
box. 

About the Cover 

Times Square is the backdrop 
for Art Director George Porter's 
New  York  High  Fidelity  Music 
Show Cover.  The months ahead 
will see even more visualizations 
of his fertile mind —all  in full 
color. 

AUDIO CLINIC 
Joseph Giovainellt 

A Stereo Channel Balance Problem 
Q. I have a high-quality stereo 

music system. However, with the bal-
ance control set to its normal position 
the left channel is favored over the 
right. This is true for records, tuner, 
and also on a metronome balance test 
found on a test record. I need to 
place my balance control at past the 
two o'clock position in order to bal-
ance out this efiect. 

Does this imply that my amplifier 
is not operating adequately? (The 
amplifier has bias settings that are 
supposed to be adjusted. I made sure 
that all four positions were perfectly 
set to the exact same spot as desig-
nated by the manufacturer.) 

My right speaker leads are 8 feet 
longer than the left speaker leads. 
Could this account for the trouble? 
Dr. Samuel I. Neiditch, Highland, 
California. 

A. At this point we do not know 
that there is really anything basically 
wrong with your equipment. (That 
may sound strange, but stay with me 
and you'll see what I mean.) All 
that is known for sure is that the 
balance pot does not line up properly 
when aural balance is obtained. This 
is not necessarily the result of de-
ficiencies in the equipment except that 
the balance control knob may he po-
sitioned on its shaft improperly or 
that the pot used in the balance cir-
cuit may not be linear. Either of these 
conditions would result in the knob's 
position falling somewhere other than 
the panel's prescribed "balance" posi-
tion at actual aural balance. 

It is possible that one speaker is 
more efficient than the other. This is 
especially likely if two different brands 
of speakers are used. Just to check 
this, interchange the two speakers. 

I rather doubt that your problem 
lies in the lengths of the speaker leads. 
Of course, if you are using very thin 
interconnecting cable this might be 
your problem. 
If what has already said has not en-

abled you to locate your problem, you 
will need some basic test instruments 
—an audio oscillator and a VTVM. 
This is how to proceed: 

1. If your system employs separate 
preamplifiers and power amplifiers, 
disconnect the power amplifier during 
this portion of the check. 2. If you 
have an integrated system, disconnect 
the loudspeakers. Replace them with 
resistors whose values equal the im-
pedances of the speakers. Then con-
tinue as follows. 3. Connect the audio 
oscillator to the tuner input of channel 
A and to the tuner input of Channel 
B simultaneously. (This can be done 
by using a Y connector which you 
can make or obtain commercially.) 
Turn the balance control to favor 
Channel A to the maximum possible 
extent. Feed in about 0.5 volt into 
this input or some other convenient 
signal level which will not overload 
the preamplifier. The front-panel con-
trols of the preamplifier should be set 
for stereophonic reproduction. Con-
nect the VTVM to the output of Chan-
nel A and read the voltage. (I should 
add here that the tone controls should 
he set to their "flat" positions and the 
oscillator frequency should be set to 
1000 Hz. 
4. Next, turn the balance control 

for maximum signal from Channel B. 
Do not change any other settings on 
the oscillator or preamplifier. Move 
the VTVM to the Channel B output 
and read the voltage. The reading 
here should be very nearly the same 
as that obtained from Channel A if the 
preamplifier is working properly. If 
one channel produces a lower reading, 
this channel is at fault. This channel 
should be checked out stage by stage 
till you have found the area in which 
the gain is lost. 
5. Assuming that both channels 

measured the same, adjust the balance 
control so that the outputs of the two 
channels are equal. Does this setting 
correspond to the correct panel front-
panel indication? If the control does 
line up and if we are discussing a sys-
tem which has a separate preamplifier 
and power amplifier, it now appears 
certain that the reason for the unbal-
ance lies with the right channel power 
amplifier. While we now do tend to 
suspect this right channel amplifier, 
some consideration should be given 
to the possibility that the left channel 
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The most satisfying volume 
on anybody's bookshelf... 
The New LEAK MINI-SANDWICH 

tHAVE A SLICE 
OF OUR SANDWICH! 
Special to Audio Magazine 
readers: Send $1 today for a 
sample slice of the unique 
Sandwich cone. You will also 
receive technical data 
explaining this revolutionary 
principle of sound reproduc-
tion. After you've seen this 
material, you'll want to hear 
the Sandwich sound! Visit 
your local Leak dealer for 
an audition. He will redeem 
your Sandwich slice for $5 
toward the purchase of either 
Leak speaker system. 

LEAK MARK II 
Speaker System $199 
26" x 5" x12" (49.5 lbs.) 

Sieghtly herter rest el the kfiss.svpo. 

LEAK 

The world's second distortion-free speaker is 
here! It's the Leak Mini-Sandwich bookshelf 
version of the first: the Leak Sandwich Mark II. 
At the heart of both—the new Mini-Sandwich 

and the great Mark II—are the revolutionary 
SANDWICHo'cones of all speaker motors. 
Fantastically rigid, yet no heavier than con-
ventional paper cones, these unique dia-
phragms are made of thick polystyrene foam 
sandwiched in skin-thin aluminum. They re-
spond with piston-like precision to the wave 
form of the voice coil signals. The rigidity of 
the Sandwich cone elim nates "cone break-
up," the erratic flexing which causes distor-
tion in other speakers. t 

..414411 1111111 mi ck  

MINI-SANDWICH 
Speaker System $135 

181/1"x11"x7" (22 lbs.) 

Exclusive LEAK  @ US Representative 

E RC O N A C O RPO R ATI O N 

Both Leak Sandwich speakers are flawlessly 
balanced systems. Electronic components and 
cabinet, materials and structural features are 
all functionally determined and integrated. 
The rich-grained Scandinavian woods and the 
changeable grille cloth are chosen not only 
with an eye to beauty but an ear to acoustical 
perfection. 
Result: a remarkably smooth frequency re-

sponse, free from violent peaks or troughs, 
over a frequency range of more than six 
octaves. Transient response is unsurpassed. 
And the performance of the new shelf-size 

Mini-Sandwich is indistinguishable from that 
of the larger model except in the lowest 
octave. 
If space permits, there is only one choice: 

The Leak Sandwich Mark II. But if space is a 
problem, satisfaction is not! Second only to 
the Mark II, the Mini-Sandwich will meet 
your most exacting requirements. Ask your 
Leak Authorized Sound Specialist to let you 
see and hear both. Look, listen and decide. 
Write for literature on Leak Sandwich 

Speakers; Leak quality components: STEREO 
control centers (Pre-Amps), Amps and Tuners 
... and name of nearest dealer. 

'U.S. Pat. 43,111,187 

The first name in 
audio since 1934 

432 Park Avenue South, New York, N.Y. 10016 • (212) LE 2-6560 
Circle 54 on Realer Service Card 
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If you're the 
Tape type... 

Look for the Elpa Endorsement 
When you have decided to acquire the highest quality com-
ponents for your sound equipment, you will do well to look 
for the distinctive ELPA Seal of Endorsement. This seal is 
your certification of excellence in high fidelity. It is granted 
only to that equipment which successfully meets the strin-
gent standards of performance and design established by 
ELPA MARKETING INDUSTRIES, INC. 

R EVEDC — Internationally acclaimed throughout the world for its 
superb craftsmanship, the Revox Tape Recorder represents the ultimate 
quality in sound reproduction. Only the highest rated parts are accept-
able for the Revox, and constant checking maintains the superb per-
formance of every unit. No wonder that REVOX is the choice of both the 
seasoned professional and knowledgeable audiophiles. 

E D Rai/ - Described as the only completely satisfactory method of 
editing and splicing tapes. The metalized EDITab is utilized by practi-
cally all of the tape cartridge manufacturers. The EDITall is designed to 
meet the needs of every serious-minded tape recorder owner. Through 
the patented EDITall block and EDITab splicing tapes, even the amateur 
hobbyist can edit tape like a "pro". 

IB M'aolMIR — A Beyer Microphone to fit all needs. The Beyer Micro-
phone truly represents the highest expression of technology available in 
the state of the art today. It is made to deliver years of outstanding op-
erating efficiency, faithful service, sensitive performance, and versatile 
application in any and all needs. 

Look for the Elpa endorsement on every component you select. 
It will confirm your judgment of superior quality. 

00. 

ELPA MARKETING INDUSTRIES, INC. 5 .<  NEW HYDE PARK, NEW YORK 11044 

Insist on all Elpa Products at your hi-fi dealer or write for catalogs and name ot nearest dealer DT Dept. H29 

Circle 55 on Reader Service Card 

power amplifier may have suffered a 
gain increase because of a change in 
its feedback loop. When checking the 
power amplifiers, be sure to discon-
nect the loudspeakers and replace 
them with equivalent load resistors 
capable of handling the power which 
will be applied when output levels are 
being measured. 
In an integrated music system look 

for a defect in speaker wiring or a 
defect in the right-channel speaker it-
self. 
When dealing with an integrated 

system or with a system employing 
separate power amplifiers, it is possible 
that even though the channels exhib-
ited the same gain, correct balance 
does not occur when the balance con-
trol is set to its correct panel marking. 
Let us assume this to be the case now. 
When rotating the balance control 
from one extreme to the other, are 
the end stops equidistant from the 
markings shown on the panel? If not. 
reposition the balance control knob. 
or the pot itself, so that they are. 
Once this has been accomplished re-
check to determine if true balance 
corresponds with appropriate panel in-
dications. If it does, your problem is 
solved. If it does not so correspond. 
the balance pot is probably not linear. 
and should be replaced. If the pot did 
rotate symmetrically without reorien-
tation, the same applies. 
Sometimes it happens that the bal-

ance point is correct when the audio 
gain control is well advanced but not 
correct at other settings of the audio 
gain control. For this reason it is a 
good plan to check preamplifier gain 
at various audio gain-control settings. 
including fully advanced. At this set-
ting the two channels should have 
nearly identical gains, regardless of 
any problems which might be occur-
ring in the audio gain pot. 
If the two channels measure the 

same gain when the volume control 
is fully advanced but the gain meas-
urements do not correspond at other 
settings of the audio gain control, you 
will have a very clear indication that 
the audio gain control does not track 
and it should be replaced with a better 
one if you can find it. 
Apparently it is a very difficult 

thing for potentiometer manufacturers 
to make pots which track correctly 
between their two sections and still 
maintain a competitive price position 

Matching Preamplifiers with 
Amplifiers 

Q. I recently finished a transistor-
ized power amplifier. I am starting 
now to concentrate on the problem 
of the preamplifier which I might 
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LAST CHANCE TO SEE THE GUTS 
(The Altec 711A FM Stereo Receiver is so reliable 

you'll never have to see it like this again) 

Take a close look while you have a 
chance. That's what all-silicon-
transistor circuitry looks like. No 
audio transformers to cause distor-
tion. No heat-producing vacuum 
tubes. No heat-sensitive ger-
manium transistors. 

Our 711A was the first stereo 
receiver in the world to use silicon 
transistors exclusively. That way, 
you can enjoy years of listening, not 
tinkering. Silicon transistors are the 
most ruggedly reliable solid-state 
devices known to date. (If you need 
to be convinced, just remember that 
the military specifies them because 
they can take up to 100% more heat 
than germanium.) 

Frankly, it's just a matter of time 
before all components use 100% 
silicon-transistor circuitry. We 
were first because we already knew 
how. (We've been building solid-
state audio amplifiers for profes-
sional, commercial, and military 
users for nearly ten years.) 

This unique Altec experience has 
other advantages. It not only made 
the 711A possible, but possible at 
the practical price of $378. (You 
don't wind up paying the cost of 
educating our engineers.) You do 
get the kind of over-all quality, reli-
ability and performance that only 
tangible, state-of-the-art experi-
ence can bring. You also get some 

ALTEC 

remarkable specs: 100 watts of 
power at .5% thd (only .25% thd at 
70 watts); frequency response of 
±1 db, 15-30,000 Hz; and a sensitive 
FM stereo tuner with a four-gang 
tuning condenser that provides the 
best possible ratio of sensitivity to 
selectivity to reduce cross-modula-
tion through 80 db image rejection, 
100 db IF rejection. 

But that's only part of our story. 
To get all of it, visit your Altec 
dealer. While you're at it, ask him 
for the new 1967 Altec catalog. 

Forget the guts. 
This is how the 711A will look 

to you, year after year. 

AUDIO  • OCTOBER. 1966 

A Division of C.,V W Ling Altec, Inc.. Anaheim, California 
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a FRU AZTEC 
A complete line of the finest 
speaker systems to satisfy 
the most discriminating ear. 
Look to Aztec for the highest quality 
in speaker components mounted in 
handmade walnut enclosures and 
hand rubbed to perfection. AZTEC 
sound systems add the finishing 
touches to any monophonic or 
stereophonic system. 

ATHENA I: 
Aztec's dramatic answer for tradi-
tional styling designed to blend in 
with Mediterranean or Italian Pro-
vincial decor. A versatile compact 
2-way system with an 8" Linear sus-
pension woofer for the bass fre-
quency and a 31/2 " closed back 
tweeter for the mid-range and treble 
frequencies with an advanced 2-way 
RC crossover network. 

Frequency response: 35 to 20,000 
cycles 

Power handling capacity: 20 watts 
Impedance: 8 ohms 

Finish: Available in solid walnut, 
oak, and fruitwood. 

Dimensions: 16" x 201/4 " x 16" 

NET PRICE: $159.50 

ATHENA II • Same as Athena I but larger and with a 
• 12" linear suspension woofer: 20 3A "x25 1/2 "x20 3.4. NET PRICE: $209.50 

RENOIR II: Combination shelf or floor model 2-way 
speaker system shown with optional sculptured base. 
With a 12" heavy duty "Linear suspension" woofer 
providing the rich clean bass response and a 
3" x 6" high frequency exponential horn handling 
the mid-range and treble, with advanced 2-way RC 
crossover network. 

Frequency response: 35 to 20,000 cycles / Power 
handling capacity: 35 watts / Impedance: 8 ohms / 
Finish: Oiled Walnut / Dimensions: 24" x 16" x 

NET PRICE: $159 50 

PETITE 500: A compact 2-way speaker system de-
signed to reproduce the full audio spectrum in the 
range of 40 to 20,000 cycles. An 8" "Linear suspen-
sion" woofer clearly provides the rich bass frequen-
cies, a 31/2" closed back tweeter handles the mid 
and treble frequencies, with advanced 2-way RC 
crossover network. 

Power handling capacity: 20 watts / Impedance: 8 
ohms / Finish: Oiled Walnut / Dimensions: 
20" x 10" x 91/2 ". 

NET PRICE: $69.95 

COQUETTE: An ideal compact bookshelf system with 
a "Linear suspension 8" dual cone full range speaker. 

Frequency Response: 40 - 17,000 cycles / Power 
handling capacity: 20 watts 
/ Impedance: 8 ohms / 
Finish: Oiled Walnut / Di-
mensions: 157'8" x 10" x 7". 

NET PRICE: $39.95 

See your local dealer or write for 12-page catalog on full Aztec line. 

AZTEC SOUND CORP. Manufacturers 
2140 So. LIPAN • Dept. A • DENVER, COLORADO 80223 

Circle 84 on Reader Service Card 
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mate with this amplifier. Can you tell 
me what to watch out for when match-
ing preamplifiers, especially tube pre-
amplifiers. to this power amplifier? 
Kenneth N. Kast. Indianapolis. Indi-
ana. 

A. There are two or three points 
which should be taken into account 
when matching a preamplifier and a 
power amplifier. This is true whether 
we are dealing with tubes or transist-
ors. 

1. Make sure that the preamplifier has 
sufficient output to drive the power 
amplifier to full output. 

2. Make sure that the output from the 
preamplifier is not too much great-
er than required to drive the power 
amplifier, in order to maintain a 
good signal-to-noise ratio in the 
event that the power amplifier has 
no gain control. 

3. Make sure that the impedance of 
the power amplifier is high enough 
to satisfy the requirements of the 
preamplifier's output circuitry. 

Many preamplifiers are said to have 
rather low output impedances. How-
ever, these units do not work well 
when  these  low  impedances  are 
matched to the power amplifier hav-
ing the same impedance in its input 
circuit. The reason for this is that the 
coupling capacitor in the preamplifier 
is of such a value that it produces a 
voltage-divider action at low frequen-
cies when the power amplifier input 
impedance is low. This problem is not 
as common with solid-state preampli-
ers as with tube-equipped units.  ZE 
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This ad is supposed to give 
you a reason for listening to the 
Fisher 700-T solid state receiver. 

We decided to give you several: 

Amplifier section: 
Music power (IHF) 
4 ohms 
8 ohms 

Harmonic distortion (1 kHz) 
At rated output 
3 db below rated output 

IM distortion (60:7000/4:1) 
At rated output 
3 db below rated output 

120 watts 
90 watts 

0.8% 
0.3% 

0.8% 
0.3% 

Frequency response 10-70,000 Hz 
+0, —1 db 

Hum and noise 
Volume control (min.)  —80 db 
Phono input (6 mV ref.)  —55 db 
Aux. input (400 mV ref.)  —65 db 

Input sensitivities 
(at 1 kHz, for rated power at 4 ohms) 
Phono (low)  3.5 mV 
Phono (high)  10 mV 
Tape Head  2.5 mV 
Auxiliary (low)  200 mV 

(high)  400 mV 

Tuner section: 
Usable sensitivity (INF) 

Harmonic distortion 
(100% mod. and 400 Hz) 

Stereo separation (400 Hz) 

Signal-to-noise ratio 
(100% mod.) 

Selectivity 
(alternate channel) 

Capture ratio (at 1 mV) 

Spurious response rejection 
(100 M Hz) 

1.8A/ 

0.4% 

40 db 

70 db 

50 db 

2.0 db 

90 db 
PRICE, $499.50 (CABINET $24.95). FOR MORE INFORMATION, PLUS 
A FREE COPY OF THE FISHER HANDBOOK. WRITE FISHER RADIO 
CORPORATION, DEPT. 0310, 11-35 45th ROAD. LONG ISLAND CITY, 
N. Y. 11101. 

The Fisher 
No ad man can do it justice. 

FISHER RADIO CORPORATION, INC.. 11.SS RST/1 ROAD, LONG ISLAND CITY, N. Y. 11101. OVERSEAS 050 CANA 01•N RESIDENTS PLEASE WRITE TO FISHER RADIO INTERNATIONAL. INC., LONG ISLAND CITY. N.Y. 11101 

Circle 59 on Reader Service Card 
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The new M:racord 50H was born of a proud tradition. The 
latest of a long line of great automatic turntables, it emerges 
as the greatest cf them all. 

The 50H is a totally modern instrument embodying every 
time-tested feature known to the art, ard many exclusive in-
novations. Strikingly handsome, trim and uncluttered, its very 
appearance reveals the care and attention lavished on its design. 

The 50H, achieves a phyback quality beyond the capabilities 
of any automatic available today. And it .3ccomplishes this 
with the mechanical reliability, record-handling gentleness and 
operating simplicity for which Miracord turntables have al-
ways been distinguished. 

Who but Miracord would give you the locked-in speed accu-
racy of a hysteresis motor? Who else would provide the simple, 
gentle facilities of pushbutton operation. 

And now Miracord also brings you a simple leadscrew control 
for precise stylus-overhang adjustment, a newly designed, 
dynamically balanced arm with interchangeable cartridge in-
sert and non-slip counterweight with vernier drive, ingenious 
cueing facilities, gram-calibrated anti-skate compensation, 
all built into this great new Miracord as assurance of optimum 
playback performance. 
The 50H plays single records manually or automatically, or 
stacks of up to 10 in automatic sequence, and it operates at 4 
speeds. Priced at $149.50, less cartridge and base, it is probably 
the most expensive automatic in the field. But, this is entirely 
understandable when you consider that it is also the finest. 
See the new Miracord 50H at your high fidelity dealer soon, 
or write. 

Benjamin Electronic Sound Corp. Farmingdale, N.Y. 11736 



LETTERS 

Audio Clubs 
SIR: 
Some months ago you published a list 

of active Audio Clubs. This list was the 
basis for the attached letter. 
We thought you might publish this 

letter and through this medium Mr. Kru-
picka might obtain a "pen pal" with 
Audio interests. 

P. S. HOWETON, PRESIDENT 
The Carbide Audio Club, 
P.O. Box 471, 
Texas City, Texas 

The Letter 
DEAR MR. HOWETON: 
I am a Czechoslovak fan of Audio, 

Hi-Fi, and stereophonic sound reproduc-
tion. I found the name of your club 
and the address in a copy of AUDIO 
magazine. I decided to write you be-
cause I want to have a friend in your 
country who would have the same in-
terests that I have, or at least similar 
ones. 
Please don't be angry with me that 

I decided to write you, but I really don't 
know how to find any "pen friends" in 
the U.S.A. by any other way. 
Could you please be so kind as to help 

me find someone who would want to 
correspond with me about audio, records, 
hi-fl material, and various audio prob-
lems, and I shall be very happy to write 
them in return. I am 25 years old, and 
my branch is medicine. 

PAVEL KRUPICKA, 
Kaflcova Street 13, 
Prague-6 
Czechoslovakia 

(You don't have to be a member of 
the Carbide Audio Club to correspond 
with Mr. Krupicka. It is quite likely he 
would be pleased to hear from any 
AUDIO reader. 
We continually hear "rumors" of Au-

dio Clubs, in military installations, at 
schools, colleges, universities, and just 
about anywhere. If we had a list of, say, 
fifty of them, we would devote a column 
to their activities every month. Let the 
letters come in, detailing your club's ac-
tivities, its officers, any anything you feel 
would be of interest to other audio 
bufls.  ED.) 
New Importer 
SIR: (Attention Mr. Burstein) 
We have read with considerable in-

terest your article in the August issue, 
and this is to let you know that we have 

recently been appointed the exclusive 
United States importer for the TEAC 
line of Tape Recording equipment, and 
we are going to be actively promoting 
and selling this line throughout the 
United States. 
Any questions you might receive from 

readers relative to our line will receive 
prompt attention if forwarded to us. 
INTERCONTINENTAL SEAWAY 
PRODUCTS CO., 
Harry Schuler, Vice-president 
5400 East 96th Street, P.O. Box 4436, 
Cleveland, Ohio 44125 
(And that ought to answer a lot of 

questions in itself. ED.) 
Reverberation Article 
SIR: 
I am somewhat amazed at the response 

as a result of the series on reverberation. 
To date no less than 42 letters have been 
received requesting circuit data, pictures, 
and even copies of the acoustical data. I 
will, as time permits, answer all such let-
ters. The current of questions, however, 
are similar in nature and perhaps can be 
answered here. 
1. The system is all electronic with no 

mechanical elements of any sort. 
2. A solid-state version has not been 

designed strictly because of time and 
work load requirements. 
3. At the time of the writing of the 

series no plans were made to market 
such a device. The response, however, 
has lead to the possibility of accom-
plishing this objective. 
4. Two tube-type versions have been 

built. One is in operation at the recording 
studios of Perfectone Sound Labs. The 
other in my home sound installation. 
(NOTE: An article describing the entire 
sound system with pictures has been sub-
mitted to AUDIO for possible inclusion in 
future issues.) 
5. Patent procedures prevent the re-

lease of actual circuit diagrams until the 
patent process has been completed. 
It is gratifying to see that so great an 

apparent interest has been established in 
artificial reverberation techniques. If firm 
commitments are made in reference to 
the marketing of the system, the fact will 
be made known via this column along 
with a personal reply to all the many 
letters received. 

GEORGE S. LEHSTE N, 
22B Rolling Rudge Road, 
Montvale, N. J. 

Send for free 
information about 

Neumann microphones 
or these other products 
from Gotham Audio 

1. Neumann Condenser Microphones 
8, Accessories 

2. Studer Tape Recorders 

3. Lyrec Precision Tape Tinier 

4. EMT 137-Noisex-Tape Noise 
Reduction System 

5. Eltro Information Rate Changer 

6. Neumann Disk Mastering Lathes 

7. Gotham/Grampian Mono Disk 
Cutting System 

8. Neumann Mono/Stereo Feedback 
Cutting Systems 

9. Neumann MS 52H Magnetic 
Cutterhead 

10. EMT 930/940 Broadcast Turntables 
11. Neumann Custom Solid State 

Consoles 

12. Neumann Solid State Console 
Modules 

13. EMT 140 st Stereo/Mono Reverbera-
tion Units 

14. LBV Light Beam VU Meters 

15. Gotham KW Linear Motion 
Attenuators 

16. Gotham EQ 1000 Variable Equalizer 

17. Gotham ME 101/102 Solid State 
Flutter Meters 

18. EMT 420a Wow and Flutter Meter 

19. EMT 125 RMS Transistor Voltmeter 
20. EMT 160 Microphone Polarity Tester 

21. EMT 159 FM Stereo Broadcasting 
Fault Indicator 

22. Beyer DT 48 Professional Earphones 

23. Beyer Miniature Audio Input 
Transformers 

24. Preh Linear Motion Potentiometers 

25. EMT Vid-E-Dit Electronic Video 
Tape Editor 

26. Tuchel Connectors 

27. Neumann DK 2a Pistonphone 

These products are designed exclusively for 
use by professionals in the broadcast, record-
ing, and sound industries. Therefore, please 
include your company's name, and your title 
in the coupon below. 

Gotham 
Audio Corporation New York. N Y 10036. 

Circle numbers of those products about 
which you would like more information. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
16 17 18 19 20 21 22 23 24 25 26 27 

2 West 46th Street. 

Name  - - 

Company 

Title- _ 

Address 

City -  State   Zip 

0 Put me on "Soundways" mailing list. 

L 

1 
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If you think Gotham Audio sells only one product 

close 
too 

to the mike 
We're famous as the sole U.S distributor of 
the world's finest microphone. 
Maybe too famous. 
Sometimes our unwary friends are so 

dazzled by Gotham's association with 
Neumann, that they overlook our other 
products and services. 
And then they're missing a good thing. More 

than 300 good things, in fact. Including tape 
recording equipment and disk recording lathes. 

'12  • Disk cutting systems & control room equipment. 
We select these products from such outstand-
ing European companies as EMT and Beyer and 
Studer. As well as Neumann, of course. And as 
always, the basis of our selection is this: does it 
contribute significantly to the technical excellence 
of American audio? 
That's our standard. A rigorous one, because we 

have a reputation to protect. And to keep building. 
If you do, too, maybe we can help. 

NEUMANN • MICROPHONE 

Gotham 
Audio Corporation 

2 West 46th St, New York.N 'I' 10036 

In Canada: J.Mar Electronics Ltd 

AUDIO  • OCTOBER, 1966  11 



Equipment 
Profile 

FISHER TFM-1000 FM-STEREO 

TUNER 

There is a common saying —the first 
guy doesn't have a chance —and it cer-
tainly applies to the hi-fl industry. One 
manufacturer turns out a fine piece of 
apparatus, the next uses this one as a 
target for his upcoming product, and 
succeeds in making a better one. The 
third comes along, and with both of the 
others to shoot at, he turns out another 
fine product. Well, we hope we're still 
around when the tenth or twentieth gen-
eration of FM tuners hits the market. 
All this by way of introduction to the 

new Fisher TFM-1000, which we have 
recently had an opportunity to study, 
listen to, and admire. This model has 
a professional rack-mounting counter-
part, the FMR-2, which is designed for 
studio, recording, and monitor applica-
tions.  Except  for mounting,  styling. 
model number and appearance, they 
seem to be identical.  Both are fully 
transistorized, employing 42 transistors 
(including 3 FET's)  and 45 diodes. 
The specifications are fabulous, with 
sensitivity of 1.8/AV (IHF), harmonic 
distortion less than 0.2 per cent; S/N of 
70  dB;  alternate-channel  selectivity 
(IHF), 70 dB; separation at 1000 Hz. 
greater than 40 dB. and greater than 30 
dB from 50 to 15,000 Hz. Most of these 
figures are so near the limits of measur-
ability that only a well-equipped manu-
facturer's laboratory could dispute them. 
And with all of that, we can still find a 
fault with the unit —the lamp behind the 
tuning meter is too bright. We would be 
inclined to put a small resistor in series 
with it. 
We have one other regret, too. Un-

like most previous Fisher units, this one 
did not include a schematic in the oper-
ating instructions. We assume we could 
get a copy if we needed it, but we have 
become accustomed to finding the sche-
matic right in the owner's manual. We 
feel this is always a good idea —not that 
the owner will actually service the unit 
if something did happen, but that he 
would have it available if he called in 
a service technician who might not have 
one. Otherwise the owner's manual is 

Fig. 1. The Fisher TFM-1000 FM-Stereo tuner. 

exceptionally complete, particularly as to 
the mounting on a cabinet, either hori-
zontally or vertically, with carefully out-
lined precautions about ventilation. 
Aside from all that, the circuit is ap-

parently so unusual and advanced that 
the company is not yet ready to make 
its "innards" public. However, the de-
scription is quite complete, and we shall 
draw from that. 
The front end consists of three FET's 

and one low-noise transistor in a circuit 
using a four-gang variable capacitor. In-
stead of using a sensitivity switch to re-
duce large signals before they reach the 
first transistor —a common source of 
cross-modulation in solid-state front ends 
—a PIN diode which acts like a variable 
resistor at FM frequencies is controlled 
by an AGC circuit to prevent overload 
on high signal strengths. It works, too. 
Even with the simple dipole such as is 
usually furnished with tuners, the over-
load indicator showed that the circuit 
was working on WFIL. which is some 
fifteen miles from our listening location. 
No audible distortion accompanied this 
automatic gain reduction when com-
pared with the same signal received on 
6 in. of straight wire and with no indi-
cation of "overload suppression," of 
which more later. 
The front end is followed by an AGC-
controlled amplifier stage with 60 dB of 
attenuation range, which, combined with 
the r.f. resistive attenuator, results in an 
input-signal range of 120 dB. Five i.f. 

stages follow. The limiter and detector 
portions of the tuner employ no tuned 
stages, and the three-stage limiter is 
claimed to have a 10-MHz bandwidth. 
The detector is of the counter type (we 
assume similar in principle to that de-
scribed in the General Electric transistor 
manual). 
The MX decoder is of the time-divi-

sion type, with several advanced charac-
teristics. 
In the first place, there is a four-push-

button  switch  labeled  MONO.  AUTO 
STEREO, STEREO, and STEREO FILTER. With 
either of the first two depressed, the 
tuner will respond to stereo or mono 
signals, switching automatically to stereo 
on stereo signals, but reproducing both 
as mono when the MONO button is de 
pressed. With either of the STEREO but-
tons depressed, the tuner will respond 
only to stereo signals, remaining com-
pletely silent on mono signals, although 

the tuning meter still indicates their pres-
ence. All of this results from a four-
diode coincidence circuit, which will 
switch only when it receives the correct 
signals  from  four  separate  sources. 
STEREO FILTER adds further SCA filter-
ing. 
A muting circuit, controlled by a 

three-position switch, eliminates inter-
station noise completely and effectively 
except when none of the four pushbut-
tons is depressed—an unlikely condition. 
The first position of the muting switch 
is OFF: the second and third give pro-
gressively greater muting, and in either 
of these positions, a small green indicator 
light shows that the muting is operative. 
A unique feature is the "Clear-Signal" 
indicator, operated by another pushbut-
ton. When this is depressed, a small red 
light acts as a signal-strength indicator— 
glowing brightly on "clear" signals, and 
flickering when fading or multipath is 
present. It even permits setting a rotat-
ing antenna to the optimum position, 
and thus serving as a signal-strength indi-
cator completely separate from the tuning 
meter, which, because of the limiting 
action, does not provide a true indica-
tion of signal strength. The dial, cali-
brated as usual in MHz, is extremely 
accurate, and an auxiliary tuning scale 
(0 to 100) is also provided. The cursor 
is a tiny red pinpoint of light. Operation 
of the overload suppression circuit is 
shown by a third indicator light, this one 
amber. 
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Asa 

HOW 
CAN YOU TELL 

A GOOD TAPE RECORDER 
WHEN YOU HEAR 

A lot of Magneoord owners tell us they 
had to buy and Ilse as many as four dif-
ferent tape instruments before they knew 
a good recorder/reproducer when tliey 
heard one. But we've got an easier and 
much less expersive way for you to learn 
what it takes t) sitisfy a tape recorder 
owner. Our new brochure waiting for you 
free at your Magneccrd dealer's, tells you 
exactly what to look and listen for in a high 
fidelity tape instrument Jug follow the 
simple suggesticns when you shcp, and 
you'll be discerning the fine points of dif-
ference between tape 7.-ecorder/reproduc:rs 
like an expert ii no time! . . . And you 
know what? The minute you do learn what 
it takes to tell a good tape recorder, we'll 
bet you take home a Magnecord! 

NEW 8 + REELS A MAGNE2ORD EXCLUSIVE 
THAT INCREA3ES PLAYING TIME 50%! 

NOTE: ASK YOUR DEALER ABOUT THE NEW EASY 
FINANCE PLAN EDF MAGNECORD EQUIPMENT. 

9r-second 
Di \.IS ON OF T-IE 

TELEX  :ORDORATION 
P 0 13.  6 I TPsa Os ,anoma  7,101 

MANUFACTUREF OF TELE> HEADSETS AND 
OTHER FII1E ACOJSTIC DE/ICES 

Circle 60 on Reader Service Card 
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Three separate output circuits are pro-
vided —for each channel —the main out-
put is from an emitter follower which is 
preceded by a stepped attenuator with 
losses of 6, 12, 18, 24, 30, and 40 dB, 
as well as an off position; the tape out-
put is from another emitter follower fed 
from ahead of the attenuator, and with 
a maximum output of 2 V., which is 
also the maximum unattenuated output 
on the main jacks. All of this permits 
setting the audio output at a different 
level from the tape recorder feed, even 
allowing one to record with no monitor 
at all if desired. The third output signal 
is an ungrounded 600-ohm signal avail-
able at a pair of phono jacks, or on a 
Hirschmann socket, or on a pair of 
front-panel headphone jacks (permitting 
two sets of phones to be used simultane-
ously. 
With all of these features, it is easy 

to miss one —the Stereo Beacon. This is 
a small red indicator—a short plastic 
rod —above the tuning meter. It lights in 
the presence of a stereo signal unless 
the MONO button is depressed. Thus the 
mono listener is never disturbed by a 
stereo indicator unless he wants to be — 
then he depresses the AUTO  STEREO 
button. 

Performance 

With these specifications and the many 
desirable features, one would expect su-
perb performance. And that is just what 
he gets —quality which makes you doubt 
the station or record quality if a par-
ticular number doesn't sound "right"; 
quiet tuning if you want it; smooth, de-
luxe handling, and enough flexibility for 
any desired application. Of course at 
$499.50 it should be good, but it's worth 
every penny of it. 

CIRCLE 1 

ORTOFON S-1 5 STEREO 
CARTRIDGE 
We have always had a high regard for 

the Ortofon cartridge line.  This new 
model is a significant step forward over 
that which has gone before. 
The S-15 continues the Ortofon tradi-

tion of moving-magnet cartridges. And, 
as with the SPU/SPE series, this new 
one continues to have built-in trans-
formers. 
We said that performance has been 

stepped up.  That is gross understate-
ment. Performance is spectacular. This 
is as clean a cartridge, even on the 
fussy higher frequencies, as it has been 
our pleasure to hear. As is customary, 
we bench tested the cartridge as well as 
listening to music with it. Save for one 
significant test, the bench results are un-
spectacular.  Frequency  response  and 
channel separation are shown in Fig. 3. 
This set of curves is perhaps typical of 
the better cartridges around. So where 
is the clue to superior sound? 
One of the routine tests we perform 

is for IM distortion using the CBS STR 
111 disc. This record has a series of TM 
distortion test grooves at increasing mod-
ulation. It has been usual for test car-
tridge to measure on the order of 1/2  
per cent at the +6 dB mark, and 3-6 

Fig. 2. The Ortofon S-15 Cartridge. 

per cent at +9 dB. There is a +12 dB 
band but earlier measurements have been 
consistently above 5 per cent IM dis-
tortion. 
Frankly, we do not know just how 

good the disc itself is. Up to now it 
was our belief that it was not much bet-
ter than the best of the ranges just 
quoted. But this Ortofon! 
At +6 dB, IM is 0.8 per cent. At +9 

dB it is 1.2 per cent. And at +12 dB it 
is 1.3 per cent. 
This we believe is part of the reason 

for the window-like transparency that 
exists here. The S-15 plays records that 
we thought unplayable. And it does not 
play any record worse than we already 
knew them to be. 
There is more to this quality impres-

sion than IM distortion alone, of course. 
The S-15 produces a highly satisfactory 
square wave. There is a single-cycle of 
oscillation on the wave front, but rise 
times are good. 
Dynamic compliance is high.  We 

measured 9 x 10-6  cm/dyne lateral and 
10 x 10-6  cm/dyne vertical. This is in 
accordance with the published stylus 
mass of 0.9 mg. 

Fig. 3. Frequency 
response  and 
channel separation 
of the S-15 with 
the CBS STR-100 

disc. 

The stylus, replaceable at the factory, 
is an elliptical of 0.7 by 0.3 mil radii. 
It was used by us at 1.5 grams, a force 
at which it is capable of tracking heavily 
modulated records. 
Output of the cartridge is 6.2 mV 

left and 5.7 mV right from 3.54 cm/sec 
recorded velocity at 1 kHz. This is a 
good deal lower than the SPU series 
and, from our way of thinking, is an-
other improvement. 
Many modern transistor preamps are 

subject to easy overload from ultra-
high-output cartridges. The S-15, how-
ever, comes in at a range that is ideal 
for all units, be they tube or transistor. 
There isn't much more to be said. 

Clearly, the Ortofon is, in our opinion, 
at the forefront of current cartridge of-
ferings. Cost is on the high side —$80 
for the S-15T model as illustrated. There 
is also the S-15MT. This is the same 
cartridge already mounted in an Ortofon 
shell. (This fits the Ortofon and SME 
arms.) Price is $85. But what price can 
you place on something that is genuinely 
better than its predecessor. For that the 
S-15 is. 

CIRCLE 2 
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(Continued on page 127) 
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Marantz components are too good for most people. 
am mummk, r 

Are you one of the exceptions? For the m ost astonishing set of specifications 

you've ever read, write "Exceptions," Marantz, Inc., 37-04 57th St., Woodside, New York 11377, 

Department A-17. M IL11 W k  M t  Ar 
A SU BSI DIA RY OF SUPERSC OPE. IN C. 

The Marantz co mponents Illustrated, top to botto m: SLT-12 Stralght-Une Tracking Playback Syste m • Model 15 solid-state 

120-watt Stereo Power A mplifier • Model 7T solid-state Stereo Pre-a mplifier Console • Model 10B Stereo FM Tuner 

Circle 62 on Reader Service Card 

AUDIO  • OCTOBER, 1966  15 



IHAVE A GREAT WEAKNESS for follow-
ups. My curiosity is always roused 
by succeeding models of audio equip-

ment that once proved interesting to 
me. So when Ed Straw of Metrorep. 
representing the Crown line of tape re-
corders in our region, started wooing 
me recently in the direction of another 
of those big. whopping machines he pro-
motes—a different model this time and 
on a new basis of approach —I really 
couldn't hold out for long. Especially 
since I still had on hand the old and 
imposing tube-style Crown 800 (thanks 
to his indulgence), the one on which 
I reported at length several years ago. 
Since then, the company has converted 
entirely from tubes to transistors, and 
the model he wanted me to look at 
was not the 800 but the home hi-fl 
model, the 700. 
Moreover —and this clinched it—he 

wanted me to try his machine out for 
quality at the slow speed of 3% ips, 
four-track, two-channel. This was an 
old love of mine, this business of slow-
speed quality. And so I bit. I took on 
the 700 in the four-track configuration 
(my older 800 was two-track, pro-style) 
and set about "testing" it—i.e., putting 
it to work to see what would happen 
or wouldn't happen. 
Before I so much as try to describe 

the machine, let me state quickly that 
the Crown sound at 33/1 ips is just 
plain phenomenal. Astonishingly good. 
And thus, in a way, I could almost stop 
right here. The Crown 700 does, in-
deed, set a standard for recording and 
playback, at this speed, and in four-
track, which could well be a model 
for the industry and for all who want 
to know what can be done, so to speak, 
under optimum conditions. An awful 
lot can be done. This, we already know 
in theory. Miracles in tape recording 
are commonplace these days. But now 
I have had a concrete example before 
me in terms of an actual home recorder. 
Very interesting. 

Supersonic 
Crown gave me an individual data 

sheet on performance of this particular 
machine, both at 71/2 ips and at 33A. 
The oddest thing about the two record-
play response runs is that the major 
difference is in effect in the very low 
bass —not the treble. Treble response 
has now gone supersonic. At 71/2 ips this 
700 records -± 1.2 dB 25 Hz to 25 kHz, 

AUDIO ETC. 
E d ward Tatnall C an by 

Slow-Speed Super-Fi a nice round figure. At WI the figures 
are 20 to 15k, within 1.6 dB. 
Looking at the actual graph you find 

that in the main "presence" range, from 
around 200 Hz up to 10 kHz (ugh —we 
used to call it 10,000 cps), the slow-
speed plotted curve is actually the flat-
ter of the two! That is, as of this par-
ticular run —the machine could well be 
micro-adjusted for minor changes. The 
most noticeable difference is below 100, 
where the 71/2-ips run rises up to a 
full-bottomed zero dB at 50 Hz and a 
trace down at 30 (not bad, you'll have 
to admit); whereas at WI ips we are 
down a bit at 50, down 3 dB at 30 
(not bad at all!) and below that a 
minor hump upwards again holds until 
a cut-off point 'way down around 15 Hz. 
Thus, purely on the basis of record-

playback specs, we can infer that today 
the basic response range within the 
audible frequencies is virtually the same 
as between the two slower speeds —the 
71/2 speed gives us extra supersonic 
range, good for ultimate quality, and the 
33/4  speed holds up a solid bass, with a 
full-range spread of highs to the edge 
of hearing. Imagine being able to state 
this, back as of 1950! Remember the 
Sound Mirror, that fabulous machine 
which turned out a top usable range of 
less-than-sibilant quality at 71/2 ips? 
So—now you can save tape and get 

hi-fl too at very slow speed! Of course, 
there is a minor consideration, the cost 
of the machine which does the record-
ing. The Crown 700 is yours for not 
far from $1M, which ain't hay, Mr. 
Straw. Nevertheless—a lot of us souls 
will find the challenge darned interest-
ing and very worth-while. Just to ex-
perience high-quality sound at low tape 
speed is a thing that will please many; 
and that definitely includes me. I en-
joyed every minute of my work with 
the Crown 700 —and I only bothered 
to use the 71/2 ips speed once for a few 
moments. Necessary comparison. 
You guessed it. Was it my imagina-

tion? The 71/2-ips recording didn't sound 
quite as good as the WI. Amazing. 

Big Boy 
Let me give you a few of the inter-

esting points that struck me as I put 
this recorder to work, including my 
usual reservations, constructive ones, I 
hope. (You don't expect me to let my 
enthusiasms melt into sheer gushing sen-
timent, do you?) 
The 700 is a Big Boy among home 

recorders. It has many structural com-
ponents visibly common to all 700 and 
800 Crowns (including my tube-type 
800 of several years ago) even though 
this model is entirely transistorized and 
has a thoroughly revamped quick-re-
move mechanical assembly as well as 
different controls from the 800 —an im-
portant difference. 
Being basically a home-type machine, 

the 700 is relatively much simpler than 
the 800 series, which is pro-oriented 
(though many an amateur pro has used 
one) and offers a dizzy maximum of 
adjustments and alternatives in its super-
complex controls. I'm always in favor 
of simplicity and so I am all in favor 
of the 700. 
Frankly, I'd rather lose out on a few 

super-refined biases and switchings and 
what-not and have a machine where I 
can find the right knob at the right 
time, instantly. After all, the recorded 
product is what counts and a tape on 
the hoof is worth two in the bush, so 
to speak. 
The first thing I jumped to try, here, 

was the actual running system. For, as 
you may remember, my earlier 800 
model was of such exasperating perfec-
tion in all its complexity of relays and 
interlocks that I managed to ruin some 
very precious tapes by pressing the 
wrong  buttons  at the  wrong  time. 
(Ammo, April, 1963) The newest 800's, 
now solid-state, are inevitably much im-
proved by experience since then and so 
are more foolproof to accidents. But 
the 700, oddly, is even more "improved" 
and still safer—because it is necessarily 
simpler, not for the pros but for ad-
vanced home-type use. Simplicity, in 
Crown's case, means just that —on the 
700, Crown has had to skimp, curbing 
its well known yen towards utter per-
fection at the cost of ever-more-ingeni-
ous complexity. Good, very good! A 
healthy sort of limitation, I say. Some 
people are such perfectionists they need 
to skimp. 
Thus the 700 has dispensed with the 

finger-tip sensitive relay controls of my 
older 800 (placed where you inevitably 
tripped them by accident with the edge 
of a finger) and has been equipped, in-
stead, with the nicest set of prosaic 
pushbutton-interlocked mechanical con-
trols I have yet used. Four buttons, and 
they work just like oil —but not too 
easily, for dangerous mistakes. Frankly, 
I gave a sigh of relief when I first saw 
them, though my assistant, always ap-
preciative of ingenious complexities, still 
relishes the fancier relay controls. (He 
doesn't have valuable tapes to preserve.) 
No room for a detailed run-down of 

features here, but on to my special 
points of interest. 

Brakes 
First, I was not too happy over the 

total lack of tape tensioners (other than 
the slick electric hold-back braking), 
or of spring-loaded arms, on both sides 
of the 700 tape slot. Admittedly, I ran 
into no concrete difficulties. But I am 
uneasy with any tape system where 
there is no "give" between reel, heads 
and reel, no springiness. It would seem 
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Actually it was the Romans who first 

conceived the idea that sound projected through 

an urn could disperse sounc in a 360 degree radius. 

In 1963, Empire reasoned out that a speake• system with complete 

symmetry of design could provide the same effect. 

We were later to make three very important discoveries: A wide angle acoustic 

lens assures fuller frequency ard magnificent stereo separation. A mass 

loaded woofer facing downward, feeding through a front loaded horn 

will provide 360 degree sound dispersion and prevent standing waves 

from developing in the room. And. an imported marble top to match the 

flawless hand-rubbed walnut finish will bring a sigh of 

comfort to tie decorator-conscious audiophile. 

The result: superlative musical performance. When did we 

know we had it made? When otners began copying us. 

Augustus Caesar, thanks a lot. 

Empire Grenadier. . 

One of the 
great firsts. 

Great new 16 page color catalog is no w 

available, write: Empire Scientific Corp., 
845 Stewart Ave.. Garden City, N.Y 
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DETACHABLE PLEX GLASS COVER INCLUDED. 

wcs,7 

TAPE TENSION CONTROL, 
GUARANTEEING LOWEST WOW 

AND FLUTTER. 

SOLE IMPORTER OF 
UHER TAPE RECORDERS 

POWERFUL HYSTERES S S̀TCHRONOUS MOTC.R. 

PFONOUNCED U-ER 

VERNIER ADJUSTMENT OF 
PLAYBACK CREATES EXACT AZIMUTHAL 
ALIGNMENT FOR EVERY TYPE OF TAPE. 

3 HEADS. SEPARATE ERASE, RECORD, PLAYBACK. 
S i 0 

FIVE SEPARATE COMPUTER 
DESIGNED PLUG-IN PANELS 

(RECORD, PLAYBACK, EQUALIZER, 
POWER SUPPLY. PUSH.PULL 
RF BIAS OSCILLATOR CIRCUIT). 

4 TRACK STEREO 
4 TRACK MONO RECORDING AND PLAYBACK 

WITH  UILT-IN MIXER CONTROL 
F R BOTH CHANNELS. 

COMPLETELY ALL NEW 
SOLID STATE DESIGN. 

RIGINAL TEST CERTIFICATE 
AND ORIGINAL FREQUENCY 
RESPONSE CURVE SHEET 

ACCOMPANIES EVERY MACHINE. 

- 

__„„0 /1111111amp., 

If you're not impressed 
with these 10 exclusive features in 
the new Uher 9000 tape deck, 

listen to this. 
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to ask for micro-troubles with drop-
outs, flutter, and so on (though I didn't 
hear any . . .) and, more important, 
any sudden emergency, a jerk or quick 
take-up of loop, means a snapped tape 
or one that is irreparably stretched. Well, 
Crown must have thought a long time 
over this, and maybe they are right, in 
this particular design configuration. 
But there is more to make me vaguely 

uneasy.  Marvelously sophisticated dy-
namic braking here, all-electric. Obvi-
ously more subtle and flexible than me-
chanical braking. But what happens when 
the power goes off? No brakes. 
Normally this isn't important. It sel-

dom matters, except in an emergency. 
Then, alas, the lack of brakes can be 
a serious fault. I've always felt that, as 
on every railroad train or subway or 
trolley  car,  if something  fails,  the 
brakes should go on automatically and 
bring everything to a quick stop. That 
means mechanical brakes —of some sort. 
My old warhorse Ampex 350, for in-

stance is so protected. If anything goes 
wrong with the tape, and/or if the 
current fails, the whole thing comes to 
a swift halt. It has saved me many a 
disaster in its ten long years of life. 
Now the Crown 700 has a peculair 

added  feature  that  complicates  this 
brake business. A micro-switch sensor 
in the left end of the tape slot controls, 
of all things, the main, over-all power 
switch. Even with power ON, nothing 
happens at all, until tape is inserted in 
the slot —then the electronics and the 
mechanical system, including the brakes, 
go on together. Very odd, for one un-
accustomed to such refinements! (Re-
minds  me  of  the  "automatic"  off 
switches on record changers that turn 
off the works at the end of the record, 
neatly deactivating themselves in the 
process.) 
Now this is a nice way to get an 

automatic stop on rewind, without a 
movable arm. But it has peculiar side-
effects. When you rewind, the end of 
the tape turns off the power—and your 
two reels run on unbraked, wh77777z. 
OK. They stop pretty soon. But when 
there is an accident, the same thing may 
apply. Suddenly —no brakes. That's con-
ducive to trouble. You can fill a room 
with tape bits in a half second, that 
way. 

Thumps 

Then, too, I get uneasy at the alarm-
ing thumps which go out to the loud-
speakers when the tape is moved into 
the slot and power is suddenly turned 
into the amps, slamming the two meters 
against their pins. When you fumble a 
bit (and who doesn't?), so that the 
tape slides a bit erratically over the 
sensor, there is a horrendous series of 
thumps and meter-pinnings. 
Well, Crown wins again. Nothing has 

gone wrong, even so. My speakers are 
intact and so are the meters. And the 
amps. So maybe I'm just a nervous 
Nellie. 
But there are more things to relate. 

Push the fast-rewind button, reel off the 
tape and let it come to a stop. Unless 
you think twice at this point, you are 
in for a mild surprise. The power goes 

off. The pushbutton is still in rewind 
position. When you start putting the 
next tape into the slot, power comes on 
again. So does the fast rewind. Quite 
a jerk. 
Then if you rewind, push the stop 

button and then the play button —too 
soon, before a full stop —there is chaos. 
Most  recorders  are  similarly  guilty 
(you're supposed to have sense enough 
to wait for a full stop, after all) but 
this one does a real job! Tape spills 
out on the right, is rapidly reeled up by 
the take-up reel and neatly snaps as 
it comes tight. (No give, remember.) 
But the feed reel goes merrily on, play-
ing tape out onto the floor. It doesn't 
even know anything has happened. 
Just to be sure, I tried this same nasty 

trick on the old Ampex 350. Yep —it 
fouled up the tape, all right, but it 
didn't break it. Ampex's swing arm lets 
go, instantly turning off the power and 
applying the brakes. And its second 
smaller spring-loaded arm, off to the 
left, helps cushion the shock. 
Now granted that few home machines 

can afford such emergency controls as 
these on a strictly professional machine. 
And so maybe Crown is right again. I 
should have sense enough not to go 
into reverse when my car is moving for-
ward, if you see what I mean. 
'Nuff said. Altogether, this is a very 

interesting and challenging drive system 
and if I say nothing much about the 
other and more favorable interlocks, and 
so on, it is merely because they work 
like a charm, including the one which 
won't let you go into fast motion when 
the machine is in the record mode. No 
accidental erase on this baby. And so, 
onward, to my "tests." That is, my 
in-use experiments, on location. I made 
three, to see how the Crown 700 would 
work out in practice. 

On Location 

First, I spend a whole evening —on 
one 7-inch reel of 1-mil tape —recording 
an amateur folk fest, two channels at 
334 ips, both directions. Then a week 
later I played back some of the superb 
results on a good solid system, to some 
of the very same people. A good show, 
indeed. 
In addition, I turned the machine over 

to a pro sound man to record an entire 
public concert of the Canby Singers (I 
was conducting), before a large audi-
ence. Results: terrific! 
The idea was to make the 334 ele-

ment the only "bottleneck" —all the rest 
was to be top quality. And so I used a 
pair of the new Vega 20 condenser 
mikes, which were loaned to me con-
veniently at this very moment, to feed 
super-stereo sound into the 700 system. 
No space to go into those lovely little 
mikes right now —but they decidedly 
served my purpose. And, as already 
stated, the 334 ips sound was just plain 
fabulous when it played back. Need I 
say more? 
Aside from some minor mike trouble 

in one channel (a nuvistor, I think), 
nothing, but nothing went wrong, and 
I came home from these two events, 
one under my own operating-power, 

with five or six hours of superb stereo 
sound. good enough to fool anybody 
into thinking it might be 15-ips two-
track stuff, strictly pro. On two 7-inch 
reels. 
Just to double check, I did the in-

evitable A-B experiment, and so did my 
sharper-eared assistant, independently. I 
fed broadcast and recorded sound into 
the machine and did A-B listening be-
tween the original and the tape play-
back; and so did he. His comment con-
firmed my own:  the 31/4 ips sound 
seemed even better than 71/2 ips. 
With a bit of electronic adjustment 

I am quite certain that the two speeds 
could be made to sound virtually in-
distinguishable, even to a well-trained 
ear. In any case, there was NO discern-
ible difference between the original and 
playback sound at the slower speed. Im-
possible to tell them apart. That's my 
story. 

I'll add a P.S. to say that Crown has 
managed to leave a slot at the bottom 
of the 700 which accommodates a pan-
cake-style  stereo  power  amplifier,  a 
physically separate unit even to a sep-
arate power cord. It is entitled the SA 
20-20 and is all solid-state, of course, 
with direct-coupled outputs and a low-
external-field power transformer—good 
precaution at such close range. This is 
a real "basic" amplifier, just inputs, out-
puts and a single clutch-ganged level 
control. I tried it and all I need say is 
that it works —it made loud, clear music 
via my speakers. 
I'll have to add, in a still, small 

voice, that we did have a bit of trouble 
with it on a first try, when, alas, the 
outputs were attached to my speakers 
via  unmentionable  connectors—naked 
alligator clips. Just guess what happened. 
They touched. We didn't notice. Fuse 
went. Power supply went. 
After Crown had obligingly and rapid-

ly fixed things up, I put on my regular-
style speaker connectors, which are very 
unlikely to short, and all was well. 
I mention this merely because I do 

feel that the well-known fragility of 
transistors under such dangerous loads 
is one of our major problems in home 
equipment today, and that those solid-
state circuits which manage to get a 
maximum of protection against acci-
dental — and  inevitable — shorts  and 
surges and what-not are the ones which 
will deservedly win out, in competition, 
under rigorous home conditions. 
We should assume that speakers will 

be shorted, sooner or later, that inputs 
will be connected minus ground at full 
volume, that outputs will be fed maxi-
mum wattages without any speakers at-
tached. Anybody can forget to hook up 
his speakers —I ran a KLH 16 amplifier 
just yesterday for a half hour with one 
speaker missing. A mono record, it was. 
I didn't even notice that I had left it 
sitting in the back seat of my car! (The 
other one made plenty of noise for 
two.) 
In tube days, these home faux-pas 

didn't usually cause any damage of seri-
ous proportions. People expect the same 
to be true today. 
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EDITOR'S REVIEW 

S
O WHAT'S NEW? Those of you who have perused the 
August issue thoroughly and digested the contents 
of the charts thoroughly already know the answer 

to the opening question. Those who are about to attend 
the forthcoming New York High Fidelity Music Show 
will get to see, hear, and handle the new items. And you 
may be sure that there will be a few new items which 
were not yet ready for the blazing light of our PRODUCT 
PREVIEW at the time the August issue went to press, 
which was early in July. Those items which were not yet 
ready will find their way into the new products columns 
in the next month or so —actually there were not many. 

HI-Fl SYMPOSIA 
The 1HF has announced a series of symposiums which 

are to be held during the New York Show, and designed 

for the novice and semi-technical enthusiasts. The first, 
scheduled for opening day —Sept. 28 —from 7:30 to 8:30 
will present the salient features of all types of tape re-
corders, and will be conducted by Wybo Semmelink. of 
Norelco. A similar meeting is to cover phono equipment 
on the evening of the 29th, under the capable leadership 
of James H. Kogen, of Shure Brothers, and Allen Say, of 
Garrard Engineering, Ltd., London. On Friday evening, 
the subject is raw tape, with a discussion of the properties 
of the various available types. This meeting will he under 
the chairmanship of Joe Kempler, of Audio Devices, and 
Ivan Berger, audio columnist for the Saturday Review. 
Victor Brociner of H. H. Scott and Abe Cohen of 

University Loudspeakers will conduct a two-part sym-
posium on "Stereo and the Listener" on Saturday eve-
ning. In addition, two novice sessions will be held on 
Saturday and Sunday afternoons under the direction of 
Leonard Feldman of Crestmark Electronics. The $2.00 
show admission entitles the holder to attend any of these 
sessions. 

GRANT IN AMERICAN MUSIC 
We take this occasion to congratulate Electro-Voice, 

Inc. for its establishment of an American Research Music 
Grant, believed to be the first ever set up by an electro-
acoustic firm. According to Lawrence LeKashman, vice 
president of sales at E-V, there is "a tremendous heritage 
of American Music lying dormant in libraries across 
America." He continued, "This legacy of fine music, 
adaptable to the organ, should be ferreted out, compiled, 
edited, and made available for the listening enjoyment and 
use of all Americans." 
Elbert Head, assistant sales manager of the E-V organ 

division, announced that the first grant has been made to 
Jon Spong, formerly a member of the faculty at Drake 
University's College of Fine Arts. He has already con-
ducted considerable research in many U.S. libraries, and 

has found a wealth of virtually unknown American music, 
and is himself a noted organist who has been heard on 
recordings and in recitals and organ workshops. 
This recognition by E-V again points out the importance 

of music as the "sixth component" of the home music 
system —the other five being the tuner, amplifier, record 
player, loudspeaker, and tape recorder. Without a source, 
what good is a hi-fl system? Music is, of course, the prime 
reason for good reproduction in the home, and without 
music, most of us would have no interest in the whole 
idea of high fidelity. 

MORE ORGAN INTEREST 
One ot the grunt) mg elements of the organ world is 

the continuing activity of the American Association of 
Theatre Organ Enthusiasts. Every few months we get an 
announcement of a concert arranged by the New York 
Chapter of the AATOE in some theatre in the area which 
still has a "mighty Wurlitzer" in top-flight operating con-
dition. Unfortunately for our living habits, these concerts 
occur on Sunday mornings, which is understandable, 
since the theatre naturally wants to operate normally as 
a movie house on the profitable Sunday afternoon, with 
paying customers, no less (the morning organ concerts 
are usually free to AATOE members and guests). One 
advantage of membership is that you can have an oppor-
tunity to play the organ in question. The most recent such 
concert was held on September 11 at the Brook Theatre 
in Bound Brook, N. J., and tape recorders and cameras 
were permitted. 

WANTED FOR HISTORICAL COLLECTION 
One of our early contributors whose work has been 

seen on these pages occasionally over the past nineteen 
years is assembling a collection of "the best electro-
acoustic and audio equipment made from about 1900 to 
1941," and enlists the co-operation of audio buffs who 
have some of the early material but who may not be 
interested in making a similar collection. Curtiss R. 
Schafer. RFD 1, Newtown, Conn. 06470, wants to hear 
from anyone who has any old W. E. and RCA broad-
cast and theatre sound equipment —microphones, loud-
speakers, amplifiers, phono pickups, monitor receivers. 
tubes and sockets, and headphones. He wants practically 
anything in this line, in good, excellent, or "as new" 
condition, and is desirous of purchasing it. He requests 
that anyone with such equipment communicate with him. 
stating price and condition in the first letter. —And to 
think, this observer has had, at one time or another, most 
of the items he wants, such as Leutz, Kolster, RCA 
ribbon headphones, and early Jensen speakers, and never 
figured they would some day achive antique value!  Al 
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The total 
performance 
cartridge. 

New Pickering V-15/3 Micro-Magnetic" cartridge featuring 
DustamaticTM stylus and Dynamic Coupling. 

Now, Pickering offers you total performance from all your records with the 
newly designed V-15/3 cartridge. 

The exclusive Pickering V-15 Micro-Magnetic cartridge assures you of the 
finest in natural sound, while the famous patented V- Guard Floating Stylus 
provides the ultimate in record protection. 

And now, there's a new dimension in the V-15 line. The extremely functional 
Dustamatic brush assembly for cleaning records as you play them, and an entirely 
new moving system with Dynamic Coupling of stylus to record groove for positive 
tracking. 

There's a Pickering for every installation, from conventional record changers 
to the most advanced turntable/tone arm systems. 

That's total performance. Clean records for clean sound. 
For free literature on the Pickering V-15/3, plus information on how to 

choose the correct "application engineered" cartridge for your system, write to 
Pickering & Co., Plainview, L. I., New York.  n. bnni  

For those who can hear the difference. rICuring 
Circle 63 on Reader Service Card 
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Compare these new Sherwood S-8800 features and specs! ALL-SILICON reliability. Noise-threshold-gated automatic FM Stereo/mono switching, FM stereo 
light, zero-center tuning meter, FM interchannel hush adjustment, Front-panel mono/stereo switch and stereo headphone jack. Rocker-action switches for 
tape monitor, noise filter, main and remote speakers disconnect. Music power 140 watts (4 ohms) @ 0.6% harm distortion. IM distortion 0.1%  10 watts or 
less. Power bandwidth 12-35,000 cps. Phono sens. 1.8 my. Hum and noise (phono) -70 db. FM sens. (IHF) 1.6 Atv for 30 db quieting. FM signal-to-noise: 70 db. 
Capture ratio: 2.2 db. Drift ..01%. 42 Silicon transistors plus 14 Silicon diodes and rectifiers. Size: 16,I' x 414 x14 in. deep. 

Now, 
look at the/lei! 
Sherwood specs! 

3-YEAR W ARRANTY s-aeoo 140-watt FM ALL-SILICON Receiver 
$359.50 for custom mounting 
9368.50 in walnut leatherette case 
$387.50 in hand-rubbed walnut cabinet 

Model 

V-Vacuum 
Tube 

S-ALL- 
SILICON 

T-Germanium 
Transistor 

Power (IHF) 
2 channels 
4 ohms 

Watts 

FM 
Sensitivity 

Microvolts 
Price 

Dollars 
Per 
Watt 

Sherwood S-8800 S 140 1.6 S 359.50 $ 2.57 

Altec 711A S 100 2.2 378.00 3.78 

Bogen RT8000 T 70 2.3 319.95 4.57 

Dyna FM-3, PAS-3 & S-70 V 90 4.0 404.85 4.49 

Fisher 700T T 120 1.8 499.50 4.16 

Fisher 440T T 70 2.0 329.50 4.70 

Harman-Kardon SR-900B T 100 1.85 449.00 4.49 

McIntosh 1500 V &T 85 2.5 499.00 5.87 

Marantz 8B, 7T, & 10B V &T 75* 2.0 1340.00 17.87 

Scott 348 V&T 120 1.9 479.95 4.00 

Scott 342 T 65 2.5 299.95 4.61 

Ileferences"T" or "Val-  (above I may include some silicon transistors. 
Figures •hove are manufacturers publisfied specifications 
..scept I') which we published test findings. 

Sherwood Electronics Laboratories, Inc., 4300 North California Avenue, Chicago, Illinois 60618. Write Dept. A10 

Circle 64 on Reader Service Card 

22 AUDIO  • OCTOBER, 1966 



King-Size Quarter 

Horse Power Stereo Amplifier 
ROBERT M. VOSS and ROBERT ELLIS 

Photographs by Edwin F. Meers 

In this age of solid-state devices, it is unusual to find a constructor who still resorts 
to high-quality commercial practice to produce a high-power amplifier.  This unit 
seemed to have sufficient merit to warrant the full treatment, and all seasoned audio 

buffs know that superb performance can still be obtained from vacuum tubes. 

TRANSISTORS  MAY  BE  HERE  TO 
STAY, but tubes are not yet ready 
to be written off and placed in 

museums.  The amplifier described 
here was designed and constructed to 
see just how far vacuum-tube design 
has progressed; it is a state-of-the-art 
device. 
Before you read further, a word of 

caution: if you are interested in com-
pact or miniaturized equipment, this 
is not for you.  The amplifier and 
power supply are each built on 13- by 
17-in, chassis, whose combined weight 
is over 80 lbs. The construction of 
the power supply (about 55 lbs.) re-
quired installation of a small hydrau-
lic jack underneath the workbench to 
avoid sag and ultimate collapse of the 
bench. Those who look upon the am-
plifier marvel greatly; their awe is 
brought upon by the overall massive-
ness and, particularly, by the size of 
the power transformer which, by nor-
mal home standards is immense, al-
though it would not hold a candle to 
some units in professional installations. 
The basic amplifier circuit is, up to 

the output stages, an adaptation of a 
Genalex design, and a number of its 
features are deserving of further com-
ment. First of all, the RC networks 
between C., and Cs and R us and R„ 
are there for the purpose of rolling off 
response at both frequency extremes 
to avoid any tendency toward motor-
boating or high-frequency oscillation 
at the resonant frequency of the out-
put transformer and associated cir-
cuitry. Incorporation of a driver stage 
between the phase-splitter and power-
amplifier stages, in addition to supply-
ing some needed gain, isolates the 
output stage from the shaping circuits 
and allows both output tubes to be 
driven by sources of the same imped-

ance. Circuits which drive the output 
stage directly from the paraphase in-
verter may overload assymetrically, 
because, although in schematic form 
this type of inverter tends to look 
completely symmetrical, such is not 
at all the case. The top half of the 
inverter is a simple voltage amplifier 
with no voltage feedback, while the 
bottom (the half which is actually the 
inverter) is a voltage amplifier with 
sufficient feedback to reduce its gain 
to unity and its output impedance to 
a comparatively much lower value. 
Because of the large amount of drive 
needed for the output stage, the plates 
of the drivers are fed from the same 
650-volt source as is the output stage. 
Very large coupling capacitors are 
used to the output stage to hold roll-
off and consequent phase shift to a 
point well below the frequency deter-
mined by the earlier shaping networks. 

The Power Supply 

Aside from these few refinements 
the circuit is very straightforward, and 
this leads to ease of adjustment and a 
large stability margin, in addition to 
generally superior performance. One 
possible source of difficulty, however, 
was the large swing in plate current 
drawn by each output tube from 50 
mA at zero signal to 150 mA at 100 
watts output per channel. To accom-
modate this variation (equivalent to 
a total amplifier drain of about 250 
mA idling and 650 mA at 200 watts 
out) we have used a silicon rectifier 
feeding a choke-input filter. The rec-
tifier (Sarkes-Tarzian S5162) is meant 
as a tube replacement, and was the 
most economical way of meeting the 
current and peak-inverse-voltage re-
quirements. (Strings of lower voltage 
diodes, with voltage equalizing rc net-

works would have cost about the same. 
and are a makeshift solution at best.) 
Those with a real aversion to solid-
state components can use push-pull 
5R4GY's in place of the silicon recti-
fier: this will reduce power output 
somewhat because of both larger ini-
tial voltage drop and poorer regula-
tion. In addition, it will require rede-
sign of the physical layout of the 
power supply since 5R4GY's cannot 
he expected to live very long under-
neath a chassis. 
The power transformer and chokes 

are rated at 400 mA continuous out-
put, which means that the power sup-
ply runs at a comfortably low temper-
ature, even after many hours of oper-
ation. If you are testing the amplifier 
for maximum output, or running it at 
high power for any other purpose, re-
place the half-amp B-plus fuse with 1 
amp for the duration of the test, and 
avoid driving it at sustained full power 
for more than 10 minutes or so. This 
does not mean that the power supply 
has an inadequate safety margin: quite 
the contrary, the amplifier is quite 
suited to fill your living room (or ma-
jor league baseball park) with large 
amounts of sound for indefinite pe-
riods for a long time. When initially 
wiring the power supply, test the fila-
ment windings to make sure they are 
in phase rather than bucking by mo-
mentarily touching the red leads (thick 
ones, not the thin red high voltage 
leads) to the green; if you get a fat 
spark (only 6 volts here, no shock 
hazard) they are out of phase; re-
verse one set of leads and solder. 
Since the power transformer has no 

bias winding, a separate transformer 
is used for the bias supply. Any iso-
lation transformer will do as long as 

Continued on page 24 
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it can deliver about 15 mA; the exact 
output voltage is not critical since it is 
adjustable at each tube. If you can't 
locate a packaged bridge rectifier, just 
about any four silicon or selenium 
diodes will work just as well. 
Figure 1 is the top view of the am-

plifier; each channel is on one side of 
the chassis, with the common com-
ponents (meter and switch) in the 
center.  Hidden behind the output 
transformers are the output terminal 
strips. The male octal power connect-
er is on the far side of the chassis, the 
hum balance control on the near side. 
The two other capped potentiometers 
(between the 6SN7's and pairs of 
KT88's are the a.c. balance controls. 
Figure 2 shows what the amplifier 
looks like underneath.  There are 
plenty of components used in the in-
put stages. but the large chassis leaves 
plenty of room. Just make sure noth-
ing is touching that isn't supposed to 
touch. The locations of the meter and 
switch are obvious. The four large 
capacitors are the coupling to the out-
put stage; the balance controls are be-
tween them. The four bias pots are 
on the other side of the output tube 
sockets. Two buss bars are used, to 
which all grounds are connected; they 
are tied together and grounded to one 

Fig. 2. Under-chassis view of the amplifier shows relatively neat construction. 

Fig. 1. Top view of the amplifier. 

of the input sockets; this is the only 
chassis ground. 
The top of the power supply is 

shown in Fig. 3; the only components 
here are the power transformer and 
chokes, the octal power connecter, and 
the line cord. More is to be seen un-
derneath (Fig. 4). On the lower right 

are the components of the bias sup-
ply: transformer and (partly hidden) 
Rs, Ri, C7, and C. The B-plus recti-
fier .is mounted on an angle; there is 
no need to put it on top of the chassis 
since its life is indefinite. Underneath 
the rectifier is the high-voltage fuse, 
underneath the fuse are all of the re-
sistors and capacitors in the high-volt-
age circuit. 
The output of the power supply is 

fed to an octal socket; a matching 
cable is used to deliver power to the 
amplifier. Hook-up is by means of a 
6-conductor cable. Since the total fila-
ment drain is over 8 amperes, the two 
wires carrying filament current should 
be at least #18; the others can be 
#22. We used Belden 8446, whose 
#22 conductors are rated at only 200 
volts, but as in other applications, we 
have had no difficulty with insulation 
breakdown at many times this rating. 
Perhaps lacing six single, well insu-
lated wires might be a more elegant 
solution; in any case keep the length 
to no more than is necessary. 

Testing and Operation 

Before connecting the amplifier to 
the power supply, make a preliminary 
resistance check from pins 2, 3, 5, 6. 
and 8 of the male octal power con-
nector on the amplifier to ground 
Pins 2 and 3 should be wide open 
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Fig. 3 (left). Top view of the massive power supply, which weighs in at about 55 lbs. Fig. 4 
supply chasis is similarly neat and uncluttered. 

(infinite resistance), pin 5 about 10K 
and pins 6 and 8 varying from 100 
ohms to zero as the hum balance con-
trol is rotated. When measuring from 
pin 5, turn all four bias controls from 
one end of rotation to the other and 
make sure this has no effect on the re-
sistance to ground at pin 5. Failure to 
make this check cost us a KT88: a 
sliver of wire caught under one of the 
bias pots removed all bias from that 
tube, and before we could get to the 
power cord, completely stripped the 
cathode of the tube. Any such short 
would show up as a resistance varia-
tion in the above check. 
Assuming that the amplifier checks 

out, plug in the power supply with the 
amplifier not yet connected (the dim-
ming of lights is normal) and measure 
the output voltages ( B-plus should be 
about 700 volts with no load). If 
everything is normal, unplug the pow-
er supply and connect it to the ampli-
fier. With the 12AX7's and 6SN7's in 
their sockets (no output tubes yet) 
plug the power supply in again and 
make sure the tubes light up. If you 
want to make plate voltage checks 
here, keep in mind that they will be 
a bit higher than normal. Connect a 
signal generator to one of the inputs 
(about 1 kHz) and adjust it for about 
20 volts at pin 5 of either of the out-
put tubes of that amplifier. Now ad-

just R„ so that the signal will be the 
same at pin 5 for both output tubes. 
Repeat the adjustment for the other 
amplifier; we used caps on the balance 
controls since this is a semi-permanent 
adjustment which cannot be checked 
on the meter. 
Now connect each side of the am-

plifier to a dummy load (or a common 
load to the paralleled outputs), turn 
each bias control fully negative (CCW 
in our amplifier) and plug in the out-
put tubes. To check output tube cur-
rent, we used a 100 mA meter with 
a switch which inserts the meter into 
any one cathode circuit or cuts it out 
of the circuit. If you see no purpose 
in building into the amplifier a meter 
which will be used rarely, make some 
other provision for measuring cathode 
current (such as closed-circuit phone 
jacks). In any case, with the controls 
supplying full bias, the tubes should 
draw little or no current. After they 
have warmed up, slowly adjust each 
bias pot for 50 mA cathode current. 
Since they interact, go back and ad-
just each pot a couple of times until 
all of the tubes are drawing the same 
50mA. After about 10 hours of oper-
ation, repeat the adjustments to com-
pensate for initial aging. 
Before connecting the amplifier to 

your speaker system check each side 
with a voltmeter (dummy load at-

(right). Underside of the power 

tached) to make sure it is not oscil-
lating; should you have made a wiring 
error causing the feedback phase to 
be reversed, the amplifier would be 
producing about 160 watts of oscilla-
tion which you will want to correct 
before it sends your speaker up in 
smoke. 
Adjustment of the amplifier is now 

completed. If you have the test equip-
ment, you might want to trim balance 
controls R„ for minimum IM distor-
tion; adjustment for equal output is 
sufficient for anything less than lab-
oratory measurement uses. 

Performance 

Frequency response, power output, 
and other data are given in Figs. 7 
and 8. No distortion measurements 
are given since these have been shown 
(by transistor research, to a great ex-
tent) to have little to do with sound 
quality.  Suffice to say that square 
waves at 1 kHz and 10 kHz are closer 
to the original than those coming out 
of any other amplifier we have seen. 
20 Hz square waves show a great deal 
of tilt because of subsonic rolloff and 
high-frequency  square  waves  are 
rounded because of the high-frequency 
rolloff. Note the large difference be-
tween maximum output before clip-
ping and absolute maximum output in 

(Continued on page 26) 
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Fig. 5. Over-all schematic of the amplifier section. 

R12  4.7 iVlcg 

70 iF 

R13 4.7 Meg 

both the single channel and combined 
measurements. This is indicative of 
the  symmetrical,  gradual  clipping 
which turns sine waves almost into 
square waves before sides are de-
formed.  Maximum power without 
audible distortion is about 100 watts, 
music power about 115 watts (each 
channel) and total peaks in the half-
kilowatt region. Frequency response 
is dead flat throughout the spectrum, 
another 15 dB of feedback will pro-
duce neither oscillation nor detectable 
sound improvement, the noise is inau-
dible, the gain very high (input gain 
controls may be needed in some ap-
plications), and the damping factor 
(remember that?)  good  for most 
speakers.  The amplifier has been 
tested into a capacitive load approxi-
mating an electrostatic speaker and 
shows no signs of instability or sound 
degradation. 

A word of caution: if you have 
never experimented with anything this 
big, be very careful about plugging 
and  unplugging  leads.  An  open 
ground could easily mean 160 watts 
at 60 Hz fed to your speaker. Also, 
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Fig. 6. Schematic of the power supply section 
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Fig. 8. Frequency response curves for 0.72 watts per channel, and for maximum 
combined output of both channels. 

switching clicks may contain so much 
energy that they may cause your house 
lights to flicker. This does not mean 
oscillation, it simply means that the 
amplifier can reproduce a sharp thump 
fed into it at the equivalent of many 
watts of power. If you have chroni-
cally noisy switches on your preamp, 
you might consider a subsonic filter. 

Rationale 

Why, to sum things up, does one go 
out of one's way to listen to an ampli-
fier whose only claim to fame seems 
to be the great gobs of power it can 
produce, an amplifier whose flat fre-
quency response, low noise, and high 
gain can be duplicated by most of the 
commercial units on the market today. 
an amplifier which is hardly easy on 
the back muscles and which, if mis-
treated, may vent its rage by destroy-
ing any speaker made in a fraction of 
a second? 

The reason is sound.  For pure 
sound quality, this amplifier sounds 
noticeably better than anything we 
have ever heard. Using it in place of 
a respected 70-watter elicited immedi-
ate comments from listeners. Not only 
is it exceptionally clean at normal 
levels, but the feeling of completely 
unlimited power handling capacity is 
a new experience.  We invariably 
listen to the amplifier at considerably 
higher levels than before, but it is a 
new type of loudness, absolutely free 
of listener fatigue and truly approach-
ing live sound. This is an amplifier 
which can be relied upon never to 
call attention to itself (sonically, at 
least) no matter what it is called upon 
to do; it will always be a strong link 
in the chain or sound reproduction. 
We would like to thank Calvert 

Electronics, Inc., Sarkes Tarzian. Inc., 
the Triad Distributor Division, and 
Mr. Frederic Feingold for their inval-
uable assistance in this project.  /E 

Parts List 

Amplifier -2 of each component 

unless otherwise specified 

C„ 

M, 

R,, R„, R„ 

R„ R, 
12; 
R,, R,, R, 
R„, R, 
R„, R„ 
R,,, R„ 
R,,, R„ 
R„ 
R,„, R„ 
R„ 

R,, R,„ 
12-„, R„ 
R„, R„ 
R„ 
Rb 

Rh 

Si 

VI 
V2 

50  AF,  6V, electrolitic, 
Sprague TE 1100 
0.25 ILF, 600 V, paper, 
Sprague 6TM-P25 
470 pF, Sprague 47192 
.005 AF, paper, Sprague 
6TM-D50 
1.0 AF,  paper,  Sprague 
6TM-M1 
100 pF, ceramic, Sprague 
10TCC-TIO 
100 mA meter, I only, op-
tional 
470 k ohms, 1/2  watt (All 
resistors 5%) 
2200 ohms, 1 watt 
100 ohms, 1/2 watt 
1 megohm, 1/2  watt 
220 k ohms, 1/2  watt 
10,000 ohms, 1/2  watt 

4.7 megohms, I/2 watt 
1000 ohms, 1/2  watt 
33,000 ohms, 1/2  watt 
25,000-hm, 4-watt potenti-
ometer 
100 k orms, V2 watt 
20.000-ohm potentiometer 
5600 ohms, I/2 watt 
4700 ohms, 1/2  watt 
4700 ohms, 1 watt ( 1 only, 
common to both channels) 
100-ohm potentiometer (I 
only) 
Meter  switch,  Mallory 
1400L (1 only, optional) 
100-W,  tapped  screen, 
4500-ohm  output  trans-
former, Triad S-158-A) 
12AX7 
6SN7GTB 

V5, Vh KT88 
Chassis,  jacks,  sockets, 
hardware, etc. 
Power supply 

C,, C5, C5,  100 ALF, 450-V electrolite, 
C. C. C6 Sprague 1718 

20 laF, 250-V, electrolytic, 
Sprague 1508 

F,  5-A, Slo-Blo fuse 
0.5-A. Slo-Blo fuse 

L,  Triad  C-35A  swinging 
choke, 20-4 Hy, 40-400 
mA. 

L,  Triad C-20A choke, 6 Hy, 
400 mA. 

R,, R,,  100 k ohms, 2-watts (All 
R,  10% 

R,  22,000 ohms, 1 watt 
R,, R,  220 k ohms. 1/2 watt 
R,  1000 ohms, 1/2  watt 
SR,  tube-replacement type sili-

con rectifier, Sarkes Tar-
zian S5162 

SR,  Bridge-type silicon rectifier 
T,  Triad R-27A 

Triad R-30X 
Chassis,  line cord,  fuse 
mountings, power 
cable, hardware. etc. 
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An FM-Stereo 
Antenna Primer 

PART 4 

WALTER G. WOHLEKING 

After the signal is effectively picked 

still the problem of getting it from 

receiver without picking up unwanted 

Practical Transmission Lines 

THE ANTENNA RECEIVES the FM 
signal, the transmission line de-
livers it to the tuner. There are 

various ways in which transmission 
lines can be classified: Shielded and 
unshielded, balanced or unbalanced, 
and so on. Our interest lies with three 
types and for purposes of this dis-
cussion we'll place them each in their 
own class despite the fact that they 
each have characteristics which relate 
with one of the others. 

At one end of the transmission line 
spectrum is the balanced, unshielded 
transmission line known more com-
monly as "twin lead." The line is not 
by nature balanced, and for this rea-
son the above nomenclature might 
well be misleading. What is meant by 
this is that the line is designed to be 
used with each conductor varying 
about ground by the same potential. 
When properly installed, each wire of 
the twin lead carries an r.f. current 
which varies 180 deg. out of phase 
with that in the other wire of the twin 
lead. 

This situation results in minimal 
radiation of fields that would pri-
marily be radiated by a single wire 
carrying this current. It is extremely 
important to minimize such radiation 
from a transmission line. If the line 
radiates, it is, in effect, an antenna 
whch responds to r.f. energy just as 
does the antenna to which the line is 
connected. As such, the line is sus-
ceptible to pick-up of near-to-ground 
interference, ignition noise, and so on, 
and is capable of degrading the pat-
tern and cross-polarization level of 
the antenna itself. When the balanced 
condition is in effect and current in 
each side of the line is varying at 
equal and opposite levels with respect 
to ground, almost all of the electric 

up by the antenna proper, there is 

the antenna down to the tuner or 
noise and without excessive losses. 

field generated by these varying cur-
rents is located between the two wires, 
and radiation (and therefore, because 
of reciprocity, reception) of energy 
by the transmission line itself is quite 
small. 
If the line becomes unbalanced, the 

radiated field no longer is restricted 
to the space between the conductors 
and pickup of extraneous fields and 
noise increases. The line is thus no 
longer maintaining the integrity of the 
signal it's supposed to transfer from 
antenna to tuner, but is adding other 
information to it and is also radiating 
the signal it carries into the surround-
ing medium. Needless to say, this par-
ticular occurrence is wasteful of the 
signal we are trying to get into our 
receiver. 
Comment on line unbalance seems 

unnecessary, and is indeed unneces-
sary, if we merely eliminate the causes 
of unbalance. In antenna system in-
stallations, however, unbalance in twin 
lead is caused by any factor which 
places one or the other of the twin 
lead conductors at a different potential 
with respect to ground than is the 
other. If, for example, a transmission 
line is routed near a downspout and 
one side of the twin lead passes closer 

to this effective ground than the other. 
the line will become unbalanced be-
cause of the different impedance to 
ground this side of the line sees rela-
tive to the unaffected side. This type 
of unbalance can be minimized by 
frequent twisting of the twin lead to 
insure that what one wire of the line 
sees the other —at least in the space of 
one twist —will also see. 

Twin-Lead Installation 

Precautions 

To prevent an unbalanced condi-
tion in installations utilizing 300-ohm 
twin lead, careful routing procedures 
are required. The transmission line 
should be held only in appropriate 
standoffs designed for the specific pur-
pose of carrying and supporting this 
type of line. The line should be twist-
ed frequently to minimize unbalance 
and resulting radiation losses. Fortu-
nately, such standoffs are widely avail-
able from parts jobbers and should be 
used rather than staples, nails, or 
other fastenings to hold twin lead in 
place. 
If such care is required to install 

twin lead properly, why is it used by 
anyone and why is it in fact the most 
widely employed transmission line in 
FM and TV installations? One reason 
is that it is suffers the least loss of all 
the commonly available lines. Table / 
gives the characteristics of transmis-
sion lines of the three types we will 
consider. At 100 MHz, the unshielded 
twin lead exhibits line attenuation of 
1.1 dB per 100 feet, as compared to 
2.8 dB for shielded twin lead and 
3.75 dB for coaxial cable. 

Coaxial Cable 
Coaxial cable, at the other end of 

the transmission line spectrum, is con-
(Continued on page 31) 

Table I 

TRANSMISSION 

LINE TYPE 
NOMINAL 0.0. 

( in. ) 
NOMINAL 

PROPOGATION 
VELOCITY 

NOMINAL 

CAPACITANCE 
pF /ft. 

NOMINAL 

ATTENUATION 
AT 100 MHz 

(dB) 

TYPICAL, t.i.,:, I 
100-ft. kneth 

3130-a Twin Lir.id 
(Belden 8225) 

.058 x .400 4.4 1.1 $ 1.65 

300-, Shielded 
Twin Lead 

(Belden 8290) 

.300 x .510 ., 6 .4 2.8' 9.75 

RC-59/U 724.1 
Coaxial Cable 
(Belden 8241) 

. c.i,' o 21. U i  • ,. 10 

• Interpolated 

•• Does not include losses in any 
necessary matching transformers 
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401111111 W 
not all 

cardioid microphones 
are alike... 

the 

TRUE CARDIOID UNIDIRECTIONAL DYNAMIC 

MICROPHONE SOLVES ALL THESE 

COMMON MICROPHONE PROBLEMS! 

PROBLEMS CAUSED BY INEFFICIENT REJECTION OF UN WANTED SOUNDS BY THE MICROPHONE 

SITUATION PROBLEM CAUSES SOLUTION 

REFLECTI ONS Feedback occurs where a 
so-called "cardioid" micro-
phone is used and the 
speakers are placed to the 
rear of the microphone. A 
common occurrence in 
churches, auditoriums, and 
meeting rooms. 

Sound bounces off hard surfaces 
on the walls, floor and ceiling, 
in and around the audience area 
and the microphone used is 
not effective in rejecting these 
sounds at all frequencies, and 
in all planes about its axis. 

The Unidyne Ill rejects sound 
at the rear with uniformity at 
all frequencies. Sounds bounc-
ing off floor or other surfaces 
are uniformly rejected. 

COLU MN 
LOUDSPEAKERS 

Unexplained feedback. Col-
umn loudspeakers are used 
to distribute sound more 
evenly to the audience in 
churches and auditoriums. 

Feedback occurs when rear and 
side sound lobes of column 
speakers coincide with rear and 
side lobes of so-called "cardi-
oid" microphones. 

The Unidyne Ill solves this 
problem because it has no rear 
or side lobes. Thus it rejects 
the side and rear lobes of the 
sound column speakers. 

REVERBERANT 

A disturbing, echoing effect 
of low frequency sound often 
found in churches, large au-
ditoriums, and arenas. 

Low frequency reverberation and 
boominess occuring when mic-
rophone fails to retain unidi-
rectional characteristics at low 
frequencies. 

The Unidyne III maintains a 
uniform pattern of sound re-
jection at all frequencies, even 
as low as 70 cps. The response 
has a controlled roll-off of the 
low end—low frequency rever-
beration diminishes effect of 
hoomy hall. 

PROBLEMS CAUSED BY THE MICROPHONE'S INEFFECTIVENESS IN PICKING UP THE DESIRED SOUND 

GROUP COVERAGE 
WITH ONE MICROPHONE 

ti  1 

A single microphone does 
not provide uniform cover-
age of a group. This is 
commonly experienced with 
choral groups, quartettes, in-
strumental combos, and 
speaker panels. 

The particular "cardioid" micro-
phone used lacks a uniform 
pickup pattern, so that persons 
in different positions within the 
general pickup area of the 
microphone are heard with vary-
ing tonal quality and volume. 

The Unidyne III affords uni-
form pickup of the group with 
a resulting consistency in vol-
ume and sound quality among 
the members of the group. 

USING MULTIPLE 
MICROPHONES 

DISTANT PICKUP 

Variation in the pickup level 
and tonal quality exists 
throughout the broad area to 
be covered. This may occur 
in stage pickup of musical 
and dramatic productions, 
panels and audience partici-
pation events. 

The pickup pattern of the micro-
phones used is too narrow, 
causing "holes" and "hot spots." 
The off-axis frequency response 
of the microphones also varies. 

The Unidyne III permits 
smoothness in pickup as true 
cardioid pattern gives broad 
coverage with uniformity 
throughout coverage area. 
Eliminates "holes," "hot 
spots," and variations in sound 
quality, simplifies blending 
many microphones. 

Too much background noise 
or feedback results when 
working with microphone at 
desired distance from sound 
source. 

Long-range microphones are less 
directional with lower frequen-
cies. Lobes or hot spots allow 
background noise or feedback. 

Use the Unidyne III to gain 
relatively long range with ef-
fective rejection of sound at 
all frequencies at the rear of 
the microphone. 

SHURE BROTHERS, INC., 222 HARTREY AVE., EVANSTON, ILL. 60204 

Circle 65 on Reader Service Card 
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Experts' 
Choice! 
JFD® IPLIFIVI 
STEREO LOG PERIODIC ANTENNA 

NATIONALLY ACCLAIMED for: 
Greater Sensitivity. 
Sharpest Directivity. 
Cleanest Signal. 

•Ucensed under one or nore of U.S. Patents 2,958.081: 2.985. W9: 3.011.168: 
3.108.28C: 3.150.376: 3.210.767. R.. 25,740 and additional patents pending in 
U.S.A. WWI Canada. Procucec bl. JFD Electronics Corporation under exclusive 
license horn the Unwersity at Mlinois Founcation. 

For the first time, JFD engineers have harnessed the amazing 
frequency independent telemetry log periodic antenna design to 
FM stereo. The result is a spectacular advance ir the state-of-the-
FM antenna art—the patented* JFD LPL-FM Log Periodic. 

Your tuner's multiplex circuits require higher signal levels than 
monophonic tuner circuits. JFD full-wavelength L-dipole design 
gives your tuner up to 41 percent more signal voltage than 
today's best 10-element FM Yagi. 

Your tuner's multiplex circuits also need pure, distortion-free 

MAKE JFD YOUR SINGLE SOURCE OF RELIABLE TV & 

FM ANTENNAS AND ACCESSORIES FOR THE HOME! 
* FM antenna signal amplifiers. • FM signal splitters that operate 

your FM and TV receivers off one TV/FM antenna (such as the JFD 

LPV Log Periodic). Or combine separate TV & FM antennas into ore 

system using one down-lead. • Bandpass filters to eli minate inter-

ference. • AccuRotor rotators to pinpoint distart stations. Write 

for brochures 834 and 919. 

4 LPL-FM ANTENNAS TO CHOOSE FROM 
LPL-FM10 
to 175 miles 
List $49.95 

/11 

L.PL.FM8  LPL•FM6 
to 150 miles  to 125 miles 
Lust $39.95  list $29.95 

LPL-FM4 
to 75 miles 
List $19.95 

NATIONALLY ACCLAIMED by: 
FM station engineers. 
Hi-fl publications. 
Tuner designers. 
Independent testing labs. 

sival. JFD frequency independent log periodic antenna design 
feeds your tuner studio-quality signals ... maintains 300 ohm 
impedance match that prevents signal-sapping standing waves— 
on every station. 

Whether you are seeking more FM stations, better separated FM 
stereo, elimination of distortion and interference ... demand the 
antenna that is the expert's choice—the JFD LPL-FM Log Periodic. 

Developed from research performed at the University of Illinois 
Research Laboratories. 

"With it we get the effective signal into the receiver which we formerly had 
usirg a yagi beam and transistor preamplifier. In addition to better limiting 
in tie pickup receiver, we believe that we now enjoy a better noise figure in 
the overall system. We would recommend the use of this antenna to other 
broadcast stations."  Philip Whitney, Manager 

FM STATION WRFL WINCHESTER, VA. 

"My experience with this antenna will make me confident to recommend It 
to anyone who consults us from a difficult reception area." 

Lawrence Gahagan, Chief Engineer 
FM STATION WPRB PRINCETON, N.J. 

"One particularly iifficult pick-up is KTHO across 46 miles of rugged moun-
tain range. Your antenna solved all of the difficulties.•" 

Jerry Cobb 
FM STATION KNEW RENO, NEV. 

"We receive a perfect signal with the LPL-FM antenna, where it was im 
sible to use the signal heretofore for rebroadcast without a great amours c,r 
fadi n or atmospheric noise."  Cary H. Simpson 

FM STATION WTRN TYRONE, PA. 

JFD ELECTRONICS CORPORATION 
15 Avenue at 62 Street, Brooklyn, N.Y. 11219 

JFD International, 64-14 Woodside Ave., Woodside, N. Y. 11377  JFD Canach, Ltd., Canada 

Circle 66 on Reader Service Cord 



STEREO ANTENNA 
(Continued from page 28) 

Fig. 22. Three major types of transmis-
sion lines —left, 300-ohm twin lead with 
a foam, weather resistant jacket; cen-
ter, the same cable with an aluminum 
plastic outer jacket for shielding; and 
right, RG59 U coaxial cable, 72-ohm 

impedance. 

siderably less susceptible to interfer-
ence from extraneous fields than is 
twin lead. This is so bcause one of 
the two transmission line elements 
completely surrounds the other, con-
taining the field within it. This shield 
rejects outside interference simply be-
cause it more effectively contains the 
field than do the two wires of the 
twin lead. But as a result of the fact 
that the shield appears as a single 
conductor, any currents which appear 
on the outside of the shield itself will 
not be cancelled and the shield will 
radiate as does an antenna and the 
unbalanced line discussed earlier. 
To prevent such radiation the shield 

of the coaxial cable is grounded and 
currents from the antenna are pre-
vented from traveling on the shield. 
The center conductor then varies 
about ground potential and the field 

Fig. 23. Wall brackets and heavy-duty 
mast supporting a rotator and 10-ele-
ment Yagi-Uda array.  Shielded twin 
lead and rotator cable taped to mast 
and then together can be seen passing 
through a standoff at the bottom of 

the picture. 

Table II 

i RANSMISSION LINE IMPEDANCE ADVANTAGES DISADVANTAGES 

I •nshielded Twin Lead High = 300o Inexpensive 

Low 

Low, low atten-
uation 

Light weight 

Easy to work with 

Connects direct to 
antenna and to re- 

ceivers with bat- 
anced input 

Requires special 
hardware for routing 

Sensitive to nearby 

conductive surfaces 

Characteristics 
change with age and 

exposure to weather 

Highest noise pick-ii; 
susceptibility 

;iielded Twin Lead High — 300..) Lowest noise pick- 

up susceptibility 

Impervious to weather 

Can be routed any- 
where regardless of 

nearby conductive 
surfaces 

Any clamps suitable 

for mounting 

Connects direct it 
antennas and to rt - 

ceivers with bal-
anced input 

h , ladirely expensive 

(highest) 

Attenuation greater 

I Ilan unshielded 
twin lead 

Coaxial Cable Low — 72 to 
75 ,,, most 

common 

LOW I101Se pia- 

up susceptibility 

impervious to weather 

Can be routed any- 
where regardless of 

nearby conductive 

surfaces 

Any clamps suitable 

for mounting 

Relatively exp,nstve 

Highest attenuation 

Requires matching 

transformers at antenna 
end and possibly at 
receiver end 

is formed between the center conduc-
tor and inside of the shield. In addi-
tion to the isolation from unwanted 
radiation that the coaxial cable pro-
vides, the shield also allows this type 
of transmission line to be routed wher-
ever you please. It can be stapled or 
held in place without special precau-
tions. Coaxial cable is also much less 
susceptible to weathering than twin 
lead, although several types of weather 
resistant twin lead have been devel-
oped during recent years. 
Well, if coaxial is superior to twin 

lead in noise rejection and resistance 
to weather and aging, why isn't it 
more widely used? Table / gives one 
reason: It introduces more attenuation 
than twin lead for cable of compara-
tive size. Coaxial cable with losses no 
greater than twin lead is available, but 
at a considerable increase in size and 
weight over twin lead. In addition, 
the cost of coax is considerably more 
than that of twin lead. The use of 
coax in a system usually requires trans-

formers at each end of the line. These 
transformers have losses which must 
be added to the losses of the cable 
when comparing one system with an-
other. While the losses inherent in a 
system should be a decisive factor in 
the selection of the components that 
make up the system, the major rea-
sons for the lack of universal use of 
coax are really cost and the generally 
good results on mono reception avail-
able with twin lead. Coaxial cable is 
utilized in most professional antenna 
system installations. 

Shielded Twin Lead 

By combining the features of twin 
lead (balanced line) with coaxial ca-
ble (concentric shield) a transmission 
line results which has rejection char-
acteristics superior to both twin lead 
and coax and has attenuation charac-
teristics somewhere between the two. 
The reason for the superior noise 
characteristics should be obvious from 
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MAST 

300!) TWIN LEAD 

(TWISTED) 

ANTENNA INPUT 

STANDOFFS 

TUNER 

(A) BALANCED LINE 

SHIELDED 
I 300n TWIN LEAD  , 

- "AST 

CLAMPS 

ANTENNA INPUT 

TUNER 

(B) BALANCED SHIELDED LINE 

300-1"! TWIN LEAD —0-

72-  CO-Ax 

_  A  I 

tr 

or* — 

I72  BALUN 

ANTENNA INPUT.  

TUNER 

(C) UNBALANCED LINE 

Fig. 24. Antenna system installations for three primary transmission line types. 

our discussion of the other two trans-
mission lines. The shielded, balanced, 
two wire transmission line uses what 
might be termed a brute force ap-
proach, the combination of the bal-
anced line capability to concentrate 
field along with the even greater ef-
fectiveness of the shield in reducing 
noise pickup. It is weather and age 
resistant and can be run near conduc-
tive surfaces without danger of de-
grading balance.  Characteristics of 
shielded twin lead are given in Table 
I, and all three types of cable are 
shown in Fig. 22. 

Selecting the Transmission Line 
Just as we're faced with antenna 

selection for a specific situation, we 
are faced also with a decision as to 
the transmission line which will do 
the best job of coupling antenna to 
receiver or tuner.  A summary of 
transmission  line  attributes  which 
should help considerably in making 
such a decision is given in Table II. 
The choice of transmission line is no-
where near as clear cut as the choice 
of antenna (providing of course that 
this choice is in fact clear cut). The 
following is a summary of the guide-
lines that can be used to facilitate this 
mind-numbing decision. 
I. As a general rule of thumb, the 

best transmission line for the majority 
of installations is shielded twin-lead. 
True, it is relatively expensive and on 

a cold day, when the plastic becomes 
less flexible, it is a bear to install. But 
it guarantees for all intents and pur-
poses that extraneous effects on the 
signal travelling the line will be slight, 
and special routing or handling is not 
necessary to achieve this end. 
2. If signal level at the receiver is 

marginal for stereo reception, un-
shielded 300-ohm twin-lead is the best 
choice. Pick a good grade that is de-
signed to provide high resistance to 
weathering and use standoffs to carry 
the line, even in the house, where pos-
sible. Tests have indicated that mis-
installation of 300-ohm twin lead, us-
ing Romex cable staples, can increase 
the effective loss of the line by over 

ANTENNA 
PORT 

RECEIVER 
PORT 1 

HYBRID COUPLER 

RECEIVER 
PORT 2 

Fig. 25. Block diagram of hybrid opera-
tion where P = received power from 
antenna P, and P represent radiated 

powers from receiver front ends. 

1.25dB per 100 ft. at 108 MHz.3 
Whatever you do, don't route the un-
shielded line through metal conduit 
or gutters or other similar surround-
ing metal tubes. The same test show-
ed high line-loss factors when twin 
lead was allowed to lie on the ground 
or become soaked with water. While 
careful routing can prevent the former 
from happening,  Providence alone 
can keep rain off the line. 

3. Although priced between shielded 
and unshielded twin leads, the losses 
incurred when RG-59/U coax is used 
along with the necessary matching 
transformer baluns takes this cable 
out of the same league as the other 
two. It is somewhat easier to handle 
than the shielded twin lead and of 
course possesses all its interference 
and age rejection properties. Cable 
losses are functions of length, and in 
short runs actual differences in atten-
uation between various cables may be 
negligible. The same may not be said 
for transformers. Their losses in an 
antenna system are fixed values which 
have no regard for line length. So, 
what we are faced with when coax 
line is employed for long cable runs 
is a much greater line attenuation than 
with a similar length of either shielded 
or unshielded twin-lead. As the length 

3Mark L. Nelson, "Loss figures for 300-
ohm twin lead." Electronics World, 
January, 1965. 
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is shortened, the line differences be-
come less, but now the fixed loss of 
the transformer rears its head and be-
comes a greater percentage of the to-
tal system loss than it was when the 
line length was great. 
Before we stop beating this topic 

with a stick to make sure it has died, 
some smart aleck probably wants to 
know how he can tell in advance if he 
must use a transmission line that is 
unshielded for maximum signal trans-
fer or if he should gamble and go out 
and sink the big money into the 
shielded stuff. There is an easy way 
to check that costs very little. Pur-
chase enough of a very inexpensive 
unshielded twin lead to run from an-
tenna to receiver and connect it be-
tween these two marvels of the elec-
tronic age. Route the wire properly. 
making sure it is not near any conduc-
tive surfaces, or the like as previously 
discussed.  If, when the receiver is 
turned on and a stereo broadcast 
tuned in, noise is present, chances are 
that the increased losses of the twin 
lead will only make the noise worse. 
If noise does not make its objective 

presence known, then place 10-ohm, 

TO ANTENNA 

RECEIVER RECEIVER 

(A) DIRECT COUPLy.: 

TO ANTENNA 

(B) RESISTIVE COUPLING 

WHERE  K:51 
DEPENDING ON 
SIZE OF RESISTORS 

Fig. 26.  Less-desirable methods of 
coupling multiple receivers to a com-

mon line. 

1/2 -watt resistors in series with each 
of the wires of the twin lead at the 
point where they connect to the tuner 
or receiver. This is a fair approxima-
tion of the attenuation that will re-
sult if shielded twin lead is employed. 
If noise does not turn up when this 
is done, shielded twin lead can be in-
stalled and the listening will be good. 
If noise does turn up on a stereo sta-
tion, then a good grade of unshielded 
twin lead should be used to replace 
the cheap stuff that was used to make 
the test. 
When making the test described 

above, two things are important to 
bear in mind. First, use only stereo 
broadcasts on which to base the selec-
tion of line. Second, make sure that 
the unshielded test line is installed 
properly or else the losses resulting 
from this misinstallation will obscure 
the real test results. 
In summation, and recognizing the 

usual risk of dangerous generalization 
that opinionating carries with it, the 
following may be said about that 
other half of an antenna installation, 
the transmission line.  Just as high 
gain is the word or should be the 
word of antenna disciples, shielded 
twin lead is the king of FM antenna 
system transmission lines. The advan-
tage in attenuation offered by un-
shielded wire will eventually be com-
promised by environmental conditions. 
and that bit of ignition noise that 
doesn't slip in during a crucial FM 
stereo taping session will make the ex-
tra cost worthwhile. 

Practical Antenna Systems 

We've covered much ground and 
have really defined quite well an opti-
mum antenna system for FM stereo: 
High gain yagi or log periodic dipole 
array (Ipda). on a rotator if necessary, 
and shielded twin lead transmission 

Fig. 27. Separate 
antenna  systems 
mounted too 
closely  on  the 
same mast. Lower 
of the two is a 6-
element FM Yagi. 
Transmission lines 
are  routed 
through the same 
standoffs,  result-
ing in high cross 
coupling. Close 
spacing of anten-
nas as shown here 
deteriorates  pat-
tern and imped-
ence of each an-

tenna. 

line. What we will talk about in the 
space and time that remains is the me-
chanics of putting this system or any 
antenna system up where it belongs, 
and the results that can be expected if 
we use other than this so-called ideal. 
For instance, suppose connection is 
made to the TV antenna system. Sup-
pose we wish to connect more than 
one receiver to the line. What are all 
the line splitters and couplers about 
that appear in every parts catalogue 
from Honolulu to Huntington?  In 
short, we are going to put our tremen-
dous backlog of brilliant and thought-
provoking antenna knowledge to work. 

Let's first talk about installing the 
high-gain array mentioned earlier. 
About the only thing important about 
the physical location of the antenna 
itself is that it not be too close to a 
flat roof, such as those found on dorm-
ers for instance. While certain sub-
stances are relatively transparent to 
r.f. energy impinging upon the surface 
perpendicularly,  when  the  grazing 
angle becomes small the substance be-
comes a very good reflector and will 
affect the radiation pattern of an an-
tenna mounted directly above it. Keep-
ing the antenna high above any such 
surface increases the grazing angle. 
substantially reducing reflection from 
the surface. This problem is obviously 
not as severe with sharply sloping 
roofs. 
A multitude of devices is available 

to support the mast which in turn sup-
ports the antenna. Which is best is 
really a matter of what for a particu-
lar installation is most convenient. A 
very good mast support bracket which 
is strong and readily installs on any 
wall is shown in Fig. 23. This figure 
also shows the wall thickness you 
should look for when choosing a mast. 

(Continued on page 51) 
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Thick wall masts from an inch and a 
half to two and a half inches in diam-
eter are available at suppliers and cost 
about eight or ten dollars. One cable 
running up the mast in Fig. 23 is a 
shielded 300-ohm twin lead and the 
other is the control cable for the ro-
tator which is visible at the top of the 
picture. Because the transmission line 
is shielded, it can he taped to the mast. 
A standoff is used to hold both cables 
after they leave the mast, but any 
other type of clamp would have been 
suitable. 
If unshielded twin lead were used 

in an installation such as this, special 
mast standoffs would have been need-
ed to keep the cable away from this 
conductive surface, and away from 
the rotor wire. 
A block diagram of this antenna in-

stallation with the three transmission 
line types available for use is illus-
trated in Fig. 24. Note that the ca-
ble shields are not used to ground the 
antenna mast, which should definitely 
be grounded. Grounding the mast en-
sures that the current maximum on 
each antenna element will occur at the 
center of the element, yielding the de-
sired radiation pattern from the yagi 
or log periodic dipole array. 
To connect more than one receiver 

to the same antenna system (some-
thing not advised if signal levels on 
stereo broadcasts are marginal) a hy-
brid is called for. The hybrid T is a 
device which provides a power split 
with isolation between the two de-
vices accepting the power. Refering 
to Fig. 25 if the antenna delivers sig-
nal into arm A of the hybrid, the T 
will split the energy equally and half 
the power will appear at arm 1 and 
half will appear at arm 2 (neglecting 
losses in the T. of course). But any 
energy appearing at arm 1 from the de-
vice connected to this arm will appear 
at arm 2 at a much lower level, typi-
cally about 10 dB down. Thus if the 
receiver connected to arm 1 were to 
radiate energy from its local oscillator, 
the hybrid T would attenuate this 
local oscillator energy 10 dB before 
it reached and interfered with recep-
tion in the tuner connected to arm 2. 
Local oscillator radiation, incidentally, 
is the interference that is often seen on 
TV screens when two receivers are 
connected to a single antenna, and the 
method of coupling the two to the 
common line is inadequate with re-
gard to cross-coupling reduction. A 
good hybrid T would correct interfer-
ence such as this. Make no mistake. 
The hybrid does not magically elimi-
nate the 3-dB signal loss that goes 
with any equal power split.  But it 

PORT C 

FM RECEIVER 

TV-FM ANTENNA 

52 — 212 MHz 

PORT D 

TV RECEIVER 

DIPLEXER 

Fig. 28. Block diagram of diplexer 
operation. 

does prevent the devices that accept 
the energy division from interfering 
with each other. Hybrid connections 
in a system are evident from Fig. 25. 
Just in passing it might be well to 

mention the other methods of coup-

FM 

VHF TV & FM 
ANTENNA 

INPUT 

DIPLEXER 
VHF TV 

FM RECEIVER (A) TV RECEIVE 

THIS DIPLEXER HAS AN FM BAND-PASS 
FILTER AT OUTPUT (1) AND AN FM BAND-
REJECT FILTER AT OUTPUT (2). 

TV ANTENNAS 

TV BANDS  FM BAND 

A DIPLEXER CAN BE USED AT ANTENNAS TO 
COMBINE SIGNALS INTO A SINGLE TRANS-
MISSION LINE. A SIMILAR DIPLEXER IS 
USED AT RECEIVERS TO SPLIT SIGNALS 
INTO ORIGINAL FREQUENCY COMPONENTS. 

ling receivers to the same antenna sys-
tem. There is of course the direct con-
nection which provides no isolation 
between receivers at all. It is made by 
connecting a piece of transmission line 
in parallel with the existing line. The 
second receiver is connected to the 
other end of the line. It suffers from 
the interference problems just men-
tioned. 
Some T's couple using resistive ele-

ments to reduce interference, as illus-
trated along with direct coupling in 
Fig. 26. This is undesirable because 
power is wasted in the resistive ele-
ments. 

Two Antenna Systems 
on One Mast 

If two tuners capable of simultane-
ous operation are a requirement of a 

FM 

FM, VHF & UHF 
ANTENNA 

VHF 

DIPLEXER 

DIPLEXER 

VHF TV 

UHF 

FM RECEIVER (B) 
VHF-Li 
TV RECEIVER 

THE UPPER DIPLEXER HAS A LOW-PASS 
FILTER FOR VHF AND A HIGH-PASS FILTER 
FOR UHF. THE LOWER DIPLEXER OPERATES 
IN THE SAME MANNER AS IN (A). 

VHF 
ANTENNAS UHF 

THE BETTER WAY TO DO (B) • DIPLEXER 
IS HIGH-PASS FILTER AT UHF PORT AND 
LOW-PASS AT THE VHF PORT. ON THE 
MULTIPLEXER, FM IS BAND-PASS, UHF IS 
HIGH-PASS, AND VHF IS LOW-PASS WITH 
FM BAND-REJECT 

Fig. 29. Typical uses of diplexers and multiplexers. 
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particular audio installation, an an-
tenna system for each is hest for opti-
mum signal transfer to each receiver. 
Both antennas in the system can be 
mounted on the same mast if they are 
spaced an adequate distance apart. or 
aligned at right angles to one another. 
The same is true of a single receiver 
which for some reason must use two 
separate antenna systems selectable by 
a switch, or for a single mast carrying 
both TV and FM receiver antennas. 

As long as two antennas on the 
same mast are spaced greater than a 
half-wavelength apart at the lowest 
frequency of operation. the effect on 
the impedance of one by the presence 
of the other will not he great and the 
two can be used satisfactorily in this 
manner.  If unshielded twin lead is 
used to feed the dual antenna installa-
tion, one twin lead should be placed 
on the opposite side of the mast from 
the other. No installations such as 
that pictured in Fig. 27, if you please. 
Here, both antennas are situated in 
close proximity, and the unshielded 
twin-lead transmission lines are run 
together in the same standoffs. Both 
the pattern and impedance of the an-
tennas are degraded and a high level 
of cross coupling between the trans-
mission lines exists. 

Utilizing Existing TV Antennas 
Although not by any means an opti-

mum antenna system for FM, the TV 
antenna possesses one main advantage 
to the person who requires an antenna 
for an FM receiver. It's available and 
already installed. In addition the ar-
rival on the scene of log periodic. 
frequency  independent  ( relatively 
speaking, of course) antennas recent-
ly has given rise to the hope of an all-
purpose VHF TV, FM, UHF TV An-
tenna for home use. 

Connection to this antenna system 
can he made by the direct and re-
sistive methods touched on earlier, if 
the disadvantages of these types of 
connections can be tolerated.  The 
best way of combining both FM and 
TV on the same antenna system, how-
ever, is through the use of a diplexer. 
The diplexer is similar in operation 
to the hybrid, except that it operates 
on two different frequencies of fre-
quency bands. As such, the hybrid 
shown in block form in Fig. 28 de-
livers all the FM-band signal at the 
input to output port C and all the TV-
band signal to output port D. In ad-
dition it provides isolation similar to 
that of the hybrid between ports C and 
D. 

The diplexer is a specific form of 
a general device termed a multi-

plexer. The multiplexer works in the 
same manner as does the diplexer ex-
cept that more than two different fre-
quency hands are involved. Almost 
any number of bands can be covered 
by a multiplexer, and there are units 
available for home antenna system in-
stallations that split into Low VHF 
TV. FM. High VHF TV, and UHF 
TV. Often these units will recombine 
the High and Low VHF in a diplexer 
that is included within the multiplexer 
package! Hybrids connected in vari-
ous installations are shown in Fig. 29. 
Where the hybrid is placed in the line 
depends on the losses of the line at a 
particular frequency. For example. if 
a VHF. UHF, FM Multiplexer were 
used and minimum line loss were de-
sired at UHF (where losses tend to he 
greatest) it might be wise to connect 
the multiplexer near the antenna and 
use the line configurations shown in 
Fig. 30. Most diplexers will he lo-
cated after a fairly long run of trans-
mission line from the antenna. In this 
case, this run of line from the an-
tenna down to the diplexer is the 
determinant factor in total system loss. 

Baluns 
Almost all the antennas available 

for FM reception require balanced 
feed voltage. As was the case with 
a balanced transmission line, the an-
tenna signal at one input terminal 
varies about ground at equal potential 
to, but 180 deg. out of phase with, the 
signal at the other input terminal. This 
is satisfactory for use with any bal-
anced line of proper impedance. hut 
as stated earlier, causes currents to 
flow on unbalanced lines of the co-

FM 6, UHF-VHF TV 
ANTENNA 

SHORT LINE RUN TO 
MAST-MOUNTED DIPLEXER 

LOW-LOSS UNSHIELDED  VHF  UHF 
300-ft TWIN LEAD 

SHIELDED 300-2 
TWIN LEAD 

FM 

Fig. 30. Installing one diplexer on the 
mast permits the use of optimum trans-
mission lines for each frequency band. 
Unshielded  line  must  be  carefully 
routed to prevent signal degradation 

due to impedance mismatch. 

axial type. To prevent currents on the 
outside of the coax shield and also to 
effect the impedance transfer from an-
tenna (300 ohms) to coaxial cable 
(72 ohms) a balun is required. Balun 
is, quite literally, short for "balanced 
to unbalanced." The halun is in most 
cases installed at the antenna between 
a short piece of 300-ohm twin lead 
to the antenna terminals and the coax 
to the receiver. The antenna system 
illustrated in Fig. 31 utilizes a balun 
to transform from 72 ohms unbal-
anced to 300 ohms balanced at the 
antenna. There are a great number 
of ways to construct a balun. but most 
of the large number that are avail-
able from electronic suppliers are the 
bifilar type. A bifilar-wound balun is 
a broadband device suitable for use 
over both TV and FM bands. 
When selecting a halun for use in a 

coax system, three basic things are im-
portant. First, the halun must he made 
to withstand environmental conditions 
just as does the transmission line and 
antenna. Second. it must cover the 
frequency hand of interest. And third, 
it must have minimum insertion loss 
over this frequency hand. 

Distributing the Signal 

Certain antenna system installations 
use tapoffs throughout the house to 
allow mobility for the receiving sys-
tem. While this is not a recommended 
way to install an antenna system. there 
are many among us who will find a 
distribution system like this a neces-
sity. When purchasing outlet boxes 
or tapoffs for a system such as this, 
anti-stub effect boxes are often recom-
mended. An open transmission line 
paralleled with the main feed line does 
not necessarily look like an open at 
the point where it connects to the 
feedline. Depending on the length of 
this parallel line, which is known as 
a stub, the impedance at the connec-
tion can vary from an open to a short 
and can be either capacitive or induc-
tive in reactance. Anti-stub effect out-
let boxes are tapoffs of extremely 
short length to minimize any added 
reactance and keep the connection 
point appearing as an open circuit. 
The major trouble with this type of 
distribution system is that when a con-
nection is made to any point other 
than the end of the line, the remaining 
transmission line looks like a very 
long stub. The way to get around this 
is to use hybrids for all tapoffs. A 
number of outlet boxes available com-
mercially are in fact hybrids packaged 
for installation in distribution systems. 
and they are recommended strongly 

(Continued on page 114) 
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ADC 
the company that leads in bringing you advanced 
technology...in products that win top ratings 

ELECTRONICS 

ADC Six Hundred Stereo FM Receiver 
Solid-state, 60 watts. Advanced circuitry gives 
extremely low distortion in both tuner and 
amplifier sections. Automatic multiplex 
switching. Two sets of speaker terminals, 
switched. Compact; only 81/2 " deep. $219.95. 
(Walnut cabinet 
optional, extra.) 

ADC 606 Stereo FM Receiver 
90 watt, solid-state. Specifications found only 
in more costly units. Complete tape facilities 
and musical instrument input. Walnut side 
panels eliminate need for separate cabinet. 
Compact—only 9" deep. $279.95. 

ADC Sixty Amplifier 
Full 60 watts music power; 
same performance and 
features as Six Hundred 
amplifier section. Superior 
transient response and 
exceptionally wide power 
band width. Remarkable 
value in a high-quality unit. 
Only 31/4 " high, 81/2 " deep. 
$129.50. 
(Walnut cabinet optional, 
extra.) 

SPEAKER SYSTEMS 

ADC 404 
New, top-rated compact with range and quality that almost 
defies belief. 45 to 20,000 Hz ± 3 db. Requires 6 watts to 
50 max. Less than 12" high. Heavily constructed. $56.00. 

ADC 505 
Newest member of ADC quality family. Superior to most 
costly systems of ten years ago! 45 to 20,000 Hz Li-. 4 db in 
typical room. Requires 10 watts to 60 max. $49.95. 

ADC 303A Brentwood 
Winner of one of the most impressive ratings of the year. 
Under 24" high. For wall, floor or shelf. 35 to 20,000 Hz 
± 3 db. Requires 6 watts, to 60 max. Handsome, heavy 
walnut cabinet. $95.00. 

ADC 18 
For larger rooms. Features ADC Mylar dome, tweeter, and 
unique, rectangular, molded-foam woofer. "Top rank," 
report experts. "One of the finest." 20 to 20,000 Hz ± 3 db. 
Requires 10 watts to 65 max. 401/2 " high, only 17" wide— 
takes little wall space. Previously $250.00, now $195.00. 

CARTRIDGES 

ADC 10/E (Elliptical) 
Highly acclaimed. "No one will ever 
snake a cartridge that performs 
perceptibly better." Moving mass 
reduced to 1/3 best previous magnetic 
standard. Almost perfect square 
wave, virtually flat curve. Tracks 
at 1/2  to 1 gram. Can be used in best 
automatics. Contact radius: .0003", 
lateral .0007". $59.50. 

ADC Point Four/E (Elliptical) 
Top-rated, professional level cartridge. 
For best automatics. Tracks at 3/4 to 11/2  grams. $49.50. 

ADC 660/E (Elliptical) 
First lower priced cartridge for fine performance in 
record changers to use elliptical stylus advantageously. 
Tracks at 1 to 3 grams. $39.50. 

ADC 770 
Top-rated for all-purpose record changer use. Rugged 
and durable, yet highly compliant. Reproduces superior, 
clean sound. Tracks at 2 to 6 grams. $29.50. 

ADC 40 Pritchard Tone Arm 
Considered by authorities as among the world's finest 

arms. Wood 'shaft; anti-skating compensation. 
Accepts all ADC and modern cartridges. $44.50. 

ADC Hush Brush 
Completely eliminates static and removes 
all residue from record surfaces. 
1,800 precision-ground nylon bristles, 
24 tufts covering entire groove width. 
Self-contained fluid supply. 
Cannot damage records. $5.95. 

IAUDIO DYNAMICS CORP., Pickett District Rd., New Milford, Conn. 
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Can We 
Hear Phase? 

Yes! 
No! 

The age-old question of whether or not we can hear phase differences of the harmonics which make 

up a complex tone is again attacked by a competent observer. But is the question finally answered 
so we may accept the conclusions as final proof? At least the test methods appear to be reliable. 

R. A. GREINER 
Prof essor. Colleme of Lnkineering, 

Department of Electrical Engineering 
University of Wisconsin. Madison. Wisconsin 53706 

OVER THE PAST SEVERAL YEARS, 

there  have  been  Many  Co m-

ments published which refer to 
the audibility of phase shifts in the 
harmonic structure of acoustical sig-
nals. Some authors have claimed to 
be able to hear even small phase shifts 
near the ends of the acoustical fre-
quency spectrum. Others claim that 
the ear is completely insensitive to 
phase. Much of what has been writ-
ten is not well founded on actual 
controlled experiments and is in fact 
hearsay or opinion based on casual 
experiments. Casual listening seems to 
indicate that one cannot hear phase 
shifts as changes in sound quality 
while more careful listening experi-
ments show that there is something 
"going on" when one modifies the 
phase response of a system substan-
tially. It is not clear, however, exactly 
what is "going on" since the acoustic 
and psychoacoustic phenomenon are 
complicated and closely tied together. 
What follows is a brief review of 

the present beliefs held by most physi-
ologists regarding the audibility of 
phase in acoustic signals followed by 
a more detailed description of some 
experiments in listening done by the 

author over the last several years. 
These experiments and the conclu-
sions drawn from them are not, of 
course, the final word on this com-
plex subject hut they are interesting. 
They show that it is reasonable to say 
that we both can and cannot hear 
phase depending on the precise de-
tails of the acoustic situation. They 
show that any experiments in listening 
are complex and must he interpreted 
with great care. They show that most 
of the statements on the audibility of 
phase are not really wrong hut just 
oversimplified or overgeneralized by 
the authors. They show that what we 
know we hear must he attributed to 
a cause with caution. 
A review of what is known about 

the audibility of phase immediately 
reveals that much attention has been 
given to this original statement by 
Helmholtz in his Sensations of Tone 
. . . "the quality of the musical por-
tion of a compound tone depends 
solely on the number and relative 
strength of its partial simple tones, 
and in no respect on their differences 
of phase." In this passage Helmholtz 
is clearly referring to experiments in-
volving the generation of complex 

tones having several randomly phased 
components and the fact that phase 
does not in any way change the timbre 
or quality of the tone. Experiments 
have been performed by many in-
vestigators and have shown agree-
ment with Helmholtz on this point. 
In the experiments described below 
this result is again verified. More pre-
cisely, we should state Helmholtz's 
pronouncement with the following 
qualifications. The quality of a com-
pound tone consisting of harnzonical-
ly related components when perceived 
at a low sound pressure level and in 
an acoustically dead environment de-
pends solely on the number and rel-
ative strength of its partial simple 
tones and in no respect whatsoever 
on their diflerences in phase. 
However, this statement does not 

mean that we are in fact absolutely 
phase deaf. Helmholtz himself gives 
a clue to the type of signal in which 
phase may be audible in the same 
reference. The essence of his remarks 
is as follows. We were not able to 
perform experiments with essentially 
non-musical tones in which the up-
per partials are close together in fre-
quency, controlled in phase, and not 
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Some plain talk from Kodak about tape: 

Double or nothing... 
or the noble art of dubbing 

One good tape deserves another. 
That's another way of saying that half 
the fun in having a good-quality, home 
tape-recording system should consist 
of being able to make tape duplicates. 
The reasons for dubbing can be as 
varied as you want. Perhaps as simple 
as sending your Aunt Mabel a particu-
larly good tape of the kids—a tape you 
also want for your own tape library... 
or because you want to exchange tapes 
with a fellow audiophile ...or because 
you want to edit a tape to go along 
with a movie or slide film without 
chopping up the original tape . . . or 
simply to preserve your early tape re-
cordings on modern, more efficient 
KODAK Sound Recording Tape. 

Takes two to swing. If you already 
have a second tape recorder on hand, 
you're ready to get started. If not, find 
a good friend that will lend you his. 
But do be particular about your friend. 
Because that old cliché about the 
weakest link applies in spades as far 
as dubbing equipment goes. Also be 
particular about the tape you use . . . 
but as they say on radio, more on 
this later. 

Read the instructions. First off—and 
though it may seem obvious—make 
sure your two tape systems are in the 
best possible condition. Look at it this 
way—the dubbed recording will be at 
best a second generation recording 
. . . s going to combine all the de-
ficiencies present in your original tape 
recording, in the playback recorder, 
and in the recording equipment. So 
read both instruction books . . . then 
clean the heads with one of the com-
mercial preparations available for that 
purpose . . . and demagnetize the 
heads if you can lay your hands on a 
degausser. 
Next, connect your two tape ma-

chines—the "master" and the "slave." 
If you have a choice, take your output 
from the master at the pre-amp stage 
rather than at the amplifier. No rea-
son to add its distortion to your dub-
bing. For the input to the slave, you 
usually have a choice—one marked 
"mike" or "high-impedance" (usually 
in the 50,000-200,000 ohms range), 
the other marked either "radio," 
"phono," "tuner," "tape" or "low - 
impedance" (in the 500-ohm range). 
You want the latter one. 

c 
TRADImAIR 

Choose your tape. Signal-to-noise is 
the touchiest area in dubbing. Picking 
a tape that will give you the lowest 
noise level on the duplicate without 
lowered output makes a lot of sense. 
We've got just the tape for you: KODAK 
Sound Recording Tape, Type 34A. It 
packs five or more additional decibels 
of undistorted output than the usual 
low-noise tapes. When dubbing on 
KODAK Sound Recording Tape, Type 
34A, set the recording level on your 
slave unit at 4 decibels over your nor-
mal level—that's just slightly higher 
than normal if you set your level by a 
vu meter. Because you can put a lot 
of signal on this tape, you can play it 
back at lower gain . . . and, Eureka, 
there's your low noise! 

KODAK Tapes—on DUROL and Poly-
ester Bases—are available at most 
electronics, camera, and department 
stores. To get the most out of your 
tape system, send for free, 24-page 
"Plain Talk" booklet which covers the 
major aspects of tape performance. 
Write: Eastman Kodak Company, De-
partment 940, Rochester, N.Y. 14650. 

=  125O fton - rn,IDUROtB se11:1 

KODAK 
SOUND 
RECORDING 
TAPE • velorsivve 

s 

EASTMAN KODAK COMPANY, Rochester, N.Y. 

I. 

AUDIO  • OCTOBER, 1966 
Circle 68 on Reader Service Card 

55 



necessarily harmonically related and 
"hence we must leave it for the pres-
ent doubtful whether in such dissonat-
ing tones difference of phase is an 
element of importance. Subsequent 
theoretic considerations will probably 
lead us to suppose that it is." Thus 
not only did Helmholtz realize the 
limited scope of his experiments but 
he pointed out the very type of tone 
which has proven to demonstrate that 
we are not phase deaf in some cir-
cumstances. Twenty years ago Mathes 
and Miller generated signals electron-
ically which consisted of three tones. 
The signal frequency, /, and two side-
bands, f — f,, and f + f,. By adjust-
ing the phases of these signals one 
can generate essentially an amplitude-
modulated signal or a frequency-
modulated signal similar to those 
shown in Fig. I. The phase differ-
ence alone accounts for a substan-
tially different sound between these 
two signals. The first (AM) sounds 
rough while the second (FM) sounds 
smoother and of more correct pitch. 
Several other waveforms can be con-
trived which show that subjective dif-
ferences in sound can be attributed 
to phase differences alone. Thus Helm-
holtz's suggestion seems to be correct. 
Three conditions are required for 
these contrived tones to show sub-
jective quality changes with phase. 
They are (1) the important com-
ponents must be close together in fre-
quency, (2) the phase changes must 
make a clear cut change in the en-
velope of the signal, and (3) there 

must not be too many frequency com-
ponents present in the compound sig-
nal. These three requirements are 
rather severe and establish a situa-
tion for detecting subjective phase dif-
ferences which is essentially non-
musical and probably not likely to 
occur in normal musical reproduction. 
The existence of the latter results 
cause enough complication in our 
theories of hearing however to allow 
open conjecture about the audibility 
of phase differences in both periodic 
and non-periodic transients. It is so 
immensely difficult to perform transi-
ent listening tests and interpret the 
results with any certainty that they 
have been largely ignored by most ex-
perimenters. We must await entirely 
new and different techniques before 
receiving the benefit of such tests. 
The tests carried out and discussed 
below are steady-state tests for this 
reason. Still, the results add much to 
pinpointing the source of the various 
effects which have been reported in 
the literature so they are of interest. 

Description of the Listening Tests 
Basically, a complex tone in which 

both the amplitude and phase of the 
harmonics can be adjusted was gener-
ated and listened to via a series of 
different headphones and loudspeak-
ers and in listening rooms with widely 
different acoustic characteristics. There 
are so many possible variables to ad-
just that only a few can be reported 
on at this time. Those selected are 
the ones which best pinpoint the 

lop-4D 
OVANN; 

Fig. 1. A special waveform consisting of a signal of frequency, f, f  fl and f — 
The phase of the two sidebands can be adjusted to give an amplitude-modulated 

signal above or a smoother frequency-modulated signal below. 

causes for differences or apparent 
differences in the subjective quality of 
the test tones.  Many experiments 
were tried which did not help clarify 
the nature of the acoustic phenomena 
taking place. 

The basic signal or tone consisted 
of a fundamental sinusoidal wave-
form to which the 2nd, 3rd, 4th, 5th, 
and 7th harmonics could be added in 
any arbitrary but steady-state ampli-
tude and phase relationship. Suitable 
power amplifiers, oscilloscopes, wave 
analyzers, meters, and so on were 
used as required. All equipment had 
wideband, low-distortion characteris-
tics and was accurately calibrated. 
Calibrated capacitor microphones and 
associated equipment were used to 
check the acoustical waveforms gen-
erated by the loudspeakers and head-
phones and to establish the absolute 
sound-pressure levels used in the tests. 
Several high-quality headphones were 
used and at least four separate speaker 
systems ranging from a single cone 
radiator to a large multispeaker sys-
tem, and including an acoustic suspen-
sion system, were used in the tests. 
Two rooms were used which are cate-
gorized as live and moderately dead. 
The live room was about 1500 cubic 
feet in volume and very live. All sur-
faces were tile, glass, and terrazo with 
no soft furniture at all. The moder-
ately dead room was about 3500 cubic 
feet with acoustical tile, carpets, and 
soft furniture. The latter would be 
similar to any typical, good listening 
room. 
Several listeners were used to get 

a concensus on the quality changes 
being evaluated in these experiments. 
"No change" indicates unanimity of 
opinion as does "substantial change." 
"Possible change" means some differ-
ence of opinion but if any very slight. 
In addition to listening with head-
phones  and  loud-speakers,  several 
modes of listening including monaural 
and binaural were tried. Also a so-
called close listening test was per-
formed by listening at a distance of 
six to eight inches from the loud-
speaker. This scheme effectively re-
duced the relative importance of room 
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WHY A R_c: SPEAKERS AND TURNTABLES 

ARE RELATIVELY INEXPENSIVE (although many 
equipment reviews describe them as the best*) 

AR speaker prices range from $51 to $225. Our most expensive 
model, the AR-3, has been rated by professional equipment review-
ers above all other speakers, including those costing more than three 
times as much. 

The $78 AR turntable has been rated above all other turntables, 
including those costing more than twice as much. 

The high quality of materials and workmanship that goes into AR 
products allows us to guarantee our speakers for 5 years and our 
turntable for one year, with all repair costs covered. Even freight 
charges, and the cost of a new carton when necessary, are reimbursed. 

What makes this combination of high quality, reliability, and low 
cost possible? 

RATIONAL AND SUPERIOR DESIGN + Ten years 
ago AR changed the face of the speaker industry with its acoustic 
suspension system, ending the era of giant speaker cabinets. A few 
years later AR introduced the dome tweeter, used subsequently by 
half a dozen speaker manufacturers. The basic design concepts of 
the AR turntable have now appeared in the turntables of most of 
the other leading brands. 

A catalog of AR products is available for the asking. 

*Lists of the top equipment choices of four magazines are available on request . All four 

chose the AR turntable, and three of the four chose AR-3 speakers. 

ACOUSTIC RESEARCH, INC., 24 Thorndike Street,  Cambridge, Massachusetts 02141 

Circle 69 on Reader Service Card 
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F  Tho six waveforms shown demonstrate the variety which can be synthesized from a fundamental and five harmonics. 
See text for details. 

acoustics and tended to verify the 
headphone results. 

The Test Signals 
A closer look at the test signals 

used is informative. We find a sub-
stantial variety of waveforms, as ob-
served on an oscilloscope, can he gen-
erated with the fundamental and five 
overtones available.  The six wave-
forms shown in Fig. 2 demonstrate 
this variety. In (A) we see the funda-
mental and the 2nd, 3rd. and 4th har-
monics all in phase as cosine waves. 
(B) shows the fundamental and sec-
ond harmonic of equal amplitude but 
arbitrary phase. In (C) the 3rd har-
monic has been added in equal ampli-
tude but again in arbitrary phase. 
There are clear cut differences in 
these waveforms and equally obvious 
differences in quality of sound under 
any listening conditions. In ( D). the 
4th harmonic, and in ( E). the 5th 
harmonic have been added.  These 
figures do not look greatly different 
surprisingly enough.  However, they 
very clearly sound different. Finally 
in (F), the 7th harmonic is added, 
again clearly changing the waveform 

as well as the sound. Any number of 
nice, pleasant musical tones can be 
generated by varying the amplitude of 
the various harmonics. A tone with 
equal-amplitude  harmonics  sounds 
very rich and complex but in fact is 
not at all realistic or subtle. A second 
type of tone was used in the tests as 
well. This waveform is shown in Fig. 
3. It consists of 100 units of funda-
mental, 50 of 2nd harmonic, 25 of 
3rd, 15 of 4th, 10 of 5th and 10 of 
7th. The sound is pleasant, musical, 
and ordinary. We will call the first 
type of tone "harmonic rich" and the 
second "musical." 
The harmonic-rich tone was gener-

ated in three forms as shown in Fig. 
4. Harmonic-rich tone (A) consists 
of cosine waves in phase at zero to 
give as large a peak as possible com-
pared to the average amplitude of the 
waveform.  Harmonic-rich tone (B) 
was adjusted.  by changing phases 
alone in signal (A), to give a peaked 
hut more symmetric looking wave. 
Finally more phase adjustments were 
used to give a smoother looking wave 
with a lower peak-to-average wave-
form shown as harmonic-rich tone 

(C). Note that the amplitudes of the 
harmonics in these three tones are 
identical but the phases are different. 
This fact is important in understand-
ing the tests which follow. 
A final pair of waveforms was gen-

erated to establish an even more start-
ling and clear cut line of demarcation 
between the difference in the "look" 
of a waveform and the difference in 
the "sound" of a waveform. In Fig. 
5 we see at (A) a more or less square 

Fig. 3. The smoother "musical" wave-
form shown here contains 100 units 
of fundamental, 50 units of 2nd har-
monic, 25 of 3rd, 15 of 4th, 10 of 5th, 

and 10 of 7th. 

58 AUDIO  • OCTOBER. 1966 



I — Model 200 Portable Solid-Stat€ Stereo Tape System. Under $199.50 
2 — Model 660 E.S.I?-Reverse Sold-State Stereo Tape System. Under $575 
3 — Model 26C Radial Sound Solic-State Stereo Tape System. Under $249.50 
4 — Model 35C Three-Head Solid-State Stereo Tape Deck Recorder. Under $199.50 
5 — Model 25C-A Pele& Playmate Solid-State Stereo Tape Deck Recorder. Under $149.50 
6 — Model 53C Quadradial Sound Solid-State Stereo Tape System. Under $399.50 

For infcrmation or any of the models illustrated or on the rest of the best from Sony. write Superscope, Inc.. Sun Valley. California. Department L. 



University's timeless Classic Mark II 

University achieves the ultimate 
in sound with style and prestige. 
Who says a high fidelity speaker has to look like a box? Cer-
tainly not University, the people responsible for systems like 
the Classic and the Mediterranean. 

Now, they've done it again, with the Sorrento! 
The new Sorrento is a truly fine piece of custom furniture. 
One which will truly enhance any decor. And inside of the 
high fashion exterior is one of the finest 4 speaker systems 
money can buy. 
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•Exclusive Keller Williams 

The Sorrento was designed exclusively for University by 
Larry Williams, A.I.D., renowned designer of the finest furni-
ture. And there's more to come! 

University dealers are now unpacking the first Sorrento ship-
ment. Why not drop by and be among the very first to listen to 
the new look . . . by University. For more information write 

to desk K-63. 
Circle 61 on Reader Service Card 

matching console mirror awailable as optional accessory. 

le)
LISTEN —UNIVERSITY SOLNDS BETTER 

UNIVERSITY SOUND 
A DIVISIO N Of LTV' ,ING ALTEC. INC 
9500 W Reno  Oklahoma City, Oklahoma 73131 
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wave formed from the fundamental 
and first three overtones. It is a fairly 
good square wave considering the 
limited number of overtones present. 
Now by simply shifting the phases of 
the overtones we can generate the 
much smoother  looking waveform 
shown in (B). Clearly these two sig-
nals look very different. The first we 
call the odd harmonic "square" tone, 
the second the odd harmonic "smooth" 
tone. We are now ready to use these 
signals to test some acoustic and psy-
choacoustic phenomena. 

A 
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I- lg. 4. Changes in phase alone can 
give a substantial difference in the 
"looks" of these three harmonic-rich 

waveforms. 

Listening with Earphones 
It seems appropriate to perform 

first some tests using earphones at low 
levels. This situation is most similar 
to the original Helmholtz conditions. 
It eliminates acoustics of rooms and, 
because of the low levels. nonlineari-
ties in the transducers and ears. 
Low-level earphone tests were car-

ried out at a sound pressure level 
(SPL) of 60 to 65 dB. Absolute agree-
ment was found with the earlier state-
ment of Helmholtz (as modified). 
The harmonic-rich waveforms shown 
in Fig. 4 are completely indistinguish-
able. Phase has no effect whatsoever 
on the subjective quality of the tone. 
Even more amazing we find the odd-
harmonic square tone and odd-har-
monic smooth tone are also indis-
tinguishable. While it seems amazing 
that such different looking waveforms 
should sound identical it is even as 
surprising that the waveforms in (D) 
and (E) of Fig. 2. which are very 
similar in looks, are quite different in 
sound.  Fortunately this result is in 
complete agreement with other re-
searchers, including Helmholtz. 
As we raise the sound level to 80-

90 dB SPL, we find that some small 
differences in quality appear between 
the several harmonic-rich tones and 
that these differences get greater as 
the level is raised. It is hard to deter-
mine what causes these differences but 
they seem to he related to distortion 
and are probably generated partly in 
the ear of the listener and partly in 
the headset at these relatively high 
sound-pressure levels. 
At levels of 100 dB SPL there are 

definite differences in the acoustic 
waveforms generated due to distortion 
in the transducers.  New harmonics 
are generated due to the distortion 
and since the peak-to-average wave-
forms are different, so are, of course, 
the amounts of distortion. This can 
be verified with a capacitor micro-
phone and wave-analyzer. The tones 
thus sound different because they are 
different. 
One might conclude that if tones of 

the type described sound different 
there is probably distortion in the 
system or the listening level is too high 
for the observer. Binaural and mon-
aural results were essentially identi-

cal. The ear is very sensitive to test 
differences of the sort described above. 

Listening Tests With Loudspeakers 
The very first series of tests were 

made in a moderately dead room and 
in a relatively nonchalant manner. It 
was expected that immediate verifica-
tion of man's "phase deafness" would 
be obtained and that not much else 
would be observed.  However, one 
finds that under these listening condi-
tions, tones like the three harmonic-
rich tones sound quite different from 
each other and that is that. In fact. 
the musical tone with much reduced 
harmonic content also changes its 
quality as the phases of the harmonics 
are shifted. Even at very low levels 
the various test signals sound differ-
ent. Relatively small motion on the 
part of the listener also seemed to 
change the quality of the tones. It is 
certainly not reasonable to find com-
plete "phase deafness" with earphones 

Fig. 5. At the top, a square wave syn-
thesized by adding harmonics to the 
fundamental in appropriate strength 
and phase. Below, the same harmonic 
content and strength but phase shifted 

to give a smooth waveform. 
Circle 72 on Reader Service Card 

62 AUDIO  • OCTOBER, 1966 



1\TI O r11 H  Ft. FI R, S m 1-119, 01\ii 

"V" I IK I 1\TGr 

THE EXCITING NE W MODEL 

SOLID STATE STEREO 
3 SPEED, 3 MOTOR 
TAPE RECORDER 

WITH REMOTE-ABILITY 

for less than $ 2 5 0 0-° 
waln.lt base, remote control optional 

Here is another first from Viking — — a three speed, solid state stereo recorder, with three-motor design 

for utmost reliability, priced under $250! Another example of Viking tradition that always guarantees you 

the finest equipment ava:lable in this price range. The Model 423 is made with the same careful attention 

to quality as other Viking models which set a standard of excellence for tape recorders. 

880 Stereo Portable :38 Stereo Compact 

The "final touch" for any 

stereo music system. 

Less than $340.00 

Includes detachable speak-

ers,  headphone  output. 

Less than $440.00 

OM mg OF MINNEAPOLIS-

807 "Tape Turntable" 

For playback only of all 

standard  tapes  through 

music systems. 

Less than $125.00 

9600 PlcIr  Ave  S. Minneapolis, Minnesota, 55420 

DIVISION OF THE TELEX CORPORA TIO N 



and then suddenly find complete abil-
ity to perceive phase in an acoustical 
environment.  There was something 
going on which must account for this 
sudden "apparent ability" to hear 
phase and it must be an acoustic or 
environmental phenomenon. 
In order to check out the loud-

speaker systems and establish some 
common ground on which to start the 
investigation, a series of close listening 
tests was performed. In these tests, 
the listener rests his head on a sta-
tionary support so that his ear or ears 
are 6 to 8 inches from the speaker. 
One or both ears can be used. Effec-
tively, this technique greatly reduces 
the effects of room acoustics on the 
sound the listener hears. This is par-
ticularly true if the room is relatively 
dead and no reflecting walls are nearby 
as was the case in these experiments. 
In near listening tests one gets imme-
diate and complete agreement with 
the headphone results described above. 
There is no difference between mon-
aural and binaural tests and small 
changes in head position are not im-
portant. Thus it appears that we are 
both monaurally and binaurally phase 
deaf under these acoustic conditions. 
The casual listening tests still re-

main correct and undeniable, how-
ever, so we must proceed to decipher 
the acoustic effects which are causing 
the tone-quality changes observed. It 
was established that not only room 
acoustics but the position of the lis-
tener and loudspeaker in the acoustic 
environment were very critical. The 
tones could certainly be made to 
sound different by moving about the 
room.  But, even motions of a few 
inches by the listener could cause dif-
ferences in the quality of the tone 
which were as large or larger than the 
differences between the several tones 
themselves. It is surprising how great 
this sensitivity is. The differences in 
quality are not due to a sudden ability 
of the ear to hear phase or due to a 
binaural effect because either or both 
ears give the same results. Instead, 
it appears to be small changes in the 
strengths of the harmonics which are 
being heard as a change in quality of 
the tone. The great sensitivity of the 
ear to changes in strength of harmon-
ics was verified in separate tests. 
Changes as small as 2 to 4 per cent in 
any one of the 3 to 5 harmonics 

which made up the complex tone 
could be detected as a change in qual-
ity. 

It is of course due to standing wave 
patterns set up in any acoustical en-
vironment that variations in the inten-
sity of the individual harmonics takes 
place as a function of position. With 
a perfectly stationary listener we find 
that small changes in loudspeaker po-
sition cause similar changes in tone 
quality of the test tones. When both 
listener and loudspeaker are perfectly 
stationary, small changes in tone qual-
ity with changes in phase of harmon-
ics are still perceptible due to slight 
changes in the standing-wave patterns 
in the room with a different excitation 
waveform from the loudspeaker. In 
the latter case, binaural listening is 
more sensitive than monaural. 

Amplitude variations which agree 
with the above observations can be 
made using a calibrated microphone 
and wave analyzer but it is difficult to 
make accurate measurements. The ear 
is sensitive to much smaller changes 
than can be measured easily. 

As the loudness level is raised there 
are more apparent quality differences 
between the various test tones. How-
ever, at levels of 100 dB SPL it is 
difficult to attribute these differences 
to any one source. Undoubtedly the 
loudspeakers, the ear, and the reflect-
ing surfaces of the room all behave in 
a sufficiently non-linear way to cause 
waveshape, or envelope, differences to 
appear in the perceived tone. 

Tests in a Live Room 

Tests in a very live room where 
standing waves and reflected sound 
dominates show great emphasis of the 
effects described above. Speaker and 
listener motion are very critical. Sensi-
tivity to electrical phase shifts is em-
phasized as well. It should be noted 
that phase shifts of 10 to 20 deg. are 
not readily audible even in a live room 
but larger shifts of 60 to 200 deg. or 
more  are  usually  perceptible  as 
changes in quality of the test tone. 
The effects of higher sound pressure 
levels and distortion are also more evi-
dent in the live room. 

Preliminary tests in an anechoic 
room indicate a return to the results 
obtained for headphone listening as 
expected. 

General Conclusions 
We may conclude that the phase 

shifts normally encountered in the 
electronic part of sound reproduction 
equipment are entirely insignificant. 
Substantial phase shifts in the harmon-
ics of a tone are audible in a normal 
acoustic environment and even more 
so in a very live environment. 

However, random changes in tone 
quality due to listener motion far 
overwhelms these equipment-produced 
effects.  Loudspeaker placement and 
listener position strongly affect the 
quality of test tones and the effects 
observed are entirely due to room 
acoustics. These effects can be heard 
because of the great sensitivity of the 
ear to changes in the strength of the 
harmonics in a tone and not because 
of phase sensitivity of the ear.  A 
large and relatively dead room mini-
mizes the speaker placement and lis-
tener position affects and gives a 
smoother and more consistent tonal 
response to the listening environment. 

We may also conclude that many 
authors who report hearing phase 
shift are really hearing something else 
and that it probably is caused by the 
acoustics of the room. We appear to 
be, as Helmholtz found, essentially 
"phase deaf" except for certain very 
unusual and contrived, non-musical, 
tone signals mentioned in the intro-
duction. The above generalizations do 
not improve sound system reproduc-
tion or make its many interesting prob-
lems go away but they do help us to 
understand the acoustic problem a 
little better and to appreciate its com-
plexity. 
It is possible that transient experi-

ments and tests with extreme phase 
shifts or delays will eventually shed 
light onto the hearing process. But 
these results are difficult to obtain and 
will probably not aid sound-system 
and listening-room design in any case. 
We can be satisfied for the present 
that we hear quite well, in fact, often 
too well. We can clearly hear that 
two loudspeakers of great perfection 
are quite different and that those very 
big, very expensive, speakers sound 
much better than those little, not quite 
so expensive ones. And we can hear 
that one auditorium or room is better 
than another and that there always 
seems to be room for 1 mprovement.  
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featuriig FINCO'S Exclusive Gold Corodizing 

Award Winning 14 

FINCO CX-FM-4G ANTENNA  S33.20 list 

FINCO FM-4G ANTENNA  $24.90 list 

FlAI GC7 
introduces 75 ohm FM Antennas 
NOW AVAILABLE FOR 75 OHM COAX CABLE OR 300 OHM RIBBON 

Aw3rd Winning 
FINCO FM.5  $36.36 list 
FINCO CX-FM-t. $44.65 list 

Model FMSL-
$1 .' 95 list 

Mcdel FMSL•12  1.49.95 list 
Mcdel CX-FMEL-12  158.25 list 

MORE 
GREAT NEWS! 
If you already own a Ra-
u) FM Antenna, you can 
up-date it to a shielded 
co-ax system with Fin-
co's new FM-STEREO KIT. 

Model FMSL-10 
$39.95 list 

Model FMSL-8 
$29.95 list 

FINCO-AXIAL 
SHIELDED 
FM CABLE, 
CX SERIES 

iPG 59/U) 
complete with 
Type F fittings 

and weather boot. 
25 ft. $5.55; 50 ft. $8.65; 

75 ft. $11.50; 100 ft. $14.20 

ALL FINCO CX SERIES (75 OHM) 

ANTENNAS COME WITH A FREE 

INDOOR TUNER-MOUNTED 

MATCHING TRANSFORMER! 

Discover the big sound difference a famous, 

award-winning Finco Antenna makes in FM 

reception from your tuner. You'll never hear 

a signal that's cleaner, clearer, purer. 

Installation is quick and easy. With Finco's 

75 ohm model, simply attach the FREE indoor 

transformer behind your tuner and run a 

length of RG-59/U (Finco CX Series) coaxial 

cable to the antenna. Hook-up is complete. 

Regardless of your location, you bring in 

more stations — with exacting separation 

— free from multi-path reflections. Maximum 

forward gain means a substantially greater 

signal over the full 88 to 108 MC band. 

Install a superb FINCO FM Antenna soon . . . 

it's the one to look for when you want the 

very best in FM reception! 

THE FINNEY COMPANY, 34 WEST INTERSTATE STREET, DEPT. AM-10, BEDFORD, OHIO 

Circle 82 on Reader Service Card 
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Previous articles in SOUND AND Si iir 
— March, May, and July, 1966, dis-
cussed the vidicon tube and its opera-
tion with particular reference to the 
scanning of the optical image focused 
on its faceplate by the lens system. As 
explained, scanning is the process by 
which optical information is converted 
into electronic information which may 
then be recorded or transmitted. 
We also indicated that the U. S. 

Television Standard established in 1941, 
through the combined efforts of the 
Federal  Communications  Commission 
and the  National Television Systems 
Committee limited the horizontal scan 
rate to 525 lines. Once this scanning 
rate was established, the resolution of 
commercial television was limited. Most 
scenes, in addition to the brightness 
gradations in a horizontal direction also 
have brightness gradations in a vertical 
direction. The ability of a scanning beam 
to allow reproduction of electronic sig-
nals  corresponding  to  these  vertical 
brightness gradations is dependent upon 
the number of scanning lines. 
In closed circuit television systems 

employed by science, business and in-
dustry there are no restrictions on the 
horizontal line rate, in consequence the 
vertical resolution can be greatly in-
creased and images providing much finer 
detail can be obtained. With a hori-
zontal scanning rate of 525 lines, the 
maximum vertical resolution is approxi-
mately 350 lines. Horizontal scanning 
rates as high as 1023 lines are being 
employed in modern CCTV systems. 
These are capable of a vertical resolu-
tion of over double the broadcast reso-
lution, or 715 lines, and provide a con-
siderably more detailed picture. 
Until recently, video cameras employ-

ing the higher horizontal scan rates were 
usually custom made and designed for 
specific applications and requirements. 
Bio-medical research often employs cam-
eras having horizontal scan rates of 

HAROLD D. WEILER 

Fig. 1, showing the printed circuit modules of the GPL 
two-piece camera configuration. The modules in both 
the camera head, top, and the camera unit, bottom, 
are of the plug-in type and instantly replaceable. 

(Continued on page 129) 
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THE SONY viDEocoRD n; 
FIRST NAME IN HOME VIDEO TAPE RECORDERS 

14'19deocIoTileSrs 71n1EudiFnglit1SoTnewFi leck's)liTT Camera Ensemble/Accessories 



1. TCV-2010 Videocorder 2. GC-1 Videocart 3. CVO-2 Dust Cover 4. CV-201:00 Dec. 5. V-32 Tape 6. CVM-PLIWP W mceiver norm,. r. C1r-A-3 ri 
Adapter 8 CVM-2300U 22-inch monitor 9. UCS-20 Camma Switch  it. CVO-1 Dist Cover  11. CV-2030 Po took Dcr  12. "Cv.-10D V de...corder 
13. VCK-20110 Camera Emomble 14. Lenses 'wide angle & telephotoi '15. CV1141 Branch Cord 

rr.Tfii;;B 

6. 

7. 

1-, 
THE FIRST FAMILY OF HOME VIDEO TAPE RECORDERS 

\A hen soil) introth cud 
the first successful video 
tape recorder priced fo -

home use and business ar ph-
cation, it was considered 
major achievement. Today 9aral. 
offers a complete family of Vic eo-
corders includ ng two new compac 
decks—all capable of producing in 
start movies wilF sound. 

The Sony Videocorder is  comp etc 
10ME -V studio. With it you can take TV 
pctures and sound right off-the-air, and put 
them cn tape. With the optional TV camera 
and microphone plugged in, you can do 
the ia me  with "live" action. When 
you're through, you simply rewind, 

2.  and you're ready to play back pic-
ture and sound—instantly. It's as easy 
as using an ordinary tape recorder. 

You can record selected TV programs for playback 
anytime—presidential speeches, news events, space 
launches, spooing events, etc. Even record them 
while Lway, o while watching another program, 
and play them Fad: at your convenience. 

With tie camara ensemble, you can record the 
highlights of family history. You can improve your 
golf sw ng, your son's batting style, your daughter's 
ballet form. A Videocorder can be the best thing 
that ever happened to a party. And, of course, there 
are endleo, bu.iness, professional and educational 
applirations. 

One 7- rch reel of tape runs more than an hour. 
And you can era,a! and re-use it over and over again. 

Now Iwo Videocorders with Built-I a ,s.sE. 1 tan And 
Two New Compact Decks 
The Sony Videocorder was the first su:cessfu un t 
designed for the hone—I corrplete sa;tan ircluc-
ing video tape record.'-, -eceiver;m3nitor fcr 
under $1000. Now Sony is Ws: aga n, with a corr-
31ete selection of V dE000rcer modek startiag 
$695. New receiver/-noni or, nave E 2-211 des gned 
:o produce the best passibh pictEr€s when used 
with any Videocorder. All Nicleoccrde-s can be 
adap -ed to work with -ncst  andaed -V receivers. 

Model CV-2000D Videocorder Deck —For under 
$700 you get the same proven quality characteristic 
of all Sony Videocorclers. Small erough to fit on 
a bookshelf, the handsome walnut-finish cabinet 
blends with any decor. 

Model CV-2000 Portable Deck—Most compact and 
portable video tape recorder ever designed. Ideal 
or hundreds of educational and busiress applica-
tions. Housed in a handy carrOrg case and weighing 
only 46 lbs., it can be easily carried from room to 
room. It can also be used with one or more large-
screen monitors for viewing bv large groups. 

Model TCV-2010 Videocorder—Tested and proved 
by more than one year of successful operation in 
homes, businesses, and educational in;t tutions. A 
complete self-contained unit including video tape 
recorder, 8'-inch receiver/monitor iii it: own port-
able carrying case. 

Model TCV-2020 Deluxe Videocorder—Fland:ome 
home model has an oil-finish walnut cabinet with 
triction-hinged lid. Built-in timer ran be set to 
record programs while you're away tram home. 
Has built-in 8'-inch receiveramonitor. 

See back page for video camera and accessories_ 
*diagonal measurement, 





AC0E11110111 
to extend the wersatility 

of your videocorder 
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SPECIFICATIONS 

Camera Ensemble VCK-20110—Consists of solid-state camera wit-i 25mm f/1.9 lens, elevator tripod, 
dynamic microphome and IC' AC and 16.5' microphone extension cord and handy carrying case. 
The video camera records "live" action in any illumination from standard room lighting to broad 
daylight, and adjus•s automatically to charges in light. Case s ze: 243/4  x 1134 x 47/8".Wt:20 lbs. 

Lenses—For professional results, accessory lenses are available: Model 507 12.5mm f/1.9 wide 
angle and Model 214 75mm f/1.9 telephoto for long distance shots, both in "C" mounts. 

Receiver/Monitors—Two high-definition channel 2 to 83 receiver/monitors for use with Sony 
Videocorders and decks. Both perform as professional monitors and as standard TV receivers. 
Designed to match your Viceocorder in appearance and qual ty. Model CVM-51UWP compact, 
solid-state 8°-inch -eceiver/monitor. Powe- Req.: 117 VAC 60 .7./s, 20W. Dimen. 9" x 10" x 83/4 ". 
Wt.: 10 lbs. Model CVM-2300U large-screen 22°-inch receiver/monitor, ideal for business and 
educational applications. 'ower Req.: 117 VAC 60 c/s, 165W.73/4 " x 203/4 " x 16". Wt.: 70 lbs. 

TV Adapter CVA-3—Plugs into most standard TV sets and adapts them for use with any Sony 
Videocorder (deck Dr con-plete unit). TV set can be used as program source for taping off-the-air 
and as playback sceen for off-the-air or 'live" recordings. Set can also be used as a monitor in 
conjunction with the Sony video camera for taping "live" act on. 

Videocart GC-1—Adds mobi ity to any Videocorder. This sturdy table on wheels rolls easily from 
room to room. Special built-in holder for a complete tape li orary. 

Camera Switcher, VCS-20—For operating two or more cameras from one Videocorder. Permits 
instant switching from one camera to ano:her. Dust Covers--wo available. CVO-1, clear trans-
parent material; pe-mits operation of Videocorder and contrors while cover is on. CVO-2, tinted 
dust cover protects unit, permits operation of unit, but not controls. Branch Cord VMC-1C—Takes 
composite video signal from the Videocorder and feeds additional monitors. Video Tape—Highest 
quality 3/4 -inch tape made by Sony, one of the world's leading tape manufacturers. V-31, 3/4 -hour 
playing time on 7-.nch reel. 1240 feet. V-32, one-hour playing time, 2370 feet. RH-7V, empty 
7-inch reel. Camera Extension Cords—CCF-10, 32 feet. CCF-25, 82 feet. CCF-50, 164 feet. Micro-
phone Extension Ccrd—EC-10M, 32 feet. EC-25M, 82 feet. 

IDEOCORDERS  TCV-2010  TCV-2020  CV-2000D CV-2000 

uilt-in  2-13 VHF,  2-13 VHF,  None  None 
' Receiver/Monitor  14-83 UHF  14-83 UHF 
Channel Coverage: 

Picture Tube: 1r-inch 8°-inch  None  None 
90° deflection, 90° deflection 
alumi -Ozed screen  aluminized screen 

Power Requirement: 117 VAC, 
60 c/s, 103W 

117 VAC, 
60 c/s, 103W 

117 VAC,  117 VAC, 
60 c/s, 80W 60 c/s, 80W 

Dimensions: 271;2x163/4 x11" 2834x163/4x11 3/4 " 1934x97/ox 183/41x11 74 
15'/4"  x153/4 " 

Weight: 66 lbs.  70 lbs.  423/4  lbs. 46 lbs. 

Standard Equipmerr: Tape, reel, earphone. Tape, reel, earphone, Tape, reel,  Tape, reel, 
external antenna  external antenna connectors,  connectors, 
connectors, head connectors, head head  head 
cleaner set  cleaner set  cleaner set cleaner set 

d̀iagonal measurement 

CAMERA ENSEMBLE  

CVC-2000 Camera: Lens: f/1.9, 25mm, "C" mount. Control Range: 100 lux to near infinity ((/1.9 
lens). Power requirements: 117 VAC, 60 c/s, 10W. Dimen.: 33/4 x53/4 x93/4 ". Weight: Approx. 6 lbs. 

F-87LM Microphone Directivity: uni-directional (cardioid) Output Impedance: low impedance 
(600 ohms) Output level: —57db. 

See Sony II eocorders and Hi-Fi Components 
New York High Fidelity Show 
Rooms 537, 541, 546 

SONYResearch Makes the Difference 
SONY CORPORATION OF AMERICA, 47-37 VAN DAM STREE11, LONG ISLAND CITY, N.Y. 11101 
,iony and Viremorder are aigi.ter,d trademarks of ihr "on s Corporation The Videocorder is not be used to record copyrighted material. 

Printed in U 5.A. d766 



M USIC AND 
RECORD REVIE W 

Record Review • Edward Tatnall Canby 

Hysteresis 
P.D.Q. Bach —An Hysteric Return. 
Royal PDQ Bach Festival Orch, Okay 
Chorale, etcetc.  With Prof  .Peter 
Schickele  (Rec.  t a Carnegie Hall 
perf.) 

Vanguard VSD 79223 stereo 
Much to-do and argument recently. 

as between rival discs from Elektra 
and Vanguard, the Baroque Beatles 
Book (Joshua Rifkin) and this series 
on the mythical P.D.Q. Bach (1807-
1742), proferred —and composed —by 
Peter Schickele. Both feature pseudo-
Baroque music, though Schickele goes 
far afield into other areas in this sec-
ond extravaganza. But there the simi-
larity ends. 
They have different, and —this al-

bum makes clear —both have their 
utterly different values.  I enjoyed 
this one a lot, even if its music is 
hardly stuff for the ages. I'll have to 
admit that the brash Mr. Schickele 
has a way with his audiences —and 
even more of a way in his vocal in-
troductions. Lovely dead-pan come-
dianship. 
Very simply, the "Baroque Beatles" 

is a high-level musical parody on 
Beatles' tunes, astonishingly good mu-
sic on its own, the work of a near-
genius (he will be, if he pans out in 
later life). As actual Baroque music, 
it is excellent. And those who know 

the Beatle tunes can attest to its in-
credible ingenuity. 
Schickele aims at a simpler effect. 

His is the best ham imaginable, with-
out the slightest pretense at profund-
ity. Corny gags to beat the Hoffnung 
Festival at its gaggiest. Outrageously 
amusing tune-combinations — often 
funnier because they don't "fit" but 
simply swear at each other.  Hap-
penings, like the final chord of one 
piece, played by a soaring ballon 
through a set of pitch-pipes!  Also 
bicycles, automats, weird non-instru-
ments and so on. Hilarious. 
Here we have a somewhat labored 

cantata on Side One, "The Season-
ings" (S. 1/2  tsp.), full of elaborate 
musical and literary puns. Tarragon 
of Virtue is Full. Bide thy Thyme. 
By the Leeks of Babylon, There we 
Sat Down, yea, and Wept. (Ugh!) 
Also Sumer is a cumin seed. (Get it?) 
Or, to Curry Favor is to Favor 
Curry. So it goes. 
Side 2 is the highly amusing "Un-

begun Symphony" in which the most 
outlandish combinations of familiar 
tunes pile up on each other with be-
wildering largesse. (The album notes 
list them for your help, but I think 
they left out a few.) Then the Per-
vertimento for Bagpipes, Bicycle, and 
Balloons. A bit more labored, this, 
but reasonably hysteric, too. 

Book-and-Record Spectaculars 
Wagner: Lohengnn (complete). Konya, 
Amara, Dooley, Goor, Hines et al, Bos-
ton Chorus Pro Musica (auwmented), 
Boston Symphony, Leinsdorf. 

RCA Victor LSC 6710 (5) stereo 
This is the first complete Wagner op-

era recorded in the U.S. for a long time 
and the manner of its production is 
highly significant. There are, to be sure, 
the expected "Metropolitan Opera stars"; 
but the Met itself is oh-so-definitely ab-
sent. So is the opera house in any form. 
This  is Boston-Symphony-Tanglewood 
stuff, a production first put on in concert 
form at the summer festival and then 
recorded, in the  Boston Symphony's 
home hall, immediately afterwards —the 
now-standard method of recording big 
works.  (Even the hall itself was re-
vamped for recording, with the orchestra 
on the floor, the soloists on a sort of 
runway at the front of the stage and the 
huge chorus in back of them.) 
The prime listening factor here, then, 

is the orchestra itself, not an opera or-
chestra but a first-class symphony en-
semble. The whole production is built 
around this factor, which is vital in Wag-
nerian music, and thus the predominant 
sound of the 10 LP sides, voices or no, 

(Continued on page 116) 
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LIGHT LISTENING 

Ethel Merman: Annie Get Your Gun 

RCA Victor LSO 1124 
Perhaps the easiest way to revive a 

show is to persuade Ethel Merman to 
take up once more a role she originally 
created on Broadway. The present re-
vival of Irving Berlin's "Annie Get Your 
Gun" is one of the brightest in the 
series of productions being mounted at 
the Music Theatre of Lincoln Center. 
Other shows already revived there under 
the  skilled eye of director  Richard 
Rodgers have been "Carousel," "Kismet," 
"King and I," and "The Merry Widow," 
with RCA Victor doing the recording 
honors. A combination of modern mik-
ing and passage of time has smoothed 
off some of the sharper edges of the 
famous Merman theatre-filling voice. And 
the songs Berlin wrote for this show! 
As with other revivals in this series, 
you'll hear more hit songs in the first 
third of the production than you did in 
the past Broadway season. A most wel-
come revival in an otherwise lackluster 
season. 

Andre Previn With Voices 

RCA Victor LSP 3551 

Funny  thing about  Previn's piano 
playing. For many years I've been told 
by people whose judgement I should 
trust that Andre Previn can do no wrong 
once he is seated at the piano. In either 
jazz or popular music, he has been held 
in high esteem by experts who insist 
his style is supposed to be "good" for 
one. I admit he deserves credit for 
commendable avoidance of cliches wher-
ever possible but his keyboard approach 
has always seemed too cold and im-
personal for my taste. The fact that I've 
relented and decided to consider this 
particular Previn release doesn't mean 
that he's turned over an entirely new 
leaf. The news here is that RCA has 
figured out a way to make his piano 
stylings more palatable to listeners who 
have entertained thoughts similar to 
mine. Producer Joe Reisman has selected 
a wonderful collection of songs and then 
hired an excellent mixed chorus to sing 

C hester Santon 

them while Previn entertained at the 
piano. Although the chorus is important, 
this is still very much Previn's album. 
Virtually the entire left channel is given 
over to his instrument. I would have 
preferred a miking with the chorus 
spread across both channels but then 
"Voices with Andre Previn" is not the 
title of the album. The vocal arrange-
ments by Wayne Robinson immediately 
explain why he's considered by Previn 
to be the best pop arranger in the busi-
ness where the use of voice is involved. 

Luiz Bonfa: The Brazilian Scene 

Philips 600-208 

The Philips label has logic on its side 
when it assumes that guitarist Luiz 
Bonfa is going to occupy an important 
place in their catalog. It wouldn't be 
stretching a point to say that he is 
capable of fulfilling several functions on 
any record company's roster. He's a 
great guitarist in his own right. His 
arrangements of American tunes have 
a novel "foreign" touch and the music 
he composes so freely is indicative of 
the best work being done these days 
on the Brazilian scene. A clear and 
mercifully uncomplicated recording proc-
ess on the part of Philips' engineers 
makes his releases a greater attraction 
than they otherwise would be. This proc-
ess, although it's almost too simple to 
be called that, is the ideal medium for 
an instrumentalist of his caliber. Here 
one can follow with ease the intricate 
finger work when Bonfa plays the mel-
ody line and creates the bass line at the 
same time without benefit of overdub-
bing. This is a Brazilian style of playing 
wherein the movement of the thumb is 
separate and different from the move-
ment of the other fingers. Assisting 
Bonfa in this attractive collection of 
Brazilian and U. S. fare are drummer 
Helcio Milito, flutist Jerome Richardson 
and Donald Payne, bass. The accom-
panying ensemble is as relaxed as Bonfa 
himself and the result is an album of 
high appeal for the layman as well as 
the guitar afficionado. 

Ray Conniff: Somewhere My Love 

Columbia CS 9319 

One phenomenon in popular music 
that shows no signs of diminishing with 
the passing months is the carload of 
happiness the Conniff Singers deliver 
in each new recording. This zest of 
theirs was evident in their first stereo 
recordings with an impact that mono 
simply could not match. As improve-
ments in recording came along this very 
skilled mixed chorus has kept its place 
at the head of groups stressing lilt 
above all else. With the sonic presence 
Columbia is delivering in its current 
stereo discs, the effect can be quite 
overwhelming on a large system if the 
listener is encountering the group for 
the first time. The usual solid beat dis-
tinguishes the instrumental accompani-
ment as Conniff leads his charges with 
machine-tool precision in "Red Roses 
For a Blue Lady," "Charade," a spright-
ly Australian novelty "Tie Me Kangaroo 
Down, Sport," and a generous sampling 
of Broadway show scores. 

THE McPROUD 

HIGH FIDELITY OMNIBOOK 

AUDIO BOOKSHELF 
North American Publishing Co. 

134 North Thirteenth Street 

Philadelphia, Pa. 19107 

Please send me  copies 

of  the  McProud  High  Fidelity 

Omnibook. I am enclosing $  . 

(All  USA and  Canadian orders 

shipped postpaid.) 

Name_ 

Address _ 

City _  __State _  _Zip _ 
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All and all that 

Blind Willie McTell: 1940 
Melodeon Mono MLP 7323 

These recordings were made in 1940 
by John Lomax during one of his Li-
brary of Congress field recording trips. 
A skillful performer on the twelve-
string guitar. and a crisp and articulate 
singer with the kind of clear enuncia-
tion that many of the young urban 
singers could profitably use as a model. 
McTell sings some unusual versions of 
a number of traditional folksongs. Many 
of his songs are introduced by brief 
comments, and three bands of inter-
view with Lomax do a great deal to 
heighten the insight into the rich back-
ground and personality of this excep-
tional blind singer. The inclusion of a 
popular song from the 30's. Baby, It 
Must Be Love, may have little interest 
to the collector of folk rarities, but it 
serves to further round out the portrait 
of McTell as a performer. As might be 
expected, neither the recording nor the 
record surfaces are up to present day 
standards. However, considering the con-
ditions under which these sides were 
originally cut, things are generally quite 
acceptable. In the few instances where 
the sound breaks up badly, the excep-
tional merit of the musical material 
more than justifies the inclusion of the 
poor recordings. 

Oliver Nelson Plays Michelle 
Impulse Mono A-9113 

Here is a delightful parcel of swing-
ing versions of pop tunes performed 
by an all-star, 12-piece band led by 
Oliver Nelson on tenor and alto. In 
addition to Michelle and Yesterdays by 
Beatles Lennon and McCartney, such 
recent hits as These Boots are Made for 
Walk in',  Beautiful  Music,  Fantastic, 
That's You, and Flowers on the Wall 
are coupled with Ellington's Island Vir-
gin, Johnny Hodges' Once Upon a Time, 
two Nelson originals —Jazz Bug and Do 
You See What I See? —and that Rus-
sian standard Meadowland. Outstanding 
solo work  by  Nelson, Clark Terry, 
fluegelhorn and trumpet, Hank Jones, 
piano, and Phil Woods, alto, make this 
a worthwhile collection for both danc-
ing and serious listening. 

Bertram Stanleigh 

Raymond Fol Band: Vivaldi's Four Sea-
sons in Jazz 

Philips Stereo PHS 600-198 

Since its phenomenal success with 
swinging versions of baroque music per-
formed by the Swingle Singers, Philips 
has been straining to discover another 
hit that would appeal to the same mar-
ket. First they tried Bach Humbug by 
a German group called the George 
Gruntz Quintet; now they make another 
attempt with a French big band that 
features  solos  by  three  Americans: 
Johnny Griffin, tenor, Jimmy Woode, 
bass, and Arthur Taylor, drums, and 
the superb Belgian vibraphonist, Fats 
Sadi. The main difference between the 
present platter and previous swinging-
the-classics experiments is that this new 
try is devoted, not to a brief miniature 
or a fragment of a longer composition, 
but to an entire large-scale work. Such 
an approach presents special problems, 
and it is only fair to state that Monsieur 
Fol has been only partially successful 
in solving them. His version offers many 
clever touches and sensitive bits of in-
strumentation that show deep insight 
into his source material, but these fine 
moments are often laced together by 
trite, obvious cliches right out of a 
1940's big band arranger's handbook. 
There is much to admire in this bright, 
clean recording, but the old red monk 
of Venice was a bit more of a swinger 
than Raymond Fol and his boys, and 
I'd prefer to take this one straight. The 
swing approach to a full-scale classical 
work does, however, raise the question 
of future repertory. Is it possible that 
Philips is at work right now on hotted 
up versions of the B Minor Mass, 
Bruckner's  Seventh,  or  the  Berlioz 
Requiem? 

Clifton Chenier: Louisiana Blues and 
Zydeco 

Arhoolie Mono F 1024 

"Zydeco" is the name for the popular 
dance-hall music of a less refined variety 
Coast, and Clifford Chenier, who sings 
in a Cajun patois and plays accordion 
and harmonica, is reported to be its 
finest performer. It is rough, vigorous 
dance hall music of a less refined variety 

than is heard in the New Orleans dance 
halls, and its performers have a robust 
style with abundant blues color but very 
little subtlety. The group, in addition 
to accordion and harmonica, includes 
piano, guitar, and bass. They have been 
recorded in a Houston, Texas sound 
studio; the sound is bright, close-up, and 
just a bit edgy. But these musicians per-
form with all of the joy, spirit, and 
freshness of a live performance. The 
liner notes indicate that another album 
of Zydeco can be expected from Arhoo-
lie later this year. It will be just as 
welcome as the present disc. 

Barbara  Dane  and  the  Chambers 
Brothers 

Folkways Mono FA 2468 

For  her  latest  recording,  Barbara 
Dane is joined by four gospel singers 
in a group of civil rights protest songs. 
The Chambers Brothers, who hail from 
Carthage, Mississippi and a background 
of religious music and rhythm  and 
blues, seem to be about to break into 
a new career in the pop-rock category. 
But on this platter their function is 
largely that of choral accompaniment 
as Miss Dane sings out with feeling 
the songs of protest that she has col-
lected while participating in the Free-
dom Schools and registration demon-
strations in the South. A dedicated, 
rather than polished, performer, Bar-
bara Dane has a message to get across; 
she does so with unabashed sincerity. 

Hampton Hawes Trio: Here and Now 
Contemporary Stereo S7616 

Working  with  two  new  partners, 
Chuck Israels, bass, and Donald Bailey, 
drums, Hawes offers his very creative, 
highly unorothdox variations on a hand-
ful of pop tunes that includes Fly Me 
to the Moon, What Kind of Fool Am I?, 
The Girl From Ipanema, People, Chita 
Chita Cher-ee, and Days of Wine and 
Roses. As is usual in Hawes case, one 
starts out wondering why a musician 
of his talents wastes his efforts on such 
flimsy tunes. However, it soon becomes 
clear that these melodies serve as a 
mere point of departure as he builds 
his solid improvisations. Both Israels 
and Bailey have ample opportunity to 
indulge in free-time improvisation of their 
own, and the group is well recorded in 
rather widely spread stereo. 

Willie Bobo: Uno, Dos, Tres 
Vogue Stereo V6-8648 

Latin accented jazz by a ten-man 
group with fifty per cent of its man-
power devoted to light, airy, colorful 
percussion.  Typically,  Bobo offers a 
mixed bag that includes pop tunes, Latin 
numbers, chestnuts like Old Man River 
and The Breeze and I, as well as Benny 
Go!son's I Remember Clifford and Wil-
lie's own Fried Neck Bones and Some 
Home Fries. Everything fits together 
neatly in a well balanced package with 
an easy, swinging pace and exceptionally 
crisp, transparent stereo that shows this 
ensemble off in fine fashion.  ZE 
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ABOUT MUSIC 
Harold Lawrence 

The scene is a recording studio. 
The orchestra sits in noisy expec-
tation —then at a signal settles 
down ... 

The Recording Musician— 

Is He A Man Or Machine? 

Tin. RED LIGHT went on in the hall. 
Over the loudspeaker system sound-
ed the announcement of the next 

take: an insert of the final sixteen bars 
of the score. The conductor lifted his 
arms, waited for silence, but no down-
beat  followed.  A gray-haired  cellist 
suddenly rose from his seat, began roll-
ing down his shirt sleeves, and said: 
"I'm going home." The astonished con-
ductor could think of nothing to say, 
except "Why?" Buttoning his shirt col-
lar, the cellist replied, "Because I am 
not a machine." He then grasped his 
cello and bow in one hand and his 
jacket in the other and stalked from the 
recording hall, drawing a chorus of boos 
and hisses from his colleagues. 

A heated argument ensued in the Car 
Park outside the hall between the or-
chestral manager and the wildcat cellist, 
but the latter refused to return. It was 
an open secret that the player, a valued 
member of the self-governed English or-
chestra, had walked out three times be-
fore during the current season because 
of reasons entirely unrelated to working 
conditions. Today was no exception. The 
recording was proceeding smoothly and 
the players seemed to be enjoying the 
work. But though the orchestra dis-
approved of the cellist's irrational con-
duct, some may have sympathized with 
him in his protest against the routine 
of modern recording. Surely the record-
ing director can't really appreciate what 
it means to play those notes over and 
over. One indeed can feel like a ma-
chine after a half dozen takes of the 
same passage. 

Usually, the man in the control room 
is fully aware of the implications of his 
requests for re-takes because he is a 

musician himself. If he is a competent 
producer, he already will have recorded 
his "basic take" —a performance that is 
both technically and musically excellent. 
Now he must fix the accidents, correct 
slight imbalances, replace any glaring 
blemishes. The slight accelerando near 
the end is not quite together, the low 
brass suddnly dominates the orchestral 
texture where it should only provide 
accompanying sonority, or someone ac-
cidentally kicks over a music stand in 
the middle of an otherwise perfect take. 

Veteran recording musicians take it 
all in their stride. They understand and 
may even appreciate what the producer 
and maestro are trying to achieve. Be-
sides, they don't relish the idea of re-
peating the same musical fragment many 
times. The prevailing spirit is "Let's get 
on with it." But if the recording crew 
and the conductor are interested in some-
thing more than musical cosmetics, they 
hope to arouse another kind of spirit 
in the players. 

It is a difficult task. For the atmos-
phere inside a recording hall is basically 
impersonal. No audience to hear your 
performances, cables and microphone 
booms to trip over, a battery of bug-like 
mikes mutely staring at you from above. 
And don't forget to hold your breath 
at the end of each movement. Total 
gloom can be achieved by the producer 
who will never address the players di-
rectly over the loudspeaker but prefers 
to deal with the orchestra through an 
intermediary, the conductor. A typical 
scene: the last smashing chords of the 
symphony resound in the hall. While 
the reverberation dies away, everyone 
freezes as if waiting for an invisible 

photographer  to  release  his  camera 
shutter.  The  telephone's  nasal  buzz 
breaks the silence, and the conductor 
picks up the receiver. He nods, frowns, 
says "Oh?", and hangs up. "Gentlemen. 
Once again, please!" Unless the reason 
for the re-take is obvious, only two 
people know why the take was called. 

Some producers feel that the best 
artistic results are possible only when 
the orchestral players are deeply in-
volved in the making of a record. But 
first there must be mutual respect and 
trust between conductor and producer, 
so that both serve a common musical 
purpose. Once this has been achieved, 
the conductor can concentrate on the 
"music," relying on the producer to in-
form him about details of balance, ar-
ticulation,  and  other  musical  details 
which show up more clearly in the 
control room than from his vantage 
point in the hall. One conductor was 
only half-joking when he said "I'm too 
busy conducting to listen." 

Considerable time is saved by an-
nouncing the reason for re-takes over 
the loudspeaker. Everyone in the or-
chestra knows why the passage or move-
ment is being repeated. The telephone 
is there only for comments and dis-
cussions of a more discreet nature, such 
as "Mr. X's intonation is off. Should we 
call for a sectional tuning, or would 
you like to tell him yourself, Maestro?". 
Ideally, the producer must act as musical 
watchdog, diplomat, and fellow musician. 
Under these conditions, few orchestral 
players will feel like machines or as-
sembly-line workers, but rather like par-
ticipants in what sometimes can be an 
exciting musical experience.  4zE 
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We cordially invite you  4, 
to review the new series of 194, 

11 A Vied A he 

11•11 111Mr 

... consisting of six magnificent loudspeakers 

plus three unique I"  Expandules 



ACHRO MATII= 

w30C 

_ 



FULLY VeRIABLE ACOUSTIC 
COMPEN:ATION CONEROL 

FULL 2-SECTION 
RCL NETWORK 
DESIGN RIG 8" WOOFER FOR 

-ULL BASS RESPONSE 

ULTRI,COMPACT S IZE 

3" MYLAR-DOMED, 
OMNI-DIRECTIONAL 
PRESSURE TWEETER 

NEW REMOVABLE GRILLE, 
FOR FABRIC COORDINATION 

SPECIFICATIONS -  MI: (Two-way) Woofer, 8" acoustic suspension; Tweeter, 3" 
omni-directional pressure dome. Central: Wire wound, continuous. Minimum Power 
Rimpiked: 10 watts (per channel) IMF. System Impedance: 4 to 8 ohms. Dimensions: 
93/4 " 0 14" x 81/2 " deep. finish/Priem (Genuine wood veneer) Oiled walnut, $49.95. 

ACHROMATIC 

W20 2- W A Y MI N O RETTE 

S PE A KE R S Y STE M 

The new Wharfedale .W20 Minorette set its sights on sound above 
all... with dimensions and cost a secondary consideration. This is 
why the W20 does not use a 4", 5" or even a 6" woofer .... but a high 
compliance, low resonance full 8" woofer with exclusive Flexiprene 
cone suspension. And, this is topped off with a new, advance-design 
mylar-domed pressure tweeter with excellent omni-directional dis-
persion characteristics. Both speaker components have heavy magnet 
assemblies for controlled transient response. Network and voice coil 
values have been carefully designed for optimum performance with 
either vacuum tube or transistor amplifiers and receivers. A continu-
ously variable acoustic compensation control is included. 

The sturdily constructed, handsomely appointed cabinet (acous-
tic suspension principle) is finished with genuine walnut for greater 
decorating versatility; even has an easily removed front grille to 
make changing the cloth simple. The small overall dimensions 
make the W20 suitable for either stand-up or horizontal position-
ing; ideal too for placement inside of stereo "consoles." 

Listen to the W20 with your eyes closed, and forget that it's so 
small and costs so little. What you hear will make it easy! 

NEW RCL 
NETWORK DESIGN 

NEW ACOUS-

SUSPENSION ENCLOSURE 

I" HIGH-FLUX. ACOUSICAU., 
ISOLATED OW 'ETER WITH 
A.UMINUM VOICE COIL 

NEW CONTINUOUS ACOUSTIC 
/  COMPENSATOR CONTROL 

SPECIFICATIONS - Speaker: Two-way) Woofer, 8" acoustic suspension; Tweeter, 4. 
acoustically isolated. Cenvel: Wire wound, continuous. Minimum Power Required: 
8 watts (per clannel) IHF. System impedance: 4 to 8 ohms. Dimensions: 10" x 19" x 
91/4" deep. Flnishes/Prices: (Genuine wood veneers) Oiled walnut, $69.95; Utility 
model, sanded birch hardwood with flat molding, $63.95. 

HEAVY DUTY 8" MX/FEE L., 
WITH EXCLUSIVE 
FLEXiPRENE SURROUND -1. M 

NEW REMOVABLE GRILLE, 
FOR FABRIC COORDINATION 

ACHROMATIC 

W 3  0  C  

2- W A Y C O M P A CT 

S PE A KE R S Y STE M 

The new Model W30C embodies an enlightened technical approach 
to the problems and virtues encountered by modern speaker sys-
tems intended for use with either tube type or transistor amplifiers 
and receivers. The all-new network configuration used in this 
latest edition of the W30, and the impedances employed in the 
woofer and tweeter components, make the W30C suitable for any 
amplifier having an output of 4 to 8 ohms. 
Heavy (2 lb.) woofer magnet assembly provides proper damp-

ing, eliminates hangover, insures excellent transient response... 
all desirable when a bass speaker employs a high compliance, low 
resonance suspension, such as Wharfedale's exclusive new Flexiprene 
cone surround. 
The acoustically-isolated, full-sized 4" tweeter with large 11/4  lb. 

magnet assembly performs easily and smoothly throughout its 
assigned range, adding clarity without harshness, musical definition 
without stridency. 
The new W30C is indeed a speaker that may be used, despite 

its modest size and price, as the main system where space is at a 
premium, or as a highly gratifying "second" system in secondary 
listening areas. 

3-SECTION 

INDIVIDUAL 
MID AND 
TREBLE RANGE 
VARIABLE CHITROLS 

RCL NETWORK DESIGN 

HEAVY DUIFY. LOW 
RESONANCE 10" WOOFER 

INERT, SAND-FILLED 
CABINET CONSTRUCTION 

NEW, ADVANCE-DESIGN 
-  rRAENslitOJIRREECDTgNEAL 

TWEETER 

ACOUSTICALLY ISOLATED 
5" MIDRANGE SPEAKER 

REMOVABLE GRILLE FOR 
FABRIC COORDINATION 

= PP  

SPECIFICATIONS - Speakers: (Full three-way) Woofer,  10" high compliance,  low 
resonance; Midrange,  icoustically isolated; Treble, 3" omni-directional pressure 
dome. Control!: Wire wound, continuous treble and midrange controls. Minimum 
Power Required: 8 watts (3er channel) IHF. System Impedance: 4 to 8 ohms. Dimen-
sions: 12 1/2" x 23//2" o 101,4" deep. Finishes/Prices: (Genuine wood veneers) Choice 
of oiled walnut or polished walnut, $89.95; Utility model, sanded birch hardwood 
with flat mold.ng, $78.95. 

ACHROMATIC 

W 4  0  C  

3- W A Y B O O K S H E LF S PE A KE R S Y STE M 

In exclusive "sand-filled" encl osure 

With the new W40C, Wharfedale has established a new technical 
standard applying to all systems above the size of a "compact." 
The W40C, and all larger systems in the Wharfedale line, are full 
three-way multiple speaker assemblies, yielding a carefully tailored, 
ultra linear response that can best be accomplished with individual 
speakers designed for and operated over a restricted frequency 
range. 
In the W40C, a heavy duty 10" high compliance, low resonance 

woofer is mated with an acoustically isolated 5" midrange speaker 
and an advance-design omni-directional pressure dome tweeter. 
Cone and chassis designs of the individual speakers have been 
developed to minimize reliance on the crossover network for 
channel separation. Separate mid and treble range, continuously 
variable acoustic compensation controls are provided. 
The W40C brings a new dimension in sound realism to the 

world of "bookshelf' speakers, at a very reasonable cost. An 
optional set of legs adapt the speaker for free standing floor use 
where desired. Here indeed is exceptional value! 



ACHROMATIC 

W 6  0  C 

B O O K S HELF A N D FL O O R- ST A N DI N G 

3- W A Y S PE A KE R S Y STE M In exclusive 

sand-filled enclosure 

INDIVIDUAL MID AND TREBLE  12" LOW RESONANCE WOOFER 
RANGE VARIABLE CONTROLS  WITH POWERFUL 5 LB. MAGNET ASSEMBLY 

The W60C enjoys important benefits derived from its new 3-way 
speaker configuration. 

A 12" woofer with extra-heavy (5 lb.) magnet assembly, 2" 
voice coil and one-piece cone molded of English long-fibred wool 
and soft pulp contribute, among other factors, to the remarkably 
undistorted, extended bass response of this system. The newly 
developed 5" acoustically isolated mid-range speaker, in this instance. 
incorporates a generous 13/4  lb. magnet assembly, for well-controlled, 
wonderfully clean reproduction of this very important part of the 
audio spectrum. Add to this an all-new omni-directional mylar-domed 
pressure tweeter, also equipped with extra-heavy magnet for insuring 
a comparable output level. 

Individual continuously variable mid and treble range compen-
sation controls are provided to adjust for acoustic environment. 

The W60C may be used with equal satisfaction as a bookshelf or 
floor-standing system. An optional base is offered for floor use, as 
a further decorative refinement. The cabinet is more than just an 
acoustic enclosure; it is fine furniture, tastefully styled to suit any 
room. The removable front grille facilitates decorative changes. 

INERT 
SAND-FILLED 
CABINET 
CONSTRUCTION 

3-SECTION RCL 
NETWORK 
DESIGN 

NEW, ADVANCE.DESI 
OMNI-DIRECTIONAL 
PRESSURE DOME TWEETER 
WITH EXTRA-HEAVY MAGNET 

HANDSOME,  ACOUSTICALLY 
FURNITURE-ORIENTED  ISOLATED. HEAVY DUTY 
ENCLOSURE STYLING  MID RANGE SPEAKER 

REMOVABLE GRILLE 
FOR FABRIC COORDINATION 

SPECIFICATIONS — Speakers: (Full three-way) Woofer, 12" high compliance, low 
resonance; Midrange, 5" acoustically isolated, heavy duty; Tweeter, 3" heavy duty 
omni-directional pressure dome. Controls: Wire wound, continuous treble and mid-
range controls. Minimum Power Required: 8 watts (per channel) IHF. System Impedance: 
4 to 8 ohms. Dimensions: 14,A" x 24" x 13" deep. Finishes/Prices: (Genuine wood 
veneers) Choice of oiled walnut or polished walnut, $129.95; Sanded birch hardwood 
with flat molding, $113.95. Option: Model B67 floor standing base (adds 4'/." to height 
of system). $10.50 oiled or polished Walnut; $9.50 unfinished. 

ACHRO MATIC 

w70C 
3- W A Y HI A N D L O W B O Y D EL U XE 
S PE A KE R S Y STE M in exclusive 

sand-filled enclosure 

The new W70C incorporates the finest components available for 
multiple speaker systems. The 12" woofer employs a massive (91/2  
lb.) magnet assembly on a heavy cast aluminum chassis. The 2" 
pole piece and magnet keeper plates are made of the finest grain-
oriented, high permeability Sheffield steel, insuring maximum gap 
flux density with minimum heat loss, as well as exceptional power 
and transient handling ability. Low natural resonance, high but 
well controlled compliance, and long axial excursion add to the 
bass response capabilities of this acoustic suspension system... 
right down to the thrilling depths of audible range. 

As a natural and necessary complement, a full 8" speaker with 
heavy duty magnet assembly is used for midrange, while Wharfe-
dale's famous 3" Super tweeter, with big 31/2  lb. magnet assembly 
provides the cleanest, most natural treble reproduction achievable. 

The versatile cabinet may be used standing on end ("Hi Boy") or 
on its side ("Low Boy"), yet occupies surprisingly little floor space 
in either instance. The W70C is often used, because of its attractive 
table top, as an end table alongside sofas, chairs, etc.; and it is ideal 
for positioning on either side of a bay window. The front grille 
assembly is easily removed for decorative changes if desired. 

INERT, SAND-FILLED 
CABINET 
CONSTRUCTION 

INDIVIDUAL 
MID AND 
TREBLE RANGE 
VARIABLE 
CONTROLS 

3-SECTION RCL 
NETWORK DESIGN 

BIG ti" HEAVY DUTY 
MIDRANGE SPEAKER 

FAMOUS SUPER 3" TWEETER. 
IN ACOUSTICALLY 

ISOLATED CHAMBER 

VERSATILE CABINET STYLING 
USED AS HI OR LOW BOY 

12" LOW RESONANCE 
WOOFER WITH MASSIVE  REMOVABLE GRILLE 
MAGNET ASSEMBLY  FOR FABRIC COORDINATION 

SPECIFICATIONS — Speakers: (Full three-way)  Woole.,  12"  high  compliance,  low 
resonance;  Midrange, 8" heavy duty;  Treble, 3" Super tweeter. Controls: Wire 
wound, continuous treble and mid-range controls. Mialmum Power Required: 8 watts 
(per channel) INF. System impedance: 4 to 8 ohms. Dimensions: Finished model, 
24" x 231,4" x 14" deep; Utility model, 24" x 207/8" x 123/4 " deep. Finishes/Prices: 
(Genuine wood veneers) Choice of oiled or polished walnut, $179.95; Utility model, 
sanded birch hardwood with flat molding, no table top, $160.95. Option: Model B67 
set of legs (not essential for floor standing use). 

ACHR O MATIC 

w90C 
6- S PE A KE R C O N S OLETTE, 

2 B A S S, 2 MI D- R A N GE, 2 T RE BLE 

superbly m atched and integrated with 

a m agnificent sand-filled enclosure 

The truly remarkable sound of the W90C — so exciting because 
it is so lifelike no matter where one listens from in a room — is 
due both to the particularly high quality of its components and to 
the design used in putting them to best use. The bass range is 
divided between two 12" woofers, each with massive (91/2  lb.) 
magnet assembly, on cast aluminum speaker chassis. One, with a 
flat 70 sq. in. polystyrene radiator, provides free piston action 
efficiently, coupling the low bass range energy into the room. The 
other woofer, with conically shaped diaphragm, excels in repro-
ducing the upper bass range. Both speakers operate in an acoustic 
suspension type enclosure. In this manner the bass spectrum is 
uniformly reproduced, with surprising output level down to the 
very depths of audible bass tones. 

A pair of special 5" heavy duty mid-range speakers and a pair 
of the famous Wharfedale Super 3" tweeters handle the balance 
of the musical spectrum. All these speakers are, of course, acousti-
cally isolated from the bass compartment, and the cabinet employs 
the exclusive sand-filled panel construction principle to eliminate 
enclosure coloration. The wide angle dispersion resulting from the 
array of mid and treble speakers insures correct musical timbre 
and definition anywhere in the listening area. 

INERT, 
SAND-FILLED 
CABINET 
CONSTRUCTION 

INDIVIDUAL 
MID AND 
TREBLE RANGE 
VARIABLE 
CONTROLS 

3-SECTION RCL 
NETWORK DESIGN 

SUPERB FURNITURE 
STYLING IN TODAY'S 
LOW SILHOUETTE MODE 

DOUBLE WOOFER 
SECTION WITH 
DIVIDED BASS 
RANGE 
ASSIGNMENT 

MASSIVE MAGNET STRUCTURES 
FOR UNEXCELLED PERFORMANCE 

(  TWIN MID-RANGE AND 
TREBLE SPEAKERS FOR 
WIDEST DISPERSION 

REMOVABLE GRILLE 
FOR FABRIC COORDINATION 

SPECIFICATIONS — Speakers: (Full three-way) Woofers, one 12" with polystyrene 70 
sp. in. piston, one 12" with conical diaphragm; Two 5" Midrange speakers; Two Super 
3" tweeters. Controls: Wire wound, continuous treble and mid-range controls. Minimum 
Power Required: 8 watts (per channel) IHF. System Impedance: 4 to 8 ohms. Dimes. 
sions: Finished model, 23.4" x 30y." o 13%" deep; Utility Model, 23%" 0 2PA" x 
12./." deep. Flnishes/Prices: (Genuine wood veneers) Choice of oiled walnut or polished 
walnut, $279.95; Utility model, sanded birch hardwood, flat molding, no table top, 
$263.95. Option: Model 867 set of legs (adds 4'A" to height of system). 
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Wharfedale's exclusive Expandules 
convert bookshelf speakers into 
magnificent-sounding floor models, 
preserving your investment when 
you are ready to improve upon 
the original speakers in your 
music system. Each Expandule con-
tains a high-compliance, low-reso-
nance woofer of appropriate size, 
plus the correct matching network 
to extend bass response and im-
prove sound projection into the 
room . . . complementing the per-
formance of the original bookshelf 
speaker. Expandule enclosures are 
table-top (30".) height, and of slim-
line design. Finished in oiled or 
polished walnut, they blend per-
fectly with present home-decorating 
trends. The handsome appointments 
and tasteful styling completely con-
ceal the fact that the Expandule 
also contains the bookshelf speaker. 
Matching legs are optional. 
Wharfedale is a wise investment 

because a music system can be 
started with Wharfedale Achro-
matic  bookshelf  units  (W30C, 
W40C, W60C) and the Expandules 
E35, E45, E65) can be added as 
desired. 

How a bookshelf 
speaker can be 
converted to a 
full-size system in 
three simple steps. 

EXPANDULES ARE OFFERED IN THREE MODELS 

. Connect leads from 
book:hell speaker to Expandule 

3. Connect leads 
from Expandule to amplifier. 

Model E35 is 293/4" high, 233/a" wide, 135/e" 
deep; (dimensions include table top overhang 
and optional legs); uses a special extended 
bass 10" woofer; has a 195/8" x 103/e" x 11" 
compartment.  $99.75. 

Model E45 is 30" high, 303/e" wide, 13Va" 
deep; uses a 12" woofer; has a 241/8" x 
1123/4 " x 11" compartment.  $149.50. 

Model E65 is 30" high, 361/e" wide, 161/4" 
deep; uses a 15" woofer; has a 241/0" x 
141/2" x 131/2" compartment.  $199.95. 

All are offered in either oiled or polished walnut. A set of 4 optional legs (Model B70) 43/4 " high Is offered for all Expandules $7.50. 

Prices and specifications 
subject to change without notice. 11014 4111111111 6 Div. British Industries Corporation, Westbury, N. Y. 11590 



An Integrated Complex-Tone 
Generator for Electronic Music 

ROBERT C. EHLE• 

The author, in addition to his laboratory work in electronic music, is also 

a composer in this art. Here he describes some of the "hardware" which 
the Electronic Music composer uses to create the unusual sounds —to 

the uneducated-in-electronic-music ear.  He also describes a generator 
which can do the work of a whole labful of more-conventional equipment. 

M
\NY ARTICLES have been writ-
ten describing the various 
oscillators, generators, modu-

lators, gates, filters, and so forth, 
which may be employed in the com-
position of electronic music or in the 
generation of a variety of sounds for 
research in psycho-acoustics and other 
experimental areas. 
It would seem, then, that the best 

procedure in establishing a studio or 
installation of equipment for such pur-
poses would be to purchase one or 
more of the several types of equip-
ment available in each of the various 
categories, such as oscillators, gener-
ators, gates, modulators, filters, record-
ers, mixers, and so on, and then to 
assemble them in a cabinet or relay 
rack in convenient proximity to each 
other. 
Although this procedure will work 

to a degree, there are many ways in 
which one slightly more elaborate 
piece of equipment may serve two or 
more functions (as in the case of the 
gate-modulator, or an oscillator which 
is capable of generating several differ-
ent waveforms.)  By  investigating 
these possibilities it is possible to re-
duce the amount of required equip-
ment and, often, to increase its flexi-
bility and utility. 
In purchasing equipment, one must 

also keep in mind the necessity of 
matching the inputs and outputs of the 

*Research  Assistant  in Electronic 
Music, North Texas State University. 

different pieces (for example: imped-
ance matching, signal level matching, 
and so on), and the fact that some 
equipment can generate hum and 
other interference in equipment when 
mounted nearby. 
When an installation of reasonable 

proportions has been properly com-
pleted, it will be found that many op-
erations to be performed will require 
several duplicate pieces of equipment. 
In other words, one or two oscillators 
are not enough for a complete studio, 
and for some of the more complex 
operations, half a dozen may not be 
sufficient. There is no limit to the 
number of filters needed for some ap-
plications; some studios have used a 
unit which contains at least fifty sepa-
rate band-pass filters with independent 
frequencies and controls. 
One of each kind of equipment will 

allow only the most basic sound gen-
eration and may be unsatisfactory in 
most situations, but cost rises rapidly 
when we attempt to obtain several 
duplicates of the various units. One 
approach to this problem is to reduce 
the flexibility and range of the indi-
vidual generators, oscillators, and fil-
ters, and to install special amplified 
units (which are much less expensive 
and require less power and weight) 
in one special chassis and in the quan-
tity desired for the particular experi-
ment. 

Fig. 1. Overdriving 
an amplifier pro-
duces a squared 

output.  SINE TONE INPUT SIGNAL 

Such an installation may sacrifice 
some of the flexibility and accuracy 
obtainable from the largest studio in-
stallations, but it will provide a con-
venient and portable source for a wide 
variety of electronic sounds within a 
limited budget allowance. 
In order to fill the need for such a 

functional source for complex tones, 
we at North Texas State University 
have designed a generator which con-
tains the following: five sine-wave os-
cillators, one multivibrator, one pulse 
generator, one balanced modulator, 
one sweep-frequency oscillator, six 
formant filters, and an assortment of 
envelope control attachments to the 
modulator, including a rectifier and 
integrating network on the modula-
tion input, an expansion-compression 
switch between the main and the mod-
ulation inputs of the modulator, and 
inputs for external d.c. and a.c. modu-
lation. 
The oscillators are limited in the 

range which they can produce; in the 
design, it was planned to include sim-
ple oscillator circuits which would not 
consume much ',pace or power. And 
the oscillators do not produce a con-
tinuous pitch selection, but employ 
capacitors in an additive fashion to 
determine the pitch, all oscillators 
drawing from the common capacitor 
bank.  This arrangement conserves 
space and provides only as much flex-

DYNAMIC RANGE OF AMPLIFIER RESULTANT 
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SINE TONE INPUT 

5 

\ 

FIVE POSITIONS OF THE 
VARIABLE DYNAMIC RANGE 

ibility as is considered necessary in the 
light of the intended application. 
The unit has proved capable of pro-

ducing a wide variety of continuous. 
clangorous sounds and, through the 
envelope-control features provided, a 
range of bell, chime, and other percus-
sive sounds. These sounds, generally 
beyond the reach of a standard studio 
installation of moderate size, have 
been accomplished by sacrificing some 
flexibility in the individual oscillators, 
in the interest of increased variety 
and range in numbers and types of 
oscillators. The complete unit is a 
moderate-sized table-top unit, which 
is portable and contains all of the 
components necessary for its opera-
tion. 

THE FIVE RESULTANT 
WAVEFORMS WHICH COR-
RESPOND TO THE FIVE 
POSITIONS OF THE RANGE 

Fig. 2. How vari-

able bias produces 

various outputs. 

The heart of the unit is the modu-
lator and its various envelope shaping 
controls. With this unit any oscillators 
could have been used to accomplish 
the results with an increase in cost 
over the present unit, as well as an 
added requirement in size and weight. 
When the unit is used in conjunc-

tion with several other input devices, 
such as the Cembalet (a sort of elec-
tronic harpsichord manufactured in 
Germany), a Theremin, the Wurlitzer 
electronic piano. or another generator 
with a convenient method of control, 
an extremely wide range of sound 
variety may easily be obtained. In 
each case, the performer plays the 
input instrument and the complex-tone 
generator is used to modify the output 

or to generate new signals with some 
relationship to the input. 
The unit functions as a signal-modi-

fying device, taking its input from any 
electronic musical instrument and pro-
viding certain basic manipulations 
upon this signal. It is capable of per-
forming several manipulations simul-
taneously, and also of generating new 
sounds controlled in several different 
ways by the input signal. Finally, it is 
capable of generating certain types of 
continuous or percussive signals inde-
pendently, with only a switch as the 
input signal device. 
As such, the instrument may be 

used as a performing instrument, 
either alone, or when attached to some 
electronic input device. A keyboard-
controlled input device has been found 
to be most satisfactory because it al-
lows the average musician to relate 
the new sounds to something with 
which he is already familiar. It also 
offers a convenient method of nota-
tion. 
Future plans call for a completely 

transistorized unit which will be some-
what easier to operate but will provide 
the same variety of complex-tone 
manipulation possible with the present 
model. In the same fashion, the sim-
plest effects will be eliminated and 
laboratory accuracy sacrificed in order 
to provide the performer with a port-
able "electronic music lab in a hat-

THE PIONEER LINE IS HERE TO HEAR.  
Here's an outstanding AM-FM system to satisfy even the 
most critical audiophile. Delivers dynamic stereo sound 
at a most sensible price. 

Why does Pioneer, one of the world's largest component 
manufacturers introduce this receiver and speaker system, 
when it's obvious that they have more sophisticated prod-
ucts with more glamour and higher prices? 

The superior quality and craftsmanship of the ER-420 is truly capa-
ble of achieving concert hall realism right in your own home. Not 
only FM but also AM channels are at your fingertips with the world's 
finest music, created with incredibly realistic stereo separation. 
Ultra-sensitive selectivity is provided by a tuned radio frequency 
amplifier stage and a total of four stages of intermediate frequency 
amplification. 
Extraneous noise is completely eliminated by a double cascade 
limiter and a ratio detector. A unique bandwidth control switch 
selects either "broad" for widest frequency response, or "sharp" 
for maximum selectivity on AM. 
A high stability multiplex switching system produces superior stereo 
separation creating an almost three-dimensional effect. A newly-
developed balance control gives optimum balance without insertion 
loss, permitting full left and right channel operation. With 40 watts 
of audio power, the ER-420 is fully capable of transforming your 
living room into your personal concert hall.  $210.00 

Specifications: 
Radio-frequency amplifier. Three-gang tuning capacitor. 
Wide band ratio discriminator with automatic frequency control. 
Full AM and FM coverage. 
Time switching type demodulator equipped with FM-Stereo indicator. 
Superheterodyne circuit equipped with broad—sharp switch. 
Two-channel, pushpull output. 
Harmonic distortion less than 1% at rated output. 
Frequency response from 20 to 20,000 cps. 
Voltage switchable 110/220, 50-60 cps. 
Simultaneous tape recording jacks equipped with tape monitor switch. 
Low and high cut filters. 

It's simple ... Pioneer wishes to give you, the Audio reader, 
an opportunity to take advantage of this sound value at a 
price the modest budget can afford. Its performance and 
quality can be recommended with confidence. 

To anyone who wants something really good in high fidelity 
components at a sensible price . .. the ER-420 and CS-20 
combination is outstanding for the beginner or "pro". 

The Pioneer Model CS-20 compact speaker system has a woofer and 
tweeter combination. The woofer is a custom-designed unit, equipped 
with an unusually massive, powerful .magnet assembly. This woofer 
reproduces well-damped bass. Its rolled surround and long voice coil 
help reproduce distortion-free solid bass even when loaded with 
large power. 
The tweeter has an unusual power handling capacity and also has 
superb radiation characteristics. The frequency response from 70 
cps to over 20,000 cps is clean and smooth. Smartly designed, 
compact in size (not to be confused with miniature systems) the 
CS-20's produce a remarkable big and "open" sound, comparable to 
many bigger systems.  $35.00 each 

Specifications: 

Enclosure: Oiled walnut, black grille 

Speakers: Two way system 

Impedance: 8 ohms 

Frequency response: 70 cps to 20,000 cps 
Maximum Power Handling Capacity: 15 watts 

Dimensions: 8- (W) x 13'5 - (11) x 8,5" (D) 

Net Weight: 7 lbs, 8 oz. 

Supplied Accessories: Wall Suspension Bracket 

Hookup Cable (Color Coded for Phasing) 

Available only through franchised dealers. Write for litera-
ture on the complete line of Pioneer hi-fidelity equipment. 

See the complete Pioneer line on display in rooms 500, 550, 551, at the New York Hi-Fi Show. 
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box." In terms of generating complex 
tones, this unit will be the equivalent 
of several racks of expensive test 
equipment. 
The purpose of the present article 

is to describe some of the various ways 
that the complex-tone generator may 
be set up and used, and the various 
types of sounds and their composi-
tional usefulness as they are obtained 
from the generator in conjunction with 
various input devices. In the event 
that such a unit could be developed 
and distributed to any extent, com-
posers would be able to write for it 
with the expectation that it could be 
obtained for performances, no matter 
where or when the performance was 
to take place. This device could put 
the range of significant new electronic 
sounds at the disposal of orchestral 
and chamber music composers with-
out forcing them to rely on tape-
recorded sounds. 
Although the descriptions which 

follow are written in a general sense 
and may be performed in any com-
plete laboratory, they have all been 
done with the complex-tone generator 
described. 

Overdriving and Clipping 

One of the  simpler  techniques 
which may be performed is the distor-
tion of the input signal by clipping it 

SINE TONE INPUT  DYNAMIC RANGE OF AMPLIFIER 

/  \ 

CLIPPED OUTPUT  OUTPUT AMPLIFIED 

Fig. 3. Clipping and amplifying produces pulses from a sine-wave tone. 

so that only a portion of the wave is 
reproduced. If we overdrive any am-
plifier we can clip the peaks off the 
wave. 
The simple overdriven amplifier 

will generate odd harmonics from a 
sine tone.  (It produces an oscillo-
scope presentation which approaches 
that of a square wave.)  If several 
tones are fed into the amplifier, the 
resultants will include sum and differ-
ence tones as well as the harmonics 
mentioned above. 
If we should drive such an ampli-

fier but add one feature, a variable 
bias, we can accomplish much more. 
By varying the bias we can change 
the location of the dynamic range of 
a vacuum tube or a transistor. 
By varying the dynamic range of 

an amplifier we can change the out-
put in several ways. We may change 
the lengths of the mark and space por-

tions of the squared waveform. We 
may also reduce one of them almost 
to the point of disappearing. Thus we 
may convert a sine tone into a series 
of widely spaced pulses. 
Such a clipped tone as has just been 

described will have a quality in which 
the overtones predominate and the 
fundamental is very weak.  It will 
sound somewhat like a bassoon and 
may be very "buzzy." It is derived 
from a sine-tone input by use of a 
simple amplifier and a variable bias 
control. 
If two or more tones are fed into 

a clipping amplifier the result is ex-
tremely  complicated.  Interestingly, 
the consonant intervals generate only 
integral partials, while the greater the 
dissonance of the interval, the greater 
is the number of foreign components. 
This gives a heightened effect of con-
sonance and dissonance, and even 

Take the ER-420 AM-FM Receiver, 
hook up a pair of CS-20 Speaker Systems 
and you have superb stereo 
at a sensible price! 
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simple two-part counterpoint has a 
very strong contrast when treated 
through such a system of electronic 
manipulation. 

Filtering Complex Tones 

In any situation where more than 
one frequency is present, we may ap-

CONTINUOUS PITCH 

C2 

A modulator is an amplifier which 
is basically linear but which is made 
non-linear by means of the modula-
tion input signal.  The modulation 
signal changes the bias point on the 
amplifier and therefore varies the dy-
namic range of the amplifier in direct 
relation to itself. When the dynamic 

VARIABLE PITCH BIBb lA1G1F1 ElD1G1 

RESULTANT TONE IS A HARMONIC 
SERIES WITH THE FUNDAMENTAL 

-n 

CS 

Iii 

CI CA cn  Ci) 

m >  > 
> 1—  r-
r- r .fl r).y GI co 

Fig. 4. Resultants from modulation of 
the diatonic scale by a single tone. 

ply our filters. The filters have the 
greatest effect on complex waves such 
as those which we obtain by overdriv-
ing an amplifier, as just described. 
If we desire to generate a particular 

frequency or set of frequencies within 
a certain range, but find that we get 
others which we do not want in the 
process, we may suppress the un-
wanted frequencies. at least partially, 
with a filter. This device will often 
save a desperate situation by pulling 
the desired signal out of the noise. 
A further attractive application of 

filters is the use of formant filters. 
These filters may be applied to the 
output of any generator, usually with 
improved results. 
The theory of formant filters has 

already been described elsewhere,' but 
the effect is to add a certain musical 
sound to an otherwise coarse and 
rough tone. 
The filters are applicable to any of 

the various types of complex tones to 
be described later in this article. 

Techniques of Modulation 
If two or more tones are amplified 

by a non-linear amplifier, as has been 
described under "overdriving and clip-
ping," the difference and sum tones 
which result are products of inter-
modulation. These products are pres-
ent along with the harmonics of each 
of the tones generated as the tones are 
clipped. 
With a true modulator we will be 

a little more sophisticated and sepa-
rate the harmonic from the inter-
modulation products. 

'Robert C. Ehle, "Techniques for the 
Synthesis of Electronic Music," North 
Texas State University, Electronic Music 
Laboratory Manual (Syllabus). 

range changes, the input signal is 
modified accordingly. 
Our modulator should be balanced 

so that the modulation signal can be 
balanced out of the output. This al-
lows us to modulate an input signal 
by a continuous tone and not hear 
the continuous tone when the input 
signal is not present. 
So we will use a balanced modu-

lator with a variable bias control, and 
can accomplish many results by means 
of such an instrument. 

INPUT  COMPRESSION 
SIGNAL 

OUTPUT 
SIGNAL  SIGNAL  

0 dB 

Fig. 5. Volume compression as applied 
to a transient and decay. 

Modulation of Input Signal 

by a Continuous Wave 
We will modulate the output of any 

electrical musical instrument by a 
continuous wave which is balanced out 
in the balanced modulator. The re-
sult is that each pitch of the input 
instrument will generate difference-
and sum-tone spectra which are the 
resultants of the input and the con-
tinuous wave. If the continuous wave 
is a simple sine-tone and the input is 
an equally tempered scale, the result-
ant scale will be a series of difference 
tones resembling an inverted series of 
intervals from those obtainable from 
a simple pipe or string. The reason 
for this is that each pair of pitches 
generates the overtone series contain-
ing that pair of pitches. The row of 

fundamentals becomes the apparent 
new scale. 

This technique may be applied to 
any type of input signal, whether from 
a traditional instrument played into a 
microphone or from some all-elec-
tronic instrument. When the There-
min is used, several secondary glis-
sandos result, one of which moves in 
the inverse direction to the input. 

A further extension is to use a more 
complex continuous tone such as that 
which is generated by five sine-wave 
oscillators pitched in random relation-
ships. The results in this case, when 
an input signal is present, are com-
plex tones with a brittle, metallic qual-
ity. Often the input pitch can be dis-
cerned but usually it is only an appar-
ent change heard when the input sig-
nal is changed. The effect is percus-
sive and, like tuned cymbals or wood 
blocks, is only vaguely pitched, with 
non-integral  tones  predominating. 
These sounds are very musical and 
practical for electronic music. 

Volume Compression 

and Expansion 
We may use a modulator to pro-

vide further modifications to an input 
signal by feeding the input signal into 
both the signal and modulation inputs 
on the modulator. 

In series with the modulation input 
we will have a rectifier and a set of 
filters which we may change in vari-
ous ways. If the rectifier is set to 
pass positive pulses and we have a 
capacitor which is charged by the 
positive pulses, we will have a volume-
expansion control.  If the capacitor 
passes negative pulses the result will 
be volume compression. 
When we adjust the threshold of 

the bias with the bias-adjust control, 
we may have a unit which 

I. Suppresses loud sections more 
than soft ones (volume compres-
sion), 

2. Amplifies loud portions more 
than the weaker ones (volume 
expansion), 

3. Passes loud portions only (ex-
pansion & clipping), 

4. Passes soft portions only (com-
pression and clipping). 

By adjusting the capacitors in the 

TRANSIENT  DECAY 

VOLUME EXPANSION 

SWITCH TO "OFF" 
SWITCH IN 

"EXPAND" POSITION 

Fig. 6. Envelope generated by bell syn-
thesizer. 
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• GYROPOISV MAGNETIC SUSPENSION introduces a new perfection to the reproduction of sound. Its 

!
secret is silence! The record platen rides on a cushion of air—suspended magnetically! Mechanical silence is 

the result. Vertical rumble is eliminated. But there's much more that recommends this remarkable turn-

table. It's a matched, balanced, coordinated system, complete unto itself. The arm and platen suspension 

have been unified to eliminate all mechanical feedback. The Unipoise tonearm is balanced from a single 

bearing point. Its cartridge—the famous Stanton Stereo Fluxvalve—rides the record with a feather touch. 

The motor, too, is engineered for silence, rigidly mounted to the base to dissipate all possible vibration. 

The 800B Stanton Stereotable• System even looks silent. The lines are slim, quiet and functional, with a 

base of natural walnut and fittings of gleaming brushed metal. See for yourself—and listen too—at your 

franchised Stanton dealer. Stanton Magnetics Incorporated, Plainview, New York. 
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W hy Settle For Contrived Sound 
W hen Bozak Offers So Many Beautiful 
Ways To Listen Realistically? 

If you've ever had to compromise between 
souni and appearance in selecting toudspeakers, 
you know how disappointing such a compromise 
can be to a serious music listener. 

Compromises are not necessary with Bozak. 

In Music 
Every Bonk speaker, regardless of size, pur-

pose or pri:e is designed, built and tested to 
reproduce sound as realistically as possible for 
your investment. Bozak's goal is to let you hear 
music exactly as though you were in the con-
cert hall. 

In Appearance 

Bozak offers you the broadest selection of 
furniture styles available from any manufacturer 

of quality loudspeakers. Choose from among 

such traditional moods as French Provincial, 
Italian Provincial or Moorish or such contempo-

rary impressions as Urban or Century. You are 
bound to find one that adds a note of interest 

to your decor. 

BOZAK—The Speakers That Look As Great As 

They Sound. 

See and Hear All The Bozak Speaker Syste ms 

in Roo m 321 at the 
1966 New York High Fidelity Show, 

Septe mber 28 through October 2 

2364-
DARIEN, CONNECTICUT 
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filter we may vary the response time 
so that we may 
I. Suppress the transients on "per-
cussive tones," 

2. Reproduce only the transients on 
"percussive tones." 

3. Vary the volume in relation to 
the number of tones played in a 
period to time. 

These techniques may be used either 
for long, slow variations in volume or 
for fast clipping of loud or soft por-
tions. Thus the device may remove the 
attack from a piano tone and extend 
the apparent length of the tone by in-
creasing the volume as the tone dies 
away. 
It must be considered, however, that 

when the bias is set so that any por-
tion of the tone is clipped completely, 
the amplifier will of necessity be oper-
ating in a non-linear section of its 
dynamic range and a certain amount 
of distortion will result. In order for 
this distortion to he removed, it is nec-
essary to use the modulator in the 
middle of the range and to use a large 
filter on the modulation input so that 
no modulation takes place at an audi-
ble frequency. Often, of course, the 
particular distortion which results in 
such cases is the goal of the composer 
and is actually the desired output. 

Generation of Synthetic Bells 

and other Percussive Tones 
In the specific instrument on which 

these techniques were worked out, a 
switch was installed between the main 
signal input and the modulation input. 
This switch was originally intended 

for going from an independent modu-
lation mode to an expansion-compres-
sion mode of operation in which the 
input signal also fed the modulation 
input. 
This switch, it was soon discovered, 

served another very useful function, 
the generation of single percussive 
tones. 
Originally it was planned to use 

the five continuous-wave oscillators as 
the basis for a complex bell tone and 
then to gate them on suddenly and 
reduce their volume gradually by 
means of the modulator. The modu-
lation input would be switched to a 
source of constant d.c. voltage, such 
as a battery, and, through a capacitor, 
this voltage would increase the bias 
on the modulator. As the capacitor 
charged up, the bias would be reduced 
gradually. 
Although this method worked, a 

simpler, more dramatic method was 
subsequently discovered. 
When the switch is thrown to the 

expansion-compression  position, the 
continuous input from the five oscil-
lators provides its own expansion volt-

age on the modulation input and 
through the rectifier and filter, men-
tioned earlier, the volume is expanded 
Then when the switch is thrown to the 
opposite position, the signal is sud-
denly removed from the modulation 
input. This sudden drop in voltage is 
inverted across a single stage of am-
plification and then becomes a sudden. 
positive-going voltage which passes 
through the rectifier in the "positive" 
position and generates a fast transient 
in the modulator when applied to it. 
Any type of input may be used in 

this fashion, and a wide variety of per-
cussive sounds may thus be generated. 

Further Applications 
of the Modulator 

Of course, the list of techniques re-
lated so far is not at all complete. 
Many more combinations of instru-
ments are possible. For example. one 
input instrument may modulate an-

r  1 
! "  . INSTRUMENT "A  L  . 
i  i 
1  I L  ____._.._._._.., 

MAIN 

INPUT 

I MODULATION 
INSTRUMENT "B"   

- INPUT 

I.   

other. One player may play a There-
min into the modulation input while 
another plays a Cembalet into the 
main input. The controls may he set 
so that the Cembalet tone is modified 
by the Theremin or so that the Cem-
halet is not heard until the Theremin 
player plays also. Each may interact 
with the other in a variety of ways, 
depending on how the controls are ad-
justed. 

Modulated white noise is another 
possibility.  When modulated by a 
pitch, white noise seems to take on 
the characteristics of that pitch al-
though it is still "noise." It becomes 
a sort of tuned noise and is useful in 
electronic music, where it is sometimes 
called "pink" noise. Still remaining, 
and not to be covered in the present 
article, are the radio frequency modu-
lation techniques useful in spectrum 
inverters and other devices. 

(Continued on page 112) 
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C) MODULATING A CONTINUOUS WAVE BY AN INPUT INSTRUMENT 

Fig. 8. Block schematics of typical applications of the complex-tone generator. 
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This new BSR McDonald 500 
Automatic Turntable will change your mind 
about how much a precision crafted 
British instrument should cost. 

Up to now, you would have had to pay at least 
$74.50 to get the features that you get with BSR 
McDonald 500 ... for only $49.50*! Quality fea-
tures like 0 Resiliently mounted, coarse and 
fine vernier, adjustable counter-
weight 0 Low mass tubular 
aluminum pickup arm per-
fectly counterbalanced both 
horizontally and vertically — 
less susceptible to external 
shock 0 The arm supported 
on virtually frictionless pre-
loaded horizontal ball bear-
ings assuring sensitive 
and accurate tracking 0 
Micrometer stylus pres-
sure adjustment that per-
mits  gram settings from 0 to 6 grams 0 Light-
weight cartridge shell with fingerlift, accommo-
dating most standard mono or stereo cartridges 
0 Cueing and pause control, allowing you to select 

THE BSR McDONALD 500 
AUTOMATIC TURNTABLE — $49.50 

the exact band on the record — without fear of 
damage to the record or the cartridge 0 Auto-
matic lock, securing the pickup arm whenever 
the  machine is in the "off" position. 

(Another BSR exclusive devel-
opment prevents jamming — 
without having to reset the 
arm!) 0 Easy operating con-
trols for manual or automatic 
selection of 7", 10" or 12" rec-
ords at 16, 33,45 or 78 RPM 
0 Interchangeable center 
spindles for manual or auto-
matic play 0 Dynamical-
ly balanced, resiliently 
mounted, 4-pole motor 
shielded from hum 0 

Heavy duty, constant speed design assures mini-
mum wow and flutter. Stop in at your audio dealer 
today and ask to see the BSR McDonald 500—the 
$49.50 Automatic Turntable with $74.50 features. 

BSR 
M cD ONALD 

500 
BSR (USA) LTD, McDONALD DIVISION, ROUTE 303, BLAUVELT, N.Y. 10913 

Circle 77 on Reader Service Card 

'Suggested Retail Price 
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Audio Measurements Course 
PART 9 

NORMAN H. CROWHURST 

Complete measurements on an audio system will usually entail consider-

ation of phono-pickup performance. In this installment, the author tells 
you what to measure, how to measure it, and how to interpret your findings. 

M EASUREMENTS connected with 
phonograph operation in-
volve all the same consider-

ations discussed for amplifiers, plus a 
few that don't occur there. Frequency 
response,  distortion,  and  dynamic 
range each have their counterparts. 
and for stereo, separation needs meas-
uring. Then the mechanical character 
of the device adds another source of 
"noise" —rumble, caused by the pick-
up transducing mechanical vibrations 
in the turntable. Flutter and wow. 
which are forms of frequency modula-
tion of the signal due to variations in 
turntable speed as it rotates, must also 
be measured. 
With all aspects of phonograph per-

formance,  complication  ambiguities 
occur that don't arise with simple elec-
tronic circuits. In amplifier circuits, 
terminating impedances are important. 
and variation can change frequenc!, 
Tesponse, distortion, and so on. When 
Ilealing with phonograph records, the 
electrical terminating impedance —pro-
vided by the cutterhead in recording 
and the pickup on playback —produce. 
effects similar to those discussed in 
earlier installments. Additionally, the 
transducers have a mechanical imped-
ance termination in the form of the 
disc material. 
The recording cutter head has to 

cut into the master material, which 
loads it. The usual practice is to pro-
vide a high degree of negative feed-
back, so the resistance offered by the 
disc material to cutting does not mate-
rially affect the stylus movement. In 
any event, the result can be checked 
both visually and by playback with a 
high-quality  pickup,  so  necessary 
measures can be taken to linearize the 
cutting operation. 

  rz7P) 
STYLUS BALANCE 
MEASURES FORCE 
LEVEL WITH RECORD 

BALANCE WITH PENNIES 
ON THIS SIDE 

CENTER LINE, 
FOUND BY BALANCE 

SET STYLUS 
TO THIS LINE 

Fig. 9-1. lmprovizing a stylus force balance: top, the force should be measured 
(balanced) with the stylus at the same level it occupies when playing the record; 

bottom, using a tongue depressor to make a balance that uses pennies. 
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UNCOMPROMISED DUALITY 
This combination of PAS-3X preamplifier, FM-3 tuner, 
and Stereo 120 amplifier represents the highest level of 
quality which can be attained with high fidelity com-
ponents. It combines the virtues of both tubes and tran-
sistors in a flexible modular system without skimping 
to squeeze it into one unit. 
Two of these components have passed the test of 

time — years of increasing public acceptance. The 
Stereo 120 is an all new design. All have been engi-
neered and produced with the same underlying Dynaco 
philosophy of offering superlative performance at the 
lowest possible cost —when you buy it, and as long as 
you own it. Everyone recognizes that Dynaco is "best 
for the money." We know that it should be judged re-
gardless of price —Dynaco quality has never been com-
promised by cost considerations. 
Our sole concern is sonic perfection. We don't follow 

the herd in engineering, styling or promotion. Fads, 
status and "revolutionary new sounds" never enter our 
planning. We avoid regular model changes and the 
planned obsolescence they engender. We take the extra 
time to do things right the first time. That probably ex-

plains why our limited product line has become increas-
ingly popular each year. It's why our kits are so easy to 
build; why maintenance is so easy; and service prob-
lems so few. We constantly strive to improve our prod-
ucts though, and when we do, these changes are avail-
able to our customers to update existing equipment at 
low cost. 
Our detailed literature, available on request, gives 

the full specifications which help to explain why the 
Dynaco components illustrated (PAS-3X, FM-3 and 
Stereo 120) will provide the finest sound possible. Spe-
cifications are important, but the most complete spe-
cifications cannot define truly superb sound. Go to your 
dealer, and compare Dynaco with the most expensive 
alternatives, using the very best speakers and source 
material you can find. Be just as critical, within their 
power limitations, of our best-selling Stereo 70, Stereo 
35 and SCA-35. 
Of course, if you are now a Dyna owner, don't ex-

pect us to convince you to replace what you already 
have. 
But your friends might benefit! 

dyniaco I N C. 3912 POWELTON AVENUE PHILADELPHIA, PA. 19104 

Circle 78 on Reader Service Card 
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On playback, linearizing is not so 
simple. Feedback is not possible. And 
the movement transmitted to the pick-
up stylus is a function, not only of 
the shape of the groove and the me-
chanical way in which the stylus can 
follow it, but also of the resilience and 
other properties of the groove walls, 
when they attempt to drive the stylus. 
These properties will vary from rec-

ord to record, and with the different 
materials and fillers that are used. The 
effect the differences make will vary 
from pickup to pickup, because they 
too will have different mechanical 
characteristics, as well as different in-
herent transducer responses. So the 
deceptively simple expression "pickup 
response" is not so easy to "tie down." 
Any record of tests made should 

quite completely specify the test con-
ditions, the record used, the tracking 
force applied, and so on to have any 
meaning at all. 

Tracking Force 
The force required to keep the 

pickup stylus in the groove at various 
recording velocities and frequencies is 
an important quantity. Excessive force 
over that needed to keep the stylus 
from riding up the walls will produce 
unnecessary wear.  So will too-little 
force, because then the stylus will 
tear into the walls, instead of riding 
the groove properly. Too-little force 
also causes excessive distortion in the 
reproduced sound. 
Tonearms invariably provide some 

kind of adjustment to vary the track-
ing force, and many of them are cali-
brated in grams. But the only sure way 
to measure force is with a stylus bal-
ance, and with the stylus at the same 
level it occupies when playing a rec-
ord (Fig. 9-1). If a balance designed 
for the purpose isn't available, it is 
easy to improvize one with a tongue 
depressor and pennies. 
A one-cent piece weighs almost ex-

actly 3 grams. Mark off the tongue 
depressor with a center mark (found 
by balancing it across a pencil). Then 

Fig. 9-2. Re-
sponse (after cor-
rection  for  level 
deviations) of the 
same pickup taken 
with test records 
using different 
compositions  for 
the disc of which 
they are pressed. 

mark off points an equal distance from 
the center, say 3 inches. These points 
should be as near the ends as reason-
ably possible, but it is more important 
for these dimensions to be exactly 
equal than for them to be really close 
to the ends. 
Now, with the center line over a 

pencil as fulcrum, and the stylus rest-
ing on one of the end marks, balance 
will occur if one penny is centered 
over the other end mark when the 
tracking force is 3 grams. Two pen-
nies will show 6 grams, or three pen-
nies 9 grams. 
To measure fractional amounts of 

3 grams, intermediate marks can be 
used. If the end marks are each 3 
inches from center, when a penny is 
placed on a mark 1 inch from center 
(or one-third whatever the dimension 
is) it will balance a 1-gram force at 
the stylus end. Placed on a mark at 
half an inch, a penny will provide a 
balance point for one half gram (at 
which some of the best pickups will 
track). A mark at 11/2  inches will 
cause a penny centered there to bal-
ance 11/2  grams, one at 2 inches will 
balance 2 grams, one at 2% inches 
21/2  grams. It's a linear scale. 
For forces between 3 and 6 grams, 

one penny can be placed at the inch 
mark for 3 grams and the other 
moved to find the fractional part. 

Frequency Response 
This must be measured with some 

kind of test disc. Suggestions have 
been put forward, periodically, of set-
ting up a purely mechanical test, such 
as coupling a pickup stylus directly to 
a cutter drive mechanism. This may 
produce some test results, but they are 
not valid, because they "short-circuit" 
that very important element, the rec-
ord material. It's like measuring the 
response of an amplifier with zero 
source resistance, instead of with the 
proper value inserted between gener-
ator and amplifier. 
Any test record with calibrated fre-

quency bands, or a gliding tone with 
identifying marks (the tone momen-
tarily interrupted) to indicate when 
specified frequencies are passed, or 
with the frequency scale designed to 
work with a recorder using a syn-
chronous motor and log paper driven 
at specified speed, can be used to 
check pickup response, within broad 
tolerance: such a test will indicate 
roughly "how good" a pickup is. But 
no one test record should be used to 
compare one pickup of a given qual-
ity with another of the same approxi-
mate quality. 
Assuming we have a reliable test 

disc or, more hopefully, several differ-
ent ones, frequency runs are made, 
either by spot readings, or by a record-
ing meter with the glide-tone test band. 
If several good records are used, an 

indication of the consistency of the 
pickup, in playing different records 
(with varying resilience or other com-
position qualities) can be obtained 
from comparison of the results of the 
tests (Fig. 9-2). 

Different test records use different 
levels, and different ways of varying 
level with frequency, which may or 
may not follow a standard equaliza-
tion characteristic. In any event, the 
records come with data that will cor-
relate the results so corrections can 
be made for these differences. That is 
a matter of simple arithmetic (work-
ing on dB) so we will not take up 
time here to explain such conversions, 
but will assume that a corrected fre-
quency response, inclusive of standard 
characteristics, has been derived. 
Now comes the puzzle. When you 

RECORD "A" 

PICKUP "X" 

••••••• • 

 PICKUP "Y" 

•  )   

1000 
30000 

10000 
FREQUENCY — Hz 

to 

RECORD "B" 

I I 1 
PICKUP '.X 

---- 1.111.1111.6111"4 ,PICK—UP"Y"-. ‘i 

44 

 — — 

1000 
2 moo  0000 

FREQUENCY — Hz 

Fig. 9-3. Two comparisons between the same two pickups (X and Y) made with 
different test records (A and B). 
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THIS MICROPHONE 
SUPPRESSES "POP" 
...EVEN IN THE 
TIGHT CLOSE-UP 
"DANGER ZONE" 

.0 4 .0011 .  irlf114 10'....  

The Shure SM58 self-windscreened unid rectional micro-
phone is ideal for broadcast uses such as remote news, 
sports, interview and vocal recordings because it elimi-
nates or minimizes the irritating "pop" caused by ex-
plosive breath sounds. With the SM58 you will have the 
peace-of-mind assurance that you're delivering the quality 
audio that goes with pop-free pickup. It's great for studio 
announcing, too —or wherever the annoLncer or vocalist 
has the audio-degrading habit of "mouthing" the micro-
phone. Of course, the same filters that el minate pop also 
do away with the necessity for an add-on windscreen in 
outdoor uses. 
On the other hand, the unusually effective unidirectional 
cardio d pickup pattern (uniform at all frequencies, in a// 
planes) means that it is a real problem-solver where back-
ground noise s high or where the microphone must be 
operated at some distance from the performer. Incidentally, 

but very important, the SM58 tends to control the low 
frequency "boominess" that is usually accented by close-
up microphones. 
All in all, close up or at a distance, the Shure SM58 solves 
the kind of ever-present perplexing problems the audio 
engineer may have felt were necessary evils. The SM58 
might well be the finest all-purpose hand-held microphone 
in manufacture today. And, all things considered, it is 
moderate in cost. 
Other features: the complete pop-proof filter assembly is 
instantly replaceable in the field, without tools. Filters 
can be easily cleaned, too. Stand or hand operation. De-
tachable cable. Rubber-mounted cartridge minimizes han-
dling noise. Special TV-tested non-glare finish. 
For additional information, write directly to Mr. Robert 
Carr, Manager of Professional Products Division, Shure 
Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois 60204. 

SELF- WINDSCREENED UNIDIRECTICNAL DYNAMIC MICROPHONE 

OTHER SHURE PROFESSIONAL MICROPHONES ... FOR SUPERIOR AUDIO 

MODEL SM5 

CARDIOID BOOM CYNAMIC 

Because its cardioid directional 
pattern is uniquely uniform with 
frequency and symmetrical about 
its axis, the SM5 is singularly in-
dependent of the effects of en-
viron ment.  Even  in extreme 
shooting situations (such as with 
tight sets, low ceilings, hard walls, 
low microphone angles, traffic or 
air-conditioner noise and rumble 
and changing distance) the SM5 
minimizes sound colorat on and 
ambient noise pickup. 

MODEL SM76 
3/4 " OMNIDIRECTIONAL 

DYNAMIC 
Ideal for interviews and 

audience participation, 
yet unusually smooth 
wide range response (40-

20 KC) for critical music 
reproduction. Instantly 
detachable from stand. 

Steel case with Cannon 
connector. 

MODEL SM50 
OMNIDIRECTIONAL 

DYNAMIC 
Self-windscreened and 
pop-free for news, sports, 
remotes, and interviews. 
Also ideal for many stu-
dio and control room ap-
plications. Comfortably 
balanced  for  hand  or 
stand use.  Natural re-

sponse. 
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make comparisons between results ob-
tained on different records, you are 
apt to find that the difference between 
pickups is not consistent. Using one 
test record, after applying corrections, 
the difference between responses is not 
the same as the results of using an-
other record (Fig. 9-3). 
The basic response recorded on the 

test disc can be checked by light pat-
tern reflections (Fig. 9-4). Recording 
at constant velocity (as frequency is 
varied) results in a band of reflected 
light of constant width. For the most 
accurate pattern the light should come 
over your shoulder and strike the rec-
ord at 45 deg. (Fig. 9-5). The light 
can be masked to a vertical slit for 
clear-cut patterns. 
Reflected light from stereo test discs, 

where left and right channels are re-
corded separately (with unused chan-
nel unrecorded)  can  similarly  be 
checked by careful angling of the rec-
ord to the light, so reflection from the 
recorded wall of the disc is viewed. 
The left channel will be seen on the 
side nearest you, the right channel on 
the far side (Fig. 9-6). 
Observation of the light patterns 

will most likely confirm the calibrated 
levels supplied with the disc. Looking 
at them will confirm whether or not 
any eccentricity observed in the test 
results (response measured), particu-
larly at the high-frequency end, are 
due to erratic record-cutter perform-
ance, not stated in the calibration, or 
due to something occurring in the 
playback. 
Most modern test records have such 

deviations carefully corrected or re-
moved, but looking at the light pat-
terns is a good way to check. While 
on this point, it should be mentioned 
that light patterns can also indicate 
distortion in the recording, of asym-
metrical kind (even-order harmonics). 
When this is present, the light pattern 
is not symmetrical (Fig. 9-7). 

Distortion 
Distortion can occur in record re-

production due to a variety of causes 
that do not occur in other audio equip-
ment items. The groove may be per-
fectly recorded (free from distortion 
of any kind) and yet, for various rea-
sons, the pickup may be unable to 
trace the groove accurately. Causes 
of these distortions have been dis-
cussed extensively in the literature, but 
their effects may be lumped for test 
purposes. 
In monophonic recording (lateral 

only) some of the distortions can be 
avoided by designing the pickup so it 
is not sensitive to vertical stylus move-
ment. In stereophonic recording, us-
ing the 45/45 standard, a vertical com-
ponent of movement is part of the re-
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cording, so the pickup must follow it 
accurately. Failure to do so will re-
sult in loss of separation and, what is 
more noticeable, heavy distortion com-
ponents in the "leakage" (crosstalk) 
signal. 
Any high-quality recorded signal 

can be checked for harmonic content 
by an analysis method. The bridge 
method cannot be applied here, be-
cause the input signal used for the 
record is not available. Standard tests 
for distortion on disc may also include 
a low/high recorded signal (SMPTE-
type) or a difference-frequency inter-
modulation test. 

The latter uses two higher frequen-
cies, spaced by a difference of, say 
1000 Hz. One of the high frequencies 
is recorded continuously. The other is 
alternated with a 1000-Hz tone in 
A-N code, at a level to represent the 
result of a specified amount of distor-
tion, say 2 per cent. The recorded 
1000-Hz signal uses the A code (Fig. 
9-8). If distortion is less than the 
specified amount (2 per cent), the 
1000-Hz tone is louder than the in-
termodulation product and the A-sig-
nal is heard. But if asymmetrical dis-
tortion exceeds the specified amount, 
the beat produced by the distortion 
will be louder than the recorded 1000-
Hz signal, so that the N code will be 
heard instead. 

In testing stereo reproducing pickups 
for distortion, separation tests should 
be analyzed.  Not only should the 
quantity of left leaking into right 
(crosstalk) — and vice versa — be 
checked, but the nature of the break-
through should be analyzed. If it is 
pure tone breaking through, check the 
pickup mounting for its orientation. 

DISC 

(A) 

LIGHT 

CONSTANT 
AMPLITUDE 

CONSTANT 
VELOCITY 

REFLECTED LIGHT PATTERN 

Fig. 9-4. Using the light-pattern method 
of checking the recorded response of a 

test disc. 

Incorrect alignment of the 45/45 
axes will cause simple crosstalk of this 
nature, which can be corrected by im-
proving the alignment (Fig. 9-9). A 
good separation curve, plotted auto-
matically with glide-tone record (CBS-
STR-100) is shown at Fig. 9-10. 
But if the crosstalk contains distor-

tion components from second har-
monics on up, then it is more serious. 
It may be due to a poor vertical track-
ing angle (Fig. 9-11). In a theoretical 
analysis of this method of recording, 
the stylus should move in a plane ver-
tical to the record, in directions mu-
tually at 45 deg. to the vertical axis 
for each channel. 
In such a theoretical ideal, depar-

ture from the vertical plane in this 
complex movement would result in 
distortion components due to move-
ment that should be vertical introduc-
ing a component of back and forth 
along the groove, as the record ro-
tates. 
But the record cutter does not cut 

according to this ideal, because there 
is no feasible way of mounting it so 
that such a vertical planer movement 
can be achieved. This being the case, 
minimum distortion due to vertical' 
longitudinal modulation will occur 
when the off-vertical plane (vertical 
tracking angle) used for both cutting 
and playing back is the same. 

MASKING 
SLIT 

Fig. 9-5. (A) Viewing angle for observing light patterns, and (B) masking the light 
source to get a sharp pattern. 
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We got rid of rumble 
(what's left is virtually ur,measurable) 

Our engineers wanted to design a turntable that was so free 
of rumble, that it was unmeasurable and certainly inaudible. 
They started by directing their attention to the motor. where 
most of the rumble-producing vibration is born. While the 
motion of the motor cannot be eliminated, it can be reduced 
by reducing its speed and so reducing vibration at its very 
source. The motor employed in the Servomatie is designed to 
provide optimum torque at 300 rpm, about 116 the speed of 
conventional turntable motors. This accounts for a sharp 
reduction in rumble-producing vibrations. 

Whatever little vibration that still might be left was 
isolated and contained by the use of a belt-drive coupling 
between the motor and turntable to absorb all residual 
mechanical vibrations. The problem of rumble caused by 
the motion of the turntable itself was dealt with by maintain-
ing extremely close tolerances in the main bearing. 

Sony designers then tackled the problem of precise 
speed regulation. Their approach: a precision servo-con-
trolled motor, first ever used in a turntable. It is designed 
to operate at low voltages which are provided by a solid-state 

amplifier, an integral part of the turntable system. To assure 
precise speed accuracy, the motor shaft is coupled to an 
alternator or frequency generator. The output of this gen-
erator is fed to the control circuit of the servo amplifier. This 
control circuit is highly frequency sensitive. The slightest 
change in frequency output from the generator or even the 
slightest change in turntable speed, results in an instantaneous 
compensating change in the operating voltage provided by 
the amplifier to the motor. Model TTS-3000, $149.50. 

The Servomatic, a most unusual turntable, is designed 
for use with today's finest tonearms and cartridges. The Sony 
VC-8E, the first moving coil cartridge with high enough 
output to eliminate the need for transformer coupling, makes 
an ideal mate. $65. Add the Sony PUA-237, 12" professional 
arm (or the PUA-286, 16" transcription arm) a remarkably 
sensitive and stable arm, and you've got the finest playback 
system available toda). PUA-237, 585: PUA-286, 599.50. See 
these new components at your Sony high-fidelity dealer, 
or write for complete catalog: Sony Corporation of America, 
Dept. H. 47-47 Van Dam St., Long Island City, N.Y. 11101 



High-quality cutters and pickups 
have narrowed this angle's variation 
to between 15 and 45 deg. As cutters 
are not standard, not all recordings 
will yield the same low distortion. A 
record cut at 15 deg. and played at 45 
deg. (or vice versa) will show many 
times the distortion produced by a 
record cut and played back at, say 30 
deg. Probably the trend will be to 
narrow down the angle variation to 
the middle of this range, so deviations 
cause minimum distortion, and the 
best cutter and pickups result in close 
to zero distortion, at least due to this 
cause. 

Dynamic Range 
Dynamic range on records is a func-

tion of the noise level, due to surface 
irregularity, as well as spurious vibra-
tion picked up from the turntable, for 
the low-level end, and the maximum 
velocity that can be recorded and/or 
played back for the high-level end. 
Most pickups will require greater 
tracking force with higher-velocity re-
cording.  Measurements  should  be 
made on this, as well as on distortion 
as the tracking force is reduced at 
various values of recording velocity 
(where the test record includes a va-
riety). 

A higher velocity can be used, at a 
higher frequency also, by increasing 
turntable speed.  A test record for 
playing at 331/3 will raise in frequency 
and velocity a factor of 1.33 when 
played at 45, or by 2.33 when played 
at 78 rpm. 

It should be mentioned that phono-
graph hum has often been traced to a 
mechanical cause: the motor of some 
other electrical part generates a 60-Hz 
vibration that is transmitted to the 
pickup stylus. This will readily be 
proved by the hum disappearing the 
moment the stylus is lifted from the 
groove.  On earlier recordings, this 
could also be due to hum recorded in 
the groove of that particular record, 
but modern records are, with few ex-
ceptions, recorded remarkably hum-
free. 

Hum can also be induced into the 
pickup by either electric or magnetic 
field. All magnetic types of pickups, 
which includes moving coil, moving 
iron, and moving magnet, some of 
which are sometimes called dynamic, 
can prove susceptible to magnetic hum 
pick-up of the type radiated by elec-
tric motors or power transformers. 
Piezo pickups are susceptible to elec-
tric field pick-up, radiated by power 
wiring. 

Either kind can be checked by mov-
ing the pickup back and forth to see 
whether the hum varies. No electric 
or magnetic field is uniform over the 
range of positions through which a 

LEFT PATTERN 

I   

r p,c„r 
RIGHT PATTERN 

Fig. 9-6. Using the light-pattern method for stereo discs: each track may be viewed 
separately. 

DISTORTION 
VELOCITY VARIATION 

Fig. 9-7. The difference in irregularity of light pattern caused by distortion (A) or 
deviation in frequency response (B). 

CONSTANT 
HIGH FREQUENCY 

FIRST H.F. 
-1000 Hz 

100011z 

Fig. 9-8. The frequency of synthesis of a test signal recorded to give A-N indication 
of difference-frequency intermodulation effect. 

pickup can move in playing a record. 
It may not disappear at any point, but 
it will increase and decrease, showing 
that the pick-up is of this nature. If 
it stays constant, look somewhere else 
for the source of injection. 
As well as distortion due to failure 

to track, or tracing distortion, both of 
which are mechanical failures of the 
stylus in transcribing what is in the 
groove, pickups can cause distortion 
due to non-linear properties of the 
transducer itself, just like an amplifier 
can. When this is the case, changing 
tracking force, or varying tracking 
angle, will not reduce the distortion 
below an irreducible minimum for the 
level at which the measurement is 
taken. 

Flutter and Wow 
Before modern pickups reduced rec-

ord drag to such a low order, and be-
fore such precision workmanship was 
put into phonograph turntable drives, 
flutter and wow were the bane of 
phonograph reproduction. Wow may 
be caused by friction of the turntable 
bearing varying at different points dur-
ing rotation, so the pitch of repro-

Fig. 9-9. Incorrect orientation (exag-
gerated here for clarity) will produce 
simple (relatively undistorted) crosstalk. 

duced music warbles up and down as 
the platter turns. 
It can also be caused by eccentricity 

of the hole in the center of the record, 
so that the grooves are not concentric, 
and the pickup waggles slightly from 
side to side as the disc rotates. A 
warped disc can also cause wow. 
Flutter is a similar fluctuation in 

speed, but where wow occurs at some 

(Continued on page 118) 
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World's Largest 
Electronic Kit 4 
Ca auk... 

mol HEATHKIT 1967 
Over 25.3 Kits You Can Build! 

. Save up to 50% on 
electronic luxuries 

. No special st.ills or 

knovdedge needed 

• Creative fun and unique 

self- 3atisfaction 
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IIM M11.1 .11111 1 1  Something for Everyone 

HEATHKIT®CATALOG 
in the NEW FREE 

• 

STEREO/HI-Fl EQUIP MENT 
... Tape recorders, changers, 
tuners, amplifiers and speakers — 
tube type or all-transistor — mix 
or match for the finest in stereo 
listening at savings of up to 50%1 
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FOR THE ENTIRE FA MILY ... 
Color TV, portable TV, AM FM 
Shortwave portable and table 
model radios, intercoms, garage 
door opener, guitars & amplifiers, 
electronic organs, portable pho-
nos, automotive equipment at big 
kit savings. 

HA M RADIO EQUIP MENT ... 
Choose from a complete selection 
of transmitters, receivers, trans-
ceivers and accessories recog-
nized by hams the world over 
for quality. 

CITIZEN'S BAND RADIO ... 
5-watt transceivers, walkie-talkies, 
antennas, crystals & other CB 
accessories at great savings. 

ELECTRONIC TEST EQUIP-
MENT ... For work or work-
shop, engineers & technicians rely 
on quality-design,  economical 
Heathkit test gear. 

MARINE GEAR ... Direction 
finders, depth sounders, tachom-
eters, power converters and radio-
telephones to outfit your boat for 
safe cruising — economically! 

lend for your FREE Heathkit Catalog now! 



FREE... World's Largest 
Electronic Kit Catalog 

Portable  Phonograph 
Kit ... New all-transistor 
... 4 speeds ... Automatic 
... plays anything from the 
Beatles to Beethoven .. 
assembles in just 2 hour ,, 
... Only $39.95 

Stereo / Hi- Fi  Compo-
nent Kits ... New World's 
most deluxe stereo tape re-
corder kit, plus complete 
line of tube and transistor 
tuners, amplifiers, receivers, 
speakers, turntables, car-
tridges, furniture. 

Test and Lab Instrument 
Kits ... New professional 
5"  DC Oscilloscope ... 
complete instrument line for 
home workshop, Industrial 
and Educational use. 

Transistor Organ Kits ... 
New instant-play COLOR-
GLO "Artiste" ... deluxe 
17-voice "Coronado" ... 
both famous Thomas mod-
els in easy-to-build Heath-
kit form ... Save up to $350. 

Citizen's  Band  Radio 
Kits... New preassembled 
2-watt Walkie-Talkie just 
$99.95 ... plus 3 other 
walkie-talkie kits, and a full 
line of transceivers and ac-
cessories. 

World's Best Color TV 
Buys  New Early Ameri-
can cabinet for Deluxe 25", 
model ... built-in self-serv-
icing facilities for the best 
color picture at all times ... 
from parts to programs in 
just 25 hours. 

Plus Full Complement 
Of Marine Electronics 
for your boat, Educational 
Kits for Home Study or 
Classroom, Photographic 
Aids, unique Stereo Sys-
tem Planning Guide, and 
actual page illustrations of 
Heath assembly manual to 
show you what easy fun 
kit-building really is. 
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Portable  And  Table 
Model  Radio  Kits ... 
New Transistor FM /FM 
Stereo  Table  Radio  at 
$69.95  wide array of 
AM,  FM and  shortwave 
models ... easy to build, 
superb performance. 

Electronic Guitar Kits 
... New famous American-
make HARMONY models, 
plus new Heathkit Guitar 
Amplifier, all in kit form at 
up to 50% savings. 

12" Portable B & W TV 
Kit ... New all transistor 
... AC or battery powered 
... new integrated circuit 
first time ever in a kit ... 
assembles in only 10 hours 

$119.95 

Tape Recorders ... New 
Heathkit version of the 
Magnecord 1020 ... 4-
track, 3 motors, solenoid 
operation plus a host of 
other professional features 
. . . save $170  —  Only 
$399.50 

Amateur Radio Kits ... 
New deluxe SB-301 SSB 
receiver and  matching 
SB-401 transmitter ... plus 
world's largest selection of 
ham receivers, transmitters, 
transceivers, accessories. 

Over 250 Kits For Every Interest — 
easy to build — up to 50% savings 

MAIL COUPON NO W FOR YOUR COPY! 

HEATH CO MPANY, Dept. 41-10 
Benton Harbor, Michigan 49022 

Please send FREE Heathkit Catalog. 

Name   

Address   

City   State   Zip 

CL-260 
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THE NE W YORK 
HIGH FIDELITY 
MUSIC SHO W 
A Statement by Walter Stanton 

President 

Institute of High Fidelity 

IN THE FIRST TWO DECADES of its existence, component high fidelity has already participated to an exciting 

extent in the life and time sof an ever-urbanizing Amer-
ica. But the outlook is even more exciting. Automation, the 
social desires of the U. S. people, and the steady trend 
toward shorter working hours on the part of the nation's 
labor movement, clearly indicate that America of the 
1970's will offer its populace much more leisure time 
than does the America of the 1960's. 
To the component high fidelity industry, this increase 

in leisure time for all Americans represents both a chal-
lenging social obligation and admittedly a marketing op-
portunity. As we at the Institute of High-Fidelity, Inc. 
see it. the prospect of five to six or more hours a week 
of additional at-home recreational time clearly spells a 

broadened opportunity for our industry to bring more 
and more of "music at its best" to the people. 
And it is at shows such as the 1967 New York High-

Fidelity Music Show opening September 28th that the 
public will see what the top audio engineering talent in 
the country is doing to enhance the nation's opportunity 
to enjoy the finest in musical sound through component 
equipment. 

You can see for yourself that component high fidelity 
means more than better sound at the New York Trade 
Show Building. Variety, diversity, and even an expres-
sion of your personality are built into your home through 
a component system. The use of components in the ever-
expanding world of entertainment is a great stimulus be-
hind Component High Fidelity's new products for 1967. 
Home video tape recording equipment will be exhibited 

by several manufacturers. Video recording systems not 

only enable you to make instant home movies, but also 
to set a timer and record your favorite television show 

while out playing bridge. You will be able to replay the 
show when you return home, or even on a rainy Satur-
day afternoon six months later. 
Another exciting and very popular exhibit will be the 

automobile stereo recorders. Reports indicate that auto-
mobile manufacturers are installing more than 750,000 
tape music units in cars this year. Airplanes and yacht 
manufacturers are also adding component high fidelity 
systems as optional equipment on their new models. 
Not all the components at the show are as unusual as 

the video tape recorders or even the underwater speakers 
for swimming pools. which will also be exhibited. This 
year, the aesthetics of component high fidelity equipment 
and its decorative blending with the rest of the consumer's 
home are being given additional attention. 
Dispelling the concept of wires, circuit breakers, and 

tubes, this year an emphasis on the part of manufacturers 
has been placed on decoration with component equipment. 
Most components sold today are enclosed in walnut. 

oak —or in many cases —teak and mahogany casings. The 
simple and beautiful exterior design of today's equipment 
will harmonize and complement any decoration theme 
from Early American to Chinese Modern. To illustrate 
this trend, the Institute of High Fidelity with the co-
operation of the Association of Interior Decorators has 
created eight distinctively different decorator-designed 
rooms which will be exhibited at the New York High 
Fidelity Show. As you move through what we sincerely 
trust will be an exciting visit to our show, be sure to 
listen to all the component equipment and audio specialists 
available to you. The exhibitors and dealers at the show 
are experts and can answer any questions you might have 
about your present component system or one you plan 
to have in the future.  WALTER 0. STANTON 
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Come to 
the NewYork 
High Fidelity 
Music Show 
with your wife. 

Go home with 
a sound idea. 

The sound idea that's right for your 
home...just one of hundreds of deco-
rating ideas presented at this year's 
brightly new High Fidelity Music Show. 
Your wife will enjoy the many model 

rooms designed by America's leading 
decorators. Each of them shows how 
today's high fidelity components can do 
more than fit into a room; they can 
actually enhance it. (Making it a lot 
easier for you to sell your wife on the 
system you want.) 
You can look at any of over 100 rooms 

filled with the latest in high fidelity com-
ponents from virtually all of the leading 
manufacturers. This year they include 
video tape recorders and automobile 
stereo high fidelity systems. Plus the 
latest in tuners, amplifiers, speakers, 
turntables, record changers, tape re-
corders, cartridges and headphones. On 
the second floor attend seminars given 
by experts. Get all your technical and 
non-technical questions answered. Con-
sult show program for seminar hours. 
Don't forget to bring your wife. It'll 

keep her out of the department stores. 

NEW YORK 
HIGH FIDELITY 
MUSIC SHOW 
September 28th thru 
October 2nd 1966 

New York Trade Show Building, 
35th Street and 8th Avenue. 
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THE 1967 NE W YORK 
HIGH FIDELITY MUSIC SHO W 

LIST OF EXHIBITORS 

Manufacturer 

Acoustech Inc. 

Acoustic Research Inc. 

Altec Lansing 

Audio Dynamics 

Audio Fan Magazine 

Audio Magazine 

Aztec Sound 

BASF/Computron 

Benjamin Electronic 

Sound Corp. 
Bogen Communications 

R. T. Bozak Manufacturing 

British Industries Corp. 

BSR (USA Limited) 

David Clark Co. 

C/M Laboratories 

Crown International 

Davis Publications 

Dynaco Inc. 

Electronics Illustrated 

Electro Voice 

Elpa Marketing 
EMI/Scope 

Empire Scientific Corp. 

Room Numbers  Manufacturer  Room Numbers 

645, 646  James B. Lansing Sound Inc. 509. 510, 515, 517, 519 

620, 622, 624, 625. 627. 628  Lear Jet ( c o Chancellor)  429, 431 

534 

333, 335 

420 

445 

619, 621 

438 

640 

4/4 

320, 321, 322, 323 

633, 635. 636, 639. 638. 637, 

643, 632, 634 

518, 522 

441 

432. 434 

334, 336 

523 

433 

340 

349 
414. 416. 418 

325 
402. 422 

Fisher Radio Corporation  552, 553 

FM Music Program Guide  506. 508 

Gernshack Publications  539 

Grado Laboratories 

Harman-Kardon 
Hartley Products Co. 

High Fidelity Magazine 

IMF Industries 

Jensen Manufacturing 

Kenwood 
KLH Research and 

Development Corp. 

Koss /Rek-O-Kut 

345 

428, 430 

401 

631 

421, 423 

338, 342, 344 

301 

308, 309 

600, 601 

Marantz 

Martel Electronics 

McIntosh 

407, 447 

520, 521 

531, 532, 533, 538 

Neshaminy Electronic Corp. 507 

North American Phillips  542, 544 

Pickering and Company Inc. 623 

Pioneer Electronics 

( USA Corp.) 550, 551, 500 

Radio Station WDHA-FM  406, 411, 412, 410, 415, 417 

Rectilinear Research  642 

SanSui Electronic Co. Ltd. 

H. H. Scott. Inc. 

Sharpe Instrument. Inc. 

Sherwood Electronic 

Laboratories 

Shure Bros. 

Sony Corp. of America 

Sony-Superscope 

Stanton Magnetics 

Superex 

Tandberg 

Tannoy (America Ltd.) 

Tape Recorder Magazine 

Telex Corp. 

United Audio Products 

University Sound 

Utah 

UTC-Sound 

324 

501, 523, 524 

419 

339 

330 

537.541,546 

408.409 

446 

435 

629  . 

343 

427 

614,616,618 

526, 527, 528, 529 

328 

651, 652 

436, 440, 442 

Viking of Minneapolis  614, 616, 618 

Wollensak -3M Co. 348 

Ziff-Davis Publishing Co.  548. 549 
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The D-707 is the latest addition to the quality line of Norelco microphones, recognized leader in the Recording, Broadcast 

and Entertainmegt Industry. IN The D-707 is a cardioid dynamic microphone featuring strong anti-feedback characteristics. 

Its freqLency range covers the entire audible range with an exceptionally smooth response. • Suitable for a var:ety of 

applications, whether it be music, vocalist or speech transmissions. • Particularly capable of handling high sound pressure 

levels withou-. overloading or distortion, while still reproducing sound naturally. II Its attractive styling is based on the 

Norelco D-24E, -.he ten year old "star" of screen and television, which has brought about a revolution in microphone c'esign. 

• The /707 nay be used directly into any high impedance input and 

is provided with an on-off switch. • Delivered with SA-11 Stand Adapter, 

15' of cable and case, and attractively priced. Ask your dealer about it! 

Noreko® PROFESSIONAL 
SOUND PRODUNS 

NORTH AMERICAN PHILIPS COMPANY, INC 
s•tel  PrOfeSS ,O,sal Products 0 .s o',. 00 East 42 ,1 St .Ne.  N Y 100 17 
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A CAPACITOR 
MICROPHONE SYSTEM 
USING SEMI-CONDUCTOR DEVICES 

Elimination of the vacuum tube in capacitor-microphone construc-

tion offers some advantages and simplifies the work. The unit 

described should be sufficiently simple for any advanced experi-

menter to undertake as an interesting and rewardirg project. 

Two of the author's microphones, one of which is partially disassembled to show 
its internal layout. 

ROBERT B. SCHULEIN' 

AS A RESULT of R. Williamson's 
article "A Professional Con-
denser Microphone" in the 

July, 1963, edition of AUDIO, this 
Audio experimenter developed an in-
terest in the construction of quality 
capacitor microphone systems. Since 
that time, several microphone systems 
have been constructed and tested, in-
cluding that designed by Mr. William-
son. Within the past year, however, 
favorable results have been obtained 
using a field-effect transistor in the 
microphone impedance-matching cir-
cuit, and a complete microphone sys-
tem has been developed and tested. 
Generally, the system consists of a 
capacitor pickup, similar in construc-
tion to that of Mr. Williamson, a 
single FET impedance-matching stage. 
and a low-impedance emitter-follower 
transistor output stage. The system 
developed offers several practical ad-
vantages over the conventional tube 
type, transformer-output, d-c polarized 
microphone scheme. As a result of 
the use of semiconductor devices, self-
contained battery operation is practi-
cal, and by virtue of an unbalanced 
low-impedance output stage. conven-
tional 2-conductor shielded cable can 
be employed using one conductor and 

*2438 Electrical Engineering, Dept. of 
Elec. Engrg., University of Wisconsin, 
Madison, Wis. 53706, 
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Debonalre 

the bookshelf systems with 

the more-than-you-pay-for "big speaker" performance. 
Fed up with tired speakers that can't keep up? 
Move to the lively action line by University. The 
new Cantada — the new Debonaire — the new 
UR-.4 —the new Mini-E T TE —and the incompar-
able Ultra D. All multi-speakered. All compact. 
All decorator styled. All designed to fit where the 
action is! 
Take the 2-speaker UR-4, or instance. This 
mighty midget (only one cubic foot) goes any-
where! Bookcase. Headboard. In a built-in. On 
the wall. On the floor. Get the lively natural sound 
of University. 

And that's only one of the full line. You'll find 
University's same highest standards of quality in 
each of the new action 5 — at the right price. 
Go to your dealer today — hear . . . see . . . the 
new University action line! 

For complete information write to desk A-10 

Listen —Univers,ty Sounds Better 

UNIVERSITY SOUND 
A CI VISI O N OF LT V LI N G ALTE C  IN C 

9500 W IR2no  Oklahoma City, Oklahoma 

Circle 106 
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*POLYSTYRENE OR MYLAR FOR LOW D.C.LEAKAGE 

ground in conjunction with cable con-
nectors as an on-off switch. 

Semiconductor Capacitor 

Microphone Systems 
When considering the use of semi-

conductor devices in capacitor micro-
phone circuits, one generally encoun-
ters three approaches to the problem. 
The first and oldest is a d.c. bias 
scheme which relies on the relation 
between voltage (V) and charge (0) 
on a capacitor i.e. Q = CV. If the 
capacitor  transducer  is  polarized 
through a resistor (R), the voltage 
across the capacitor will obey the pre-
vious equation for capacitance varia-
tion above the frequency f = 1 /2w-12C 
at which point it is 3 dB down from 
its high-frequency limit. If 30 Hz is 
considered a practical low-frequency 
cutoff point, and a typical C of 100pF 
is used, the necessary R is about 50 
megohms. If this voltage is to be am-
plified. severe restrictions are placed 
on the low-frequency input impedance 
of the amplifying device. This is the 
primary reason that vacuum tubes, as 
opposed to bipolar transistors have 
been used with such schemes until the 
recent availability of field-effect de-
vices. 
A second possible approach is to 

use the capacitor pickup in a radio-
frequency scheme, whereby an AM, 
FM, or phase modulated signal is gen-

erated and detected. One such system 
constructed and tested by the author 
was that proposed by P. J. Baxanda11.1 
This system consisted of a 1-MHz 
oscillator, which was amplitude modu-
lated by the capacitor pickup in a 
balanced-bridge configuration, the out-
put of which was detected by a phase-
sensitive detector and filter.  Even 
though Mr. Baxandall's experimental 
results indicated his system to be of 
professional quality, the author's ex-
perimental system suffered from a 
slight signal-to-noise-ratio problem. As 
a result of this experimental problem, 
I would not advise construction of 
such systems except to individuals 
skilled in the techniques of r.f. cir-
cuitry and having extreme patience 
in regard to small problems affecting 
signal-to-noise ratio.  For the inter-
ested experimenter, however, addi-
tional references are given in regard to 
r.f. schemes at the end of this arti-
cle.2, 3 
The third approach is that of a 

permanently polarized capacitor. in 
which a Mylar diaphragm, serving as 
the variable capacitor plate. is polar-
ized by heating and cooling in a high 
electric field. Such a system has been 
developed by G. M. Sessler and J. E. 
West of The Bell Telephone Labora-
tories-1.5, and offers certain advan-
tages over the other schemes de-
scribed. Due to the fact that the trans-

Fig. 1. The complete schematic for the 
author's microphone. The .001-4F ca-
pacitor marked with  should be poly-
styrene or MylarR for low d.c. leakage. 

ducer is permanently polarized, a 
much smaller electrode spacing can 
be used than conventional d.c. bias or 
r.f. schemes, and hence high sensitiv-
ity and high source capacitance re-
sult. By virtue of the increased source 
capacitance, conventional transistors 
can be employed in an amplifying cir-
cuit. Even though such systems were 
not pursued by the author, due to the 
complexity of pickup construction and 
diaphragm polarization, they are cer-
tainly worthy of consideration by the 
interested experimenter. 

A Capacitor Microphone System 
Using a FET 

As previously pointed out, the field-
effect transistor, by virtue of its high 

IP. J. Baxandall. "New low-noise trans-
istor circuit for electrostatic micro-
phones." Wireless World, November 
and December, 1963. 

2Edmond DeNiet. "Parametric amplifiers 
used in electrical acoustics and Con-
denser  microphone  amplifier  with 
semi-conductor  elements."  J.A.E.S., 
July, 1964, Vol. 12, No. 3. 

3Hans Joachim Griese. "Circuits of 
transistorized r.f. condenser micro-
phones." J.A.E.S., January, 1965, Vol. 
13, No. 1. 

IG. M. Sessler. "Electrostatic micro-
phones with electret foil." J. Acous. 
Soc. Am., September, 1963, Vol. 33, 
No. 9. 

5G. M. Sessler and J. E. West. "Con-
denser microphones with electret foil." 
J.A.E.S., April, 1964, Vol. 12, No. 2. 
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Fig. 2. Transducer directivity patterns: 

(A) in pressure operation; (B) in pres-
sure-gradient (velocity) operation; and 

(C) in a combination of pressure-gradi-
ent and pressure operation. 
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Fig. 3. Transducer dimensional effects: 

(A) diffraction effect; (B) Phase-differ-
ence effect; and (C), cavity resonance. 

the MAXIMUS 5 

MAGNIFICENT 
MAXIMUS 

SOUND 
The first complete line of superb true high fidelity 
speaker systems to feature the CAPS' - Cushioned Air 
Pneumatic Suspension system. May be imitated but 
never equalled. Ideal for solid state components as 
well as the conventional tube types. 

the MAXIMUS 1 
(The original smallest true High Fidelity 
Speaker System) 
Smaller than the size of this page. Delivers 
depth and brilliance never before possible in 
a speaker system this size. Even the experts 
were astounded — and couldn't stop raving. 

Stated RADIO & TV EXPERIMENTER: "All in 
all, where space or decor requirements call 
for compact speakers, we feel the Maximus I 
is the only model which can deliver true 
Hi-Fi performance."  Only $59.50 

(The extraordinary 3-way speaker system) 
A powerhouse performer in a space-saving decorator 
enclosure. The MAXIMUS 5 exceeds all extant laboratory 
standards for a low distortion popular priced space-
saving speaker system. It has high power capability, 
superb transient control, and exceptionally clean bass 
response handles 50 watts IHFM of audio music, and 
requires only 3 watts af input audio drive to fill a large 
listening area with exc ting sound. 
And, for the ultra-discliminating ear, there's a continu-
ously variable KONTOURED ACOUSTIC control. Snap-off 
replaceable grille. Size. 24" x 14" x 12". Only $129.00 

the MAXIMUS 7 
(The ultimate in Bookshelf Speaker Systems) 
This 3-way speaker system is not for everyone. Only for 
those who insist on nothing less than the absolute ulti-
mate available. The MAXIMUS 7 is so superb an instru-
ment that it exceeds superlatives. No other system 
matches it, even at 5 times the price. Less than 3/4% 
distortion from 50 cps to 35,000 cps and less than 3% 
distortion all the way down to 30 cps and below. Con-
tinuously variable mid-and treble KONTOURED ACOUS-
TIC controls, snap-off replaceable grille. 
Only 24" x 14" x 12" in size, and a host of other features. 
But mostly,  it's the sound that will astound you. 

Only $189.00. 

NO MATTER WHICH MAXIMUS YOU SELECT, YOU'LL BRING HOME 

THE FINEST SPEAKER IN ITS PRICE CLASS. INSIST ON HEARING 

ALL THE UTC MAXIMUS' AT YOUR HI Fl DEALER. 

UTC SOUND DIVISION 809 Stewart Ave., Garden City, N.Y. 

Creative esupe'reeitietili9t the reueed aft To-~t/tow 
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input impedance, is worthy of consid-
eration in d.c. biased capacitor-micro-
phone systems. One of the most im-
portant problems in any capacitor. 
microphone scheme is the signal-to-
noise ratio of the circuitry. and this 
proved to be a genuine problem at 
the beginning of the author's experi-
mentation. Part of the problem in-
volved picking a low-noise device 
from published manufacturer specifi-
cations which are generally not in a 
form meaningful for this type of cir-
cuitry. After purchasing and trying 
numerous devices, two particular units 
(2N3332 or 2N2500 P-channel FET) 
were found most suitable for the final 
circuit. For those interested in con-
sidering other devices or future de-
vices, the parameters shown in Table 
1 may be of some help. 
Using either of the suggested de-

vices. the final microphone circuit is 
as shown in Fig. 1. In the circuit, the 
capacitor is polarized by the 90-V 
supply through 44 megohms, which 
corresponds to a low-frequency 3-dB 

cutoff of about 35 Hz. Separate bat-
tery supplies are used for polarizing 
and for biasing, since the current de-
mands for polarizing are almost negli-
gible in comparison to the drain for 
biasing. (i.e. Approx. 30 nA leakage 
through the polarized pickup and ap-
prox. 3 mA biasing.) Of particular im-
portance for low-noise operation is the 
need to couple the output of the trans-
ducer to the FET with a low d.c.-
leakage capacitor of the Mylar or 
polystyrene variety.  As far as the 
rest of the circuit is concerned, the 
transistor used in the emitter follower 
should have a beta of about 200 at a 
collector current of 500 Aa in order to 
produce an output impedance of about 
150 ohms. Since the circuit has this 
low an output impedance, long unbal-
anced cables can be used without in-
ducing objectionable hum or capaci-
tive high-frequency loss. If the tape 
recorder or amplifier used with the 
microphone is not a.c. coupled, a 
coupling capacitor should be used as 
indicated at the amplifier end of the 

BRASS CLAMPI NG  BRASS FIXED ELECTRODE 

RING 1/4 MIL ALUMINIZED MICARTA CAPSULE 
45  M YLAR  BODY 

040 STEP • 
210 

— 16 

.50 DRILL 
8 HOLES 

SURFACE  

NOTES: 
SURFACE Cal 002  ®ONN  
BELOW SURFACE 110 

®CENTER HOLE AND 4 HOLES 
ON 333" DIA -1/16 DRILL 
3/16 DEEP 

0 6 HOLES ON 666" DIA 
1/16 DRILL 3/16 DEEP 

©2 HOLES ON 666" DIA.-I/16 DRILL s 
THRU ELECTRODE AND CAPSULE BODY 

—1/4-20 NC 
3/6 LONG 

SURFACE (14 

:--0-80NF TAP 
8 HOLES 

Fig. 4. Details of the author's capacitor microphone capsule. 

TABLE 1 

PARAMETER TEST CONDITIONS DL SIRABLE VALUE 

gm Vds = —10  Vgs 0 
f =1000 Hz 

> 2200 , ,lios 

1.k-cis Vcs = —10  Vgs = 0 5. 2.5  A 

SPOT NOISE 

FIGURE (NE) 

V115 -- — 5 f =1000 Hz 
Ids -=-1 mA Rg =1 Meg 

< 1 dB 

*OF PRACTICAL IMPORTANCE 
FOR BATTERY OPERATION 

cable so as not to alter the biasing 
condition of the microphone circuit 
or possibly damage the output tran-
sistor by shorting the output to ground. 
For a given amplifier input imped-
ance, the value of this capacitor can 
be determined from the expression 
C  1/49R, where C is the coupling 
capacitance in farads and R, the am-
plifier input impedance in ohms. 

The Capacitor Pickup 
Once the impedance-matching cir-

cuitry had been developed, specific at-
tention was given the capacitor pick-
up.  During the initial experimenta-
tion, the pickup used was modeled 
after that designed by Mr. William-
son, however, the present pickup de-
sign is somewhat different. In rede-
signing the capacitor pickup, three 
basic problems were considered, viz. 
directionality, frequency response, and 
sensitivity. 
Directionality: The important fac-

tors which affect the directionality of 
a capacitor pickup, or for that matter. 
any microphone, can be seen in Fig. 
2. Here it is demonstrated how pres-
sure and pressure-gradient (velocity) 
diaphragm operation can be com-
bined to achieve various direction-
ality patterns from an ideal* single-
diaphragm transducer. Figure 2a de-
picts a pickup which has only one side 
of its diaphragm exposed to the sound 
field and consequently its response is 
independent of the direction of inci-
dent sound waves.  In Fig. 2h, a 
pressure-gradient or velocity-operated 
diaphragm is shown where it is noted 
that both sides of the diaphragm are 
exposed to the incident sound field, 
resulting in a figure-eight directionality 
pattern.  This directionality pattern 
can he inferred by noting that a wave 
front incident at right angles to the 
diaphragm will cause the diaphragm 
to experience a net pressure p,-p, due 
to the phase shift in p, referred to 
p, as the wave front traverses the dis-
tance d,, whereas a wave front inci-
dent parallel to the diaphragm will re-
sult in zero net pressure since p, will 
equal p2. Finally, in Fig. 2c. pressure-
gradient may be combined with pres-
sure operation by creating small sound 
passages in the back of the pressure-
operated diaphragm of Fig. 2a. The 
accompanying directivity plot indicates 
graphically how a proper mixture can 
result in a cardioid directivity pattern. 
Frequency Response: In general, 

most capacitor microphones (includ-
ing the one constructed by the author) 
rely on the fundamental diaphragm 
resonance being above the audio-fre-
quency band. Under such conditions, 

*By this I mean a pickup whose largest 
dimension is small compared with the 
shortest wavelength considered. 
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the diaphragm is said to be compli-
ance controlled, in that the mechani-
cal impedance of the pickup is pri-
marily that of a compliant element 
within the audio-frequency hand. Thus: 

F  PA  I 

U  U  =  Cds 

Where: 
Z„, = Mechanical impedance 
F =-- Force on diaphragm 
U = Velocity of diaphragm 
P = Pressure 
A = Diaphragm area 
Cd = Effective diaphragm compliance 
For a constant applied pressure inde-
pendent of frequency we can then 
write: 

PA , or X = CPA 
X.  Cds 

This is a desirable result indicating 
the diaphragm displacement — and 
hence capacitance variation —to be in-
dependent of frequency.  Generally, 
this is not the case except for dia-
phragms of infinitesimal size and con-
sequently the dimensions of the trans-
ducer must be considered. Figure 3 
demonstrates three of the basic effects 
which tend to cause the pressure on 
any finite size diaphragm to deviate 
from that of the unperturbed sound 
field at the point of the microphone. 
The first effect, known as diffraction, 
results when the reflected component 
of the sound wave front incident upon 
the  diaphragm causes a sufficient 
standing wave to produce pressure 
doubling or tripling. This effect gen-
erally occurs for wavelengths compar-
able to the diaphragm diameter. A 
second form of difficulty is known as 
the phase-difference effect and again 
becomes important for wave lengths 
comparable to the diameter of the dia-
phragm. This effect occurs when the 
incident wave front strikes the dia-
phragm at an angle (t. causing the 
pressure to vary considerably over the 
face of the diaphragm and hence not 
accurately represent the true sound 
pressure at the point of the micro-
phone. As a final point of considera-
tion, attention must be given to the 
cavity created by the clamping ring 
used to maintain the stretched dia-
phragm. This cavity will become res-
onant at a wave length comparable to 
its inside circumference and will cause 
an increase in sound pressure in pro-
portion to the ratio of d/D. In sum-
mary of these effects, it is generally 
felt that for audio entertainment ap-
plications the effect of diffraction can 
be adequately minimized by a dia-
phragm diameter less than 2 in.. the 
effect of phase difference by a diam-
eter of 1 in. or less, and cavity res-
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Magnetic Cartridges are now obsolete 

Only the uphonics Semiconductor Cartridge 

Retains intimate groove contact at all audible 
frequencies.* Stylus-groove resonance is 
47KHz, with uniform response beyond 50 
KHz. No magnetic cartridge approaches this 
requirement of noise-free, distortion-free re-
production because of the mass of the iron 
and copper. 

*The  Office  of  Naval  Research, 
under Contract :::1866  (24)t  has 
shown that stylus-groove resonance 
must be higher than 40KHz —or loss 
of groove contact will result. Restora-
tion of contact is in the form of 
shock, producing impulse excitation 
of the stylus system, with corre-
sponding chatter and noise. 
tAcoustics Research Laboratory, 

Harvard University 

Miniconic delivers best bass in the 
world, because it responds uni-
formly down to DC. 
Miniconic is inherently distortion-
free, because it is based on the 
resistive principle. Magnetics are in-
herently reactive and thus distor-
tion-prone. 
Miniconic is basically hum-free, be-
cause it has 10,000 times the output 
of the best magnetics. 
Miniconic is flat to RIAA, whereas 
magnetics require up to 38.1 db of 
equalization to play RIAA. 
Miniconic is a modulator-valve, so 
a small power source does the work, 
not the delicate record groove. Mag-
netic massive generators must be 
moved by the delicate groove at 
accelerations beyond 1000 G's —t0 
give a tiny output. 
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Prevents chatter. Tracks second harmonic 
pinch effects of all fundamentals from 0-23.5 
KHz. Made possible by the low mass of the 
active silicon semiconductor element, which 
is smaller and lighter than the diamond tip 
itself. No magnetic can achieve this low mass. 

TK-15-LS Lab Standard Phono System. TA-15 low-
Mass arm, with U•15-LS plug-in cartridge (biradial 
diamond) and PS-15 power source. For magnetic or 
auxiliary inputs. USER NET  87.50 
TK-15-P Professional Phono System. As above, but 
with U-15-P cartridge and .5 mil tip conical diamond 
stylus. USER NET  71.50 
CK-15-LS Lab Standard Phono Conversion Kit U-15-
LS cartridge (biradial diamond) for standard heads, 
and PS-15 power source. For magnetic or auxilia ry 
inputs. USER NET   
CK-15-P Professional Phono Conversion Kit. As 
above, but U-15-P cartridge with .5 mil tip conical 
diamond stylus. USER NET   
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onance minimized by a ratio of d/D 
less than 1/10.6 
Sensitivity: For the case of the cir-

cular-parallel-plate capacitor transduc-
er, the open-circuit output voltage is 
approximately VAC/C where V is the 
applied d.c. bias and AC is the change 
in the unexcited capacitance C. In an 
attempt to increase the sensitivity of a 
given pickup, one might try to in-
crease the polarizing voltage, but 
would soon learn that the diaphragm 

6A. E. Robertson. "Microphones," Hay-
den Book Co., New York, 1963. 

Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS' Fantas-
tic Value Packed Catalog - Unheard of 
LO W, LO W PRICES on Brand Na me 
Speakers, Changers, Tubes, Tools, Stereo 
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of other Electronic Values. Credit  plan 
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would collapse or be biased into a 
position of unstable equilibrium due 
to the electrostatic attraction of the 
capacitor plates. For such diaphragms 
having a diameter of about 1 in.. bias 
voltages much over 100 volts are im-
practical for this reason. A similar 
argument also applies when one de-
creases the capacitor spacing in an 
attempt to increase the ratio AC/C 
for a specific polarizing voltage. One 
method commonly used to increase 
sensitivity is based on the fact that 
most of the AC results from the dis-
placement of the center of the dia-
phragm and not its edges since a 
clamped diaphragm does not move as 
a piston. By making the fixed-back 
electrode smaller than the vibrating 
diaphragm, this effect may be taken 
advantage of to improve sensitivity. 
This method of optimization. as well 
as that of varying the magnitude of 
the  bias voltage across the surface 
of the back electrode, is considered 
by K. Teer.7 

K. Teen "On the optimization for a 
condenser microphone." Acustica, Vol. 
15, 1965. 

The Author's Pickup 
As previously mentioned, the au-

thor's initial work was done with a 
pickup modeled after that of R. Wil-
liamson. Serious diaphragm mount-
ing problems were, however, encoun-
tered using his recommended 1-mil air 
gap, 90-volt bias, and 1/4 -mil. alumi-
nized Mylar. The problem experienced 
was that of diaphragm collapse and is 
believed by the author to be a result 
of an unstable bias voltage for the in-
dicated spacing. Much more reliable 
results were achieved using a 2-mil 
air gap. Also, the sensitivity was im-
proved by reducing the diameter of 
the back electrode as indicated in Fig. 
4, where the final pickup is shown. 
For those interested in constructing 
such a pickup, the machining tech-
niques and diaphragm mounting pro-
cedures discussed in Mr. Williamson's 
paper have proven to be quite satis-
factory. 

Performance 

Of the quantities commonly speci-
fied for high-quality condenser micro-
phones. the following were measured 
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by the author: 
Sensitivity: Using a pink-noise gen-

erator (constant power per octave). 
and a calibrated General Radio con-
denser microphone, the two micro-
phones constructed had measured sen-
sitivities of approx. —49 dB re 1 volt/ 
Aar. 
Noise: The unweighted noise-open-

circuit voltage as measured over an 
80-/ to 10,000-Hz bandwidth in a quiet 
room was = 6 WV. 
Output Impedance: Using a 2 ALF 

output coupling capacitor, the output 
impedance at 1000 Hz was 150 ohms. 
Frequency Response: Frequency re-

sponse was inferred from a pink-noise 
source and an octave band analyzer 
and compared to that of a high-qual-
ity commercially available capacitor 
microphone whose calibrated response 
was known.  The results of these 
measurements are shown in Fig. 5 
where a 6-dB peak is indicated at 
about 300 Hz. As a result of this 
peak, listening test gave the impres-
sion of a lack of high-frequency re-
sponse. The problem was, however, 
conveniently corrected by the inser-
tion of a series RLC filter within the 
microphone between points a and b 
in Fig. I. This filter and its insertion 
characteristics are shown in Fig. 6, 
and the resulting microphone response 
characteristics in Fig. 5. The basis for 
this problem is felt to lie in the diam-
eter and length of the two phase-
delay tubes coupling the back side of 
the diaphragm with the sound field, 
with respect to the acoustic compli-
ance of the air mass behind the dia-
phragm. While it would be desirable 
to correct this problem in the pickup 
itself, the fact that the desired net 
results can be easily obtained through 
filtering is worthy of merit. It must 
also be realized that the proper modi-
fication of the capsule to correct the 
problem will most likely result in a 
loss in sensitivity which may be in-
tolerable with the marginal noise char-
acteristics of reasonably priced FETs 
currently available. The author is, 
however, considering the problem, but 
is presently limited by the lack of ac-
curate measuring instruments and a 
good mechanical analog of the pres-
ent pickup. Two microphones con-
structed by the author are shown in 
the illustration at the beginning of this 
article, one of which has been dis-
assembled to show the component lay-
out. As a final note, I would like to 
make it quite clear that the design of 
capacitor microphone systems is not 
as straightforward as some portions of 
this article might imply, but requires 
a detailed knowledge of accoustical 
and electrostatic effects, accurate test-
ing equipment, and much time and 
patience. 

Should you pay $80 
for a new stereo 
cartridge? 

of course! 
...if it's the new S-15T by Ortofon, the most 
rugged, super -sensitive moving-coil stereo 
cartridge ever built...the cartridge that rep-
resents a new milestone in sound RFereation4.: 
Ortofon, the first to introduce the elliptical stylus, now brings you, for the 
first time, the end product of years of audio research and development — 
the Ortofon S-15T moving coil stereo cartridge. This new Ortofon car-
tridge is built so ruggedly yet is so ultra-sensitive that your stereo system 
will actually deliver fuller, more satisfying sound, adding a completely 
new dimension of enT, RForeation to your enjoyment. 
A close look tells you why. The S-151 tracks at a 15* angle. Its true, ellip-
tical shape is made exclusively with carefully selected prime diamonds 
polished to a high degree of perfection. Each S-15T stylus is precision set 
by skilled craftsmen under powerful production-type microscopes. The 
S-15T eliminates the four major causes of sound distortion: pinch effect 
bottoming, inner groove distortion and tracking distortion. It combines 
the delicate sensitivity of a professional moving coil cartridge with the 
ruggedness of the home user's requirements. Each and every S-15T 
receives a final dual quality control inspection. This "zero defects" pro-
gram is your positive assurance that your personal S-15T will work as it 
should. The S-15T has been acclaimed by leading sound engineers as 
"the finest cartridge ever made by man." 

Features: 
• Unique Printed Circuit assures 
ruggedness 

• Retractable Stylus for record and 
stylus protection 

• Ultra-high sensitive compliance 

• True elliptical shape highly polished 

• Record care "protecto-skate" glide 

• Premium prime diamonds 

• Sleeve tubing for stylus and 
cantilever protection 

• Robust construction 

Model S-157, as illustrated $80. • 

Specifications 
Weight of pickup cartridge  18.5 grams 
Output impedance   15000 ohms 
Frequency response    20-22,000 cps 
Equivalent mass, at stylus   

in   0.9 mg 
Recommended stylus pressure 1 - 2 grams 
Output in m-volt/cm/aec 
(loaded)  0.04 

Stylus tip radius (elliptical 
diamond) 007/.0003 

Vertical tracking angle  150.  

Static compliance cm/dyne  20 x 10-4 

Channel separation  20 
Model S-15MT, in Ortofon She 

0 d 
/31 $8b 5. 

See a demonstration at an Ortofon Franchise Hi-Fl Dealer or 
write for more details and name of nearest dealer to Dept. A5 1 0 

ELPA MARKETING INDUSTRIES, INC.  NEW HYDE PARK, NEW YORK 11640 
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Step 1. Kit is designed so you can stop after 
wiring the easy.to.assemble power.amplifier 
stages, if you already own a hi-ti preamplifier. 
Construction time: about five hours. 

A NEW ACOUSTECH 
ADD-A-KIT - 

100 WATTS POWER! 

Acoustech XII ($159.50) 
with Preamplifier Module ($89.50) 
accessory walnut case ($24.50) 

In only a few short months the Acoustech Add-A-Kit amplifier 
has captured the imagination of audio experts and enthusiasts 
everywhere — ".. . a pot of gold. That is what we have here." 
— American Record Guide. ". . a genuinely superior product." 
— Audio. ". . . a great amplifier . . . magnificent sound." — 
Radio/TV Experimenter. ". . . will outperform most factory-
assembled rigs you can buy today." — Popular Science. 
Now Acoustech offers a new higher-powered addition to this 
line of modular components . . . the Acoustech XII, 100 watt 
power amplifier (50 watts per channel for under 1/4 % I.M.). 
For $30 additional over the popular Acoustech XI 70-watt 
amplifier, the music lover can obtain an extra 30 watts of 
reserve power. Add the same preamplifier module (P/M) to 
either unit to complete a solid-state amplifying system on one 
compact chassis. 

Step 2. You can add on the preamplifier and control 
circuitry when you build the power amplifier, or do it at 
a later date. The conversion takes about 12 hours, most 
of it spent in wiring the complex selector switches. 

SPECIFICATIONS Both power amplifiers have under 1/4 % I.M. distortior at rated 8 
ohm power; hum and noise —95 db below rated output; 250K ohms input impedance; 
massive power transformers (91/2 lbs-XII, 6 lbs-XI) to provide plenty of transient 
power to drive the most inefficient 4, 8 or 16 ohm speakers. When preamplifier 
module added, completed system has selectable 2% my and 10 my  hono input 
sensitivities in addition to tuner and aux inputs; complete tape monitor switching; 
separate tone controls for each channel which are out-of-circuit unless COMP push-
button is engaged; low impedance front panel stereophone outlet with separate 
speaker defeat. 

ACOUSTECH 
ACOUSTECH, INC., div. KOSS ELECTRONICS 
Dept. 00, 139 Main Street, Cambridge 
Mass. 02142 
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TONE GENERATOR 
(Continued from page 88) 

Some Unusual Applications 
of Multivibrators 

The multivihrator, as the reader 
probably knows, is a type of oscillator 
which generates square waves, saw-
tooth waves, and pulses of various 
sorts. It operates on the "relaxation" 
principle,  by which  two amplifier 
stages are fed back to each other with 
a pair of time constants in the feed-
back circuits. By adjusting the time 
constants, the frequency of the multi-
vibrator may be changed. If the time 
constants are large enough. the multi-
vibrator will oscillate at a subsonic 
frequency or may stall completely. 
The slow, free-running multivihrator 

described may be triggered by an in-
put signal of sufficient amplitude, and 
will follow the input signal in its own 
oscillations over a range of more than 
four octaves. As the amplitude of the 
input signal is reduced, the multivi-
brator syncs first on every two cycle, 
and then on every three or four, there-
by creating a harmonic relationship 
with the input. 
This apparatus has been employed 

in various experiments, for the gener-
ation of a variety of unique aural 
phenomena. 
One simple device is to sync the 

Eccles-Jordan multivibrator to a high-
frequency sine-tone oscillator through 
a level control. As the amplitude ot 
the sync from the sine oscillator is in-
creased, the frequency of the multi-
vibrator is increased: however, the 
frequency does not change linearl 
hut in steps, as it forms small, whole-
number ratios in hertz with the sine 
oscillator.  An unusual scale results. 
with a very satisfying aural effect. 
Probably, the oscillator triggers the 
multivihrator by syncing with its over-
tones in the order that they occur na-
turally . The greater the amplitude of 
the oscillator sync. the closer the mul-
tivibrator approaches a unison with it. 
Some more elaborate types of re-

sults may he had by synchronizing the 
multivibrator with some input instru-
ment, such as the Theremin or Cem-
halet. or the like. 
When the amplitude of the input k 

not constant, the pitch of the multi-
vibrator will depend both on the input 
pitch and the input amplitude. 
With a percussive input such as a 

piano, a plucked-string type sound. 
and so on. the multivibrator will syn-
chronize at first with the input pitch. 
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and as the input level drops off the 
multivibrator drops to sub-frequencies 
in which its overtones match the in-
put. Therefore each input pitch gen-
erates a series of falling output pitches 
matching the decay of the input. 
If the control which varies the syn-

chronization input voltage is turned to 
reduce the sync input, it is possible to 
get outputs over a small range of in-
puts which will be in a certain har-
monic relation to the input signal. 
The result is a sort of electronic or-
ganum in which the device of paral-
lel fifths, fourths, or octaves result. 

Conclusion 
Each of the previously described 

techniques has been generated with 
a single experimental unit. The filters 
are included; however, some other 
equipment which is not included, and 
can increase the flexibility, includes 
reverberation devices, stereophonic re-
production and recording equipment, 
and some others. However, with some 
auxiliary input source, it is a relatively 
complete electronic music unit which 
can be used in performance as well 
as in the laboratory. 
Figure 7 shows a circuit and Fig. 8 

a block diagram of the experimental, 
complex-tone generator. Of particular 
interest is the oscillator circuit, which 
is the Hubbard oscillator.  2 This oscil-
lator is particularly stable, and pro-
duces a particularly pure waveform 
as a result of the fact that its power 
source is the space charge between the 
cathode and the control grid of the 
tube. There is no connection to the 
high voltage, but only to the filament 
voltage. 
The equalizer, a bass-boost type, 

utilizes a phase-shift feedback loop. 
It is needed in the present model to 
compensate for bass loss in the output 
transformer of the modulator. 
The rest of the circuitry is standard 

and needs no comment here. Needless 
to say, it is the particular musical re-
sults which are of primary importance, 
not the circuits employed, and these 
results could have been achieved with 
many other types of apparatus per-
forming the same functions as those 
employed.  iE 

2Harold C. Hubbard, "A Most Un-
usual Oscillator," Radio and Television 
News, May, 1955. 

Even if you bought your 
tape machine today... 

the FAIRCHILD Master 
Tape Improvement System 
has made it obsolete! 

Here's why Only the FAIRCHILD MTIS with "focused-
• gap" head design radically reduces bias-

induced noise to a point where it is no more than 1.5 db 
greater than the noise of virgin or bulk-erased tape ... Only the 
FAIRCHILD MTIS has an overall Signal/Noise ratio of 72 db 
with a 75 mil track width (the track width of one channel on a 4-
track 1/2" recording) ... Only the FAIRCHILD MTIS dramatically 
increases the recording level by 4 db compared to present 
standards ... Only the FAIRCHILD MTIS sets new system stand-
ards for low harmonic, inter-modulation, and cross modulation 
distortion of only .5% ... And only the FAIRCHILD MTIS comes 
in a compatible, convertible package allowing you to update 
your present tape transports to the high quality "state-of-the-
art" recording standards. 

FEATURES: 

• Exclusive "focused-gap" recording head design • 4MHz 
(4,000,000 cycles) bias frequency • Silicon solid state direct-
coupled electronics • Compatible, convertible packaging tech-
nique for easy installation in all existing professional type tape 
transports • Space saving electronics package only 7" x 19" 
• Selective erase is available with multi-track units to allow 
complete re-recording flexibility • Mandatory for motion pic-
ture studios, broadcasting and recording studios where defini-
tive performance is a prerequisite • Ideal for the preparation of 
highest quality 8-track master tapes for hip speed duplication. 

Only the FAIRCHILD Master Tape Improvement System puts you 
a giant step forward in quality tape recording. 

Write to FAIRCHILD — the pacemaker in professional audio products — for complete details. 

FAI RC HILD RECORDING EQUIPMENT CORPORATION 
10 40 45th Ave, Long Island City 1, N.Y. 
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STEREO ANTENNA (Continued from page 52) 

to have a method of removing it from 
the antenna system when there is suf-
ficient signal to limit the receiver with-
out the preamp. The noise will then 
be caused by the receiver front end 
only. 
On older receivers that do not use 

frame grid or high transconductance 
tubes, a preamp can be a real help 
at all times because its noise figure 
is probably better than that of the 
older receiver. The only thing to be 
aware of is that the increase in sig-
nal available at the receiver input 
from the preamp might well overload 
the receiver front end and cause cross-
modulation distortion. In this instance 
an attenuator is warranted between 
the preamp and receiver. 

S. ,. A.  ,N 1 

"  • r : 

Fig. 31. Typical 6-element, twin-fed, 
Yagi-Uda array installed on a rotator. 
Transmission line is 72-ohm coax, 
RG59/U, and the small box mounted 
to the mast between the rotator and 
antenna is a balun. Transmission line 
between balun and antenna is well-

twisted, 300-ohm twin lead. 

because of their isolation characteris-
tics between the used and unused 
channels. 

Amplifiers 
Mast-mounted and indoor ampli-

fiers have been hailed recently as the 
solution to most reception problems. 
We'll say little about them here, ex-
cept to review some basic facts about 
their relation to the tuner we're using. 

When a tuner is limiting fully, the 
signal-to-noise ratio of the tuner sets 
the dynamic range or minimum usable 
signal the receiver will accept. The 
main area of the receiver exerting the 
most control on noise is the front end. 
The r.f, amplifier in this part of a 
tuner is usually a cascoded nuvistor, 
frame-grid tube, or transistor circuit 
utilizing amplifiers with extremely high 
transconductance.  The preamplifiers 
offered for use ahead of the receiver 
input utilize the same tubes as do most 
modern receivers, and therefore, have 
the same noise figures as do the tuners. 
For this reason the amplifier can do 
nothing to improve signal-to-noise 
while the receiver is limiting. But the 
amplifier, of course, is not obtained 
for use with a signal strong enough 
to limit the receiver. In Part 2, we 
discussed a typical receiver limiting 
and noise curve. Refering again to 
this curve will help make evident 
what the amplifier will do for us. With 
signals that would ordinarily appear 
at the bottom of the curve the in-
crease in input voltage that the amp-
lifier provides drives the operating 
point farther up this curve and in-
creases therefore, the quieting of the 
receiver. The price that must be paid 
for this is the fixed signal-to-noise 
ratio of the preamplifier. The hest 
way to utilize an r.f. preamplifier is 

Words to the Wise 

Everyone develops prejudices for 
certain things as they are exposed 
to them, either by direct contact or 
through advertising or written ma-
terial in other forms. Such prejudices 
impair seriously our ability to evalu-
ate something objectively, with the 
result that a good technical decision 
is often due to luck alone: An awful 
lot of luck can be removed and re-
placed with fuel for a good decision 
if you contact the various manufac-
turers of FM antennas and request 
technical data from them on the par-
ticular antennas that interest you. 
There is no reason an antenna 

house should not supply anyone with 
the gain, beamwidth. and minor-lobe 
characteristics  for  an  antenna  in 
which a potential user is interested. 
The manufacturer had to obtain this 
data in the course of his development 
program on an antenna and it should 
be as readily available as frequency 
response, power output, and distor-
tion figures for an amplifier. I dare 
say that none of us would venture 
forth to purchase an amplifier with-
out that data, at least. So, no sym-
pathy can be had for the company 

that will not upon request supply this 
technical information. A letter will 
be necessary. though, for completion 
of the usual fill-in cards will more 
than likely just bring advertising data. 
Most of the manufacturers contacted 
in the course of accumulating infor-
mation for this article were extremely 
helpful in supplying pertinent tech-
nical information about their products. 

One more word about advertising-
developed prejudices. Just  because 
you view an ad that pronounces an 
antenna to be of a particular design, 
or extremely broadband, or high gain. 
don't automatically assume that the 
antenna retains these characteristics 
over the entire range of frequencies 
for which you want to use it. While 
log periodic antennas properly de-
signed are truly broadband radiators, 
a poorly designed one will exhibit 
characteristics that could be entirely 
unsatisfactory for even narrow band 
operation. Yagis are high-gain anten-
nas, but again, if a yagi is not care-
fully designed, it can have an awful 
impedance mismatch and gain varia-
tion in the frequency spectrum of in-
terest. All antenna design involves a 
great deal of the old "cut and try" 
technique. This in turn costs money, 
and in the development of an antenna 
it's entirely possible that the cutting 
and trying begins to eat up a con-
siderable amount of the green stuff, 
causing that last quarter of the band, 
which had not been matched very 
well. never to get matched very well. 
What all this is saying, really, is "go 
out and ask for information." 
This last gasp of the article is also 

the place for miscellaneous sugges-
tions that were either forgotten or had 
no place earlier. For example, when 
purchasing a rotator, the fully auto-
matic ones are really only about 5 
or 6 dollars more than the semi-auto-
matic despite the tremendous disparity 
in their list prices. The automatics 
are usually more accurate than the 
semiautomatics,  too,  making them 

Table Ill 

TYPE GAIN PATTERN 

ANTENNA 

Yogi -IALi Array 
Log-Periodic Dipole Array 
Bi-Dir,tional 
Omnidirectional 
TV - FM Antenna 

0 dB - 13 dB 
0 dB - 13 c1B 
4 ill3 - 7 dB 
0 dB - 3 dB 

? 

Unidirectional 
Unidirectional 
Bi-directional 
Omnidirectional 
MIN:rids on Ante, - 

TYPE Z RATIO LOSS 

BALUN Multifilar 300..i to 72a About 0.7 dll 

TYPE ISOLATION 
I 

LOSS 

DIPLEXER UHF-VHF 15 dB Typical About 0.7 dB 

TYPE IMPEDANCE LOSS 

TRANSMISSION 
LINE 

300-a Tun, Lead 
.300-, Shielded Tub Lead 
RG- 59,U Coaxial Cable 

3iXi a 
300) 
72a 

1.1 dB per 100 it. 
2.8 dB per 100 ft. 
3.8 dB per 100 fi. 

TYPE ISOLATION LOSS 

MULTIPLEXER UHF-VHF TV -FM 15 dB Typical About 0.7 dB 

TYPE ISOLATION LOSS 
TAPOFFS Hybrid I; dB 1...• ot :a I r 3 -, dB p, - 
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a better buy. As far as pertinent in-
formation on the rotating unit itself, 
look for one with the greatest torque 
capability. 
Most TV antennas will not provide 

satisfactory FM reception, since in 
many cases they are cut to reject the 
FM band and in most other cases are 
not designed with any view toward 
receiving this band. Notable excep-
tions are some of the new log peri-
odics. But you should request infor-
mation from the manufacturer of 
these as to their performance in the 
FM band. Certain of the log periodic 
dipole arrays are harmonically related 
designs that have gain fall-off in the 
area between the high and low VHF 
TV bands, and it is in this area that 
the FM band lies. 
Lastly, while on the subject of prej-

udices, just how much has been in-
jected into this article? Probably a 
lot, hopefully a little. Installation ex-
perience with all three types of pre-
viously discussed transmission lines 
has led to the belief in these quarters 
that shielded twin lead is the best for 
FM use. This is a prejudice of a sort. 
Practically, because the shield is ac-
tually integrated with the vinyl outer 
cover, it is hard to flex and therefore 
rather hard to install relative to the 
other types. Then, after you've in-
stalled it and you're listening to a 
broadcast and some ignition noise 
makes its presence known, you'll prob-
ably wonder what all the effort and 
money spent was worth, if the line 
doesn't do its job. Well, in mart 
cases the antenna itself will pick up 
ignition noise and there is no was 
current technical knowledge shows us 
how to shield an antenna and still 
have it work. Anyway, the transmis-
sion line prejudice is one based on 
experience rather than the written 
word only. 

Conclusion 
To sum up this great pile of words, 

another pile would probably be nec-
essary. In place of this is Table III, 
a compilation of various antenna sys-
tem  facts  and  typical  installation 
guides that will aid in the selection 
and installation of components for 
a good FM antenna system. Select 
the parts of your system carefully. 
for they will be with you a consider-
able time. When the choice has been 
made, install them carefully and re-
member the one great, basic tenet of 
all those hardy antenna installers who 
joust with peril atop a ladder: 

"Don't look down!"  1E 

4Robert Leitner, "Antenna method min-
imizes co-channel interference." Elec-
trical Design News, June, 1963. 

Who would you put in the box? 

"Dizzy"? 

Beet hove n? 

Uncle Louie singing 
"Danny Boy"? 

Build a world of your own on Scotch Magnetic Tape 
Whatever your listening preference ..."Scotch" Brand "Dynarange" 
Tape helps you create a new world of sound. Delivers true, clear, 
faithful reproduction across the entire sound range. Makes all music 
come clearer . . . cuts background noise. .. gives you fidelity you didn't 
know your recorder had. 
Best of all, "Dynarange" is so sensitive it gives you the same full 

fidelity at a slow 33A speed that you ordinarily expect only at 71/2 ips. 
Lets you record twice the music per foot! The result? You use less tape 
... save 25% or more in costs! Lifetime silicone lubrication protects 
against head wear. Ask your 
dealer for a demonstration. magnetic Products Division 3. 
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RECORD REVIEW 
(Continued from page 71) 

is that of the superb BSO under Leins-
dorf. That in itself is enough to "sell" 
the production to many of us —for noth-
ing can match the sound of the Wagner 
orchestra, rightly directed. 
The  solo voices are plenty good 

enough, if oddly assorted in background 
(an  old  American  opera  tradition). 
Lohengrin is Hungarian, his lady friend, 
Elsa, is Armenian-American; from there 
we move onwards to a Belgian and three 
Americans, two from California. Lohen-
grin is just fine; so are the other more 
massive males who back him up. The 
modest Elsa, shy maiden ever-so-deter-
mined, is not quite so good for my ears 
but her deficiencies are not dramatically 
serious in the whole —just a rather un-
steady production, more wobbly than 
the ear can easily follow. 
As for the all-important chorus —su-

perb! Instead of the usual motley col-
lection of elderly professionals  (and 
youngerly would-be professionals) this 
one is an augmented standard amateur 
chorus, a very knowledgeable one, which 
represents the mass of the people in the 
opera with wonderfully musical effect — 
nicely contrasted with the all-male pro 
group of Brabantian nobles, who sing 
together as a second chorus. With all 
this enormous vocal population, the big 
ensemble scenes are no less than stun-
ning. 
But maybe the biggest virtue of this 

set is RCA's commendable restraint in 
miking the solo voices, which are kept 
well back and in proportion, never zoom-
ing out super-close-up (as used to be 
the fashion), often actually drowned out 
in luscious orchestra sound—exactly as 
was intended. Those who distrust Wag-
nerian vocalizing need not worry a bit 
here. All is properly in perspective. 
It's a documentary too, this album. 

A huge, fat booklet with all the text, 
word for word in German and English, 
plus quite a bit of useful info along with 
the usual decorative plugs for the vari-
ous performers. 

The Story of Great Music. Vol. 2, The 
Romantic Era. With book. 

Time-Life Records STL 140 (4) mono 

(by subscription) 
The publicity on this is dated May, 

1966, but the album arrived by special 
messenger just as I was "going to press" 
for this month (i.e., to the local P.O. 
with my copy). 
Those who know the Time-Life and 

similar big documentary picture books 
will recognize the standard approach used 
here ("The Editors of TIME and LIFE 
invite you to share their delight in mu-
sic . . .") and in many another project 
concerning the arts. Now —it's records. 
And a new kind of record club, I sup-
pose. (". .. for less money than you may 
be spending now on haphazard record 
buying.") 

While I vigorously dislike the impli-
cations  of  the  "haphazard  buying" 
phrase, which suggests, as usual, that 
none of us has the common sense we were 
born with and we'd better let TIME-
LIFE take over for us, I'll gladly admit 
that you get what you pay for here all 
approximately per volume, 4 LP's and a 
big book) in the every-other-month re-
leases. That is, if you haven't bought 
these works already, in these or other re-
cordings. They are fairly standard fare, 
as might be expected. 
Except for some grand opera excerpts, 

they do also have the virtue —once rare 
in "music appreciation" projects — of 
completeness. The whole Fantastic Sym-
phony of Berlioz, all of the familiar 
Liszt and Mendelssohn concerti, a solid 
set (a whole side) of Chopin on the 
piano. No faded-out excerpts, no com-
mentary. Just music, complete. Good, 
in this situation.  (Excerpts plus com-
mentary can be good too, if I do say so, 
being somewhat of an expert in that 
area.) 
The recordings are from Angel, out of 

British E.M.I. Not all the items are in 
the U.S. Angel catalogue, but all feature 
familiar Angel artists, of first-grade celeb-
rity calibre. They are needed in Roman-
tic music. 
The lavishly illustrated text, with the 

familiar Time-Life style of authority (it 
sounds right even if it isn't) is a charac-
teristic team-product —by a Fortune man, 
Max Ways, plus "the Editors of Time-
Life Records." That is, scads of busy 
researchers, rewriters, checkers, and re-
check-writers. No doubt a computer or 
two had its say before the final words 
were sent down to the printer. It's a 
team world. 
Odd paradox: Whereas, starting from 

the record business, Columbia's docu-
mentaries often feature enormous eye-
books and rather skimpy ear-music (1 
LP and maybe 70 pages of book), Time-
Life, coming from the other side of the 
publisher's fence, offers 4 LP's of mu-
sic for a slightly less impressive book. 
More than a meeting of minds here! 
They passed each other in mid-stream. 

Big Stuff, Old and New 

Master Works for Organ, Vols. 1, 2, 3. 
Jorgen Ernst Hansen, organist. 

Nonesuch H 71100, 71105, 
71110 stereo 

Three volumes of excellent organ play-
ing, mainly centered on the famed Ba-
roque North German school of the late 
17th and early 18th century, the organist 
a sensitive musician of a very slightly 
Romantic tinge (just enough to ensure 
that these works are definitely not played 
with the dogmatic approach of some 
Baroque specialists), on a lovely oldish 
organ which is also somewhat Romantic 
in its sound, but in a way that does no 
harm at all to the music. 
Though some specialists in the Ba-

roque may feel both organ and organist 
to be a bit "off," I am sure that the 
sheer musicality of both, the fine ear 
of the player and the lovely sounds of 
the organ, will please just about every-
body else. A fine acoustic space for the 

recorded sound is an additional asset. 
See catalogues for the many individual 

works performed on each of the three 
records, which are separately available. 

Beethoven: Trios (complete). 
Jean Pougnet, Frederick Riddle, Anthony 
Pini. 

Westminster WMS 1017 (3) stereo 
An interesting venture here from West-

minster, and typical of today —Westmin-
ster Multiples, economical folding al-
bums of updated older material in mul-
tiple discs, rechanneled for stereo as well 
as re-cut. There are many more already 
listed, and a lot will be old friends, so 
to speak, for those who have bought 
Westminster in the past. 
The Beethoven Trios are beautifully 

played by this trio (violin, viola and 
cello) of English performers—I don't re-
member hearing a more precise, more 
carefully thought out and tailored ver-
sion, nor a more fully dramatic. For 
these are, of course, big pieces in con-
tent, within the small instrumental frame-
work, like those of Haydn and Mozart 
in a similar vein and out of the same 
school of thought. The synthetic stereo 
seems effective enough, mainly spreading 
out the sound and adding a sense of im-
mediacy and presence, without too no-
ticeable a degradation in the sound. I 
found it musically helpful. 

Beethoven: Pastoral Symphony (No. 6 
in F); Fidelio Overture. Philharmonic 
Promenade Orch. of London, Boult. 

Vanguard SRV 193 SD stereo 

It seems as if these Beethoven sym-
phony recordings by Sir Adrian Boult, 
with their distinctive Michelangelo sculp-
ture covers (the Medici chapel) have 
been coming out for years on end. But 
this one now carries an SRV designation 
instead of VRS (Vanguard Recording 
Society) —which means that the Price is 
Right. Very right —about the lowest on 
the stereo market! SRV now brands the 
Everyman Series, capitalizing on the com-
pany's unusually high-quality tape mas-
ters from earlier years on up. 
You can buy here with confidence and 

forget the low price. This is an unusu-
ally well-conceived "Pastoral" (one of 
the most difficult symphonies to project 
with success), brisk and modern in its 
rapid tempi but never either harsh or 
mannered, the pictorial elements—peas-
ants, the countryside and bird calls, the 
big storm —depicted lovingly, with ut-
most grace and naturalness.  Quite a 
feat. My only minor criticism is an oc-
casional bit of ragged or blurred en-
semble due mainly to the rather fast 
speeds. The sound is a great deal more 
than adequate, at any price. 
If you like this one, try others in the 

series. 

Mozart: Requiem,  K. 626.  Seefried, 
Pitzinger, Holm, Borg; Chorus Vienna 
State Opera, V. Symphony, Jochum. 

Heliodor HS 25000 stereo 

This is just to note another excellent 
ex-Deutsche-Grammophon recording, up-
dated in very good synthetic stereo and 
down-priced by a half and more. A re-
cording with such names as Seefried, 

116 AUDIO  • OCTOBER, 1966 



Borg and conductor Jochum on it is 
worth anybody's cash in any sort of "fi"! 
In D-G, it is worth plenty more. 

Bruno Walter's Mahler (Das Lied v;6:1 
der Erde; Symphony No. 9). N. Y. Phil-
harmonic; Columbia Symphony. 

Columbia D3S 744 (3) stereo 

Bruno Walter's Brahms (Academic, Tra-
gic Overtures; Vars. on a Theme by 
Haydn. Columbia Symphony. 

Columbia MS 6868 stereo 

Bruno Walter Conducts Mozart & Haydn 
(Mozart: Symphony No. 40. Haydn: 
Symphony (No. 88.)  Columbia Sym-
phony. 

Columbia MS 6869 stereo 

Columbia is regrouping its Bruno Wal-
ter forces. Here are recent samples. 
It's a cinch that none of these was 

recorded after Feb. 17, 1962 —that was 
the day Bruno Walter died. But how 
far back these and others go is a ques-
tion. (The Walter discography extends 
into 78's, back well before the War.) 
I'm wondering mainly on one purely 
technical point —how many of these re-
leases came before the stereo ear and 
hence may have been stereo-synthesized? 
None is so marked here. I note (after 
some research .. .) that the Mahler Lied 
von der Erde came out late in 1960 and 
the Symphony No. 9 in May of 1962, as 
a memorial album. Both, clearly, were 
stereo on the master tapes. Others ?night 
be earlier —back at least to the early 
50's? What with no fewer than four 
currently available Columbia discs al-
ready containing the two Brahms over-
tures in at least two different Bruno-
Walter versions (Columbia Symphony; 
N. Y. Philharmonic), it's a guessing game 
for fair. 
Well, Columbia could tell you all 

about it in moments. What really mat-
ters, though, is the musical quality of 
these performances in terms of present-
day values.  You'll find Bruno Walter 
superb —even unbeatable —in his Mahler, 
always a specialty. His Brahms is solidly 
musical, marvelously shaped in every de-
tail though a bit heavyweight for our 
changing  ears.  His  Mozart  already 
smacks of another era; the orchestral 
sound is too thick for present prefer-
ences, the Romantic angles are rather 
too much played up (as though they had 
to be pointed out to us). His Haydn is 
similar, showing the last traces of that 
former "quaintness" of approach, the 
"Papa Haydn" attitude, which was once 
universal and is now gone into limbo in 
newer Haydn. 
Bruno Walter wasn't perfect nor any 

sort of Last Word (except maybe in 
Mahler); but he was a splendidly dedi-
cated and knowledgeable musician and 
an engaging, modest conductorial per-
sonality. By the way —the Mahler album 
includes one of the traditional Bruno 
Walter rehearsal recordings, where these 
things may be heard most convincingly. 

Some slight obsolescence in some of 
the sound; no one who listens first to 
Walter and second to hi-fl will ever no-
tice it. Even the buffs won't really mind. 

111 
The depth probing Ad-men will 
shudder at the use of such a title 
but we can think of no better 
description for a good loudspeaker. 
Character in the music; character 
in the instruments; character in the 
artist —yes, but no character in the 
loudspeaker, please! 

etiALD 
for the closest approach to the original sound. 

Write direct to: Ref Audio, 
ACOUSTICAL MANUFACTURING CO. LTD. 
HUNTINGDON, ENGLAND 
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Bach: Suites for Unaccompanied Cello 
(complete). Janos Starker. 

Mercury SR3 9016 (3) stereo 

Some time ago, Mercury released a 
single disc of Starker playing this un-
accompanied cello music. Now, here are 
all the Suites, on three discs, and about 
time. 
For many informed ears—and for 

many an uninformed ear, too—these are 
the finest recorded versions available and 
the most musically intelligible.  Many 
young people already worship the ground 
on which Starker plays and love these 
pieces, for all their weird grunts and 
groans. That is simply because Starker 
makes the musical sense clear, as most 
other cellists do not.  He plays the 
rhythms accurately and in time, his pitch 
is impeccable and so is his phrasing, the 
harmonies and counterpoint —mostly in 
a sort of sketch-like form —are neverthe-
less projected clearly for the ear. He 
hears them, and, so do we. 
It didn't use to be that way. The most 

famous recording of the Suites, still very 
much alive on discs, is that by the grand 
old man, Casals. Very fine in a super-
Romantic sort of way; but to enjoy them 
you must not only like Romanticized 
Bach (few do, today) but you must 
know the music cold. Casals gives a fine 
impression of it, with such very expres-
sive liberty (the olden style) that new-
comers hear nothing but grunts and 
groans. Not so with Starker! Try him. 

The Roving Ear 

Aaron Copland Conducts. (Music for a 
Great City; Statements). London Sym-
phony. 

CBS Masterworks 32 11 0002 stereo 
What? A new label? 
Yep. CBS Masterworks. Looks exactly 

like Columbia Masterworks on the out-
side, but sports a plain bright blue label 
on the disc instead of the familiar Co-
lumbia gray. No explanations. 
Well, the music is worth explaining. 

These two big pieces for orchestra, 1934 
and 1964, are a kind of before-and-after 
combination —coming before and after 
the Copland which is most familiar to 
us, those bland, folksy pieces of the later 
1930's and '40's which began with El 
Salon Mexico and went on through such 
as Billy the Kid, Rodeo, and Appala-
chian Spring. Statements was at the tail-
end of the earlier 1920's period, of snaz-
zy, uncompromised dissonance (Copland 
and everyone else . . .!); whereas Great 
City is current production and out of a 
newly resumed dissonance, which fol-
lowed the great popular period of the 
30's. It is quite a remarkable synthesis, 
Great City, relating all three eras -20's, 
30's and the postwar era —and especially 
tying together the outer periods of dis-
sonance in many revealing ways. 
First time through, you'll find both 

works pretty hard and noisy.  Second 
time around, though, they go down much 
more easily. You begin to hear the su-
perb professionalism of Copland's or-
chestral writing, which in hi-fl terms, of 
course, means "demonstration" sound. 
Noisy, all right, but plenty interesting 
and gorgeously recorded. 

And, also, you hear in Statements— 
the earlier piece —many an intimation of 
the popular-style Copland of the later 
Thirties that was about to come forth, 
soon after this piece. In Great City you 
hear the synthesis, the best of the popu-
lar style combined with the arrid dis-
sonance and the square, stark formality 
of the early and late Copland. 
No doubt about it—Great City is a 

far more subtle and finished piece than 
Statements. Copland has grown, steadily. 

Twentieth Century Classics for Strings. 
(Stravinsky: Concerto in D. Bartok: Di-
vertimento. Hindemith: Five Pieces, op. 
44 No. 4.) Bath Festival Orch., Menu-
h i n. 

Angel 36335 stereo 

A curious collection of performances 
here--oddly uncomprehending of the 
music, as if the musicians and conductor 
(with all sorts of good will) just didn't 
really understand all this modren stuff. 
It really isn't that modern —and, in 

fact, every one of these pieces, in other 
recordings, can be heard and easily en-
joyed by most of us. Yehudi Menuhin, 
the master violinist-prodigy, is a fright-
fully naive conductor at times, "discover-
ing" music with enormous enthusiasm 
and not always very knowledgeable exe-
cution. 
It just seems as if Yehudi and his 

Bath Britishers are a bit behind the 
times. They plough through the familiar 
jittery syncopations of Stravinsky with 
figuratively furrowed brows —playing it 
like, say, modified Brahms. Hindemith's 
very easily heard harmonies are decid-
edly unclear to these performers —and so 
to us. The Bartok, most furious of these 
works, is merely soggy in a damp British 
way. Nope, definitely not up to usual 
Angel standards. 

Vivaldi: The Four Seasons. Wurttemberg 
Chamber Orch., Faerber. 

Turnabout TV 34040S stereo 
Here's more direct evidence that price 

—within reasonable limits —has no longer 
much meaning in relation to recorded 
'-ontent. For my ear, this is one of the 
two or three very best "Seasons" since 
the work was first recorded many years 
ago.  Best at any price, even though 
other recordings feature bigger names. 
These players not only achieve a dra-

matic intensity and earnestness such as 
are rarely heard in these relatively sim-
ple little concerti, but they do it with 
good style, no excesses and no romantic 
hogwashing.  The tone quality of the 
strings is exquisite, that thin, ethereal 
purity of ensemble which has been the 
special feature of the more famous small 
Italian ensembles, such as "I Musici." 
There are other recordings on Turn-

about in this same series (Wurttemberg 
Chamber Orchestra, Suzanne Lauten-
bacher, violin, Martin Galling, harpsi-
chord, etc.) and if you are eagle-eyed 
you will dart into the nearest record 
store after them. 

Franz Danzi: Three Woodwind Quintets. 
New York Windwood Quintet. 

Nonesuch H-71108 stereo 
Danzi is one of those minor com-

posers of entertainment music whose 
productions,  formerly  considered  be-
neath notice, are now being rediscovered 
—as entertainment music.  How very 
right! And about time. 
Nope, he's no towering genius. But 

then, neither does he try to compose 
like one. His music is of an interesting 
period, poised between Mozart and Bee-
thoven, at the turn of the 19th cen-
tury. It is wholly 18th-century in pur-
pose and mood, the sort of stuff that 
was played before (or by) sophisticated 
nobility.  But its harmonies and turns 
of melody are already close to the Ro-
mantic sound. 

If you don't expect too much, you'll 
find that these make excellent semi-
background music, and very smoothly 
played by the New Yorkers, too. 

CROWHURST (Continued from page 96) 
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Fig. 9-10. A typi-
cal  pair  of  re-
sponses —the up-
per curve is the 
channel response 
(left or right), and 
the lower is for 
crosstalk (left out-
put in right chan-
nel or right out-
put in left chan-

nel). 
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(WOW) 
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STYLUS PIVOT 

DISC SURFACE 

Fig. 9-11. Vertical tracking angle is 
illustrated. 

frequency usually below 6 Hz, and 
thus is usually one, two, or three 
times around for each revolution of 
the turntable ( running at 33 ½), flut-
ter occurs at some faster speed. Where 
a commutator motor is used as drive, 
vibrations from the commutator seg-
ments could create it. If a belt drive 
is used, and the tensioning device for 
the belt gets into a resonant vibration, 
this could cause it. Any form of ab-
normal friction can also cause it. 
Because of its higher speed or fre-

quency, flutter is not so noticeably a 
frequency effect as is wow. It sounds 
very like intermodulation by a low 
frequency, except that it may occur 
when no low frequency is present in 
the recorded program. 
The method of measurement is the 

same for all these effects. A record-
ing with standard 3000-Hz tone is 
used. This is analyzed by a flutter and 
wow meter, which is designed to work 
from this particular frequency tone. 
The meter uses filtering and amplitude 
limiting to produce a pure tone. should 
other effects be occurring at the same 
time, which is then passed through a 
discriminator similar to that used for 
demodulating an FM carrier (Fig. 
9-12). 
The output of the discriminator will 

represent deviation of the 3000 Hz 
from its nominal or average value. 
This is then passed through filters to 
determine what form it takes: wow, 
consisting of frequencies lower than 
6 Hz, or flutter, consisting of frequen-
cies higher than 6 Hz. 
Curing such defects in the perform-

ance of a unit that is normally free 
of them will usually involve fitting of 
precision parts: replacing a worn belt 
or drive pulley, or perhaps even a mo-
tor in which the bearings may have 
deteriorated. Motors for driving phono 
turntables have to be virtually perfect. 
So much for phonograph measure-

ments. Tape recorder measurements 
have certain similarities, and we shall 
take up their measurement next month. 
Meanwhile. why not try to figure out 
in what ways tape recorder measure-
ments will differ from phonograph 
measurements?  /E 

OUTPUT FROM 
PICKUP WITH 
WITH RECORDED —I " 
3000 Hz 

rti 
3000-Hz BAND-
PASS  FILTr 

3000-HI 
DISCRIMINATOR 

6-Hz 

OW-PASS 
FILTER   

--1-1__  6-Hz 

HIGH-PASS 
FILTER  

( FLUTTER) 

Fig. 9-12. How a flutter and wow meter 
works. 
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The Microphone That Picks Up Where Others Leave Off! 

Beyer microphones are the world-wide standard by which others are 
judged. Now, for the first time, the full line of Beyer microphones 
and accessories is available in North America through the worldwide 
sales and service facilities of Elpa Marketing Industries, Inc. The 
Beyer line covers the full spectrum of price and performance for 
every need, in all types, ranging from heavy duty models for profes-
sional broadcast and studio use, to popular-priced models for ham 
or CB operator, student or audiophile. For faithful service and total 
dependability, regardless of budget, the buy line is Beyer — now the 
new standard of quality in the U.S. 

See the Beyer Line at your favorite Hi-Fl dealer or write for literature to Dept. A4.8 

ER  A MARKETING INDUSTRIES. INC.  ><. NEW HYDE PARK, NEW YORK 11044 

t-SE:"-,•t• 

1 METER 

Circle 91 on Reader Service Cord 

AUDIO  • OCTOBER, 1966 
119 



NEW PRODUCTS 
Low-Power Amplifier 

yr 

Lafayette Radio has released a new all-
transistor amplifier of modest cost and 
power. 15 watts IHF per channel con-
stitute the power claim. This is achieved 
with a frequency response of ± 2 dB 
from 30-20,000 Hz at 1 watt. THD is 
1 per cent or less; hum and noise is —50 
dB on magnetic phono and —65 dB on 
tuner and auxiliary inputs. Phono sensi-
tivity is 3 mV. There are outputs for 
4, 8, and 16-ohm speakers and tape re-
corder outputs. There is one switched 
a.c. outlet. Size of the unit is 101/4 x 
3%4 x 7:)ie, in. Shipping weight of the 
unit, which carries the model number 
LA-224T and the stock number 99-
0167VVX, is 9 lbs. Price is $59.95. 

CIRCLE 5 

Accent on Decor 

If& 

Bozak, long noted for fine speaker sys-
tems in equally fine cabinetry, has ex-
panded their line of enclosures to in-
clude new period pieces. All told, there 
are now five broad stylings available to 
enclose their variety of loudspeaker sys-
tems. New to the line are the Moorish 
and Century (illustrated) motifs.  This 
last design is available for the Bozak 
B-300,  B-302A,  and  B-305  systems. 
Matching equipment cabinets are avail-
able to house amplifier, record changer, 
tuner and tape recorder.  Surfaces of 
these cabinets are either true walnut with 
a matte finish or real cherry with a dark 
polish fruitwood finish. The Moorish in-
fluence cabinets use rounded arches to 
reflect the warmth and grandeur of an-
cient Spain," according to the Bozak cat-
alog.  Speaker models B-300, B-302A 
and B-4000 are available in the Moorish 
style. The surfaces are mahogany and 
are finished in hand-rubbed light or dark 
fruitwood.  CIRCLE 6 

A New Auto Turntable 
BSR (USA) Limited has announced its 
entry into the retail consumer high-
fidelity market with a number of prod-
ucts.  This auto turntable is the first. 
This is the McDonald 500 model.  It 
features a low-mass head that is both 
vertically and horizontally balanced so 
that the entire turntable can be turned 
on a bias while playing without inter-

rupting the record. Stylus force is con-
trolled by a dial setting which permits 
Va gram adjustment from 0-6 grams. 
An interesting device is an automatic 
arm lock that is activated whenever the 
machine turns off. Shut off and repeat 
are automatic. In addition to the usual 
manual and automatic features there is 
a cuing lever that allows gentle starts 
and stops at any point on a record. The 
arm is protected from damage should 
the lift mechanism (automatic) be acti-
vated with the lock in place. Bearings 
for vertical motion are ball-bearing piv-
ots. 7, 10, and 12-inch discs may be 
played on the 11-inch platter. All four 
speeds are available. The drive motor is 
a dynamically-balanced four-pole unit. 
List price of this new entry is $49.50. 

CIRCLE 7 

Mike Stand 

Ii 

The Atlas Sound DS-6G is a gold-
finished microphone desk stand. It has 
been specifically designed for special 
decor requirements and will complement 
the available range of black and gold 
microphones. The base is designed to 
concentrate weight at the outer edge for 
maximum stability.  Base pads prevent 
damage to table tops. Tube height is 4 
inches; the base is 10 in. List price of 
the DS-6G is $5.75.  CIRCLE 8 

Bulk Tape Eraser 

4411111P 
• • 

The Robins TM-100 is designed to 
clear both audio and video signals from 
tape spools up to the size of 101/2  in. 
and 1-in. wide. Tapes up to 2-in, wide 
can be cleared by a double operation in-
volving turning the tape over on the 
erase platform.  The TM-100 reduces 
tape noise levels 50 to 90 dB below the 
saturation minimum. It has an overheat 
indicator and other safety features. Op-
eration is from 115 volts, 50-60 Hz. It 
has a 5 minutes on, 15 minutes off, cycle. 
List price of the TM-100 is $85.00. 

CIRCLE 9 

Smaller Heater 

This new Ungar soldering system has 
been specifically designed as the an-
swer to hand soldering micro electronic 
circuits. According to the manufacturer, 
the Princess iron combines ultra minia-
turization with a thermal efficiency and 
work capacity never before achieved in 
small soldering irons. For high-density 
circuits, flat or stack pack, and discrete 
components, the unit has a special se-
ries of sub-miniature copper or iron-
clad soldering nibs, some drawn as fine 
as 0.005 in. Heat cartridges are avail-
able in 6, 10, 15, and 18 watts with 
temperatures from 450 to 1000 deg. F. 
All parts are interchangeable and screw 
together to form a custom iron for the 
type of project at hand.  CIRCLE 10 
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Lower Cost Tape Deck 

Viking has just announced a model to 
be priced in the under $250 category. 
This is the model 423, list priced at $249. 
The model number in fact, is coded to 
identify the configuration of the model — 
,/ track, 2 head, 3 speed. The 423 is a 
three-motor machine with dynamic brak-
ing. Heads are of the hyperbolic type 
and have no pressure pads. A swing-
away pinch roller allows easy drop-in 
loading.  The electronics are all solid 
state with silicon transistors on plug-in 
boards. Frequency response is stated to 
be 50-15,000 Hz at VA, 50-10,000 Hz at 
33/4 , and 60-5000 Hz at 17A3 tape speeds. 
Mechanical operation is by directional 
control levers; pause, record-interlock. 
push-button counter and dual illumi-
nated VU-type meters add convenience. 
The 423 accepts up to 7-inch reels and 
is available with a walnut enclosure and 
optional remote-control accessory. 

CIRCLE 11 

Miracord Super-Base 

This accessory item is the Miracord 
Power Control Base, Model PCB-50. It 
is made specifically for the Miracord 
PW-50H changer and adds a consider-
able amount of versatility to the installa-
tion.  The base contains wiring which 
will automatically turn on or shut off 
the entire component system. A rocker-
type on/off switch on the front of the 
base by-passes the automatic power sys-
tern. An a.c. receptacle is located con-
veniently on the rear of the base. Di-
mensions are 171/4 -in. wide, 143/4 -in. 
deep, and 41/2 -in. high. The PCB-50W 
is in oil-walnut wood and retails for 
$22.50. The PCB-50R is finished rose-
wood and sells for $29.50. 

CIRCLE 12 

Model TR-700 
25W X2 The Finest Solid-S -1•0. FM Multiple , Stereo Thyler Amplifier 

Dust Covers 
Tape is immune to the problems of dust 
that plagues discs —that is, until you 
place it into a re-entrant-type cartridge. 
Dust can cause difficulties in spooling. 
Some manufacturers are, in fact, supply-
ing dust covers for their cartridges. Now 
Capitol has leapt into the breach with a 
bubble package of three plastic covers 
to fit 8-track stereo tape cartridges. The 
clips snap over the end of the cartridge 
and protect tapes from dirt or any other 
foreign matter. The optional list price 
from dealers is all of 29 cents. 

CIRCLE 13 
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Model • 
SP-200 3-way, High Fidelity 5-Speakers System 

"Sansui makes audio equipment. 
...that's all they make." 

Our line of products is 
limited. Multiplex stereo 

tuner amplifiers, speakers, 
headphones, and a few 
other Hi-Fi equipments 
cover the lot. 
We like it that way. We 
have a thing against over-
diversification—feel it tends 
to cut down on quality. 

If you're an audiophile 
check the items in this ad. 

Contact us. 
Try them. There's also a 
catalogue we'd like you to 
see. We'd like you to form 
an opinion about Sansui. 
We think it will be 
favorable. 

Visit New York High Fidelity Music Show. Sansui Booth ;324, 

New York Trade Show Building. Sept..27-Oct. 2. 

SAN WA ELECTRIC COMPANY. LIMITED / 14-1, 2 theme hum,. Suginami.ku, Tokyo. Japan 
SAN FRANCISCO OFFICE: 4203 Geary Blvd., San Francisco. Calif.. U.S.A. TEL: 387.3300 

DISTRIBUTOR OF U.S.A: TOKYO ELECTRONICS 2001 Filmore Street At Pine, San Francisco. Calif. 94115 U.S.A. 
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HERMAN BURSTEIN 

Anent the subject of large-hub tape 
reels, brought up in the August issue. 
we have the following communication 
from Mr. Jay S. Rose, Audio-Visual En-
gineer of 7 Southgate Rd., Great Neck. 
N. Y.: ". . . such reels are available 
from regular sources (including) hi-fl 
stores, and two different types are listed 
in the Lafayette 1966 catalog. I have 
been using one of the Lafayette reels 
(99-2304, 390 in single quantities) for 
almost a year. I do much editing and 
production for a radio station, and have 
found the large-hub reels perfect for 
working with 10-second jingles (150 ft. 
long) on professional equipment. Using 
these reels with my home machine, I 
have found that the large hub allows a 
much more even wind than the regular 
reels. The reels that I use are seven 
inches in diameter, with a four-inch hub. 
and hold about 900 feet of tape (24 min-
utes at 7.5 ips, 48 minutes at 3.75 ips, 
and 96 minutes at 1.875 ips —H.B.). 
They're sturdily made, and I haven't had 
any mechanical trouble with them yet." 
On the same subject, Mr. Jerry Kap-

lan, Sales Manager of Morhan National 
Sales Company, Inc., 458 Broadway, 
New York City, points out that IRISH 
makes a 5-in, large-hub reel (A-1032) 
and a 7-in, large-hub reel (A-1052), 
which can be ordered through dealers. 
Mr. Frank Wood of B. F. C., Inc., 900 

Tri-State Building, Cincinnati, Ohio, in-
forms us that 7-in, plastic reels with 
four-inch hubs are available from Amer-
line Corp., 1800 West Fullerton, Chicago, 
Illinois 60614. He states that he buys 
these reels in lots of 1000 for about 140 
each. However, I do not know whether 
these are available in smaller lots, and 
if so at what prices. 
Finally, Mr. R. A. Braden of 34 Little-

brook Road,  Princeton, New Jersey, 
states that on "page 126 in the 1966 
Lafayette catalog you will find a listing 
of a Robins TR 74 Low Torque large-
hub 7-in. reel. The Lafayette catalog 
number is 28R7102, and the price is 
590. Shipping weight is not stated, but 
my postal scale indicates that it is about 
7 oz." 
Spurred by an advertisement he read 

in the August issue, Reader Braden com-
ments on difficulties he has had with a 
series of tape recorders; perhaps there is 
a lesson here for other readers on what 

to look for when buying a machine: "I 
am now using my third machine, and 
I am still learning. While my present 
one is a very fine instrument, I don't 
think it is the one I want to use for the 
rest of my life. Occasionally it tangles 
tape for reasons I could never discover. 
Sometimes severe crosstalk occurs from 
the 1/2 -track playback gap to the 1/4 -
track playback circuit when playing 4-
track tape. The rotating parts have to 
be lubricated about every 6 months to 
prevent a severe case of flutter at low 
speed. Some of the lubrication points 
are difficult to reach. The electrical cir-
cuit adjustments are fairly accessible, but 
the front panel controls are not . . . I 
hope that some day I will find a ma-
chine that is simple in construction, easy 
to service, light in weight, versatile in 
operation, able to operate in either 1/2 -
track or 1/4-track mode, and not too ex-
pensive.  In the meantime I am very 
happy with my present machine except 
when I have to open it up for service." 
"The use of "synchronous" motors at 

other than rated speeds (for the feed 
and takeup reels), knowledgeably dis-
cussed by Reader W. D. Tiffany in the 
August issue, has drawn an irate reaction 
from Mr. Edward W. Logan Jr., 953 
North Highand, Memphis, Tennessee: 
"A motor is either SYNC or NON-
SYNC. The use of additional adjectives 
tacked on to confuse the public does not 
change the facts. Call the hysteresis mo-
tors that do not run sync pink motors 
or whooper motors or better yet, as 
some of the better motor makers do, 
TORQUE MOTORS. It is way past time 
to stop the careless, meaningless use of 
the extra adjectives ... Semantics! What 
a lot of trouble we have in communicat-
ing . . . If I buy a motor called sync 
and it does not run sync and sync only, 
the seller is going to get it back so fast 
that it will make him dizzier than he 
already is." 
The line of those who are dizzy on 

this subject may form to the right, be-
hind me. 

Spotlight on S/N Measurements 
A high signal-to-noise ratio is certainly 

one of the hallmarks of high fidelity, a 
key distinction between that which is 
garden variety and that which is excep-
tional.  Of all audio components, the 

tape recorder has the most difficulty 
achieving a signal-to-noise ratio suffi-
ciently high to please the discriminating 
ear. Therefore the individual seeking to 
buy a tape recorder as an adjunct to a 
fine audio system is or should be espe-
cially interested in the S/N of his in-
tended purchase. Judging by TAPE GUIDE 
correspondence over the years, the prob-
lem of S/N does loom large in the minds 
of tape enthusiasts. Quite a number of 
questions have been directed at means 
of achieving satisfactory S/N through 
choice of machine, choice of tape, use of 
better tape heads and tubes and resistors, 
and so on. 
Accordingly one would think that 

equipment reviews of tape  recorders 
would pay careful attention to the ques-
tion of S/N. Distressingly, this is not 
the case. The majority of tape machine 
reviews I have encountered are not crys-
tal-clear about the machine's S/N, per-
mitting unambiguous comparison between 
one machine and another in this par-
ticular respect. At least they are unclear 
to me. This is not a piece of conceit in 
which I hold that if I can't understand 
something neither can anyone else. How-
ever, I have had substantial exposure to 
the subject of tape recorders, and I say 
that if an equipment review on this sub-
ject leaves me puzzled, most readers of 
the review probably will also be puzzled. 
Manufacturers as well as equipment 

reviewers are remiss. Some say nothing 
at all about S/N. Others find a way to 
inflate the S/N claim. Thus one manu-
facturer claimed an astonishing 60 dB 
S/N for a machine that measured less 
than 40 dB. It turned out that the claim 
pertained only to the tape amplifier and 
did not include hum picked up by the 
playback head, noise generated by dis-
tortion in the bias-oscillator waveform, 
other amplifier noise, and tape noise. 
Other manufacturers base their S/N 
rating on an excessively high (distorted) 
recording level, which results in an ex-
aggerated S/N specification. Some state 
S/N fairly and explicitly (congratulations 
to these few). And some understate the 
S/N which they could justifiably claim, 
because they use too low a recording 
level as the reference. 
While the subject of S/N in tape re-

corders has been touched on in this col-
umn from time to time, the unsatisfac-
tory situation that still exists in describ-
ing S/N of specific machines calls for 
further comment. Hopefully the follow-
ing discussion may stimulate more ex-
plicit statements about tape-recorder S/N 
by manufacturers and reviewers; may 
help the reader better understand the 
problem of S/N where tape recorders 
are concerned; and may help him com-
pare S/N of one machine with that of 
another when their S/N specifications are 
stated differently but explicitly. 
It is quite accepted practice among 

the nrakers of leading high-quality home 
tape recorders, such as Ampex, Crown, 
and Tandberg, to measure S/N on the 
basis of a mid-frequency tone, typically 
400 Hz, recorded on 11/2 -mil high qual-
ity, conventional (as distinguished from 
high-output) tape at a level producing 
3 per cent harmonic distortion on the 
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tape. The level of the 400-Hz tone is 
measured in playback.  The tape is 
again put through the recording process, 
including erasure, but with no input sig-
nal. The no-signal tape is played back, 
and the output of the machine is again 
measured. S/N is the ratio, in decibels, 
between the first and second measur-
mnts. 
One may ask whether the output level 

of the 400-Hz tone recorded at 3 per 
cent distortion will vary according to 
brand of tape, with corresponding varia-
tion in measured S/N. While the an-
swer is yes, the variation is usually 
slight, perhaps within 1 or 2 dB, so that 
the particular brand of tape employed is 
not very important. What is important 
is that it be high quality, conventional, 
11/2 -mil tape of a recognized and repu-
table manufacturer, so that the tape 
shares the performance characteristics of 
competitive tapes. 
By modern high-fidelity standards. 3 

per cent harmonic distortion may seem 
unusually great to identify with a refer-
ence level. We are generally accustomed 
to thinking of 1 per cent distortion or 
even less as the maximum acceptable 
amount, at least when talking about 
power amplifiers, preamplifiers, tuners, 
mixers, and the like. But in the case of 
tape recorders, experience has shown 
that satisfactory results are obtainable if 
audio peaks are recorded at a level pro-
ducing no more than about 3 per cent 
distortion. Most of the program mate-
rial, being well below the peaks, will in-
cur negligible distortion.  Accordingly, 
in a high-quality tape machine using a 
magic eye as the record-level indicator, 
the eye is calibrated to close when the 
recording level at 400 Hz reaches 3 per 
cent harmonic distortion.  However, if 
the machine uses a "VU meter," the 
meter is calibrated to read 0 VU at the 
I per cent distortion level rather than at 
3 per cent. The reason is that the meter 
cannot promptly and completely follow 
the heights of signal peaks; in other 
words, it tends to understate peak re-
cording levels. As an offset, the meter 
is calibrated to read 0 VU (maximum 
permissible recording level) at the 1 per 
cent distortion point. This allows about 
6 to 8 dB margin for the mechanical lag 
of the meter, inasmuch as the recording 
level that produces I per cent distortion 
is about 6 to 8 dB below the recording 
level that produces 3 per cent distortion. 
Use of 3 per cent distortion as a ref-

erence level partly derives from neces-
sity. Using 3 per cent as a reference 
level, one can achieve about 55 dB S/N 
with a high-quality machine when re-
cording quarter-track at 7.5 ips. In life, 
however, one sometimes encounters dy-
namic ranges greater than 55 dB; for 
example, the distance between the soft-
est and loudest sounds of a symphony 
orchestra. If a tape machine has S/N 
of only 55 dB, it cannot satisfactorily 
record an orchestra's dynamic range of, 
say, 65 dB. Instead, the softest sounds 
of the orchestra are then submerged by 
tape recorder and tape noise. For rea-
sons of this sort, compression is used in 
radio broadcasting and in making phono-
graph records; these program sources 

HOW LOW CAN IOU GET? 
When tested against all competitive models, the JBL SA600 Solid 
State Amplifier registered by far the lowest levels of distortion... 
lower, in fact, than could be plotted on the test charts. 

1  • 

" 

G 
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JBL SA600 

40 watts continuous RMS power per channel with less than IA% harmoill. 
distortion at any frequency through full audible range 20 cps to 20,000 p,, 
both channels operating. IM distortion less than 1/2 % at full 
power or any level less than full power. Noise level 90 db 
below rated output from high level inputs, 70 db from low 
level inputs. 

And we'll aim even lower. To stay on top. 

James B. Lansing Sound, Inc. 
3249 Casitas Ave., Los Angeles, Calif. 90039 
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Only from IRISH! 
FREE 30" color coded leader 
and 30" trailer plus metal revers-
ing strip with every 3, 5, 53/4  and 
7" reel. Identify tapes easily. 
Saves wear and tear. Gives you 
extra usable tape footage. Auto-
matically reverses tape on 
equipped machines. 

AND NOW AVAILABLE 
Irish Video Tape for home, industry 
and educational use. 
Irish lubricated tape for CARtridges 
and endless loop applications. 

plus these additional benefits 
• Signature Binding — handsome simu-
lated leather with gold writing foil to 
index contents. 

• Every reel of Irish tape is uncondi-
tionally guaranteed. 

• Irish — pioneers and still a leader in 
magnetic tape design and manufac-
ture. You can't buy a better quality 
tape. 

• Every reel of Irish tape specially 
treated with Ferro Sheen* process for 
an extremely smooth surface. Mini-
mizes tape head wear. 

IRISH MAGNETIC RECORDING TAPE 
458 Broadway, New York, N.Y. 10013 
Export 1). pt. Morlinn Exporting Corp. 
Circle 93 on Reader Service Card 
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can satisfactorily accommodate a dynam-
ic range of about 50 dB. If one records 
tapes from records and off the air, and 
if his tape recorder has S/N of only 50 
dB, he has little if any margin to spare 
in recording the dynamic range coming 
off the air or the record.  But if the 
S/N of the machine is 55 dB, achieved 
by permitting the recording level to rise 
to the point where distortion becomes 
3 per cent (instead, say, of a lower level 
producing 2 per cent distortion), the re-
cordist has a greater margin for encom-
passing the dynamic range of the mate-
rial he desires to capture on tape. 
In sum, one finds a necessary and 

logical relationship among the material 
to be recorded, the state of the tape re-
cording art, and the reference level em-
ployed in rating S/N of high-quality 
home tape recorders. 
An equipment review of an amplifier 

would hardly dare omit mention of S/N 
or would hardly dare say something as 
obscure as this: "The **** amplifier 
S/N measured 65 dB with reference to 
normal output." But reviews of tape re-
corders sometimes do say nothing at all 
about S/N, or else come up with com-
ments that are difficult to fathom. In 
the latter vein, the reference level for 
measured S/N is often given as "0 VU." 
This will usually mean either of two 
things: 
I. The reference may be a tone on 

a test tape (such as a 700 Hz tone on 
an Ampex test tape) which has been re-
corded at a level producing 1 per cent 

harmonic distortion.  The intention is 
that the VU meter of a professional 
tape machine should read 0 VU when 
recording a tone of the same level (and 
same distortion) as on the test tape. If 
an equipment review cites S/N based on 
0 VU and clearly indicates that the ref-
erence level is the 0-VU tone on a 
standard test tape, the reader can easily 
translate this into S/N based on a re-
cording level that produces 3 per cent 
distortion. The difference between a tone 
recorded at 1 per cent distortion and a 
tone recorded at 3 per cent distortion, 
as we have noted, is about 6 to 8 dB. 
For convenience, let us take the middle 
figure of 7 dB. Therefore one should 
add 7 dB to the S/N figure based on a 
test tape tone recorded at 0 VU. For 
example, if S/N is given as 48 dB with 
reference to 0 VU on a test tape, S/N 
with reference to 3 per cent harmonic 
distortion is 48 dB plus (about) 7 dB, 
or (about) 55 dB. 
2. The 0-VU reference level may be 

a tone recorded at a level such that it 
drives the VU meter to an indicator of 
0 VU. Unless the machine in question 
is professional, so that a reading of 0 
VU means a signal of 400 Hz (or there-
abouts) is being recorded at a level pro-
ducing 1 per cent distortion on the tape, 
the equipment reviewer and his readers 
are at the mercy of the recorder manu-
facturer. In some machines, the meter 
may be adjusted so that it doesn't read 
0 VU until distortion reaches 3 per cent 
or possibly even 5 per cent. Of course 

NORTRONICS 8000 SERIES PROFESSIONAL 
REPLACEMENT HEADS FOR AMPEX, 

MAGNECORD, CONCERTONE, RCA, CROWN 
Available for all track styles and functions, 

plus Record or Playback Types in 3 or 4 Channel Heads! 
Now you can reduce "downtime" by using Nortronics replacement heads— 
available locally and immediately from your dealer! Pick the head and track style 
YOU need from Nortronics' full professional line. After initial changeover, re-
place heads or convert track styles in minutes! Precision engineered adapters and 
mounting brackets let YOU make the initial changeover...let YOU service 
YOUR recorders according to YOUR needs. 

See your dealer; write for details; 
or call 612-545-0401 7ortrenksi 

C)  NA  PI A  NJ  V.  I NJ  C. 

8193.E Tenth Ave. No. • Mpls., Minn. 55427 
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this increases the S/N that the manu-
facturer can claim. To illustrate, the 
VU meter of Machine A may be cali-
brated to read 0 VU at the 3 per cent 
distortion level, while the meter of Ma-
chine B may be read 0 VU at 1 per 
cent distortion. If the two machines are 
otherwise completely equal, and if a re-
viewer measures S/N of each machine 
with reference to a recording level that 
drives the meter to 0 VU, he may con-
clude that Machine A has S/N of 55 
dB with reference to 0 VU, while Ma-
chine B has S/N of only 48 dB. But 
actually both machines have the same 
S/N. 
Occasionally the S/N reference level 

is given as —10 VU. This may mean a 
recording level of 10 dB below that 
which produces 1 per cent harmonic 
distortion. Or it may mean 10 dB below 
that which drives the meter to 0 VU; 
the two may or may not be the same 
thing. The thinking behind such a refer-
ence level, it appears, is that —10 VU 
approximates the average recording level, 
so that S/N measured on this basis indi-
cates the relationship between signal and 
noise that prevails most of the time. 
However, it is customary in audio to 
base S/N on maximum rather than aver-
age output. Thus it is the usual practice 
to measure S/N of a power amplifier 
with reference to its rated power output 
(maximum output at acceptably low dis-
tortion); to measure S/N of a preampli-
fier with reference to its rated voltage 
output (maximum output at acceptably 
low distortion); to measure S/N of an 
FM tuner with reference to full modula-
tion and full limiting. 
If the reference level of —10 VU re-

fers to the 0-VU tone on a test tape, 
one would add an additional 10 dB to 
the specified S/N. To illustrate, if S/N 
is stated as 40 dB with reference to —10 
VU on a test tape, the corrected S/N (re-
ferring to 3 per cent distortion) is 40 
dB plus 7 dB plus 10 dB, or 57 dB 
(approximately). On the other hand, if 
the reference level of —10 VU merely 
denotes a level that causes the meter to 
read —10 VU, one cannot say for sure 
what the S/N is. 
In some tape machines the reference 

level is as high as 5 per cent harmonic 
distortion. This level is about 6 to 8 
dB —let us say 7 dB —above the record-
ing level that produces 3 per cent dis-
tortion. Thus a manufacturer can in-
crease his S/N specification about 7 dB 
by using a 5 per cent harmonic distor-
tion as the reference level. But if the 
equipment reviewer is diligent and notes 
that the magic eye closes at 5 per cent 
distortion, not 3 per cent, and if he 
happens to measure S/N at the record-
ing level corresponding to eye closure, 
he will deduct about 7 dB from his 
measured S/N ratio. For example, if he 
measures 58 dB S/N at eye closure, he 
will report S/N as about 51 dB relative 
to a tone recorded at a level producing 
3 per cent tape distortion. 
Once in a while S/N is reported with 

reference to tape saturation, namely the 
recording level that causes the tape to 
saturate, preventing further increase in 
output. This level is roughly the same 
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as (perhaps 2 dB higher than) the re-
cording level which causes 5 per cent 
distortion.  Therefore if the reference 
level is given as tape saturation, one 
should subtract about 7 to 9 dB —say 
8 dB —to translate this S/N rating to 
one corresponding to a reference of 3 
per cent distortion. 
To sum up, it would be a great kind-

ness to audio buffs if manufacturers and 
reviewers of tape recorders would all 
rate S/N with respect to the recording 
level that produces 3 per cent harmonic 
distortion on conventional 11/2 -mil tape 
at about 400 Hz; or else if they would 
at least clearly state the reference level 
on which their S/N rating is based, there-
by allowing the audio buff to make a 
conversion, if necessary, to S/N based 
on 3 per cent distortion. 
Assuming that the reader has an accu-

rate idea of the S/N ratio for each ma-
chine in which he is interested, enabling 
him to make a satisfactory choice, it 
still remains for him to realize the poten-
tial of that machine. This means adjust-
ing the volume control during recording 
to the optimum setting, so that peaks 
are recorded at about 3 per cent har-
monic distortion.  Thus he avoids re-
cording at too high a level with an ac-
companiment of excessive distortion, or 
at too low a level with an accompani-
ment of poor signal-to-noise ratio. And 
this brings us back to the old contro-
versy concerning the use of a magic eye 
versus a meter for the purpose of setting 
recording level. 
This writer is still heavily in favor of 

the magic eye, because it can follow 
transients and indicate true recording 
level, whereas the VU meter may have 
a lag of as much as 10 or 20 dB, result-
ing in serious over-recording and conse-
quent distortion. The VU meter requires 
considerable skill on the part of the re-
cordist in order to judge recording level, 
whereas the novice can set recording 
level properly with a magic eye (assum-
ing the eye is properly calibrated to close 
at 3 per cent distortion). The advantage 
of the VU meter is that it enables one 
to make desired numerical changes, in 
terms of decibels, in recording level. But 
this is seldom of importance to the home 
recordist. It must further be recognized 
that seldom are the meters in home ma-
chines true VU meters having the fre-
quency response and speed characteris-
tics of professional meters; accordingly, 
it becomes all the more difficult to wend 
that tight path between excessive distor-
tion and excessive noise. 

Q. Does contact between the pressure 
roller and the back of the tape produce 
tape transport? Or does contact between 
the tape and the drive capstan produce 
tape transport? 

A. Essentially it is the capstan that 
drives the tape. The pressure roller gives 
sufficiently so that it is driven by both 
the capstan and the tape.  ZE 

4tHow  
GOOD IS A 

TEENY WEENY 
CARTRIDGE THAT 

CAN'T EVER, 

Great! As a matter of fact, every Empire "living cartridge" is put through the most rigid 
musical tests. Four poles, four coils and three magnets assure better balance and phenom-
enal frequency response. The living cartridge reproduces razor-sharp stereo separation 
even at 15,000 cps. There is also a full mu-metal shielding on every cartridge, a higher output, 
(8 mv. per channel), lower IM distortion (elasto-shear suspension), and lower tracking force 
for longer record wear. No other cartridge can reproduce the entire musical range so pre-
CiSely and with such clarity. When you can sing like this, why hum? Write for new 1967 color 
brochure. EMPIRE LIVING CARTRIDGE SERIES FROM $14.95. 

EMPIRE SCIENTIFIC CORP.. 845 Stewart Ave., Garden City, L I New York 11530 
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The world's 

longest playing 

audio tape 

MICR O 
M E DI A 25 

Q U ADR Aplay 

\ or 'DuPont trao• 

Now...enjoy a 31/4 " reel that gives two hours 
playing time in each direction at 1 7/8 ips 
Micro Media 25 is the most advanced tape ever made available 

for your listening pleasure. An exclusive formula combines a high 
density coating with a 1/4 mil tensilized Mylar* base to give 
you more quality tape on every reel. At 17/3 ips, the 31/4" reel 

provides over two hours play (1200 ft.) ... the 5" reel provides four 
hours play (2300 ft.) . . . the 7" reel provides over eight hours 

play (4800 ft.) ... in each direction. Discover the new 
convenience of Micro Media 25 QUADRAplay — 

it plays on and on where others end. 

Available at audio and photo dealers throughout America 
Manufactured by MAGNETIC MEDIA CORPORATION 
616 Fayette Avenue, Mamaroneck, N.Y. 10543 • (914) 698-8660 
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TROUBLESHOOT' 

Maintaining Hi-Fi Equipment 

Joseph Marshall 
A valuable reference for 
anyone whose living or 
hobby is servicing hi-fl 
equipment. Outlines the 
professional approach for 
servicing all types of hi-
fi components. Covers 
trouble-shooting of elec-
tronic, mechanical and 
acoustic  problems.  224 
pages. 
No. 38 Paperback 32.90* 

The 5th AUDIO Anthology 

-...-"Texleree Edited by C.  G. McProud, iffi4publisher of AUDIO. An an-thology of the most signifi• 
cant articles covering: stereo 
recording and reproduction; 
stereo multiplex; measure-
ments;  stereo technology, 
construction and  theory  — 1 which appeared  in AUDIO 
during 1958 and 1959. The 
5th is truly a collectors' item 
and a valuable reference for 
the professional engineer, 
teacher, student, hobbyist and 
hi-fi fan. 144 pages. 

No. 125  $3.50 

r 

4ROunk --1 
_sHoornit..1' 
-High-
Fidelity1±.._ 
Amplifiers 

_ 
L. . ...--_-_........  

NG High Fidelity Amplifiers 

Mannie Horowitz 

Written specifically for the 
serviceman and audio hobby-
ist who wants to get into the 
profitable field of stereo hi-fl 
service. 12 fact-filled chap-
ters with a plain and simple 
approach to troubleshooting 
all types of stereo and mono 
amplifiers—a direct text on 
curing  both,  vacuum  tube 
and  transistorized  amplifier 
ills.  Easy to read—includes 
data on test instruments and 
procedures. 128 pages. 

No. 128  $2.95 

SAVE • MONTHLY 

Designing and Building Hi-Fl Furniture 

Jeff Markel 

Written by a professional 
hi-fi furniture designer 
who has taught furniture 
design at leading col-
leges, this book is an au-
thentic reference of value 
to the hi-fl fan and pro-
fessional custom builder. 
Covers everything from 
types of woods to furni-
ture finishing for the 
mechanically adept; dia. 
sign principles, styles and 
arrangements for the 
decor minded. 224 pages. 
No. 79 Paperback $2.90. 

f- RTRNHhTHE 

The 6th AUDIO Anthology 

Edited by C. G. McProud, 
publisher of AUDIO. Includes 
articles on the two most sig-
nificant milestones in the field 
of high fidelity: FM STEREO 
and TRANSISTORS IN AUDIO 
EQUIPMENT.  A meaningful 
reference for everyone in the 
fields of audio engineering, 
recording, broadcasting, man-
ufacturing and servicing of 
components and equipment. 
A necessary  book  for the 
high fidelity enthusiast. 144 
pages. 

No. 130  $3.95 

McProud High Fidelity Omnibook 
Prepared and edited by 
C. G. McProud, publisher 
of Audio and noted au-
thority  and  pioneer in 
the field of high fidelity. 
Contains a wealth of 
ideas,  how  to's, what 
to's, and when to's, writ-
ten so plainly that both 
engineer and layman can 
appreciate  its  valuable 
context. Covers planning, 
problems with decoration, 
cabinets and building hi-
fi furniture. A perfect 
guide. 
No.115 $2.50* 

SPECIAL  •  SAVE 
Save over 35 % with this collection of AUDIO books 

5th AUDIO ANTHOLOGY ($3.50) — 6th AUDIO ANTHOLOGY ($3.95) 
McProud HIGH FIDELITY OMNIBOOK ($2.50) 

TROUBLESHOOTING HIGH FIDELITY AMPLIFIERS ($2.95) 
Total Value All Four Books ... $12.90 

YOUR COST ONLY ... $8.95 POSTPAID in U.S.A. & Canada 
CIRCLE 05500 

This Offer good only on direct order to the Publisher 

AUDIO Bookshelf 
134 N. 13th Street, Phila., Pa. 19107 

*All U.S.A. and Canadian 
orders shipped postpaid. 

Please send me the books I have circled below. I am enclosing the 

full remittance of $  (No C.O.D. or billing.) 

58  79  115  120  123  125 

126  128  130  142  251  0S500 

NAME 

ADDRESS 

CITY STATE  ZIP 

A convenient service to AUDIO readers. 

HI-Fl TROUBLES 
By Herman Burstein 

HOW YOU CAN AVOID THEM 
HOW YOU CAN CURE THEM 
Just  published! At last,  a 
book  which  deals  direay 
with the problems you face 
in maintaining your  audio 
system  in peak  condition 
Tells  you  how  to  locate 
troubles, what to do about 
them and how to do it—and. 
just as important: what NOT 
to do. Helps you to achieve 
the best in listening pleas-
ure from your equipment. 
No. 120  $3.95 

"The AUDIO Cyclopedia"  • 1280 pages 
• 3400 topics 

Howard M. Tramain•   • 1600 illustrations 

Here is one single volume 
with the most compre-
hensive coverage of every 
phase of audio. Concise, 
accurate explanations of 
all audio and hi-fl sub-
jects. More than 7 years 
in preparation —the most 
authoritative encyclope-
dic work with a unique 
quick reference system for 
instant answers to any 
question.  A vital com-
plete reference book for 
every audio engineer, 
technician, and serious 
audiophile. No.123 $19.95. 

Harold Burris-Meyer 
and 

Vincent Mallory 

No. 126 $6.95 

SOUND in the THEATRE 
first book of its kind . . . 
nothing like it has ever been 
published before!  It is an 
authoritative text on  elec-
tronic sound  control for 
theatres,  auditoriums,  con-
cert halls and  other large 
enclosed  areas  where  the 
source and the audience are 
present  together.  contains 
complete  procedures:  For 
planning,  assembling  and 
testing sound control instal-
lations — Articulating sound 
control with other elements 
of production — Operation 
and  maintenance  of sound 
control equipment. Describes 
and  illustrates  32  specific 
problems. 

High Fidelity Simplified 
Harold D. Weiler 

The complete hi-fl story — 
answers all questions about 
tuners, changers, amplifiers. 
tope  recorders,  speakers, 
record players, etc. Lots of 
ideas for custom install°. 
Hons. Tells how to achieve 
concert halt reception In 
your home. 216 pages. 

No. 142  $3.30 

1111111E114 

Getting The Most Out Of your Tape Recorder 
Herman Burstein 

Written in "plain talk" for 
the man who has, or wishes 
to buy, a tope recorder. It 
answers the myriad ques-
tions raised by tope record-
ing enthusiasts. Its chapters 
cover every phase of opera-
tion and maintenance—from 
adding a tope recorder to 
the hi-fl system, to a thor• 
ough dissertation on micro-
phones.  Lots of  practical 
Information on how to buy. 
176 pages. 

No. 251  $4.25 
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EQUIPMENT PROFILE 
(From page 14) 

KLH TWENTY STEREO MODULAR 

SYSTEM 

Like it or not, the complete stereo 
modular system is here to stay. While it 
can be argued that this is an incursion 
into the pre-packaged area that is better 
left to those specialists, that discussion 
is not germane to the performance of 
these units. And it is performance, after 
all, with which we are concerned. 
The KLH Twenty (KLH likes to spell 

out its model numbers) is record player, 
stereo-FM  tuner, amplifier,  and two 
speaker systems. All this is in three en-
closures. Two are the speaker systems; 
the third is everything else. 
It is our belief that subjective listen-

ing plays a far larger part in the evalu-
ation of complete systems than it does 
when discussing a particular component. 
It is common in the design of these units 
to add compensation to amplifiers for 
the inadequacies of speakers and car-
tridges. We are not saying that this is 
the case here; rather only that these are 
complete systems; they must be judged 
as a whole. 
With that in mind we did a great 

deal of listening to this unit. We played 
records and we listened to FM —both 
mono and stereo. The KLH Twenty is 
easy to listen to. Our over-all impres-
sions are of clean, bright, and wide-range 
sound. The speakers each measure 231/2  
by 113/4  by 9 inches. These are book-
shelf dimensions.  Still, there is good 
bass output to about 45 Hz. Music is 
reproduced with all but the extreme bot-
tom octave. (And how many speakers 
of any size can reproduce that?) 
Our suburban location demands an out-
door antenna for FM stereo reception 
without noise. With the KLH unit con-
nected to this antenna, stereo program-
ming came in well —distortion was audi-
bly low and background hiss was no 
problem.  A local stereo station pro-

Fig. 4. The KLH 
Twenty  modular 

system. 

duced equally satisfactory results from 
an indoor folded dipole. So. based on 
listening tests alone. the Twenty is a 
highly  satisfactory  metropolitan  and 
moderate fringe performer. 
The changer is a Garrard unit fitted 

with a Pickering V-15 cartridge.  We 
did not specifically test this sample car-
tridge —its quality reputation is well de-
served. The changer had rather lower 
rumble and flutter than we would have 
expected. True, we could hear rumble 
under soft passages of music with the 
level high, but no more so than on many 
other turntables.  Flutter was 0.2 per 
cent, certainly low enough for the more 
critical ear. 
This particular changer ran exactly I 

per cent fast with one record playing. 
This we know to he a somewhat vari-
able factor ( 1 per cent is the worst we 
have seen —and that's not so bad). If 
you have perfect pitch you may have to 
shop some for an exact speed unit since 
there is no speed adjustment possible. 
We performed spot checks on the 

unit —perhaps more to verify what we 
heard in the listening tests than for any 
other reason.  After all, the buyer of 
such a system is stuck (as it were) with 
the over-all performance. It matters little 
to him that this amplifier is flat within 
— 1 dB from 20-20.000 Hz —except for 
a 3-dB peak at 10 kHz. It also matters 
little that IM at listening levels is a rela-
tively high 2 per cent. It matters little 
because that is the way it is and be-
cause of it. or in spite of it, the unit 
sounds good. 
The KLH Twenty is a fine musical in-

strument. We feel that it is a system 
that the most fastidious ears can live 
with —even if it is not the ultimate in 
state-of-the-art performance.  After all. 
here is a complete music system. in wal-
nut cabinets, and selling for $399.95. 
That's hard to heat. 

CIRCLE 3 

put a price 
on your 
equipment! 

Then add .•••••••• 

.,. 
this one,  ..C, 
and stop  V\ 
heat from 
robbing you 
of component life. 
The Hi Fi Boxer fan can return its cost 10 
times or more by increasing the life of the 
average color TV or Hi Fi set. Save money 
with fewer service calls, fewer replacements 
and better performance. 
This unit, made by the company that pro-
duces airmovers for computers, broadcast-
ing equipment, and the Minuteman missile 
is now available in the new long-life Grand 
Prix model at no extra cost. 
Avoid plastic substitutes, get the real Grand 
Prix from your nearest Hi Fi dealer or write: 

lMC Magnetics Corp 
New Hampshire Division, Route 16B, 
Rochester, New Hampshire 03867 

. _ 
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LEVELING 
AMPLIFIERS 

T)pical gain-reduction plot 

• NO LAG 

• FLAT RESPONSE 

• REPLACES EXISTING 
LINE AMPLIFIERS 

• LOW NOISE LEVEL 

OVER 500 IN USE BY MAJOR NETWORKS 

INDEPENDENT STATIONS & RECORDING 

STUDIOS 

Our 8th Year Of Service To Industry 

--TELETRONIX ENGINEERING CO.--
manufacturers of 

FM Broadcast Transmitters and RF Amplifiers 
Audio Relays, Solid State Remote Station Controls 

Volume Levelers. FM Broadcast Antennae 
308 Monterey Road, South Pasadena, Calif. 

EXPORT: GOTHAM AUD. DEV. CORP. 
2 West 46 Street. New York, N.Y. 10036 

Circle 98 on Reader Service Card 

FR E  
STEREO 

INFORMATION 

FM station directory . . . covers FM 
stations in U. S. and Canada. Factual 
equipment test reports. Test reports 
on  tuners,  preamps,  poweramp/ 

preamps. Find out what the experts 
think. A complete 36 page catalog 
fells about tuners, power amplifiers, 
preamplifiers,  preamp/power  amp 

combinations, and tuner preamp. 

ALL FREE -

JUST WRITE 
TO: 

McIntosh Lai: 01c.  6 Chambers St. 
Binghamton, N. Y. 13903 

NAME   

STREET   

CITY   

STATE   ZIP 
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CLASSIFIED 
Rates: 10c per word per insertion for noncommer-
cial advertisements: 25c per word for commercial 
advertisements. Rates are net, and no discounts 
ill be allowed. Copy must be accompanied by 
remittance. Closing date is the 10th of the second 
month preceding the date of issue. 

HIGH FIDELITY SPEAKERS REPAIRED 
AMPRITE SPEAKER SERVICE 

168 W. 23rd St., New York, N. Y. 10011 
CH 3-4812 

HARPSICHORD: Same as owned by 
Philadelphia Orchestra and RCA Victor. 
In kit form for home workshop assem-
bly, $150. Clavichord kit, $100.  Free 
brochure. Write: Zuckermann Harpsi-
chords, Dept. R. 115 Christopher St., 
New York, N. Y. 10014. 

HI-Fl SPEAKERS EXPERTLY REPAIRED 
USED SPEAKERS BOUGHT 
AUDIO SPEAKERS TECHNICS 

22 Astor Place, New York, N. Y. 10003 
AL 4-2140 

FREE! Send for money saving stereo 
catalog AM and lowest quotations on 
your individual component, tape re-
corder, or system requirements. Elec-
tronic Values, Inc., 200 West 20th St., 
New York, N. Y. 10011. 

M. RETTINGER Consultant on Acous-
tics Analysis. Room Design. Noise Re-
duction, 5007 Haskell Ave.,  Encino, 
Calif. Tel: (213) 784-3985. 

PROTECT  YOUR  LPs.  Heavy  poly 
sleeves for jackets, 5 cents. Round bot-
tom for records, 3 cents.  Minimum 
100.  May Assort. Poly Co., Hillburn, 
New York Post Office. 

WRITE FOR LOW QUOTES, fast service, 
everything in audio.  Special Dynaco 
kits or custom wired plus walnut cases 
for complete  Dynaco  line.  Kitcraft. 
738A Washington Ave., Brooklyn 11238. 

WANTED: USED SCULLY LATHE. Age 
and condition not important. Peter J. 
Helffrich, 419 W. 4th St., Bethlehem, 
Pa. 18015. 

LOWEST PRICES on new LP jackets. 
White-Colors.  Samples, 50c.  Record 
Supplies, Hillburn, P. 0. Box 323, Hill-
burn, New York 10931. 

RCA LC-1A, $100. Maury, 1117 Geary, 
San Francisco. 

WANTED: 601 or 602 Ampex Recorder 
-full or half track in excellent condi-
tion. Richard Miles, 131 Farrington St., 
Wollaston, Mass. 02170. 

AUDIOPHILE for over ten years would 
like work in Audio and Recording field. 
Have FCC 1st class license, and Assoc. 
of Science Degree. Box A0-1. 

"CROWN" Professional Recorders: New 
and used. Reasonable prices. Wiegand 
Audio Labs, 221 Carton, Neptune, N. J. 
07753. 

DISC RECORDING EQUIPMENT: Cutter-
heads,  Recording  Amplifiers,  and 
Lathes.  New and used. From Rek-O-
Kut to Scully. Send requirements. Wie-
gand Audio Labs, 221 Carton, Neptune, 
N. J. 07753. 

TAPE DUPLICATING. Low prices. Any 
quantity. G&G Recording Service, Box 
412, Peekskill, N. Y. 10566. 

CONCERTONE 20/20 2 track Stereo 
Recorder with cases and microphone 
transformers $250.00. Also, Stephens 
Model C-2 Microphone System. Rodney 
Yarbrough, Celina, Texas. DU 2-2884, 
Area 214. 

2 FISHER XP4A speaker systems $195. 
2 Fisher WS-1 speaker systems, $25. 
Fairchild Compander, $25. Koss Pro 4 

headphones, $25. Dual 1009, Empire 
880 PE, Base $60. Norman Little, 32-
581 Sky Blue Water, Palm Springs, 
Calif. 

JANSZEN 1-30 Electrostatic Tweeter (4 
element), good condition, $75.  John 
McBride, 2626 Boxwood Drive, Wil-
mington, Del. 19803. 

WANTED: Fairchild 412, Electro-Voice 
18" or 30" Woofer.  Donald Bisbee, 
685 So. Roys Ave., Columbus, Ohio. 
43204. 

PROFESSIONAL quality 23" custom TV 
Fleetwood 1010, with solid walnut cab-
inet $200 or best offer. EV665C, 666 
and 646 mikes and 2 stands $200. 
Ampex 612 $200. RCA 70C turntable 
and arm $100. Fisher 200C, new $180. 
Broadcast audio console $100. R. G. 
Streeter, 9 Poplar Place, Fanwood, N. J. 

SELL -MARANTZ 8B Amp.  Perfect, 
like new $170.  Rev. Gordon Jones, 
Honey Brook, Pa. (215-273-3023). 

FISHER 90-T Tuner, $65.00.  Dynakit 
"Stereo 70" Amp (unwired) $60.00. 
Ampex A 122, Mono Record-2 or 4 tr.-
playback-luggage case built-in amp & 
speakers, $165.00. Telex Stereo Head-
set, $12.00. T. Slack, 517 E. Wildey 
St., Phila. 25, Pa. 

SAVE MORE 
On HI-Fi 

COMPONENTS & TAPE RECORDERS 
• Easy-Pay-Plan--Up to 24 mos, to pay. 
• 15 day money-back guarantee. 
• 2 yr. unconditional guarantee parts and 
labor no charge, at local warranty sta-
tion, factory or our service dept. 

• Most items shipped promptly from our 
$250,000.00 inventory. 

• Trade-Ins-Highest allow-Send your list. 
• Shipments double packed & fully insured. 
• Special  consideration - Export & APO 
inquiries. 

• 21st yr. dependable service-World Wide. 
- Write for our price first. You'll be glad 
you did. 
"We own the snarpest pencils in the U.S.A " 

239 U East 149 St.. 
New York, N.Y. 10451 
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CANADA 
High Fidelity Equipment 

Complete Lines  •  Complete Service 
HI-Fl Records - Components 

and Accessories 

& LECTRO TO10E 
SOUND SYSTEMS 

126 DUNDAS ST. WEST. TORONTO. CANADA 
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SOUND AND SIGHT 
(Continued from page 66) 

from 672 to 837 lines, and in conse-
quence they provide better resolution 
than the 525-line cameras employed for 
broadcasting and in most educational 
television systems. A scan rate of 875 
lines is employed by the U. S. Navy 
for applications in which even greater 
detail is required. A 945-line rate is 
employed  by  organizations  such  as 
NASA for various scientific purposes. 
The U. S. Army employs line rates as 
high as 1023 lines. 
Once the bandwidth and horizontal 

scan rate for a CCTV system have been 
established, changes are expensive and 
difficult to make. General Precision Inc. 
(GPL Division) have finally solved this 
problem. Their new 1000 System, illus-
trated in Fig. 1, permits the user, for 
the first time to choose by means of the 
seven solid-state plug-in modules avail-
able, scan rates from 525 to 1023 lines. 
The scan rate can be changed instantly, 
in the field, at any time by simply 
plugging in the correct module. All other 
camera sections are also made up of 
plug-in modules and provide the user 
with a number of other options. The 15-
megacycle video module may be replaced 
at any time with a 30-megacycle module 
when increased horizontal resolution is 
required. Four plug-in sync options are 
also available —random interlace. 2 to 
I interlace, internal or external EIA RS 
170 sync. 
The complete interchangeability of all 

modules  also  simplifies  service  and 
maintenance. These are always a prob-
lem when equipment is in use twenty-
four hours a day for months on end 
as many CCTV applications are. 

Fig. 2. The GPL 
one piece camera 
configuration. 

The two-piece camera, illustrated in 
Fig. 1, incorporates two other features 
which we venture to say will soon be 
copied by others. First, the Video Level 
Indicator which enables inexperienced 
personnel to obtain professional results 
easily. A waveform monitor, heretofore 
considered essential in many broadcast, 
medical, and scientific applications, is 
no longer required, since the proper 
levels for sync, blanking, and video can 
be obtained easily and quickly with the 
meter. 
The second feature is the extremely 

clever method of eliminating the nec-
essity for extension tubes and close-up 
lenses when the camera is to be em-
ployed for close-up or micro-photog-
raphy. In the past, the complete vidicon 
assembly was mounted on rails and 
moved closer to or further from the 
lens, for this type of application. GPL 
has greatly simplified the use of the 
camera for this purpose by employing 
an adjustable "C" mount to hold the 
lens. This permits the user to obtain 
exact optical focus by merely moving 
the lens assembly in relation to the 
faceplate of the vidicon tube. It elimi-
nates the necessity for opening the cam-
era for adjustment of the vidicon as-
sembly. 
The camera of the two piece system 

is a marvel of miniaturization, as may 
be seen in Fig. 1. The head measures 
only 3-13/16" wide x 3-13/16" high 
x 8-1/2" long. 
The same camera system is also avail-

able in a one piece configuration which 
includes the control unit and the cam-
era in one case, as illustrated in Fig. 2.7E 
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MODEL  1/4 TRACK STEREO  142 _,Lt. 

SX724 ONLY $975  1.4ig 

Modular Transport 
Low-Noise Circuitry 

Third Head Monitoring 

World's Finest Recording Quality 

Speed  Response S/N 

7-1/2 ±2db 30 to 25,000 55db 
3-3/4 ±2db 30 to 15,000 50db 

G s.erogrsi.. International 
BOX 1000, DEPT. A-10 
ELKHART, INDIANA 

MADE ONLY IN AMERICA 

Circle 102 on Reader Service Card 

Psst...  11 
Just between us 
audiophiles 

the frac/ere 
handbook 
IS FREE! 
and indispensable to audio fans 
trading in and up! In it you'll find 
out how Audio Exchange makes 
their nationally famous trades 
possible, how you can make the 
purchase of used equipment a 
sound investment, and how you 
can trade up to the finest new 
components at a fraction of the 
cost! Write for the free Traders 
Handbook and our current list of 
used equipment ... now! 
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  TAN: W It lOUGHSY, 110 W 32ND ST (0 4-1600 
PEERLESS. 4310 ST , LEX AVE , MU 7.1000 

JAMAICA:  153.2) HILLSIDE AVENUE. AX 7.7577 

BROOKLYN:  1060 PlATSUSH AVENUE, IN 94200 
W HITE PLAINS, 239 MAMARONECK AVENUE, WPI 3 3360 
STAPAFORD:  SUMMER ST . RIDGE WAY SHOP. CENTER 
ROSLYN:  1040 NORTHERN SLVD, N Y. 
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DEPT. IORB 
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Magneraser 
— the Ouyocal 4.cC aitt the efeAtel 
Quickly erases a reel of magnetic tape or sound film 
of any size or type. Erasure is 100 % complete even 
on severely overloaded tape. Lowers background noise 
level of unused tape 3 to 6 db. Also demagnetizes 
record-playback and erase heads. Only $24.00. Two-
Year Guarantee. Available at your dealer's or write us. 

ilea, ULTRA-SENSITIVE 
FLUTTER METER 

Li • 
With built-in Three-Range 
hirer, 3 kc Test Oscillator, 
High Gain Preamplifier 
and Limiter. Filler Ranges: 

Q  ft 0  0.5 to 6 cps; 0.5 to 250 
cps; 5 to 250 cps. 

Designed for rapid visual indication of flutter and wow. 
Meets standards set by the IEEE ... Condensed Specs.: 

Input Voltage, 0.001 to 300 Volts; Ranges, 
0.01 to 3%; Limiter Range, 20 db.; Oscil-
lator (built-in), 3000 cycles; Net Price, 
$495.00  . Write for complete specifica-
tions and free I 2-page booklet on flutter 

AMPLIFIER CORP. of AMERICA 
75 Frost St., Westbury, N. Y.11590 • (516)333-9100 
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FREE 
New 514-Page 
4zu En 
1967 Catalog 

Top Savings on Stereo 
Hi-Fi and Tape Recorders 
Buy from Allied —where more people buy 

their stereo hi-fl than anywhere else in the 
world. Choose from world's finest makes... 
largest selection of tape recording equip-
ment ... also famous  Knight-Kit'  build-it-
yourself hi-fl. No money down...24 months to pay. 
Mail this coupon today! 

FREE! 
ALLIED RADIO, Dept. A-10 
P. 0. Roe 4398, Chicago, III. 60680 

0 Send FREE 1967 Allied Catalog 

Name   
PLEASE PRINT 

Address   

City  State  Zip   

1 

Advertising Index 

Acoustech, Inc.   112  Irish Tape  .  .. 123 

Acoustic Research, Inc.   57  IMC Magnetics  . 127 

Acoustical Mfg. Co.   117  Institute of High Fidelity   101 

Allied Radio Corp.   130 

Altec Lansing Corp.   5 

Amplifier Corp. of America   130 

Audio Bookshelf    126 

Audio Dynamics Corp.   53 

Audio Exchange   129 

Aztec Sound Equip. Corp.   6 

BSR   89 

Benjamin Electronics Corp.   8, 9 

Beyer    119  McIntosh 

R. T. Bozak Mfg. Co.   87  Micro Media   

British Industries Corp. ... 34, 35-50, 

75-80 

Classified   128 

Crown International   129 

Dynaco, Inc.   91 

JFD Electronics   30 

Kenwood Electronics   109 

J. B. Lansing Co.   123 

3M Company   115 

Magnecord Co.   13 

Marantz Co.   15 

Martel   18 

  128 

125 

Morhan Sales Co.   123 

North American Philips Co.   103 

Nortronics    124 

Olson Electronics   110 

Ortofon   111 

Eastman Kodak Co.   55 
Pickering & Co.   21 

Electro Voice, Inc.   1, Coy. IV 
Pioneer Electronic Corp.   82, 83 

Elpa Marketing Corp.  4, 111, 119 

EMI/Scope   Coy. III  Robins Ind. Corp.   110 

Empire Scientific Corp.   17, 125 

Ercona    3  Sansui Electric   121 

Euphonics Corp.   109  H H. Scott, Inc.   Coy. II 

EV Sound Systems   128  Sherwood Electronic Labs, Inc. ..  22 

Fairchild Recording Equip. Corp. . 113 

Finney Corp.   65 

Fisher Radio Corp.   7 

Garrard Sales Co.   34, 35-50 

Gotham Audio   10, 11 

Heath Co.   97, 98, 99 

Hi-Fidelity Center 

Shure Bros. Inc.   29, 93 

Sony Corp. of America  .. 67-70, 95 

Sony-Superscope, Inc.   59 

Stanton Magnetics Corp.   85 

Teletronix Engineering Co.   128 

UTC Sound   107 

University Sound   60, 61, 105 

Viking of Minneapolis, Inc.   63 

  128  Wharfedale    75-80 
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The new 
EMI 
Scope "102" 
bookshelf 
loudspeaker 
treads on 
English 
tradition 
The quality manufacturers England is famous 

for (the name EMI comes as quickly to mind 
with audiophiles as the name Rolls-Royce with 
motor car enthusiasts) are not driven by the 
compulsion some manufacturers have for 
coming out with a new model every year. 
When minor engineering breakthroughs are 

achieved, improvements are made in existing 
models without fanfare. 
And so when a manufacturer such as EMI 

comes out with an entirely new series of models, 
it constitutes a sharp departure from tradition. 
Thus with EMI's new loudspeakers. In the 

case of the EMI Scope "102," England's top 
audio engineer worked for many years in one of 
the world's great laboratories to perfect the ideal 
bookshelf-sized speaker. When he finally had 
just what he wanted, it was so radically different 
that EMI decided to rush it to market as first in 
a whole new series of speakers. 
For their size and price, the EMI Scope series 

give absolutely unrivaled response over the full 
audio range from silken highs and controlled 
mid-range to a deep, deep bass. Part of the 
secret is a unique, rigid center cone of aluminum 
that cuts breakup and transient distortion as 
the usual paper cone could never hope to. But 
it's only part of the secret; there are literally 
dozens of innovations in these speakers. 
To discover for yourself whether or not this 

distinctly un-British enthusiasm is warranted, 
ask your EMI dealer to demonstrate the ultimate 
EMI Scope "102" at $199.50 today. Also 
unsurpassed at the price are the EMI Scope 
"92" at $109.95 and the EMI Scope "62" at 
$79.95. They're all 8 ohms. 

E MI I SCOPE 
Scope Electronics Corporation 470 Park Avenue South, 
New York, New York 10016  Also available In Canada. 

Cabinets of traditional craftsmanship are of 1/nest woods, blend with any decor. Removable grilles allow you a choice of fabric. 
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You call it tiny. 
We call it progress! 

••• 

• aim 

6) This is the new E-V 1177. 
. An FM stereo tuner and 50 watt 

stereo amplifier. All in one neat package. 

Don't let its calm exterior fool you. 
The inside is packed with action. 
Solid-state circuitry born of our lengthy 
experience in aerospace electronics. 

Nothing wasted. Every ounce contributes 
to superb sound reproduction. 

You can tackle the biggest musical 
sounds on record with the 1177. 
It's more than equal to the challenge. 

When teamed with a pair of famed 
Electro-Voice speakers, you've achieved 
a matched high fidelity system of 
rare excellence. And the E-V approach 
to high fidelity design makes installation 
easy and operation effortless. 

Oh. One other thing about the 
E-V 1177. The price. It's right in line 
with the size. Small. Just $280.00, 
including the walnut-paneled case. 
See your E-V dealer for a 
demonstration. Or write for our 
complete high fidelity catalog. it's big! 

S7e.e. 747̀cc 
high fidelity systems and speakers • tuners, in plifiers, receivers • public address loudspeakers • microphones • phonograph needles and cartridges • organs • space and defense electronics 

Circle 52 on Reade, Service Card 


